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POUNDING EFFECTS ON THE SEISMIC RESPONSE OF ADJACENT RC
STRUCTURES: A STOCHASTIC NUMERICAL APPROACH FOR
UNCERTAIN INPUT PARAMETERS

A. Liolios *, K. Liolios ?, F. Konstandakopoulou * , D. Partov * and B. Folic °

Hellenic Open University, Patras, Greece,

Bulgarian Academy of Sciences, Sofia, Bulgaria,
Lyuben Karavelov University (VSU), Sofia, Bulgaria,
University of Belgrade, Belgrade, Serbia.

Abstract: A stochastic numerical treatment for the pounding problem concerning the
seismic interaction between adjacent structures is presented when the input parameters
are uncertain. This problem concerns the elastoplastic-fracturing unilateral contact
between neighboring structures during earthquakes and is considered as an inequality
problem of dynamic structural contact mechanics. The Monte Carlo method is used for
treating the uncertainty concerning input parameters. The purpose here is to estimate
numerically and to control actively the influence of the interaction effects on the seismic
response of the adjacent structures. Finally, in a practical case of two seismically
interacting framed reinforced concrete (RC) structures, the effectiveness of the
proposed methodology is shown

Key words: Seismic Pounding, Uncertain input parameters, Monte Carlo method.

1. Introduction

Seismic interaction (pounding) among adjacent structures is often a main cause of
damages in seismically active regions. This holds especially for city centers, where, due to
various socioeconomic reasons, the so-called continuous building system is allowed to be
applied, see e.g. [1,2]. Thus the numerical estimation and the optimal control of the
interaction effects to earthquake response of such structural systems is significant for their
earthquake resistant design, construction and repair.
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Obviously the problem is very difficult from many aspects. Mathematically, this
problem of pounding of structures belongs to inequality problems of mechanics, where the
governing conditions are equalities as well as inequalities. These so-called unilateral problems
and their optimal control can be treated mathematically by the variational or hemivariational
inequality concept, see Panagiotopoulos [3]. As regards the numerical treatment of such
inequality problems in seismic mechanics, numerical approaches have already been presented,
see e.g. Liolios [4-7] and [8-10].

On the other hand, for the numerical analysis of such systems of old existing reinforced
concrete (RC) structures, many uncertainties for input parameters must be taking into account
[11-15]. These uncertainties mainly concern the holding properties of the old materials that
had been used for the building of such structures, e.g. the remaining strength of the concrete
and steel, as well as the cracking effects etc. Therefore, an appropriate estimation of the input
parameters and use of probabilistic methods must be performed.

In the present study, the seismic problem of old colliding RC structures is analyzed in a
numerical stochastic way. Emphasis is given to the uncertainty concerning the input
parameters. For this purpose, the input-parameters are considered as interval parameters with
known upper and lower bounds, characterized in Civil Structural Engineering as uncertain-
but-bounded parameters [13,14]. The herein numerical stochastic approach is based on Monte
Carlo simulation methods, see e.g. [15-18]. Finally, an application is presented for a simple
typical example of pounding concerning two adjacent industrial RC frames.

2. The probabilistic computational method of analysis

The probabilistic approach for the analysis of existing RC framed structures may be
obtained through Monte Carlo simulations. As well-known [15-18], Monte Carlo simulation
is simply a repeated process of generating deterministic solutions to a given problem. Each
solution corresponds to a set of deterministic input values of the underlying random variables.
A statistical analysis of the so obtained simulated solutions is then performed. Thus the
computational methodology consists of solving first the deterministic problem for each set of
the random input variables and finally realizing a statistical analysis.

2.1. Numerical Treatment of the Deterministic Problem

For the herein pounding problem formulation, a system of two adjacent structures (A)
and (B) is considered for simplicity. Following the methodology presented in Liolios [4-7],
the system of the two structures (A) and (B) is discretized by the finite element method. Let ja
and jg be two associated nodes on the interface (joint) of (A) and (B), where unilateral
frictional contact can take place during an earthquake. These nodes are considered (see
Liolios [4-7]) as connected by two fictive unilateral constraints, normal to interface the first
and tangential the second one. The corresponding force-reactions and retirement relative
displacements are denoted by rjn, zijv and rjr, zr, respectively. They satisfy in general
nonconvex and nonmonotone constitutive relations of the following type (1), expressing
mathematically the unilateral elastoplastic hardening/softening contact with friction:

(1) ridj) e oRjd).

Here 0 is the generalized gradient of Clarke, d the deformation and R;(.) is the
superpotential function, see Panagiotopoulos [3]. Relation (1) also can simulate
environmental effects, that cause a capacity degradation of the interaction interface.

By piecewise linearizing the above relations as in elastoplasticity [3-6], the following
linear complementarity conditions are obtained:
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2 W2 0, rin< 0, Wj.erZO.

Taking into account the interaction and the second-order geometric effects (P-Delta
effects), the incremental dynamic equilibrium conditions under earthquake ground excitation
Ug(t) for the coupled system of the interacting buildings (A) and (B) are [7]:

(3) MAAUA+CAAUA+(KA+GA) Aup = -MAAUQ +BAp,,
(4) Mg Alig+Cg AUB+(KB+GB) Aug = - MBAUg - BAp.,

B) p=pn+opr.

Here M, C, K. are the mass, damping and stiffness matrices, respectively, for structure L
(L=A,B); u(t) is the sought node displacement (relative to ground) vector corresponding to
given ground earthquake excitation ug(t) and appropriate initial conditions; dots over symbols
indicate time derivatives; Ga and Gg are the geometric stiffness matrices, by which P-Delta
effects are taken into account; B is a transformation matrix The pounding stress vector p is
decomposed to the vectors pn, of the normal, and pt of the tangential interaction forces between
frames (A) and (B), satisfying in general the nonconvex and nonmonotone constitutive
relations (1).

To above conditions are adjoined the initial conditions. So the problem consists in
finding the time-dependent vectors {ua, us, p} which satisfy the rels. (1)-(5) for the given
earthquake excitation ug(t).

Further, the problem of rels. (3)-(5) is discretized in time. Because of the inequalities,
this problem is nonlinear. So direct time-integration methods of Structural Dynamics (e.g.
Newmark method) have to be used. It is assumed that in each time-step the unilateral
constraints remain either active or inactive by adjusting suitably the time-step. The procedure
of Liolios [4-6] is applied and finally a nonconvex linear complementarity problem (NLCP)
of the following form is eventually solved at each time step:

6) v>0, Av+a<0, Vv .(Av+a)=0.

Next, we introduce [4-5] the influence coefficients ¢ defined by

M =2t
Q

where Q is the absolutely maximum value which takes a response quantity during the
seismic excitation. Upper index (c) is for the coupled system (i.e. with interaction) and index
(u) for the uncoupled one (i.e. without interaction). By the influence coefficients ¢ vector
comparison is made between the uncoupled and the coupled cases. Thus, these coefficients
show whether a structural element is overstressed or understressed due to interaction, and
whether an optimal control is desirable to be activated. For the last case, the interface material
behavior is considered as a control for the interaction response of the system.

As mentioned, each solution of the above deterministic problem corresponds to a set of
deterministic input values of the underlying random variables. The time-history responses
{ua, ug}, satisfying (3)-(5) for the system of the adjacent structures (A) and (B), can be also
numerically evaluated by means of the structural analysis software Ruaumoko [19].
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Ruaumoko provides results which are related to the following critical parameters: local or
global structural damage, maximum displacements, interstorey drift ratios, development of
plastic hinges and response using the incremental dynamic analysis (IDA) method, see [7,8].

2.2. Numerical Treatment of the Probabilistic Problem

In order to calculate the random characteristics of the response of the considered RC
buildings, the Monte Carlo simulation is used [15-18]. As mentioned, the-main element of a
Monte Carlo simulation procedure is the generation of random numbers from a specified
distribution. Systematic and efficient methods for generating such random numbers from
several common probability distributions are available. The random variable simulation is
implemented herein by using the technique of Latin Hypercube Sampling (LHS) [11].

In more details, a set of values of the basic design input variables can be generated
according to their corresponding probability distributions by using statistical sampling
techniques. As concerns the uncertain-but-bounded input parameters for the stochastic
analysis, these are estimated here by using available upper and lower bounds, denoted as Ug
and Lg respectively. So, the mean values are estimated as (Ug + Lg)/2.

Such design variables for the herein considered RC buildings are the uncertain
quantities describing the backbone diagrammes of non-linear constitutive laws, e.g. plastic-
hinges behavior, and the spatial variation of input old materials parameters. Concerning the
plastic hinges in the end sections of the frame structural elements, a typical normalized
moment- normalized rotation backbone is shown in Figure 1, see [11]. This backbone hardens
after a yield moment My, having a non-negative slope of a up to a corner normalized rotation
(or rotational ductility) «. where the negative stiffness segment starts. The drop, at a slope of
a., is arrested by the residual plateau appearing at normalized height r that abruptly ends at

the ult_iwate rotational ductility x,. The normalized rotation is the rotational ductility
n=0/0""*",

z
]
=
=
T—
=
4_7\ -
% non=negative
= (hardening) negative
E —
T 1 a a
o h c
N residual plateau
]
g elastic r ultimate
- 01} 1
K, b,

normalized rotation, 6 / @ Y9

Figure 1. Representative moment-rotation backbone diagramme for plastic hinges [11].

The above six backbone parameters in Fig. 1, namely an, a, uc, r, uy and avy,= M/M, are
assumed to vary independently from each other according to a truncated Normal distribution,.
Typical distribution properties for these uncertain parameters concerning plastic hinges
according to [11] are given in Table 1. The table values concern the mean value, the

coefficent of variation (COV) and the upper and lower bounds of the truncated Normal
distribution.
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Table 1. The uncertain-but-bounded parameters for a typical plastic hinge

Mean cov Lg (min) | Ug (max) | Distr. type
awmy, 1.0 20% 0.80 1.20 Normal-tr.
an 0.1 40% 0.06 0.14 Normal-tr.
U 3.0 40% 1.80 4.20 Normal-tr.
ac -0.5 40% -0.70 -0.30 Normal-tr.
r 0.5 40% 0.30 0.70 Normal-tr.
Ly 6.0 40% 3.60 8.40 Normal-tr.

3. Numerical example

The system shown in Fig. 2a is investigated. It consists of the two frames (A) and (B) in
full contact (no gap), having three and eight stories, respectively. The frames have dimensions
La= 7m, Lg=10m, h = 3.5m, horizontal rigid beams with total vertical loads a mo g,
where mo g =98.1 kN, (g = 9.81 m/sec?), and a; are coefficients shown in Fig. 2a. Unilateral
frictionless contact (pounding) can take place at the join-points ia , ig , Where i = 1, 2, 3.

The corresponding to rel.(1) constitutive diagramme of unilateral contact is considered
to be as shown in Fig. 2b, where the branches AB and BCF are parabolas of 2" and 3"
degree, respectively. The descending (softening) branch BCF reflects environmental effects,
causing degradation to the interface capacity. The remaining value is assumed to be 20% of
the peak value p, , i.e. pr = 0.20* p, The above simulation of the unilateral contact
behaviour is certainly a complicated task and can be estimated on the basis of experimental in
situ results.

The system is subjected to a horizontal earthquake ground displacement (see Fig. 2c):

(8) X (t) = xo e?'sin(4nt),

where xo =10mm.

As concerns the uncertain-but-bounded input parameters for the stochastic analysis,
these are estimated here by using available upper and lower bounds, denoted as Ug and Lg
respectively

The concrete class of the two frames is estimated to be C20/25 and the steel class is
S220. According to JCSS (Joint Committee Structural Safety), see [12], concrete strength and
elasticity modulus follow a Normal distribution and the steel strength follows the Lognormal
distribution. So the statistical characteristics of the input random variables concerning the
building materials are estimated to be as shown in Table 2. By COV is denoted the coefficient
of variation.

The application of the proposed numerical procedure by using 250 Monte Carlo
samples gives the following representative results shown in Table 3 and concerning the
influence coefficients for the floor-shear-forces. The mean-values of these coefficients and the
corresponding coefficient of variation COV are reported.

Concerning the mean-values, as is shown in the Table 3, the uncoupled stress—state Q"
of the three-story frame (A) is reduced about 16%-26% due to interaction. On the contrary,
the uncoupled stress—state Q" of the eight-story frame (B) is increased about 12%-120% due
to interaction.
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Figure 2. Numerical example.

Table 2. Statistical data for the building materials treated as random variables

Disribution mean cov

Compressive
strength of Normal 20.0 MPa 15%
concrete

Yield 0
strength of steel Lognormal 191.3 MPa 10%

Elasticity Normal 29.0 GPA 8%
modulus, concrete

Elasticity Normal 200 GPA 4%
modulus, steel
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Table 3. Influence coefficient c; in (%) for the i-th floor shear force:

Mean-values and coefficient of variation COV in (%).

FRAME Floor
1 2 3
(A): ¢ -24.78 -17.22 -26.38
Cov 18.81 14.42 17.82
(B): ¢; +68.43 +12.71 +26.73
(Cov 12.58 17.28 18.17
FRAME Floor
4 5 6 7 8
(B): ¢; +119.88 +47.84 +46.96 +42.28 +45.84
cov 21.84 23.22 28.21 24.81 27.18

The most remarkable increase (+119.88 %) is for the 4-th floor of frame (B), as was
expected. So, if we design the 4-th floor of (B) without taking into account the seismic
interaction effects, then the columns of this floor are overstressed about 120% more the
designed capacity. This interaction effect must be taken into account for the safe seismic
upgrading concerning the tall frame (B).

4. Concluding remarks

The presented computational approach can be used effectively for the probabilistic
numerical investigation concerning the seismic interaction (pounding) among adjacent RC
framed-structures. The case of uncertain-but-bounded input-parameters, considered as interval
parameters with known upper and lower bounds, is treated effectively. Finally, by parametric
investigation of the characteristics concerning the unilateral contact constitutive law, an
improvement of the seismic response for the interacting adjacent structures can be obtained.
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SANATION OF THE CABLE GRID OF THE HANGING ROOF ON THE
SWIMMING POOL IN LESKOVAC

Dragan Kostic', Vuk Milosevic?, Natalija Kostic®
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Abstract: A macroscopic inspection of the structure noticed the instability of the double
layerd catenary-cable truses of the hanging roof on the Swimming Pool in Leskovac.
The examination and measurements of the forces in the lower-prestressing cable,
determined that the tensile force does not exist which is the reason for the instability.
After a detailed inspection of all cable truses, checking the geometry of the catenary,
static and dynamic analyses, quality control of the installed materials, it was concluded
that the main reason for the instability is the poor quality of the spindle for prestressing
the lower tensioning cable. These spindles were replaced with suitable high-value ones
and the cable trusses were pre-stressed to the level of forces determined by theoretical
analyses.

The paper presents a device for measuring forces in cables and a device for checking
the of safety degree of high-value long thread-spindles. The method of checking critical
elements and rehabilitating cable grids by introducing prestressing forces by tensioning
- shortening via threads is also described in particular.

Key words: Sanation of cable truses, Long screws - spindle, Method for checking long
SCrews

1. Introduction

Sports and recreation center "Zdravlje" in Leskovac consists of two halls that are
constructively independent, but functionally connected. The small sports hall was built in
1987, while the swimming pools were partialy constructed in 1993. and completed in 1998.

Each of the halls is 60 m wide. The roof structure is made of a double catenary system
connected with diagonal rods in the vertical plane (cable pre-stressed grid) on a raster of 5 m.
The design and elements of the hanging structure (ropes with fixed anchors filled with molten
zinc) were made and delivered by the corporation "TensoTeci" from Milan [1] together with
the certificates of the Laboratory of the Milan Polytechnic [2].

The support structure of the suspended roof for the hall with swimming pools was
completed in 1992, but the work on the assembly of the cable trusses was interrupted due to
the sanctions of the FRY. The investor engaged another contractor from Serbia to complete
the connecting elements and spindles for tensioning the presstresing cable, which the Italians

' PhD Prof.Eng. Faculty of Civil Engineering and Architecture on University in Nis, A.Medvedeva Str. 14 Nis,
Serbia, dragan.s.kostic@gmail.com

2 PhD Assistant Prof. MAEng. Faculty of Civil Engineering and Architecture on University in Nis§,
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did not deliver to perform its assembly. The assembly of the rcable trussess was carried out in
1993 using the elements from Italy and the elements that were made in Serbia. In the same
year, partial assembly of the roof cover was carried out.

Insufficient prestressing forces of the roof cables caused the instability of the cable
grids, so the investor newly engage the Institute of Civil Engineering and Architecture from
Nis to do the Expertise, the Institute for Materials and Constructions from Belgrade for super
control and "Mikroprocesor” private structural company to replace inappropriate elements
and finish the work on the prestressing of the cable trusses and thereby complete the roof
construction system.

Fig.1 Appearance o mtermedlate cable trusses before the replacement of
inappropriate elements

2. Analysis of the current situation

Based on the review of the available documentation and the subsequent numerical
analysis, on the basis of the construction review and on-site measurements, it was determined
that the cable trusses system is not tensioned-unstable. The infill rods (diagonals) and the
entire lower cabl did not have tension force, so the entire structure oscillated under the
influence of small external loads of very low intensity. This type of structure must have
tension in all the rods, even due to the action of the highest gravity load, it was obvious that
the roof was not stable, which was due to the absence of tension force in the cable of the
lower cable.
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Fig.2 Section through the hall with the swimming pools

In addition, a detailed inspection of the roof catenary and its vital elements in the hall
was carried out, and on that occasion it was established:
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— The steel ropes are in excellent condition, the factory protection of the wires with zinc is
not damaged, and the subsequent protection with primer paint has dried and fallen off the
cables due to poor adhesion to the cable wires,

— Anchors, i.e. fixed ends of the ropes, showed no signs of damage,

- Screws with nuts M80 for fine adjustment of the length of the supporting cables
(®50mm) did not corrode due to surface protection with zinc, which was applied by an
electrochemical process (Fig.3a),

— The long screws declared as M30 for tightening the lower (pre-tensioning, stabilizing)
cables (®26mm) were damaged by corrosion, since they were not protected from the
atmospheric influence. (Fig.3b). In addition, it was determined by measurement that
these screws were made as M27 and that they were made of materials of unknown origin.
After the test tensioning of one lower cable, the threads loosened, and it was necessary to
replace them with the elements in accordance with the "Sports Center Construction
Project".

- The screws of the nodal elements, which connect the filling rods with the upper and lower
cables, were of lower quality (class 5.6 instead of 8.8). The thread along the entire body
of the screw caused in some places an elliptical expansion of the openings on the nodal
elements (Fig.3c). All the screws have been replaced, so that both the geometry and the
type of material correspond to the project.

- No damage was observed on the reinforced concrete support structure, so it was
concluded that it is capable of receiving impacts from cable trusses,

-  Steel tensioners made of hot-rolled profiles 2U200 were properly anchored and protected

with paint of appropriate quality, so there was no doubt about their correctness.
Ml g e sl

Fig.3 Sketches of nodal elements

3. Method of testing the structure

This kind of structural system of a suspended roof, in the form of a cable grid between
immovable supports, must be pre-tensioned with sufficiently large tension forces to make the
structure stable under the influence of asymmetric loads and to reduce dynamic effects to the
smallest possible extent.

The prestressing force is achieved by tensioning the lower cable and anchoring them via
a special anchor. The wires of the upper and lower catenary are patented, and the calculated
breaking stress of the rope is 1570MPa. The formation of the rope was done by machine. The
cable grid, being the main roof girder, consists of two ropes, a supporting one of @50mm and
an auxiliaryone of (@26mm.They are interconnected by diagonals and verticals. There are
fixed anchors at the ends of the cables, through which the connection to the concrete part of
the structure is made. They are supplied with adjustment nuts (upper cable) and long high
value class 10.9 bolts to apply preload forces (lower cable). The tensioning of the lower ropes
is done on both sides, by evenly screwing the nuts on the long high-value M30 screws of class
10.9 with rolled threads, surface is protected with zinc which was applied by an
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electrochemical process. The tensioning of the ropes was started after the coordinates of the
nodes in the zero position of the structure were measured by geodetic means.

Construction parameters that were checked on site for all cable grids KR-1 to KR-8 are:
elongation of the lower stabilizing cable, forces in the end rods of the stabilizing cable
measured with a special mechanical instrument, vertical displacement of the middle point of
the cable grid in relation to the “zero position™ ".

After comparing the measured forces in the end rods of the stabilizing cable of all two-
band cable trusses (KR-1 to KR-8) and the measured values of the corresponding vertical
displacements of their central nodes with the corresponding theoretically obtained values, a
match was established that ranged from 95% to 100% (Fig.4, Fig.5).

Node displacement of upper rope [m] Node disPalcement of lower rope [m] s
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Fig.4 Comparative displacement diagrams of numerical and experimental analysis
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Fig.5 Comparative tension forces diagrams of numerical and experimental analysis

Special attention was paid to the central cable grid, labeled KR-5. Of all eight cable
grids, it has the smallest arrow, but the highest prestressing force in the stabilizing cable. For
this reason, measurements of the forces in the stabilizing cable, recording of the geometry of
the cable grid support itself, as well as the inherent vibrations of the support were carried out.

The construction parameters that were measured on the KR-5 cable grid are:

- Shortening by tightening the lower, stabilizing cable, i.e. the relative position of the nut
on the long high value bolt in relation to the anchor cylinder. The shortening was
measured with a graduated steel scale

— Forces in the rods of the stabilizing cable measured with a special mechanical instrument
for rope thickness up to $26mm

- Vertical displacement of the points of the cable grid in relation to the “zero position”.
Movements are registered by geodetic procedure,

— Dynamic testing of the cable grid KR-5 with inertial dynamic instruments in order to
obtain the frequency of free oscillations of the support.
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4. Instrument for static testing

The determination of forces in cable structures is possible with the help of mechanical
instruments. Such instruments exist for different rope thicknesses and measurement ranges.
The advantage of mechanical instruments is simple handling and the direct reading of
measured values.

The working principle of mechanical instruments is based on the balance of a spring of
known stiffness. By the action of a concentrated force in the middle of the base of the
instrument, the cable is twisted. The bending of the cable during measurement is always a
constant value, a=const. The elastic force from the cable at the bend in the middle of the base
via the spring and lever system, creates the deflection of the instrument pointer. The force in
the cable is obtained by reading from the diagram or from the table for the specially calibrated
type and cross-section of the cable. Thus, the obtained results of forces measurement in
cables are with the accuracy of +1%.

The measurement taken on the prototype structure of the cable grid of the building
with the swimming pools was carried out with the device "Seilspanungsmesser" manufactured
by "Amsler" from Germany (Fig.6a). The construction diagram of the instrument is shown in
Fig. 6b. The instrument consists of a body (1), an elastic metal lever or spring of known
stiffness (2), a system of levers (3) and a mechanism for acting on the rope in the middle of
the instrument base (4).

; 3 ‘IS il P -
* T e —— o —---
15\ "-; \ o —*T—@'r’l_—'-arp-"‘:—~_
-%ai g V;’ T '& - Jf

Fig.6 Instrument “Amsler” for tension measuring in situ

The balance of the elastic force in the cable, whose reaction is the force P in the cable
bending mechanism and the elastic force of the spring opposing the force P, gives an
expression for the force S in the rope as a function of the stiffness of the spring (K), the
magnification of the strain gauge for the corresponding section of the rope and the modulus of
elasticity and readings on the scale of the instrument (Eq.1).

(1) S—£ Ac £_|
2a\U, | U,

Table 1. Technical characteristics of the "Amsler" instrument for measuring forces in cables

Tip — Model Amsler
Diameter of the cable B —1”
Measuring range 50 kN — 275 kN
Dimensions of the instrument 150 x 30+20 x 12 cm
Instrument weight 22kg
Accuracy of the measurment +1%
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5. Cable trusses sanation: Critical elements replacement and their check

The analysis of the problem and the test tensioning of one roof cable truss showed that
it was not possible to perform pre-tensioning in the current state due to the shortcomings
mentioned above. For these reasons, new high-value screws and nuts M30 quality 10.9 with
rolled threads, surface protected by electrochemical process, were purchased.

Bearing in mind that the manufacturer confirmed only the quality of the material, it was
necessary to check the safety coefficient of the screws in relation to the maximum tightening
force before the installation. The check itself was performed for all delivered screws and nuts.
The verification method consisted of tensioning the screws with a force that is at least twice
the expected force in the end rods of the lower rope for the prestressing phase (200kN). In the
phase of prestressing, the lower cable ($26mm) was exposed to the greatest forces, so that
phase of loading is relevant for impacts in high-value screws. Each newly installed screw was
checked for a force of 200kN, and in accordance with the stability and safty criteria.

The apparatus for checking the screws consisted of a steel tube with buffers (1) and a
specially designed hydraulic press with a ring piston (2), nominal force 250kN with a
calibrated manometer (Fig. 7, Fig.8) [7 and 8]. The hydraulic press was connected to the hand
pump (3) via a reinforced rubber hose. Each screw (4) was subjected to a force of 200kN in
six cycles of loading and unloading. Let’s just mention that the maximum force that one
screw on the structure takes in the prestressing phase was 90kN.

Checking the critical elements proved to be justified, because during their tightening,
four of the thirty-two screws broke, so they were subsequently delivered , tested and mounted
with calculated pre-stressing force.

Fig.7 Device for checking critical elements
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Fig.8 Schema of the device for checking critical elements
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Conclusion

The construction operatives in Yugoslavia encountered for the first time a hanging
structure of the cable grid type in the case of the swimming pool facility in Leskovac. The
experience gained while working on this object has shown that they are capable of solving
such complex problems of geometrically non-linear structures. Theoretical analyses,
experimental procedures, the control of critical elements and their careful implementation
were basic prerequisites to bring the two-belt sprocket system of the roof structure of SRC
Zdravlje in Leskovac to a state where it can safely receive the roof covering and the load in
operational conditions.
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FINITE ELEMENT ANALYSIS OF A CIRCULAR UNBONDED FIBER
REINFORCED ELASTOMERIC ISOLATOR (UFREI) MADE OF HIGH
DAMPING RUBBER
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Abstract: Steel-reinforced elastomeric isolators (SREI) are the most used method for
seismic isolation. Since these devices are too expensive due to the need of thick
connection steel plates and the high energy consumed for fabrication, they are
unsuitable for ordinary residential buildings, especially in developing countries.
Compared with SREI, fiber-reinforced elastomeric isolators (FREI) have considerably
lower weight and can be manufactured through cold vulcanization. They could be
installed between the upper structure and the foundation without bonding or fastening
in the unbonded application, reducing costs hugely. Without connection steel plates, the
shear load is transferred through the friction generated between the devices and the
structure surfaces, with an improvement of the dissipation energy of the isolators. This
paper proposes a Finite Element (FE) cyclic shear test analysis of a circular UFREI
made of a Natural Rubber and Ethylene Propylene Diene Monomer blend (NR-EPDM).
Results in terms of horizontal stiffness, damping ratio, and horizontal period have
shown the possibility of applying this device for seismic protection of low-rise masonry
buildings.

Key words: Fiber-reinforced elastomeric isolator, Unbonded application, Finite
Element, high damping rubber.

1. Introduction

In the last four decades, some commercial base isolators have been introduced to protect
buildings from earthquakes. They are typically constituted by several alternating layers of
rubber pads and steel interposed by two continuous pads, limiting vertical deformability. They
exhibit good deformation capacity in the horizontal direction when subjected to a seismic
load. This system isolates the energy transmission of the earthquake from the foundation to
the upper structure. A very effective seismic isolator shall satisfy the following functions:
good performance under all service loads, vertical and horizontal; provide enough horizontal
flexibility to reach the target natural period for the isolated structure; recentring capability
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after the ground motion so that no residual horizontal displacement can downgrade the
serviceability of the structure; provide an adequate level of energy dissipation (damping) to
control the displacement that could damage other structural members. Low-damping rubber
bearing (LDRB) is one of the first elastomeric isolators used to mitigate buildings from
earthquake effects, with a damping ratio of 2% to 5%. The isolators are placed on thick steel
plates at the top and bottom as supports, bonded by heating and pressure processes. The steel
lamina between rubber layers has the role of improving the rubber pads' vertical stiffness and
preventing the bulging of the rubber without affecting the horizontal stiffness of the system.
In the 1970s, the most significant advance in damping came with the addition of a lead plug
down the center of the isolator. The system results in a nearly rectangular hysteresis loop
thanks to the linear spring characteristic of the rubber, with consequent absorption of
earthquake energy and control of oscillations [1]. High-damping rubber bearing (HDRB)
presents a higher performance of isolation due to the better ability of energy dissipation of the
rubber compounds. The steel-reinforced elastomeric isolators (SREIs) have been employed to
protect buildings, but such types of devices tend to be too expensive due to the need for thick
steel plates for their supports and the high energy consumed for the manufacturing process.
Fiber-reinforced elastomeric isolator (FREI) is a new type of elastomeric isolator. Instead of
using steel lamina, thin fiber layers are used for vertical reinforcement. Compared with
SREIs, FREIs have considerably lower weight and can be manufactured through cold
vulcanization. In [2][3] fiberglass layers have been employed to produce FREIs. They can be
applied to the structure in several methods: bonded [4], unbonded [5][6], and partially bonded
[7]1[8]. Without steel supports, the isolators can simply be installed between the upper
structure and foundation without bonding or fastening. So, the shear load is transferred
through the friction generated between the isolator and the structure surfaces. Rollover and
friction effects may improve the isolators dissipation energy. The unbonded applications
result in a stable rollover lateral deformation (Fig. 1), which reduces the horizontal stiffness
and increases the efficiency of the devices. Compared to the identical specimen but in bonded
conditions, the UFREISs result in superior performance concerning the damping ability.

Ll O

Figure 1. UFREI rollover deformation

This paper proposes a Finite Element (FE) analysis of a circular UFREI made of high
damping rubber. First, the rubber behavior has been characterized by several experimental
tests and then modeled into FE software code Abaqus. Subsequentially, a circular UFREI has
been designed. The device behavior has been investigated with a FE cyclic shear tests
analysis, and results have been evaluated in terms of horizontal stiffness, damping ratio, and
horizontal period.

2. High Damping Rubber Compound (NR-EPDM)

The first part of the study has been focused on the production of a new rubber
compound. A high-performance rubber composition (good durability and exceptional cyclic
dissipation) made of a Natural Rubber and Ethylene Propylene Diene Monomer blend (NR-
EPDM) has been proposed. The rubber compounds behavior has been characterized through
several experimental tests: tensile test, tear-resistance test, compression set, relaxation test,
accelerated air oven aging, and hardness measurement. The mechanical and physical
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properties of elastomer have met the minimum requirements of Tabl. 1 of UNI EN 15129 [9].
Results are summarized in Tabl. 2 and Tabl. 3. The antiseismic device European code
suggests quadruple shear tests to evaluate the dynamic properties of the rubber compounds in
terms of shear modulus (G) and damping ratio (&). Here, the rubber is subjected to a 0.5 Hz
cyclic horizontal displacement up to 20 mm, equal to the height of the quadruple rubber
specimen. Four complete sinusoidal cycles shall be applied, and the results shall be evaluated
for the third cycle. For a high damping rubber, the G modulus must be in the interval of 0.3
and 1.5 MPa, and the damping ratio must be higher than 6%.

Table 1. Minimum requirements of mechanical and physical properties for high damping elastomers [9]

Minimum
Property Requirement Test method
Tensile strength at break (MPa) 12 1S037 Type 2
Elongation at break (%) 400 1S037 Type 2
Tear resistance (MPa) 7 1SO 34 Method A
Compression set 70 °C, 24 h, max. 60 150 815 Type_A
25% compression
Ozone resistance Elongation 30% - 96 h 40 °C + 2 °C No cracks I1SO 1431-1
Accelerated air oven aging. Maximum change from unaged value
Hardness (IRHD) -5, +8 ISO 188, Method A
Tensile strength (%) +15 I1SO 48
Elongation at break (%) +25 1SO 37 Type 2
Table 2. NR-EPDM mechanical and physical properties
. Tensile Strenght | Elongation | Young Tear
Density | Hardness at break at break | Modulus | Resistance
[g/cm®] | [IRHD] [MPa] [%] [MPa] [KN/m]
1.129 59.98 16.06 693.0 1.63 22.84

Table 3. NR-EPDM mechanical properties after accelerated aging and compression set

Accelerated air oven aging | Compression
AH | A TSpreax | A Eprea Set
[IRHD] |  [%] [%] [%]
1.00 -4.51 -9.51 35

Before fabricating the specimens for the experimental shear tests, a numerical simulation
has been developed. Uniaxial tensile and relaxation tests have been performed to obtain the
hyperelastic and viscoelastic properties of the rubber compound. Such experimentation was
crucial to correctly define a FE model that has been used to simulate the cyclic shear behavior
for the rubber first and later for the complete device. The experimental values have been
inserted on FE software code Abaqus to be fitted with the Yeoh model (hyperelasticity) and
the Maxwell model (viscoelasticity) (Fig. 2). In Tabl. 4 and Tabl. 5, the coefficients obtained
are shown. The specimen has been modeled (Fig. 3a), and the shear analysis has been
performed.
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Uniaxial Tensile Test Relaxation Test - Normalized Curve
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a) b)
Figure 2. Comparison between experimental data and numerical model: Yeoh (a) and Maxwell (b)

Table 4. Yeoh model coefficients
C10 C20 C30 D

0.411 | 6.170E-03 | -7.890E-06 | O

Table 5. Maxwell model (Prony Series) coefficients
gl T1 gZ T2
0.291 | 0.170 | 0.115 | 35.303

The FE preliminary results have shown the good performance of damping ratio and
shear modulus, equal to 8.49% and 0.70 MPa, respectively. The quadruple shear specimens
have been fabricated, and the experimental shear tests have been performed. The experimental
results have confirmed the numerical ones and so the reliability of the model (Fig. 3b).
Following the code, shear tests have also been performed after aging, varying the frequencies
and temperatures (Tabl. 6). Also, in this case, the NR-EPDM rubber compound has met the
minimum requirements of the code.

NR-EPDM - Quadruple Shear Test
3300

2500

- 2300 Test Data
4= = = =FE Model
-3500

Displacement [mm]

a) b)
Figure 3. Quadruple shear test: numerical model and experimental setup (a); numerical and experimental
displacement-force curves (b)
Table 6. Numerical and experimental shear test results

Experimental

Numerical
Fresh Aged Frequency Temperature
: G : G At | AG 0.1Hz | 2.0Hz 40°C 0°C (-10°C) | (-15°C)
Modulus Modulus AL |AG | AE |AG | AE |AG | AE |AG | AE |AG | AE |AG

[%] | [MPa] | [%] | [MPa] | [%] | [%] |[%]][%] |[%]][%]|[%] |[%]]|[%] |[%] |[%]|[%] |[%]|[%]
8.49 0.70 8.38 0.77 -12 | 419 | +2 | +1 | +4 | -6 |+10|-15|+12|+30|+29|+47 |+45|+68
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3. Circular Unbonded Fiber Reinforced Elastomeric Isolator

After the rubber compound characterization, the UFREI has been designed. Itis a
circular device constituted by alternating layers of rubber pads (6 mm thick) and GFRP
laminas (0.5 mm thick). It presents a base of 200 mm and a height of 74.5 mm (Fig. 4a). The
main geometrical characteristics are summarized in Tabl. 7.

a) b)
Figure 4. Circular UFREI: design (a); FE mesh (b)

Table 7. Geometrical characteristics of the circular FREI

°rubb °fib
r|H|b| C A | T | T | Mters | laminas | Trot | Trot | R=DIN| Si=A/(C*Tr)
[mm] | [mm] | [mm] | [mm] | [mm? | [mm] | [mm] | [ [ | fmm] |[mm]| [] [
100 | 74.5 | 200 | 628.32 | 31415.92| 2 0.5 30 29 60 | 145 | 2.68 25.00

The isolator has been modeled using eight-node brick elements (C3D8HR). The final mesh
is shown in Fig. 4b. The unbonded condition has been simulated. There is no bonding
between the supports and the rubber pad. So, a penalty surface-interaction model has been
introduced between the two surfaces, and a friction coefficient of u=0.85 has been applied.
Instead, tie constraints between rubber and GFRP have been modeled. Yeoh and Prony
models have been used to represent the rubber behavior as described in the previous section.
The fiber has been assumed isotropic elastic with a Young modulus of E=40000 MPa and a
Poisson ratio v=0.2, in accordance with many references [10][11].

Horizontal Displacement Vertical Pressure
150 4.0

Pressure [MPa]
(&3 [ =)
=

Displacement [imm]

-120
-150 0.00 1.00 2.00 3.00 4.00 5.00 a.00 7.00 8.00
Time [s]
a) b)
Figure 5. Horizontal displacement (a) and vertical pressure (b)

Time [s]

The device has been subjected to a 0.5 Hz cyclic horizontal displacement up to 120 mm
(Fig. 5a), equal to two times the total height of the rubber pads, applied at the top support,
under constant vertical pressure of 3.5 MPa (Fig. 5b), i.e. the expected working pressure.

Effective horizontal stiffness (Kuerf), damping ratio (&), horizontal frequency (f,), and
horizontal period (Tn) have been evaluated (Tabl. 8). The computations are based on
Equations (1)-(6), where Fnax and Fpi, are respectively the maximum and minimum shear
force, Amax and Amin are respectively the maximum and minimum displacement, Wy is
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the area within the force-displacement curve, g is the gravitational acceleration, p is the
vertical pressure and A4 is the area of the device.

(1) KH,eff: (Fmax_ Fmin)/(Amax_ Amin),
(2) &EWal(4nWs),

(3)  Ws=(12)*Kneff *A*maxave,
(4) Amax| ave:(Amax + Amin)/z,,

B)  F=V(Knerg)/ (p*A))(2*7),

(6) Th: 1/fh.
Table 8. Numerical results
KHeff g fh Th
[KN/mm] [96] [1/s] [s]
0.21 7.28 0.65 1.45

Fig. 6 shows the lateral force-displacement curve. UFREI curve shape is characterized by a
decrease of the horizontal forces, i.e. horizontal stiffness, due to a softening behavior (Point
A). It is typical in these applications due to the rollover effect. At large displacements, the
curves show a stiffening behavior (Point B). It is another feature of the UFREIs due to the so
called full contact between the vertical edges of the device and the supports.

Force-Displacement - Amplitude 200%tr
30000

20000 A

10000

Force [N]

-130 80 110

-20000

30000
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a) b)
Figure 6. UFREI cyclic shear test: force-displacement curve (a); deformed shape in A and B points (b)

Conclusion

In this paper, a FE analysis of a circular UFREI has been proposed. First, a high-
damping rubber compound made of NR-EPDM blend has been proposed and characterized
with several experimental tests. Before fabricating the specimens for the experimental shear
tests to evaluate the dynamic characteristics, a numerical simulation has been developed.
Uniaxial tensile and relaxation tests have been performed to obtain the hyperelastic (Yeoh
model) and viscoelastic (Maxwell model) properties of the rubber compound. Such
experimentation was crucial to correctly define a FE model that has been used to simulate the
cyclic shear behavior for the rubber first and later for the complete device. Numerical and
experimental results have shown good performance in terms of damping ratio. Following the
code, shear tests have also been performed after aging, varying the frequencies and
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temperatures. All the mechanical properties of the rubber compound have met the minimum
requirements of the UNI EN 15129 code for high damping rubber compounds. Then, UFREI
has been designed. The isolator has been modeled into Abaqus in unbonded conditions. The
device has been subjected to a 0.5 Hz cyclic horizontal displacement up to 120 mm, applied at
the top support, under constant vertical pressure of 3.5 MPa. Results have been evaluated in
terms of horizontal stiffness, damping ratio, horizontal frequency and horizontal period.
Compared to the traditional bonded application, lower horizontal stiffness has been obtained,
with a higher isolation period. The force-displacement curve is characterized by two features
of the unbonded application: rollover and full contact. The first decreases the horizontal
forces, and so the horizontal frequencies (softening behavior). Instead, the second one
increases the horizontal forces due to a stiffening behavior that happens at large
displacements, where the vertical edges of the device touch the lower and upper supports. The
increase in effective horizontal stiffness at higher displacement amplitudes is a desirable
feature to restrict displacements beyond design-basis events.

The good dynamic performances of the proposed device have highlighted the possibility
of its use for the seismic mitigation of low-rise masonry buildings in developing countries.
Further studies with experimental shear tests and FE structural application are under
investigation by the authors for complete characterization.
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CONTEMPORARY APPROACHES TO MODELLING THE SEISMIC
BEHAVIOUR OF BURIED ARCH BRIDGE

K. Kazakov?, A. Liolios?, L. Mihova®, D. Partov*

L *University of Structural Engineering and Architecture, Sofia
2 Hellenic Open University, School of Science and Technology, Patra
University of Architecture, Civil Engineering and Geodesy, Sofia

Abstract: A review is made of alternative approaches and conceptions for finite element
modeling of a buried arch bridge considering two variants of foundation - strip footing
and piled-raft. Different types of finite elements are used for discretization of the soil
body and concrete structure — plate elements, beam elements, interface elements for the
soil-structure contact. The mechanical behavior of the bridge and soil are described
using the following constitutive models: Hooke’s model, Mohr-Coulomb’s model,
Hardening Soil model and Hardening Soil Small model. A range of FE analyses are
presented — in situ stress analysis, analyses of representative states simulating of the
process of construction, road traffic analysis in serviceable period, seismic pseudo
static analysis, seismic time history analysis using the accelerograms, bearing capacity
analysis of the ground.

Key words: arch bridge, soil-structure interaction, finite element, constitutive model,
pseudo-static seismic analysis, time history analysis

1. Introduction

The purpose of this study is to present and discuss alternatives for finite element (FE)
modeling and types of numerical analysis for buried bridge. The prototype of the structure is
the bridge named Tri Voditsi that realizes the railway-road junction near the villages Tri
Voditsi and Novo Selo in Bulgaria. The dimensions of the bridge are width of 15,29 m and
height of 8,67 m. The bridge is built of prefabricated concrete elements of thickness in range
0,60-0,35 m. The connection between the retaining walls and the vault plate of the bridge is
hinged i.e. it does not bear bending moment. Two variants of foundation are considered - strip
footing and piled-raft. More details of performed FE analyses of the bridge can be found in
the papers [1], [2], [3], [4].

2. Finite element modelling
2.1. Finite element discretization

The FE plane strain discretization of the cross sections of the bridge structure and a
rectangular soil body of width of 50 m and height of 20 m is shown in Fig. 1. The type of soil
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ground, water level and layers of backfilling, which simulates construction period, are
denoted in the same figure.
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Figure 1. FE models

Plane strain conditions means that all used finite elements have dimension
perpendicular to the plane equal to 1. The soil body is discretized using triangular 15-node
finite elements with two node parameters: displacements Ux and Uy in xy plane and boundary
conditions involve zero horizontal displacement, U, and zero vertical displacement, Uy,
(Fig.3). The criterion of Kuhlemeyer & Lysmer [5] for dynamic analysis is reliable for
determining of the mesh size. According to this criterion the average size of finite element
Lave Should not exceed 1/8 of the wavelength i.e. Lae < 1/8 = Vsmin / (8 fmax) , Where Vs min IS
the minimum wave velocity in soil deposit and fnax the maximum frequency of the seismic
action.

Two alternative types of finite elements are used for the bridge structure: 15-node
triangular plate elements (Fig. 2a,b) and 5-node linear beam elements of width of 1 (Fig. 2c).
The plate elements are formulated in normal and shear stresses. The beam elements are
formulated in bending moments, axial and shear forces. The latter approximation is suitable
because the output data include forces which allow designing the structure easily according to
codes. A rotation stiffness of zero is defined in the beam joint of hinge (Fig. 3a). The hinge
connection in plate elements here is simulated by a short beam element (Fig. 3b).

y A
(Uy)T /d ‘0‘_
e 0 Q
Z s Y d o o9
z / 1m b o0 b

(ux) x X
(a) (b) ©

Figure 2. 15-node plane strain finite element (a, b) and 5-node beam element (c)

Hinged A
connection Beam
% element
Beam
element
(a)

Figure 3. Detail A from Fig. 2 for hinged connection: (a) between beam; (b) between plate

The soil-structure interaction is modeled using interface elements. They have thickness
closed to zero and it is necessary to specify their normal and shear stiffness. The role of the
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interfaces is to reduce the shear strength in soil-structure contact compared to the shear
strength in the soil. The parameter Rj,<I relates the strength of the soil to the strength in the
interfaces by the following equations

(1) Cinterface — Rinter . Csoil and tg Dinterface = Rinter . tg Dsoil

where ¢ is the soil friction angle and c is the soil cohesion.

2.2. Constitutive models for concrete and soil

The Hooke’s model of linear elasticity is the simplest constitutive law used for structure
elements in the design practice. This model requires only two material parameters — Young’s
modulus, £, and Poisson’s ratio, v, and assumes unlimited values of stresses. The Hooke’s
model is applied only for the concrete elements in this research.

The Mohr-Coulomb (M-C) constitutive model describes elastic-perfectly plastic
behaviour. According to this model, the stresses are proportional to the strains until the yield
(fail) point is reached. The M-C criterion is graphically represented as a hexagonal pyramid
(Fig. 4). When the stress state corresponds to the yield (fail), then the stress point lies on the
pyramid surface. The stress points corresponding to the elastic behaviour lie inside the
surface. For the case o1' > 07" > o3’ the M-C criterion can be written as a following functions of
the major o1' and the minor o3' principal stresses and the normal stress ¢ and shear stress z on
the failure plane, as follows

(2) F(o',o'3)=(c"1—0'3)-sing (o' +0';)—2ccose

(3) z=c+o.tge

G; &

(b)
Figure 4. Mohr-Coulomb yield function: a) Surface in 3D space of principal stresses;
b) Cross section in deviator plane (o1 + 02" + 03" = 0)

Material parameters of the M-C model are Young’s modulus, E, Poisson’s ratio, v,
cohesion, ¢, friction angle, ¢, and dilatancy angle, w, which controls the volume change of the
material undergoing plastic deformation. The M-C model is appropriate for materials, for
which the compressive strength far exceeds the tensile strength. Except for the soil, the M-C
model here is used for the concrete. The following two approaches may be applied for
determining of the shear strength parameters ¢ and ¢ of the concrete.

e Approach | [6], [7] — using the theoretical compressive, f;, and tensile, f;, strengths
In consequence of the M-C relationships (Fig. 5) the expressions are valid
(4) f.=2.c.cosp/(1l-sing)
(5) fi=2.c.cose/(1+sing)
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Figure 5. Diagrams of the Mohr-Coulomb’s criterion defining compressive, f.,
and tensile, f;, strengths

After the substitution of the expressions (4) and (5) in equation F(c',c')= 0, the
following formulas are obtained for the strength parameters

6) sing=(f—f)/(f+ f) and c="f..(L—sin ¢) / (2.c0s ¢)

e Approach Il —according to the Eurocode 2

The Eurocode 2 suggests the following expression for the design shear resistance of
concrete elements without shear reinforcement

(7) TRdc = Vmin T+ k1 Ocp

where: vmin = 0,035 . k¥ . f, M2, where f. is the characteristic compression strength in MPa;
k =1 +(200/d) ¥ <2, where d is the effective height of a cross section in mm; k; = 0,15 —
empirical coefficient; oc, — design normal stress.

The form of the formula (7) is identical to the expression (3) of the M-C criterion. Using
the substitutions

(8) C=vmin and tg o =k;

the design values of the soil strength parameters ¢ and ¢ can be calculated.

The Hardening Soil (HS) model is an advanced constitutive conception using more than
10 material parameters and describing the mechanical behavior of different types of soil with
a high degree of [8], [9]. As for the Mohr-Coulomb’s model, limiting states of stress are
described by means of friction angle, ¢, the cohesion, ¢, and the dilatancy angle, . However,
the soil stiffness is defined much more accurately by involving three different input
stiffnesses: the triaxial loading stiffness, Esp the triaxial unloading stiffness, E,; and the
oedometer loading stiffness, Eqeq. HS model also takes into account stress-dependency of the
stiffness that means that all stiffnesses increase with pressure, i.e. the soil is hardening. The
yield surface is not fixed in principal stress space, but it can expand due to plastic straining.
The yield surface of the HS model in principal stress space is represented in Fig. 6a. Two
types of hardening are possible: shear hardening and compression hardening. The shear
hardening is used to model irreversible plastic strains due to primary deviatoric loading.
Compression hardening is used to model irreversible plastic strains due to primary
compression in oedometer loading and in isotropic loading. Hyperbolic Duncan-Chang’s
relationship is assumed between the axial strain and the deviatoric stress for the standard
drained triaxial test [10] (Fig. 6b). Failure is according to the Mohr-Coulomb’s criterion.
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Figure 6. Hardening Soil model: (a) Yield surface in principal stress space;
Stress-strain curve for triaxial standard drained test and definition of E-moduli

The Hardening Soil Small (HSS) model is a refined HS model’s conception. In addition
of the HS model, HSS model can adequately describe the mechanical behavior of soils
subjected to dynamic loadings taking into account the stiffness degradation. This is the main

feature of the soil behavior during the dynamic action.
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Figure 7. Typical graph (G/Gax— 7) of cohesive soil [11] (after Hsu, Chern and Hwang [12])
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Figure 8. Typical graph (G/G.— y) of cohesionless soils [13] (after Arion, Neagu [14])
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For determining of the stiffness degradation appropriate relationships (G/Gnax — y) are
used, where: G is the shear modulus related to shear strain y; Gnax — the initial shear modulus
related to zero shear strain. Typical curves (G/Gnax— y) for cohesive and cohesionless soils are
presented in Fig. 7, 8.

3. FE analyses of the bridge

3.1. In situ stress analysis

In situ stress analysis defines the initial stress state of the ground while the initial
displacements of the ground are equal to zero. The initial stress state of the ground involves
values of normal vertical and horizontal stresses due to self-weight and values of water
pressure. In the present case the ground surface is horizontal. The initial vertical effective
stresses are determined by the expression oy’ = y.h , where y is the soil unit weight, 4 is
depth below the ground surface. The initial horizontal effective stresses are determined by the
expression oyo’ = Ko . oy0’, where K, is coefficient of lateral pressure at rest. The water
pressure is calculated by the formula py = yy, .y , Where y,, is unit weight of water, A, is
depth below the water level. Diagrams of the initial stresses are shown in Fig. 9.

g; —
e |
Q;.-:r G&G, pw
s 9 8 ¥ 8 ¥ 8 % 8§
[ T 1 | P [ki/m?]

Figure 9. Diagrams of the initial stresses

3.2. Simulation of the process of construction

The process of construction is simulated by the following sequence of six static analyses
which present the building of the bridge structure and the backfilling (Fig. 10).

as=g=—g ¢ & 4

m‘f f y{d : m‘. £ g
State | State 2 State 3 State 4 State 5 State 6

Figure 10. States in the process of construction

3.3. Road traffic analysis

The bridge structure is undergone traffic loads from the road that is built on the top of
the backfill. The thickness of the backfill above the top of the bridge is only 0,50 m. The
traffic loads are simulated by the pseudo static model LM1 according to the Eurocode 1 and
its Bulgarian Annex. According to this model the carrigeway is divided into notional lanes.
The loading of each lane is composed of concentrated loads (Tandem System TS) and
unlimited uniformly distributed load q; (System UDL). The most unfavorable loading is
located on the lane number 1 represented in Fig. 11a. For the study here the concentrated
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loads are approximated as a distributed load g, (Fig. 11b) and solutions with different
locations of the load g, (Fig. 12) are performed.
Q=300 kN| Q=300 kN ‘q1=9 kN/m

150 kN 150 kN
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Figure 11. Model LM1 for road traffic loading: (a) TS and UDL systems;
(b) Approximation of the TS system as a distributed load q»

q, qu q, 9 09 q, L9

r Y Yy

Figure 12. Considered locations of the load g

3.4. Seismic pseudo static analysis

The main feature of the pseudo static seismic analysis is the approximation of the
seismic action in a form of static inertial forces in the horizontal direction, Fy, and in the
vertical direction, F,. The values of the forces are obtained using the following expressions

where: k, = a, /g and k, = a, /g are dimensionless coefficients; ap, a, — horizontal and
vertical pseudo static seismic accelerations; g = 9,81 m/s? — gravitational acceleration; W —
self-weight of the soil.

The values of the coefficients ky and k, depend on many factors as the peak ground
acceleration (PGA), thickness and permissible displacements of the soil deposit. The
coefficients k, and k, are calculated by the expressions according to the Eurocode 8

(10) kn=0,5.PGA.S/g and k/o==%0,5.k

where: PGA = 0,23g after the Bulgarian map of seismic risk for a return period of 475
years; S is an amplification factor assumed S = 1.

3.5. Seismic time history analysis

1

Dyharmic roultiplier
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Figure 13. Accelerogram Pernik-2012 (code PGB_AQO085) scaled to 1g
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The seismic time history analysis of the soil-structure interaction is in accordance with
the following premises:

¢ The boundaries of the study area are modeled with dampers, which sufficiently absorb
the seismic wave and simulate an infinite half-space of the earth base.

e The seismic action is applied by an accelerogram. A real accelerogram is used of the
earthquake Pernik-2012 with predominant frequency f, = 2 Hz, scaled for a return period of
475 years with value of the peak ground acceleration PGA = 0,23g (Fig. 13).

¢ The constitutive HSS model is used for soil ground and backfill of the bridge.

e Viscous properties, friction and development of plastic deformations in soils cause the
attenuation of the oscillations over time. Using the constitutive HSS model, this "internal”
damping is accounted, but to a degree less than actually observed and tested in soils. The
reason for this is the fact that the hyperbolic strain dependence in small deformations is close
to linear and it is impossible to account for the hysteretic behaviour of the material in this
zone. That is why it is required to take into account the hysteretic behaviour of the material in
this area. Therefore, the introduction of additional viscous damping is required following the
model of the Rayleigh [15]. The Rayleigh coefficients a and g are obtained as functions of
two target frequencies f (Hz) at the desired attenuation factor & The following approach is
applied [16], [17]: selection of the target first frequency as the first natural frequency of the
soil deposit f;, while the second target frequency is the closest odd integer larger than the
ratio f, / f1, where f, is the predominant frequency of the input motion that can be determined
from the input Fourier spectrum. The natural frequency of the soil deposit of thickness H is
related to its geometry and stiffness according to the equation f; = Vs / (4H) [18], where Vs is
the shear wave velocity in the soil deposit. According to the literature, an additional viscous
attenuation of & = 5% is assumed. For the value of f; = 1 Hz the following values of the
Rayleigh’s coefficients are calculated: a = 0,4712 and g = 3,979.10°. The modulus reduction
curves (G/Gmax — v) are shown in Fig.14 where the tangent modulus and the secant modulus
are denoted by the symbols G and G,
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Figure 14. Modulus reduction curves: (a) Clayey sand; (b) Backfill (sand and gravel)

3.6. Bearing capacity analysis of the ground

The finite element method offers some advanced computer techniques for bearing
capacity analysis. The main advantage is the ability to develop failure mechanism considering
the deformation and the strength properties of the soil. Here is used the shear strength
reduction technique (SSR). The shear strength reduction technique (SSR) means that the shear
strength parameters of the soil (the friction angle, ¢, and the cohesion, c) are reduced
artificially and progressively until the state of failure is reached. The safety factor of the
bearing capacity, Fs, is deemed the factor by which the soil strength parameters are reduced so
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that failure is reached [19]. By applying the strength reduction factor R, the available shear
strength of the soil becomes

(11) z=c*+o'tgep™*

where ¢* = ¢/R and ¢* = arctg(tgep/R) are the reduced Mohr-Coulomb shear strength
parameters.

The SSR technique is very suitable for bearing capacity analysis at cases of complex
geotechnical conditions and loadings. It overcomes many limitations of the classical methods
[20], [21]. Fig. 15 presents some results from the application of the SSR technique for bearing
capacity analysis of the bridge.

F.=1.77 F.= 1,63
(@ (&)
Figure 15. Failure modes presented by the vectors of deformation increments and safety
factors F;: (a) Basic load combination; (b) Seismic load combination

Conclusion

The comparative analysis of the results from different FE models confirms the
following conclusions:

e The finite element solutions which use plate elements or beam elements for the bridge
structure modeling obtain approximately same values of bending moments.

e The solutions which use models with beam elements for the bridge structure gives
from 1,2 to 1,4 times larger values of the axial forces than those obtained with the solutions
which use models with plate elements for the bridge structure.

e The FE model using beam elements for the bridge structure gives from 1,1 to 1,3
times larger values of the vertical displacement of the bridge than those using plate elements.

e The HS model gives from 2 to 10 times lower values of the bending moments in
comparison with the M-C model.

e The HS constitutive model gives from 1,1 to 1,4 times larger values of axial forces in
bridge structure in comparison with M-C constitutive model.

¢ HS and M-C constitutive models give similar results for the vertical displacements of
the bridge structure.

e The values of vertical displacements of the bridge when it is founded by strip
foundations are too big and the serviceable limit state requirements are not satisfied. Because
of this reason a piled-raft foundation is designed, too.

¢ The FE analysis using the Hooke’s constitutive model for the concrete bridge structure
gives the most conservative results for the stresses in the structure.

¢ The FE analysis using the Mohr-Coulomb’s constitutive model for the concrete shows
that the values of the Mohr-Coulomb strength parameters — cohesion and angle of internal
friction — have significant influence on the results of the stresses in the bridge. Therefore, the
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constitutive modeling of concrete structures according to the Mohr-Coulomb’s law requires
precise analysis of the strength parameters.

e The pseudo static and time history seismic analyses give similar results for
displacements of the bridge.

e The seismic bearing capacity analysis shows an asymmetric failure mode of the soil
deposit and its safety factor is less about 10 per cents than the safety factor at the basic load
action.

e The PGA = 0,23g and the acceleration on the top of the bridge is equal to 0,07g.

e The time history analysis gives larger values of the bending moments and axial
forces, respectively 1,5 times and 1,2 times, in comparison with the pseudo static seismic
analysis.

e The safety factor of bearing capacity is Fs> 1 for all load combinations in construction
and service period of the bridge structure which means that there is not a risk of failure of the
bridge.

e The seismic bearing capacity analysis shows an asymmetric failure mode of the soil
deposit and its safety factor is less about 10 per cents than the safety factor at the basic load
action.

It is important to mention that the advanced soil constitutive models describe more
precisely mechanical behaviour of the soil because they use a lot of material parameters. But
the correct application of the advanced models requires performing accurate experimental
procedures and sensitivity analyses for identification of the model parameters.
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NUMERICAL CALCULATION OF THE STRESS CONCENTARTION
FACTORS FOR PLATES WITH GEOMETRIC IRREGULARITIES

Milko Miloshev?

ENABL Bulgaria EOOD

Abstract: The paper presents the outcome of the numerical analyses of steel plate with
circular opening subjected to tension. The calculations are performed by the Finite
Element Method using the ANSYS software package. Mesh refinement study is
performed to demonstrate convergence of the stress results. The stresses defined by the
numerical analysis are compared to analytical calculations and a very good agreement
is achieved. Plasticity is handled by the Neuber’s rule and the results are compared to
the ones obtained from a non-linear elasto-plastic analysis.

Key words: Stress concentration factors, Plasticity, Neuber’s rule

1. Introduction

Assessment of stress concentrations in plate elements is very important as plate
elements are used in various connection details. Plates are often connected with bolts, rivets
or pins which requires holes to be drilled. Furthermore, plates may need to be designed with
varying geometry depending on the requirements for a particular connection. Sudden changes
in geometry under loading result in localized stress fields which are referred to as stress
concentrations and the geometric features which cause them are referred to as stress
concentrators or stress raisers.

Figure 1. Stress concentration at a single opening

! Structural Engineer, Finite Element Analysis, mism@enabl.dk.
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Stress concentration around a single hole in a steel pate loaded in tension is illustrated in
Fig.1. The nominal stress at the net section of the plate can be express as follows:

F
(1) O-Tl - (w-d)t

Based on Eg. (1), the concentrated stress in the vicinity of the opening can be written:
(2) Omax = KtOn,

where K is stress concentration factor, which in this case depends on the ratio of the plate
width w to the hole diameter d. The subsequent sections of this paper present comparison
between maximum stress computed by finite element (FE) analysis and respective charts
derived by theoretical calculations given in [1]. For the configuration shown in Fig.1, the
abovementioned charts provide stress concentration factors which are valid for stress levels
below steel yield stress, i.e. in the elastic range. For maximum stress exceeding yield stress,
the assessment is made following the Neuber’s rule [2], whereas the numerical calculation
used for benchmarking utilizes non-linear material stress-strain relation. The FE analyses are
performed with the ANSYS software tool [3]. Mesh refinement studies are performed to
demonstrate convergence of the numerical solution to the theoretical one.

2. Stress concentrations in the elastic range

The relation between the stress concentration factor K; and the ratio d/w is shown in Fig.
2. The graph is digitized using the online tool WebPlotDigitizer[4] and then the curve is
approximated with a 3% order polynomial which allows direct calculation of K; for given d/w
ratio. A plate with opening is modelled in ANSYS|[3] considering five d/w ratios which
together with the respective stress concentration factors are given in Tabl. 1. The analytical
max. stresses and the stresses computed by Finite Element Analysis (FEA) are also compared
in the table. The material used is structural steel with properties typical for S235 and the
applied force is 10 kN. The stress contours for the 5 cases are shown in Fig. 3 to Fig. 7. Can
be seen that the max. stresses in all cases does not exceed the material yield strength and the
numerical results are in good agreement with the analytical calculations.

3
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26

25
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24

23 y=-1:9989x% +4.0655x%- 3:1183%x ¥2.9775

R?=0.9991

22
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2

0 0.05 0.1 0.15 0.2 0.25 0.3 035 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8
d/w

Figure 2. Stress concentration at a single opening [1]
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Table 1. Analytical and numerical stresses
dmm | w, mm diw o, MPa Kt omax MPa | FEA, MPa
25 50.00 0.5 80.00 2.18 174.80 174.68
25 62.50 0.4 53.33 2.25 120.00 121.03
25 83.33 0.3 34.29 2.35 80.70 81.723
25 125.00 0.2 20.00 2.50 50.00 50.00
25 250.00 0.1 8.89 2.70 24.03 24.677
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Custom
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8/22/2022 11:18PM

174.68
154.6
134,53
11445
94,369
74.291
54.212
34134
14,056
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e
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Figure 3. Stress contour d/w=0.5

Figure 4. Stress contour d/w=0.4
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Figure 5. Stress contour d/w=0.3
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Figure 6. Stress contour d/w=0.2
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Figure 7. Stress contour d/w=0.1
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A mesh refinement study is performed for the plate with w/d=0.5 to ensure that the
element mesh captures well the localized stress field. The mesh refinement patterns are shown
in Fig. 8. The mesh refinement study is performed using linear and quadratic elements and the
outcome is shown in Fig. 9. The figure demonstrates that the quadratic elements converge
better to the analytical solution but at almost double the computational cost as seen in Fig. 10.
Based on this mesh refinement study all calculations are performed with 12x12 elements
mesh and quadratic elements.

6X6
4x4

8x8 10x10

12x12

Figure 8. Mesh refinements around the opening
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Figure 10. Comparison of computational time

3. Stress concentrations exceeding yield stress

The calculations shown in the previous section are performed assuming load magnitude
which induces linear nominal and linear max. stress at the stress raiser. Neuber[2] presented
approach which relates stress and strain computed for a linear material model to the stress and
strain for a non-linear material model. The relation is illustrated in Fig. 11 (adopted from [5]).
Neuber established the relation Eq. I'pemka! U3To4HUKBT Ha MpeNpaTKaTa He € HAMEpPEH..

(3) Se = oe,
where S and e are the stress and strain computed by elastic analysis while o and ¢ are the

respective stress and strain assuming non-linear material model. The curve which maps the
elastic state of stress S to the plastic state o is known as Neuber’s hyperbola. In terms of the
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nominal and max. stress discussed in Section 2, the Neuber’s rule can be written as follows
(refer to [6]):

— 12
(4) O-maxgmax - Kt Snomenom

In Eqg. (4) K; and Spon are computed in the same as discussed in Section 2 and epom is found
from the material’s elastic stress-strain relation using the nominal stress.

b Se
50 \

e, &
Figure 11. Neuber’s relation between elastic and plastic state of stress and strain

Further in this section, max. stress in the plastic range is calculated using the Neuber’s
formula and the result is compared to FE analysis using the bi-linear stress strain material
curve shown in Fig. 11. The initial Young’s modulus is E=2.105 MPa. The tangential
modulus is taken 5% of the initial one.

0 0.002 0.004 0.006 0.008 001

Strain, [mm/mm]

Figure 12. Assumed material stress-strain relation

The calculation is performed for the d/w =0.1 configuration with tension force F=200 kN. The
resulting nominal stress is then:

F 200000
() Snom = (w-d)t ~ (250-25)x5 177.78MPa

If the stress concentration factor K; = 2.7 is used (see Tabl. 1), the resulting max. stress will
exceed the yield stress. Thus, the max. stress should be computed using the Neubers’s
formula Eq. (4). The nominal strain is found to be:

63



XXII MEXXOYHAPOOHA HAYYHA KOH®EPEHLIUA BCY’2022
XXII INTERNATIONAL SCIENTIFIC CONFERENCE VSU'2022

_ Spnom __ 177x78

(6)  enom =12 =22 = 0,000889

Substituting in Eq. (4):
(M) KZSnpom€nom = 2.7% X 177.78 x 0.000889 =1.15

The product oe can be expressed as function of o using the data for the stress-strain curve in
Fig. 12. Stresses, strains, and the product oe are given in Tabl.2. The plastic stress at the hot
spot is obtained for the value calculated in Eq. (7). Interpolation between oc=0.276 and oc¢ =
1.213 yields max. plastic stress omax = 266.96 MPa. The stress at the opening calculated by
non-linear FEA is 263.57 MPa which is in a very good agreement with the analytical result.

Table 2. Tabulated stress and strain data
o 0 235 [269.6|274.74|279.923|285.106 | 290.29
£ 0 0.0012|0.005| 0.005 | 0.0055 | 0.006 |0.0065
oe [0.000| 0.276 [1.213| 1.374 | 1.540 1.711 | 1.887

: Static Structural
Morrnal Stress

Type: Mormal Stress(Z Axis)
Unit: MPa

Global Coordinate System
Tirne: 15

Custom

hdax: 300.01

Min: -10.855

9/14/2022 4:26 PM

300,01
27347
237,93
202,39
166,85
131.31
05,766
60.225
24,605
-10.835

Figure 13. Stress contour plot non-linear FEA

To verify the adequacy of the discretization, the stress-strain curve is extracted from the
non-linear calculation at the area with stress concentration. It is compared to the input curve
in Fig. 14. Both curves are in a good agreement which confirms that the FE mesh adequately
captures the expected behavior.
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Conclusion

Section 2 of the paper describes benchmarking of the stress concentration in plate with
circular opening computed by FEA against an analytical solution when the peak stress does
not exceed material yield stress. The numerical result is in vey good agreement with the
analytical calculation. For the case where the peak stress exceeds the yield stress, the
analytical calculation is performed using the Neuber’s formula as presented in Section 3. The
analytical stress is compared to the result from a non-linear FE calculation, whereas both also
demonstrate very good agreement. Based on this study, conclusion can be drawn that the
Neuber’s formula provides reliable and efficient approach to relate the stress from linear
calculation to non-linear stress. However, the approach is to be used for areas with local stress
concentrations where plastic deformation would not cause significant force re-distributions.
For structural applications where significant plastic deformations are expected and plastic
hinges lead to force redistribution and hence change in the structural behaviour, a non-linear
calculation is recommended to used.
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COMPARISON OF THE CONVERGENCE OF RESULTS ON THE EXAMPLE
OF ATHIN PLATE

Vesna Raspudic’, Vlaho Akmadzic?, Matej Lozancic
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Abstract: In the analysis of more complex constructions there are different types of
methods. The most commonly used is the finite element method. In this paper, the finite
element method will be applied to the analysis of thin plate bending problem based on
the Germain-Kirchhoff theory. The numerical model of the plate is discretized
dominantly with quadrilateral finite elements. The density of the mesh and the edge
boundary conditions vary. The results of the analysis are obtained using two different
commercial software packages, Ansys and Tower 3D Model Builder, and ultimately
compared with the analytical results.

Key words: finite element analyses, thin plate, quadrilateral mesh

1. Introduction

There are two dominant groups of plates, thin and thick ones [1]. The plate is
categorized as thin if the thickness is small when compared with its two other dimensions and
if its deformation is negligible in relation to the slope. On the other hand, the plate is
classified as thick if its thickness is comparable to its other dimensions and if the order of
magnitude of sliding and bending deformations is the same.

In this paper, the finite element method will be applied to the analysis of the problem of
thin plate bending based on the Germain-Kirchhoff theory, with the following assumptions:

e A straight line normal to the undeformed reference middle plane of the plate
before bending remains normal to the middle surface after bending, which means
neglecting the shear stresses parallel to the normal;

e the normal strain & and corresponding deformation are ignored;

o the deflection of any point (X, y, z) of the plate is equal to the deflection of the
corresponding reference plane point (X, vy, 0);

e the deflections of the plate are small in relation to the plate thickness, so the
membrane effects are negligible in relation to the bending;

e the material is homogeneous, isotropic and behaves according to the Hooke's law.
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The first three assumptions allow the problem to be viewed as a two-dimensional plane
problem. The traditional way of placing the coordinate system on the plate according to [2],
[3] as well as marking of stress components on the spatial differential element of the plate in
analytical calculations are shown in Figure 1.

Figure 1. Plate and it’s 3D differential element

2. Numerical model

In order to derive the plate bending equation, it is necessary to define the directions of
forces and moments, which is described in detail in the literature [2]. Therefore, the final
expression of the differential equation for the bending of a thin plate is given here:

o*tw o*w ot w
(l) D(ax4+26x26y2+ 6y4): fz

where D is the flexural stiffness constant of the plate,

ER3
@ D=y

while E is Young modulus, h is the thickness of the plate, v Poisson ratio, w is the
displacement field of the plate and £, is the load on the plate.

2.1. Bending of a simply supported square plate

Consider a simply supported square thin plate subjected to a concentrated gravitational
load at the center of the square plate. The deflection of such a plate is described by the
expression:

4Fa? 1
@) Wmax = G EmEn Gy

for (m,n=1,35,...).
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If the first nine members of the row in the expression (3) are taken (m = 1,n = 1,3,5; m =
3,n =135 m=5n=1,3,5) the expression becomes:

4Fa?
4 D

1 2 1 2 2 1 Fa?

(4) Winax =
where F is the force in gravitational direction at the centre point of the plate, a is the plate
span and D is the flexural stiffness constant of the plate. A more accurate value [2] is obtained
by applying the expression:

2
(5)  Wmax = 0,01160 ——.

2.2. Bending of a clamped square plate
Consider a clamped square thin plate subjected to a concentrated load at the center. A
more accurate value [2] is obtained by applying the expression:

2
(6)  Wmax = 0,0560 —,

where w is the deflection of a plate, D is the flexural stiffness constant of the plate, F is the
force in gravitational direction at the centre point of the plate and finally a is the span of the
plate.

3. Test examples

In the following examples taken from the literature [1], [4], [5], [6], two cases will be
analysed in two different program, Ansys and Tower 3D Model Builder. The cases are:

e simply supported square plate — test example number one;
e clamped square plate — test example number two.

The plats are analysed with the 8-node quadrilateral finite element and in both cases the
finite element mesh density varies. For each of the analysed mesh densities, the coefficient k
from expression (7) will be determined based on the value of the maximum deflection in the
middle of the plate.

(M) W =k—,

3.1. Test example number one - simply supported square plate

Dimensions of the square plate are 10.0 x 10.0 x 0.1m. Poisson’s ratio is 0.2, and
Young’s modulus of elasticity is 27 GPa. The finite element mesh density varies from the
simplest 4x4 to the densest 32x32. Force, in gravitational direction, applied in the centre point
of the plate has intensity of 100.0kN.

The results represented in Figures 2, 3 and 4 are obtained in Ansys. In Figure 2, the
deformation of the plate for a mesh density of 32 x 32 is shown. The Figure 3 and Figure 4
represent general distribution of normal and shear stress component values, as well as the
distribution of the maximum principal stress and equivalent stress on the bottom side of the
plate, without specifying their values for a specific mesh density in these plots.

In Figures 5-8, the results obtained in Tower 3D Model Builder are presented according
to the same principle as the calculations in Ansys.
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Figure 2. Deformation of a simply supported plate (Ansys)

Figure 3. Normal stress (X Axis) and Shear stress (XY Component) distribution (Ansys)

Figure 4. Maximum principal stress and Equivalent stress distribution (Ansys)
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Figure 5. Normal stress — X direction (Tower 3D Model Builder)

Load 1: 62,d [MPal|

o &
[«
ISE)

EREOOCN

4.04
8.08
12.12
16.15
20.19
24.23

Isometric
Slab Results: max 02,d= 24.23 / min 02,d=-4.18 MPa

Figure 6. Normal stress — perpendicular direction (Tower 3D Model Builder)
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Figure 7. Shear stress of the lower side of the plate (Tower 3D Model Builder)
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Figure 8. Deformation of the freely supported plate (Tower 3D Model Builder)
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3.2. Test example number two - clamped square plate

The same size of the mesh is taken into account, as well as geometric and material
characteristics. The same results as for the simply supported plate are also presented for the
fixed plate in Figures 9-15.

Figure 10. Normal stress (X Axis) and Shear stress (XY Component) distribution (Ansys)

Figure 11. Maximum principal stress and Equivalent stress distribution (Ansys)
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Load 1:

Isometric
Slab Results: max 01,d=21.25 / min 61,d=-1.32 MPa

Figure 12. Normal stress — X direction (Tower 3D Model Builder)

Load 1:

Isometric
Slab Results: max 02,d= 21.25 / min 62,d= -7.47 MPa

Figure 13. Normal stress — perpendicular direction (Tower 3D Model Builder)

Load 1:

Isometric
Slab Results: max 1,d=2.24 / min 1,d= -2.24 MPa

Figure 14. Shear stress of the lower side of the plate (Tower 3D Model Builder)

Load 1: Zd [m]/1000|
-23.90
-19.92
-15.93
-11.95
-7.97
-3.98

0.00

0.01

EREOO0

Isometric
Slab Results: max Zd=0.00 / min Zd=-23.89 m/ 1000

Figure 15. Deformation of the clamped plate (Tower 3D Model Builder)
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If the structure is well modelled, the higher mesh density in general should give us a
better approximation to the analytical solution [3], [6], [7], [8], [9]. However, sometimes
hardware components, time constraints and mesh type (triangular, quadrilateral) are
constraining factors in the construction analysis [10]. That consequence of the increasing the
mesh density is shown on the example of the previously analysed plate. The results of the
analytical solution, and the results obtained by two software packages are shown in the Table
1.

Table 1. Vertical displacement of the plate midpoint and factor k in (7)

freely supported plate clamped plate
Case

w (mm) w (mm)

Analytic 49.49 23.89

Mesh density FEM FEM
4x4 8x8 16x16 | 32x32 4x4 8x8 16x16 | 32x32
Tower Y 48.03 | 49.01 | 49.35 49.45 | 21.99 | 23.35 | 23.77 23.89
k ]0.01126|0.01149| 0.01157 | 0.01159 |0.00515|0.00547| 0.00557 | 0.00560
Ansys W 49.10 | 49.30 | 49.53 49.67 | 20.67 | 23.11 | 23.77 23.97
k ]0.01151|0.01156| 0.01161 | 0.01165 |0.00484|0.00542| 0.00557 | 0.00562

Conclusion

The application of a numerical model in two software packages to the static problems of
thin plate bending with a concentrated force in the centre point has been presented. The
comparison of different software results will help in better understanding of different
limitation factors, like computer performances, type of the used finite elements and the
limitation of the maximum allowed number of nodes.

Based on the differences in values listed in Table 1, it can be seen that in the used
software maximum deviations from analytical solutions are relatively small even for a course
mesh, and for the 16x16 mesh distribution they achieve values that correspond to the
analytical expressions for both analysed edge boundary conditions. For more complex
examples, the convergence process to the analytical solution, if existed, is considerably
slower. In addition to the displacement field, the distribution of corresponding main stresses
has been shown. In order to define the appropriate mesh parameters, it is also necessary to
examine at what mesh density a satisfactory convergence is achieved for the stress results.
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SELECTED EXAMPLES OF THE PATCH TESTS
Vesna Raspudic’, Vlaho Akmadzic?, Matej Lozancic®

Faculty of Mechanical Engineering, Computing and Electrical Engineering
Faculty of Civil Engineering, Architecture and Geodesy University of Mostar

Abstract: The patch test in the finite element method is a simple indicator of the quality
of a finite element. The elements pass the patch test if the finite element solution is the
same as the exact solution. All in all, they represent the necessary condition which all
elements have to satisfy and which is frequently a simple programming error checking.
So, in this paper a few of patch tests have been chosen and analysed with commercial
software Tower 3D Model Builder and academic software Pronell. The results of the
analysis have been compared with similar results from literature.

Key words: patch test, condition, program error, Tower 3D Model Builder, Pronell

1. Introduction

Originally, a patch test was introduced by Bruce Irons and co-workers in the mid-1960s
[1], [2], [3]. The test has been recognized as a condition which all elements had to satisfy and
which commonly checked for simple programming errors. According to [4] in its original
form the patch test simply verified that the minimum local consistency error was achievable
and that the programming was correct. Later, it was established that the test could also be
used to find the convergence order of any finite element type.

Consistency represents the first and stability represents the second necessary
requirement for convergence. At the beginning, a restriction was introduced on the elements
in terms of displacement in order to avoid the possibility of forming mechanisms. Later, in the
middle of 1980°s a reformulation of the patch test was formalized to all element assemblies
and it became the sufficient and necessary condition for convergence.

The aim of our paper is to choose a few simple patch tests from the literature and show
what is happening with them in the commercial software Tower 3D Model Builder and
academic software Pronell. Pronell was developed at the Faculty of civil engineering,
architecture and geodesy, University of Split, Croatia [5].

The vertical deflections of the selected structure will be compared. Also, stresses on the
lower surface of the element in two orthogonal directions will be looked at. Only elastic
response will be considered.

! Vesna Raspudic, Assoc. Prof./phD, Mechanical Engineering, Faculty of Mechanical Engineering, Computing
and Electrical Engineering, Matice hrvatske bb, 88 000 Mostar, B&H, vesna.raspudic@fsre.sum.ba
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2. Selected patch tests

In order to compare the solutions of the selected commercial program and academic
one, two problems were chosen to be analysed. In the first problem, it is a simple curved
arched structure (half of a circular cylinder), as can be seen in Figure 1. In the second
problem, it is a cylindrical shell, so called Scordelis—Lo roof, as can be seen in Figure 2. Due
to space limitations, no attention will be paid to reactions and internal forces in this paper.

2.1. Simple curved arch

This example is taken from the literature [6]. As already mentioned, because only
elastic response is considered in this section, the number of integration points along the
thickness direction does not affect the accuracy of the formulation. The construction is hinged
at 4 points.

— displacement

=0.2m
E=1.2 MPa
v=0.3
F=100.0kN

Figure 1. Simple curved arch - construction and the displacement field

2.2. Scordelis—Lo roof

This example is taken from the literature [7], [8]. The Scordelis—Lo roof is a cylindrical
shell with length L = 50, radius R = 25, and thickness t = 0,25, supported by the rigid
diaphragms at its curved edges as sketched in Figure 2. The material properties are Young’s
modulus E = 4.32 108kPa, Poisson ratio v = 0.0. The shell is only subjected to its own
weight, leading to a membrane-dominated problem [9], [10]. In this case its own weight is the
weight of the steel element.

L =50
R=25
t=0.25
E=432x10°
v=0.0

Figure 2. Scordelis—Lo roof
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3. Results

3.1. Simple curved arch

The developed numerical model in the academic software Pronell [5] shows a good
agreement with the results of the commercial program Tower 3D Model Builder for the given
mesh of finite elements (24 FE). The value of displacement w of the central point of the vault,
at the point of action of the concentrated force F, is -0.147m. The displacement value of the

same point, but for the minimum allowed mesh of finite elements (48 KE), according to
Tower 3D Model Builder, is -0.1465m.

Mo (kNm} My (kNm)
Mewrsm = 261 kNm Myymox = 8.56 kNm
Mopin = -6.12 kNm Myymin =-10.75 kNm

=19, 7504
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-7.6788
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~4.6073
-5.0715
~1.8388
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Figure 3. Moment distribution diagram in Pronell: a) My, b) Myy c) M,y d) normal forces Ny
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Figure 4. Normal force distribution diagram in Pronell: a) Ny, b) Nyy
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Figure 5. Diagram of the main and shear stresses, and a frontal view of the structure for the
displacement field visualisation by Pronell: a) 611 b) 62 C) 1= 0y, d) W

Due to space limitations, the above data (Figures 3, 4 and 5) from the Tower 3D Model
Builder software package are not shown. The analysis established a good match of the results,
which follows the regularity of the overlap specified for the vertical displacement.
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3.2. Scordelis-Lo roof

It is important to point out that the results will be monitored in the same way as in the
previous example, namely w, oy, oy, T,,, Without internal moments and forces. A small
change was made in the load, because the intensity was taken from the own weight of the
steel 78.5 kN/m®, instead of the load from the literature in the amount of 90/area.

Results: max 01,d=45.99 / min 1,d=-11.49 MPa

Results: max 02,d= 0.94 / min 02,d=-169.90 MPa C)

Results: max 1,d= 22.91 / min 1,d= -22.91 MPa d)

Figure 4. Scordelis—Lo roof analysed in Tower 3D Model Builder: a) vertical displacement b)
Normal stress in X direction ¢) Normal stress in opposite direction d) Shear stress
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Due to space limitations, the above data in Figure 4 from the academic software Pronell
are not shown. The analysis established a good match of the results, like in the previous
example. The similarity of the results is greater with a higher density of the finite element
mesh [11], [12], [13], [14].

Conclusion

Two problems have been analysed in two different software packages, commercial
software Tower 3D Model Builder and academic software Pronell. The first problem
considered is the simple arch structure, that represents a half of a circular cylinder. The
second problem is the cylindrical Scordelis—Lo roof, that reflects membrane-dominated
problem.

The first problem has been analysed with a sparse finite element mesh, and for the
second one a dense finite element mesh has been used. It has been found that the obtained
results converged as the mesh density increased.

In further research, it would be interesting to find out the answer to the dilemma about
the minimum required size of the finite element mesh with regard to the observed problem.
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KYIIOJIHU IPBTOBU KOHCTPYKIIUH - TMHAMUYHO U3CJIEABAHE
YPE3 TPU METOJA HA KOMBUHHUPAHE 1O KOOPANHATHH
HAITPABJIEHUSA HA E@EKTUTE OT CEU3BMUYHOTO BB3JIEUCTBHUE

AHuTa Xalmpy.ﬂel;al

Bucwe cmpoumenno yuunuwe ,,Jlrooen Kapasenos“ - Coghus

DOME STRUCTURES - DYNAMIC ANALISIS BASED ON THREE METHODS
OF DIRECTIONAL COMBINATION OF THE EFFECTS OF THE SEISMIC
ACTION

Anita Handruleva!

University of Structural Engineering and Architecture (VSU) "Lyuben Karavelov" —
Sofia

Abstract: In the paper three methods of dierectional combination of the seizmic effects
are compared from theoretical point of view. These methods are given in Eurocode 8.
The results, obtained by the SRSS method are juxtaposed with the 30 percent method for
a model of a dome structure. The CQC is adopted in such a way that the results,
obtained by the method to be more safety and conservative than the other two methods.

Key words: dome structure, dynamic analysis, SRSS and CQC methods

1. Teopereuna cbnocraBka Ha SRSS, CQC u Metoaa na 30-me npoyenma

KoMmOnHMpaHeTo mo KOOpAMHATHY HANpPaBJICHHs 0 HAIINTE HOPMU KbM MOMEHTA Ce
OCBIIeCTBsIBA 10 MeTona SRSS (KOopeH KBajipaTeH OT cyMaTa Ha KBaJpaTHTE), KOUTO TPH JIBE
HarpaBJIeHHUs € Ha npakThka [Turaroposa Teopema. 3amnmcBa ce Karo:

() E =\Ei.+Ei,,

KbJeTo Efg e YCUIIHUECTO B CCUCHUC E, TIOJI3YyBAHO 3a Opa3MCPUTCIIHU LCJIN;

2 o
EE,x € YCUIIUCTO B CCUCHUC E, MOJIYYCHO OT ACUCTBUCTO Ha CCU3MHUYHUTEC CUJIA 10 OC X, T.C.
OT MMPUJIAraHCTO Ha CIICKTHP IO TOBA HAIIPABJICHUC,

Annta XaHapyiesa, OoH. A-p uHX., CrpomteneH Qaxynrer, KaTeapa ,MexaHWKa M MaTeMaTHka’,
BCY ,,JI. Kapasenos” - Codus, yi. ,,Cyxomoicka” Ne 175, e-mail: anita_handruleva@abv.bg ;
Anita Handruleva, Assoc. Prof. dr., University of Structural Engineering and Architecture (VSU) “Lyuben
Karavelov” — Sofia, Faculty of Construction, Department “Mechanics and Mathematics”, 1373 Sofia, 175
Suhodolska str., e-mail: anita_handruleva@abv.bg
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2 >
EE,y € YCUJIIUCTO B CCUCHUC E, MOJIYYCHO OT ACUCTBUCTO HAa CCU3MHUYHUTEC CUJIM 110 OC ), T.C.
OT IMMPUJIAraH€TO Ha CIICKTHP 110 TOBA HAIIPABJICHHUC.

Morar 5a ce W3MOJ3BaT M JAPYrM HAaYMHM HAa KOMOWHHUpaHE, HapeYeHH METOIU Ha
KOOpJMHATHO KoMOuHupaHe. Equn ot TsAx ce ocHoBaBa Ha wu3pasu (4.18) m (4.19) or
Eurocode 8, Yacm 1. TlpencransBa KOMOWHHpaHE Ha IBJIHUTE €(EKTH, MOJYYCHU OT
BB3/ICHCTBUE 10 €IHO KOOPIUHATHO HAIpaBJIEHUE C TE3H OT IPYroTo, Ho yMHOXeHH ¢ + 0,3,
T.€. 30% ot TsxHaTa rosieMuHa. M3passiBa ce KaTo:

1
I+

E, +03E,,
+0,3E,  + E

+Lg,y

EE
@ g

[PU OTYMTAHE CAMO HA XOPU3OHTATHHUTE CHJIH.

ChIIecTBYBaT U peMila HAIIMOHATHU HOPMH, 332 KOMTO KOC(PHUIIMEHTHT C KOHUTO ce
komOuHampa ¢ +0,4. Haii-uecto ce cpema B rpanumnure ot +0,3 mo +0,5. ToraBa mpu ase
HanpaBicHUs oOmara GpopMa Ha TO3W METOJ Ha KOOPJMHATHO KOMOWHHpaHEe MOXKE 1a ce
3aITuIle KaTo:

I
I+

EE'X + aEE’

aE, tE,

¥y

EE
® g

I
I+

"y
pu [0S [0,3—0,5]

Haii-o6musT Meton Ha KOMOMHUpPAaHE HA €PEKTUTE MO0 KOOPIUHATHU HAMPABIICHUS CE
3aIiCcBa KaTo:

(4) E, = \/( E, . )2 +2pBE, E, +( EE,y)2 |

kpaero B e koepumuent, annto o6um rpamnmm ca B € [—1+1] . Haii-uecto obaue Toii ce

npuemMa B rpaHumute f € [0+0,3] . Moxe ma ce ompwmuun Ha CQC wmertonma mpu
KOMOMHHpaHe Ha MOJAIHUTE MakcuMyMH. ChbBCEM OYEBUIHO €, Y€ aKo Ce IpHueMe JoiHaTa
rpanuna Ha B, t.e. B =0, 1031 MeTon ce npeobpazysa B MeTona SRSS, T.e. kKaTo Heros
YaCcTEH CIIy4ai.

Ot maremarnuecka rienHa touka CQC meroma e Hai-o0m. Mertoast SRSS ce
pasriexia KaTo 4acTeH CiIydail, a MeTOIbT, OCHOBAaH Ha KOC(PHUIIMEHTUTE & , € €THO THPBO
npubIIMKeHue.

IMpuema ce, ye kato 110 SRSS MeTOOHT HAa KOMOWHAIUS 1O HANpaBICHHS J1aBa
pe3ynTaTH B IOCOKa HA CHTYpHOCTTA, T.€. IMO-BUCOKM OT TE3W MPHU H3MOJI3yBaHE Ha
xoeumment o =10.3 . ToBa 06ade He € BUHArK B cuiia. To € BAIMIHO KOTaTto epEeKTHTE MO
JIBETE HAMpaBlieHUs ca OMU3KM Mo cToiHOcT. Taka Hampumep, ako Te ca egHakBu, SRSS
cvoTBeTcTBYBa Ha Koeuuuent & = 0.44 unm nasa oxono 10% mo-Bucoku pesynratu. Moxke
Ia ce Bb3mpueMe kato [luraropoBara Teopema 3a paBHOOEIPEH MPAaBOBI'BICH TPUBI'BIHUK.
KoraTto o6aue cmomeHnarute eheKTH ce pa3inuaBaT 3HAUUTETHO (SAMHUAT €(PEKT € mOo-MaTbK
ot 83% oT TO3U MO OPTOTOHAJIHOTO HAIpaBlieHHE), ce HabmoaaBa oOpaTHOTO. ToBa JIeCHO
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MOXE Ja c€ JOoKaxke. AKO O3HAUuM C é/ CbOTHOIICHUCTO Ha JABaTa e(i)eKTa, T.C.

2
¢=E, | E,, xaroycnosuo npuemem E,, < E.  rtorasa E; = \/(1+ &? )(EEX) Tosa

2
O3HayaBa, 4e aKo (1+§ ) <13 METOIBT, OCHOBaH Ha koeduuuent o =10.3 . Aasa 110-

BHCOKM CTOMHOCTH 0T KoMOuHupaneTo. Tosa e Hamuue npu ¢ < 0.83 .

Meronsr ¢ koepunment o ==20.3 e mpemopbuMTENeH € NPU AOMHHHPAHE Ha
poTairoHHN cOOCTBeHU (OpME. BhIpekn ToBa Mpu CHIHA HEPETrYSIPHOCT B IUIAH € YMECTHO
pe3yiTaTUTe Ja ce ChIIOCTABST U IPYT'd TEXHUKU HA KOMOHHHpAHE.

B [3], [4] ca pa3rienanu MHOBAalMOHHU PELICHUS NPU MPOCKTUPAaHE HAa TEHCETPUTH
KOHCTPYKIMUTE, TPU KOUTO 4pe3 00eANHSABAHE HA OCHOBHU MOJYIIH B MMO-CJIOKHH CTPYKTYPH
MOraT Jia Ce Ch3[aBaT KaKTO PaBHUHHU (OPMH, Taka M TaKWBa C CJAMHUYHA U JBOWHA
KPUBHHA.

B [5] e moka3an o0cToeH aHaim3, Kacaell MocouyHoTo komOunupane. B [6], [7] u [8]
Morar ja ce BUIIT (HopMOooOpa3yBaHe M CEM3MHYHU aHAM3HW HA YEPYIKOBH KOHCTPYKIIUH,
CBBP3aHH C MOKa3aHUTE METOIOJIOTHH.

2. Onucanue Ha n36paHnTe HU3YUCIUTEC/IHA MOJC/IHN

Kato o0ektu 3a wu3cnenBaHe Ha TPOCTPAHCTBEHH TMPHTOBH KOHCTPYKIMH Ca
pasrielaHy eAMHAZeceT IpPEJCTaBUTENM Ha KYIOJU. YCIOBHO KYIOJUTE ca O3HAYCHH
cpotBeTHO ¢ K1, K2, K3, K4, K5, K6, K7, K8, K9, K10 u K11, noka3zauu Ha ¢wur.la (K1) u
¢ur.1.6 (K11). 3cneaBaHero e mapaMeTpUYHO C M3MEHEHHE Ha JJMaMeThbpa B HAIIPABICHUE )
B uHTepBasa ot 30+ 15m

3a u30paHuTe MOJENM Ha MPBTOBU KYIOJIU Ca NPUETH CIETHUTE (PUKCHPaHU
napameTpu:

e JMaMeThp Ha OCHOBATA I10 HampasjieHue X - Dx=30m;
e BHCOYMHA Ha Kyrnona h=7m.

6)
®durypa 1. U36panu npbrou kynoau: a). Kymon K1 (30x30); 6). Kymon K11 (30x15)

ITpu reneprupaHeTO HA U3UUCITUTEITHUTE MOJEIIN € IIPUETO!
e ['paHUYHU ONOPHU YCIOBUS: OIIOPEH NIPBCTEH BHPXY PaAUaIHO IIOABUXKHU OIIOPH;
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e KopaBa Bpb3Ka Ha €IEMEHTUTE C ONTOPHUST MIPHCTCH;
e KopaBa Bpb3Ka MEXKAy eJIEMEHTHTE OT peOpara M BBTPEIIHUTE MPBCTEHH OT
pemierkara.
3a KOHCTPYKTHBHHTE €JIEMEHTHUTE Cca MPUETU HANPEYHU CEYCHUS OT TPBOHU mpoduim
U CTaHJApTHU TOpenio BaimyBaHu mpodwin. B Tabn.l ca mokazanu oOIIMTE TE€OMETPUIHU
XapaKTEPUCTUKUTE Ha N30PAHUTE KYIIOJIH.

Taouauna 1. 'eoMeTpuyHN XapaKTEPUCTUKHU HA U3UUCIUTEIHUTE MOACIHN

K1 | K2|K3|K4|K5([K6|K7|K8| K9 |[K10|K11

BHCOYMHA Ha Kynosa h [m] {777\ 7|77 7| 7|77
JaraMeTsp Ha kyrnoxa Dx [m] | 30 [ 30 | 30 | 30 | 30 (30| 30| 30| 30| 30 30
nuamethp Ha Kyroga Dy [m]| 30 [ 30 (29129 | 28| 28| 25( 23|20 18| 15

TIOKpUBHA 11011 [M2] 707 695|683 (672 |660|648)|589(530(471|412| 353

3a eJIeMEHTHTE OT CCACMTC KYIIOJIa 110 MCpuJaHa U MPbCTCHUTC Ca IPUCTU CAHAKBU
TCOMCTPUYHHU XAPAKTCPHUCTUKHN HA HAIIPCUHUTEC CCUCHUSA, Ja/ICHU B TaoI.2.

Tabauna 2. FCOMeTpI/I‘lHI/I XApaKTCPHUCTUKU HA HAIIPCUYHUTEC CCUCHUA Ha CJIICMCHTUTC

K1, K2, K3, K4, K5, K6, K7, K8, K9, K10, K11
MEpHUIMaHHH
OIOPEH MPBCTEH MOSICHU MPBTH
PBTH
HAIpPEYHO CCUCHUE IPE 300 088,9x4 088,9%4

JIALE Ha HATIPEYHOTO cevenue [cm’] 53,8 10,7 10,7

uHepumoneH Momenr IX [em’ | 8356 96,3 96,3
Moyl Ha enactiaHocT - E= 206 000 MPa

3a wW3rpaxaaHe Ha W3YHUCIUTEIHUTE MOJENTH Ca W3MOJI3BAaHU TPEIOBH KpaiHH
eleMeHTH ¢ 6 cTemeHu Ha cBoOona, Tum Frame. Bv3 ocHOBa Ha mpueTuTe mapaMeTpu u
nocjeaBanaTa JUCKPETH3alsl ce MOJydaBaT CIEIHUTE XapaKTEPUCTHKH Ha E€IWHA/IECETTe
M3YUCIUTEIHN MoJena: Opoll Ha eneMmeHTuTe - 224, Opoil Ha Bb3nuTe — 113, Opoil Ha
BBTpEHIHUTE TpbhcTeHn (0e3 omopHus mnpbeTeH) — 6. B [1] u [2] ¢ HampaBen cpaBuuTeNneH
aHaJIM3 Ha PelIeHHs Ha MOJEIH, JUCKPETH3UPAHH C PA3INIHU KPAilH! €JIEMEHTH.

3. CpaBHHTeJ/IEH aHAJIM3 HA MOJy4YeHUTe Pe3yJaTaTu
B tabmunm ot tabn. 3 1o Tabi. 5 mocienoBaTeNHo Ja 1aJACHU: IEPUOIU Ha TPENTeHEe U
CEM3MUYHU CHJIM B U30paH €IeMEHT; pe3yJITaTH M0 pa3IMYHUTE METOAM 32 KOMOMHUpPAHE MO
KOOPJIMHATHU HANpaBJICHHUs; a0CONIOTHA PA3IMKa MEXIY MAaKCUMAJIHUTE YCHJIUS, MOTY4YEeHU
IIPU pa3INdHU METOU 32 KOMOMHUPAHE [0 KOOPIMHATHO HAIIPaBIIEHUE.
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Tabauna 3. [lepuoan Ha TpenTeHEe M CCM3MUYHU CUJIM B U30paH €JIEMEHT

T1[s] | T2[s] | AT [%] |Ex*1000 [KN]|E y*1000 [KN]| Ey/Ex

K1 (30x30) 0,988 0,988 0,00 19,04 19,04 1,00

K2 (30x29,5) 0,979 0,971 0,89 18,57 20,41 1,10

K3 (30x29) 0,970 0,953 1,81 17,56 22,59 1,29

K4 (30x28,5) 0,961 0,935 2,78 16,60 24,94 1,50

K5 (30x28) 0,953 0,916 3,99 12,28 23,14 1,88

K6 (30x27,5) 0,943 0,899 4,82 15,39 31,40 2,04

K7 (30x25) 0,901 0,810 10,64 17,97 48,44 2,70

K8 (30x22,5) 0,862 0,722 17,68 25,60 68,39 2,67

K9 (30x20) 0,830 0,637 26,29 35,66 88,83 2,49

K10 (30x17,5)[ 0,810 0,557 36,92 43,70 106,72 2,44

K11 (30x15) 0,836 0,506 49,10 43,90 114,76 2,61

Tabanuna 4. Pe3ynratu no pa3iuyHUTE METOAM 3a KOMOMHHUpPaHE 110 KOOPAUHATHU
HaIpaBJICHUS
MCTO}II/I 3a KOM6I/IHI/IpaHe I10 HaIlpaBJICHUSA
SRSS Ex+0,3Ey| Ex-0,3Ey |-Ex+0,3Ey|-Ex-0,3Ey |0,3Ex+Ey| 0,3Ex-Ey |-0,3Ex+Ey|-0,3Ex-Ey

K1 26,92 24,75 13,33 -13,33 -24,75 24,75 -13,33 13,33 -24,75
K2 27,59 24,70 12,45 -12,45 -24,70 25,98 -14,83 14,83 -25,98
K3 28,61 24,34 10,79 -10,79 -24,34 27,85 -17,32 17,32 -27,85
K4 29,96 24,08 9,12 -9,12 -24,08 29,92 -19,96 19,96 -29,92
K5 26,20 19,22 5,34 -5,34 -19,22 26,83 -19,46 19,46 -26,83
K6 34,97 24,81 5,97 -5,97 -24,81 36,02 -26,78 26,78 -36,02
K7 51,67 32,50 3,44 -3,44 -32,50 53,83 -43,05 43,05 -53,83
K8 73,02 46,12 5,08 -5,08 -46,12 76,07 -60,71 60,71 -76,07
K9 95,72 62,31 9,01 -9,01 -62,31 99,53 -78,13 78,13 -99,53
K10 | 115,32 75,72 11,69 -11,69 -75,72 119,83 -93,61 93,61 -119,83
K11| 122,87 78,33 9,47 -9,47 -78,33 127,93 -101,59 101,59 -127,93

Ta6auna 5. AGcoatoTHA pa3IuKa MeX/1y MAKCUMAJIHUTE YCUIIHS, TIOTYYEHH MPU Pa3IndHU
METOAM 32 KOMOMHHUpAHE 110 KOOPAMHATHO HalpaBlieHUE

SRSS [0,3Ex+Ey| [A] [kN]
Kl | 26,92 24,75 2,17
K2 | 27,59 25,98 1,62
K3 [ 2861 27,85 0,76
K4 [ 29,96 29,92 0,04
K5 [ 26,20 26,83 0,63
K6 [ 34,97 36,02 1,05
K7 [ 51,67 53,83 2,17
K8 | 73,02 76,07 3,05
K9 [ 9572 99,53 3,81
K10| 115,32 119,83 4,51
K11| 122,87 127,93 5,06

Ha ¢urypu ot ¢ur. 2 1o ¢ur. 8§ ca mokazaHu ChOTBETHO: MEPUOAU Ha TPENTEHE;
rpaduka Ha AT; cemamMuunu cwin Ex u Ey; otHomenue Ey/Ex; chliocTaBKa MEXIYy METOJINUTE
3a KOMOMHHpaHe M0 KOOPAMHATHH HAIPABIICHHS, U3MEHEHUE Ha |A | ; |A | KaTo (QyHKIUS
Ha Ey/EXx.
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AT [%]

Ey/Ex

Cemsmuunn cunn - Ei [KN]

1,200 ~

1,000 1
0,800 -
0,600 - ~ T

0,400 -

TTepuon Ti [s]

0,200 +

0,000 T T T T T T T T T T |
Kl K2 K3 K4 K5 K6 K7 K8 K9 KI0 Kil1

®urypa 2. [leproan Ha TpenTeHe
60,00 -

50,00 |
40,00
30,00 —— AT [%]
20,00 |

10,00

0,00

K1 K2 K3 K4 K5 K6 K7 K8 K9 KI0O Ki1
®urypa 3. I'paduka na AT

140,00 -

120,00 -

100,00 -
80,00 - o
60,00 "
40,00 -
20,00 -

0,00

Kl K2 K3 K4 K5 K6 K7 K8 K9 KI0O Ki1
®urypa 4. Censmuunu cunu Ex u Ey

3,00

2,50 -
2,00
1,50 A —— Ey/Ex
1,00 -

0,50 -

0,00 T T T T T T T T T T 1
Kl K2 K3 K4 K5 K6 K7 K8 K9 KIO Kil1

®urypa 5. OtHouenue Ey/Ex
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140,00 -
120,00 -
100,00 -

80,00 1 —+ SRSS
—=—0,3Ex+Ey

Ei [kN]

60,00 -
40,00 -

20,00 -

0,00 T T T T T T T T T T |
KI K2 K3 K4 K5 K6 K7 K8 K9 KI0 Ki1

®urypa 6. CpriocTaBka MeXIy METOAUTE 32 KOMOMHHUPAaHE IO KOOPAWHATHU HAMpaBJICHUS

6,00
5,00
4,00
z
&
=300 —[a] KN]
=
2,00 A
1,00
0,00
K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 Ki1
®urypa 7. U3meHeHue Ha | A |
4
3,5 1
3 -
2,5 1
g
— 27 — |a] kN]
=
1,5 1
1 -
0,5 +
0 U T T T 1
1 15 2 2,5 3 35

Ey/Ex
®durypa 8. | A | karo ¢yHkuus Ha Ey/Ex

4, 3akaiouenue
B HacrosimieTo m3cneaBaHe HaKpaTKO TEOPETHYHO Ca CHIIOCTABEHU TPU METOJA 3a
KOM6I/IHI/IpaHe 110 KOOp,ZII/IHaTHI/I HaHpaBJ'IeHI/ISI Ha e(fbeKTI/ITe U B YaCTHOCT yCI/IJ'II/ISITa,
MOJIY4YeHH OT HE3aBHUCHUMO CEM3MUYHO BB3JIEUCTBHE MO CHIIUTE TE€3U HampasieHus. ToBa ca
TPUTE BB3MOXKHU TEXHOJOTHHU, MPEIAOCTABEHH OT EourHume esponeucku KOHCMPYKMUGHU
HOpMuU, OTHACSIIIN CE€ JI0 MPOSKTUPAaHE B CEM3MUYHO PUCKOBH paiioHH, T.e. Eurocode 8. Bw3
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OCHOBa Ha YUCJIEH €KCIIEPUMEHT, MPAKTUUYECKH ca CPAaBHEHM J[BAa OT TE3U METOJ]A, 4 UMEHHO

metonbT SRSS u meronst Ha 30-me npoyenma. ToBa € HampaBEeHO UYpe3 M3YHCIUTEIHH

MOJIeJIM Ha MPBTOBU Kymnoiu. OT MoJlydeHUTe pe3yiaTaT, MOraT /1a C€ HapaBAT CIETHUTE M0-
BXHU M3BOJIH:

- IpU €PpEKTU CPABHUTEITHO OJIM3KU MO CTOMHOCT MO JBETE XOPU30HTAIHU KOOPJUHATHU

HamnpaBlieHus, MeToObT SRSS maBa Mmo-BUCOKH PE3yNTaTH, T.€. B IOCOKA HA CUTYPHOCTTA;

- B CciIyy4ail, Te eeKTUTE ce pa3inyaBar chilecTBEHO (¢ moBeye oT 80 % 3a KOHKPETHUTE

mMojenu), upe3 meroabT Ha 30-me npoyenma ce MOIydaBaT MO-BUCOKH OKOHYATEIHU
CTOMHOCTH;

- MeTo1bT Ha kKoMOuHUpane CQC, T.e METOIBT OCHOBAH Ha 3aBHCUMOCT (4), MOXKE Ja ce

pasIyekaa KaTo Haii-o01I M NpU HOAXOAIL M300p Ha koeduuuent S Ie naBa pe3ynTaT

BUHAru B IIOCOKA HA CUTYPHOCTTA Ha KOHCTPYKIIUSATA.

[IpenopbueTenHo e, 0cOOSHO 3a CI0KHU B TEOMETPHYHO OTHOIICHHE MPOCTPAHCTBEHH
CHCTEMH, JIa C€ IPaBU MHAMBHUIyaJIHA ChIIOCTABKA Ha pe3yaTarute mo Meroan SRSS u To3u Ha
30-me npoyenma. ToBa Baxku ¢ ocoOeHa cuiia 3a TE3W 30HU WM EJIEMEHTH, KOUTO Ca B
OCHOBaTa Ha HOCHMOCIIOCOOHOCTTa Ha KOHCTPYKLHUATA, T.€ MPEIONPEeISA HEHHUS
KananuTeT. M3cnenBanus oT moJo0eH XapakTep JaBaT eIHa AOIBIHUTEIHA SICHOTa OTHOCHO
JUCHO3UTUBHUTC HOPMAaTHUBHHM TCEKCTOBE Ha Eurocode 8. YKemarenmHo e uscnenBaHus OT
TaKOBa €CTECTBO Jla MPOABIDKAT U 3a B OBJICIIE, KaTO CEe U3IOI3BAT Pa3InYHU KOHCTPYKTHBHU

KOH(QUIYpaLMU U CE ThPCU Ta3u pehepeHTHA CTOHHOCT Ha Koepuuuenta [, KOATO BOAU JI0
M0-BHCOKa 00II1a CUTYPHOCT HA KOHCTPYKIIUSATA.
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OIIPEAEJISIHE HA HAIIPETTHATOTO CbCTOAHUE HA
CTOMAHOBETOHHA KOHCTPYKTUBHA BPB3KA KOJIOHA - IIVIOYA C
IMPOT'PAMEH ITPOAYKT ANSYS

Wianana Croiinosa’

BCY '"Jlwoen Kapasenog", Cmpoumenen ¢haxyimem, xameopa "Mexanuka u
mamemamuxa"

DETERMINATION OF STRESS STATE OF REINFORCED CONCRETE
STRUCTURAL COLUMN - SLAB CONNECTION USING ANSYS

Iliana Stoynova'

USEA “Lyuben Karavelov” Bulgaria, Faculty of Construction, Department
“Mechanics and Mathematics”

Abstract: Five computational models of a concrete connection were compiled in order
to determine the stress state in the contact zone and to verify the results obtained for the
stresses and displacements in the different computational models. A model of a concrete
column-flat slab connection was built. Identical boundary conditions are defined for all
five models, limiting displacements in the x, y, and z contour lines. An eight-node
SOLIDG65 finite element with three degrees of freedom at each node or twenty-four
degrees of freedom was used to model the behavior of the concrete. Concrete is
modeled as a material with linear-elastic behavior.

Key words: concrete, model, column-flat slab connection

1. BLBeaenue

Mopnenute Ha OeToHa KaTO MaTepual Moratr Ja ce Kiacupuuupar Hai-o0mo Karo
MHUKPO ¥ Makpo Mojenu. [Ipu MUKpO MOJIETUTe Ha CTPYKTypaTa Ha MaTtepuasa ce MOJeInupa
KaTo Ha MUKpPO HUBO B3aUMOJEHCTBUETO MEXIY KOMIIOHEHTHUTE CE€ ONKCBAa C MOMOIITA Ha
CpPaBHUTEITHO MPOCTH 3akoHU. OT TMOBEIEHHETO HAa MHKPO KOMIIOHEHTHTE M TSIXHOTO
B3aUMOJICHCTBUE C€ MOJIyuaBa aBTOMATHUYHO MAKPOCKONMMYHOTO mnoBeaeHue [1]. OcHOBHUAT
HEJIOCTaThK Ha T€3W MHUKPO MOJIEIIA € OTPOMHATA U3YUCIIUTENIHA padoTa IpH aHaJIn3a. 3aToBa
peaylHi KOHCTPYKLIMM CIEABa J1a C€ MOJENUpaT KaTo Ce M3MOJ3BaT Hail-Be4e MaKpO MOJEIH.
Makpo monenuTe ca 0a3upaHr OCHOBHO Ha MEXaHWKaTa Ha HEMPEKhCHATUTE CPEAH U TPsOBa
KOPEKTHO Ja BB3MPOMU3BEXKAAT CPABHUTEIIHO CIIOXKHU MEXaHU3MHU Ha MHUKPO HHUBO KaTo
HaITyKBaHe, KOXE3Usl, TPUCHE, B3aUMOCHCTBIE MEXIYy MUKPOITYKHATUHHUTE H JIp.

' Nnmana CroiiHoBa, go1. a-p unxk., BCY , Jlro6en Kapasenos®, Ctpoutenen daxynret, Katenpa ,,Mexanuka u
maremaruka‘, 1373 Codus, yi. ,,Cyxomoncka“Nel75, e-mail: stoynova@vsu.bg

Iliana Stoynova, Assoc. prof., PhD, Eng. USEA /VSU/ “Lyuben Karavelov”’, Faculty of Construction,
Department “Mechanics and Mathematics”, 1373 Sofia, 175 Suhodolska str., e-mail: stoynova@vsu.bg
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3a BCeKM KOHKpETEH Cilydail Ha aHajiu3 € HEeOOXOJUMO M3BECTHO MpEIH3HpaHe Ha
BXOOHUTC MapaMeTpu, C LCJI TOYHOCT Ha PE3YITATUTC U B CHIIOTO BPEME CUT'YPHOCT IIPpU
penrenreTo. BakHu ca NpUEMaHMATa W ONPOCTSBAIINTE IMPEINOCTABKH, KAKTO W BHIA
U3YKHCIUTEHA porieaypa.[8]

2. I3uncauTeTHU MOJIeIH

CbcTaBeHu ca MeT M3YHCIUTEIHU MOJelia Ha OeTOHHA Bph3Ka C Led Ja ce Ompesenu
HAIpPErHATOTO CHCTOSHUE B KOHTAKTHATa 30HA M J]a CE MPOBEPSAT Pe3yITaTUTE MOIYyYeHH 3a
HAIpeXKEHUsATa U MPEMECTBAHUATA IPHU PANIUYHUTE HIUUCIUTENHU Mojaenu. MiarpaneH e
Mojie]1 Ha OeTOHOBa Bpb3Ka KOJIOHA — riajka rioda. [lnouara e ¢ pazmepu 2,00 m/2,00 m u
nedenmnna 0,20 m, xosoHara e ¢ pasmepu 0,25m/0,25 m. JedpuHupanu ca HUISHTUYHU
TpaHUYHU YCIOBHS M TPH YETUPUTE MOJETa, KaTo ca OrPaHUYCHU INPEMECTBAHUATA B
KOHTYPHUTE JIMHUU 110 X, Y ¥ Z. 3a MOJE/IMpaHe Ha MOBEACHUETO Ha OETOHA € U3IO0J3BaH
kpaeH enemeHT SOLID65 ¢ ocem BB3ena M C 1O TPH CTENEHU Ha CBOOOJA BB BCEKU BB3ET
WINA C JIBaJIeCeT U YETUPU CTENEeHU Ha cBOOOja. BeToHbT e MojenupaH Karo marepuan ¢
JTUHEHHOoenacTHYHO TnoBenenue. M30pan e Oeron kmac C20/25 cwermacio EBPOKOJ] 2 ¢
MOZYJ Ha €JIaCTUYHOCT E=3.10" kN/m2 u koepuuueHT Ha [loacon - 0,2. HatoBapBanero e
OPUIOKEHO TI0 JIOJHAaTa TIOBBPXHOCT Ha KOJOHATa, PAaBHOMEPHO pAa3IpelesieHo ¢
unrensusaoct 5000 kKN/m2. [5], [6], [7], [8]

2.1. Il'vpBu moaen - M1- cecTou ce ot aBa obema (¢pur.l) — oT eauH € W3rpajacHa
mwiovata ¢ pasmepu 2,00m/2,00 m, ne6enrna 0,2 M U ¢ BTOPU 4acT OT KOJIOHA C pa3Mepu
0,25m/0,25m/0,5m.

®urypa 1. 3D usrien Ha mbpBu Moaen (M1).

®urypa 2. 3D usrnen ¢ AUCKpETU3ALUS U CTPAHWYEH H3rJIe Ha mbpBU Monen (M1).
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®urypa 3. Pasnpenenenue Ha TJIaBHUTE HANIPEKEHKS B TOPHATA MIOBBPXHOCT HA IJI0YaTa B
ceuenue ¢ Y=1.00 m, z=0 npu momen M1.

®durypa 4. Paznpenienenue Ha TJIaBHUTE HANIPEKEHUs B JOJHATA MOBBPXHOCT HA IJIoYaTa B
ceuenue ¢ Y=1,25 m, z=0,20 m mpu mozen M1.

2.2. Bropu moxesn — M2 - miouara ce CbCcTOM OT JBa oOema (ur.5)— equnusr e ¢
ne6emura 0,04 m, a Bropusat — 0,16 m. C tperu obem - ¢ pasmepu 0,25m/0,25m/0,5m ¢
MoJIeTpaHa JacT ot KonoHata. O6embT ¢ AedenrHa 0,04 m € B KOHTAKT C KOJIOHATA.

®urypa 5. 3D usrnen Ha Bropu mozen (M2).
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X

®urypa 6. 3D usrien ¢ AUCKpETH3ALMS U CTPAHUYEH U3TJIea Ha BTop Mojen (M2).

{a20342)

555.580

275647

®urypa 7. Paznpenernenre Ha TIaBHUTE HAIIPE)KEHUS B TOPHATA TOBBPXHOCT HA IJI0YATA B
ceuenue ¢ y=1,00 m, z=0 mpu mozen M2.

®durypa 8. Pasnpenenenue Ha TJIaBHUTE HAPSIKEHUS B TOJHATA TIOBBPXHOCT HA IJI0YaTa B
ceuenue ¢ Y=1,25 m, z=0,20 m npu moxen M2.

2.3 Tpern moaen - M3 — mioyara ce ¢bCTOH OT jiBa obema ((ur. 9) — enuHUAT € ¢

nebemura 0,16 m, a Bropustr — 0,04 m. C tperu obem ¢ pasmepu 0,25m/0,25m/0,5m ¢
MOJIeTTUpaHa yacT oT KojoHata. O0eMbT ¢ nedenuHa 0,16 m € B KOHTAKT C KOJIOHATA.
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®urypa 10. 3D usrnen Ha tpetu mozen (M3).

bt oo ot i AN IR RSN SIS OHR
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®durypa 12. Pa3npesencHue Ha IIaBHUTE HANIPEKCHUS B TOPHATA TOBBPXHOCT HA TIOYATA B
cedenue ¢ y=1,00 m., z=0 npu moxen M3.

®urypa 13. PasnpeiencHue Ha TJIABHATE HAIPEKCHHS B IOJIHATA TIOBBPXHOCT HA II0YATa B
ceuenue ¢ y=1,25 m., z=0,20 m mpu monen M3.
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2.4. YerBbpTH Moaea M4 — mouara ce ¢beToH OT Tpu obema (¢ur.14) — mbpBH,
¢ nebenmmra 0,04 m, Bropust e ¢ nebenuna 0,16 m, u tpetust — ¢ aebenuna 0,04 m. C
4eTBbpTH 00eM ¢ pazmepu 0,25m/0,25m/0,5m e moaenupana 4act ot KoJoHaTa.

®wurypa 14. 3D usrien Ha uetBbpTH MOnen (M4).

A A A R A AR A R A KRR LRSS A TI
b R Tl Ty o VT e e e Ryt g P T e B P e, F om0
AR A A AR AR AR A A AR AR AR AR A
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®urypa 15. 3D usriien ¢ qUCKpETU3aAIMS U CTPAaHUYCH U3TJe] Ha 4eTBhpTH Monen (M4).

5E8E. 001
42313183

203 28a

®durypa 16. Pa3npesencHue Ha IIaBHUTE HANIPEKCHUS B TOPHATA TOBBPXHOCT HA TIOYATA B
ceuenue ¢ y=1.00 m., z=0 mpu mozen M4.
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®@urypa 17. PasnpeencHue Ha TJIABHUTE HAIPEXKCHMS B IOJIHATA TIOBBPXHOCT HA TUI0OYATa B
ceuenue ¢ y=1,25 m., z=0,20m npu monen M4

2.5. IMern mogen M5 — miouata ce cheTon OT meT obema (dur.18)— Bceku ¢
neoemuua 0,04 m. C mectu obem ¢ pasmepu 0,25m/0,25m/0,5m e moaenupana gact oT
KOJIOHATA.

n 2 LAY
Eﬁuﬁ!ﬁﬁﬂﬂiﬂﬂg
ettt dd s d bt ]

10 % P e T e ) A S ST
L SO

®urypa 19. 3D usries ¢ qUCKpeTH3aIHs U CTPaHUueH u3riiea Ha netu mozen (M5)
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®@urypa 20. PasnpeencHue Ha TTIABHUTE HAIPEKCHHSI B TOpPHATA MIOBPXHOCT HA TUIOYATa B
ceuenue ¢ Y=1.00 m., z=0 npu mogen M5

®urypa 21.. PaznpenencHue Ha TTIaBHUTE HAMPSKCHUS B JJOJHATA MOBBPXHOCT Ha II0YATa B
ceuenue ¢ y=1,25 m., z=0,20m npu moxen M5

3. YUncnenu pe3yiaraTu

B Tabn.1, 2 u 3 e mokazaHO CpaBHCHHE Ha CTOWHOCTHTE Ha TJIABHHUTE HAIPEIKCHUS,
MOJTYyYEHHU OT PEIICHUATA Ha MEeTTe MoJieia MPU UIACHTHYHU MATCPUATHH XapaKTEPUCTHKU U
NoBeJIeHHe Ha OeTOHa, U3MOJ3BaH € eIuH KpaeH eneMeHT— SOLID65, onopHute ycinoBus u
HATOBAPBAHETO CHINO Ca HMJCHTHYHUA W Ca ONMHCAHH B HAYAJOTO. 3ajJaJicHa € ChINO Taka U
€IHaKBa pa3MepHOCT Ha kpaitHus enemeHT SOLID6S — 0,04 m.

[Tokazanu B TaOJUYEH BUJ ca CTOWHOCTHTE HA TJIABHUTE HANPEKCHHS 01 02 U 03 B
Touka ¢ koopauHatu (1;1;0) — mo ropHaTa MOBLPXHOCT Ha MioyaTa — Tadu. 1; CTOWHOCTHTE Ha
TJIABHUTE HAMPEKEHUS 01 02 M 03 B TOUKH ¢ KoopauHatu choTBeTHO (0,9;1,125;0,2) — Tabm.2
u (1,1;1,125;0,2) — tab1.3 — B A0JIHATA TIOBBPXHOCT HA IJI0YaTa HEMOCPEICTBEHO 0 KOHTAKTa
KOJIOHA — IJI0Ya.

AHanu3 Ha pe3yiaTaTHTE IpU MEeTTe MOJeNla € HalpaBeH C Led Ja Ce MpeleHH

BBH3MOKHOCTTA 3a U3IMOJI3BAHETO HA MOZEN OT BUAa M5 ¢ moo0Ha TMCKpeTH3alus Ha MoJiena
U MOJIeNIMpaHe Ha FOpHA U JJOJIHA apMUPOBKa.
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Taoauna 1. CpaBHEHHE HA CTOMHOCTUTE Ha TJIABHUTE HAIIPEKEHUS 1O TOpHATA MOBBPHOCT
Ha 1Io4yaTta B Touka ¢ koopauHatu (1,1,0), mosydenu npu pemieHusTa Ha MeTTe Mojesa

Monen 61, KN/m? 62, KN/m? 63 KN/m?
M1 5447,70 5290,80 -26,46
M2 5354,10 5257,50 -90,16
Paznuka Ha pesynrarure or M2 cripsimo M1 -1,75% 0,63% 70,65%
M3 5521,40 5269,40 -117,85
Paznuka Ha pesynrarure ot M3 cripsimo M1 1,35% 0,40% 345,39%
M4 5282,90 5235,50 3,05
Pasnuka na pesynrarure or M4 cripsimo M1 -3,12% 1,06% 697,54%
M5 5368,00 5148,40 12,72
Pasnuka na pesynrarure or M5 cipsimo M1 -1,48% 2,77% 308,02%
Paznmka Ha pesynararure or M5 cripsimo M4 1,61% 1,66% 317,05%

Taouauna 2. CpaBHEHHE HA CTOMHOCTUTE Ha TJIABHUTE HAMPEKEHUS
B JIOJIHATA MMOBBPHOCT Ha IJI04aTa B To4Ka ¢ koopaunaru (0,9;1,125;0,2) —
KOHTAKT IJI0Ya — KOJIOHA, TOJTyYEHH MPHU PELICHUSITa Ha IETTe MOJeNa.

MoJe o1, KN/m? 62, KN/m* 3, KN/m*
M1 -3562,40 -6023,10 -11069
M2 -3386,50 -6140,70 -10719
Paznuka na pesynrarure ot M2 cripsimo M1 -5,19% 1,92% -3,27%
M3 -3593,00 -6036,00 -11359
Paznmka Ha pesynrarure or M3 cripsmo M1 0,86% 0,21% -2,62%
M4 -3384,90 -6163,40 -10711
Pasnuka Ha pesynratute or M4 cinpsimo M1 -5,24% 2,28% -3,34%
M5 -3373,90 -6071,50 -10648
Pasnuka Ha pesynratute ot M5 cinpsimo M1 -5,59% 0,80% -3,95%
Paznmka Ha pesynararure or M5 cripsimo M4 -0,33% -1,51% -0,59%

Tadoauuna 3. CpaBHEHUE HA CTOMHOCTUTE HA TJIABHUTE HANPEKEHUS
B JIOJIHATa MMOBBPHOCT HA IJIoYaTta B Touka ¢ koopaunatu (1,1;1,125;0,2) — koHTaKT miova —
KOJIOHA, MOJYYE€HH IIPU PELICHUATA Ha IIETTE MOJENA.

Mone 6L KN/m* | 6, KN/m® 63, KN/m*
M1 -3562,40 -6203,50 -11400
M2 -3836,30 -6562,60 -12046
Pasnuka Ha pesynrarure or M2 ciipsimo M1 7,69% 5,79% 5,67%
M3 -3698,30 -6185,40 -11636
Pasnuka Ha pesynrarure ot M3 cripsimo M1 3,81% -0,29% 2,07%
M4 -3819,90 -6517,80 -12013
Pasnuka Ha pesynrature or M4 cipsimo M1 7,23% 5,07% 5,38%
M5 -3793,20 -6458,70 -11961
Paznuka Ha pezynrarure ot M5 cripsimo M1 6,48% 4,11% 4,92%
Paznuka Ha pesynrature ot M5 cripsimo M4 -0,70% -0,92% -0,43%
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N3Boan

Hanpernaroro cbcTosiHUE 1O TOpHATA MOBBPXHOCT HA IUIoYaTa € AByMepHO — Tabum. 1 -
CTOMHOCTTA Ha G3 € 3HAUYUTEIHO MO-MaJika OT CTOMHOCTUTE Ha TJIaBHUTE HANpeXeHus 6l u
62. CroiiHocTuTe 32 6l W G2 IpH pPELIEHUETO C M3UUCIMTENeH moaen MS ce pasinuaBaT
cboTBeTHO € -1,48% wu 2,77% copsaMo Te3u, MOJNyYeHU OT PELICHHUETO C HU3YHCIUTENCH
mozen M1 u 1,61% u 1,66% crnpsmMo pe3ynrature OT peiieHueTo Ha mojaen M4.

Kakto e BugHO OT Tabn.2 u 3 HamperHaToTo ChCTOSHHE B JIOJIHATA MOBBPXHOCT Ha
rioJaTta B OJIM30CT JI0 KOHTAKTa ¢ KOJIOHATA € SICHO u3pa3zeHo TpuMepHo. CroiiHoctuTe 3a ol
U 62 ¥ 03 Mpu PEeHIeHUEeTO ¢ U34HMCIuTeaeH moaen M5 ce pazmmuasar ot 0,80% mo -5,59%
CHpPSIMO TE€3H, IOJYyYEHU OT pelleHueTo ¢ m3uucaureneH moxaen M1 u or 0,33% no 1,51%
CIpPSIMO CTOWHOCTHTE, IOJyYEHH OT pPelIeHHeTo Ha Mozen M4.

CroitHocTUTE, MONYYEHU OT pelieHueTo ¢ mojaenu M2 u M3 cpiio ce 1o0amxasar 10
CTOWHOCTHTE, IOTyYEHHU OT peUIeHHsATa Ha Apyrute Tpu monena M1, M4 u MS. Onucanute
[0 — rope pa3jMKU C€ IbDKAT Ha BHUJA HA JUCKPETU3AllMOHHATa MpexXa, pasMepuTe Ha
KpallHUTE €JIEMEHTH, CI'bCTABAHETO U MpU Mojie’d M4 B ropHarta u AojiHa 3oHu. Habmonasa ce
CBILIO TaKa U MaJKa HECUMETPUYHOCT HA HAIIPEKEHUATA CIIPSMO OCTTa Ha CUMETPHUs, KOETO ce
JBJDKU Ha HECUMETPUYHOCTTA Ha TUCKPETH3AIMOHHATA MpeXKa.

B 3akmroueHne Moxke Ja ce Kake, Y€ pe3yNTaTUTE HE CE MOBJIMSIBAT 3HAYUTEIHO OT
MPUETUS TOJIXOJ] MPU U3TPAKIAHETO HA M3UMCIUTENHUS Mozel. [lonydenure pesynratu Mu
JlaBaT OCHOBAHME 3a IO-HATaTbhIlIHATa padoTa Ja U3IMOoJI3BaM Mojen OT Bujga M5 ¢ nonobHo
paszensHe Ha OTACNHUTE 00eMH, KaTo TJIaBHUTE HAMIPEKEHHUs, KaKTO 10 TOpHATa MOBBPXHOCT,
Taka U 10 JI0JIHAaTa MOBBPXHOCT Ha IJIOYara, ca JOCTaThyHO OJIM3KH, KaTro 3a 6l u 62 no
ropHaTa INOBBPXHOCT pa3iukara € 10 3%, a o JojHaTa MoBbpPXHOCT — 110 6,48%.
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CHUCTEMA JIMHEVHU AJITEGPUYHA YPABHEHIA ChC CUMETPUYHA MATPHLIA

(MeTtox Ha KBaJpATHHS KOPeH ([L][LI ]—I[eKOMnomunﬂ))

JInnus b. [lerpoBa
E-mail: Ibphr@abv.bg

Kam. “Mexanuxa”, BTY “T. Kabnewxoes”
oyn. “I'eo Munes” 158, Coghus 1574, Bulgaria

SISTEM LINEAR ALGEBRAIC EQUATIONS WITH SIMMETRICAL MATRIX
(Method of square root ([L][LI ]—Decomposition))

Liliya B. Petrova®
E-mail: Ibphr@abv.bg

Dep. “Mechanics”, VTU “T. Kableshkov™”
158 Geo Milev Str., Sofia 1574, Bulgaria

Abstract: In a system linear algebraic equations, square, with arbitrary measurement,
with symmetrical matrix of coefficients, is traced a method of square root - ([L][L' ]—

decomposition). A method is applied in a numerical example. The solutions are carried out
with compound computers program. With a method of square root is received and an
inverse matrix of the initial. In the process of solutions is made an analysis of the
solution and a comparison of the results.

Keywords: System linear algebraic equations, arbitrary measuremen, symmetrical
matrix of coefficients, method of square root - ([L][L'] — decomposition)

1. BbBeaenue
Meroasr e omucan B [3]. MeToabT € WIOCTpHpPAH BBPXY CHCTEMa JIMHEHHH

aﬂre6pI/I‘{HI/I YpaBHCHUA CbC CUMCTPHUYHA MAaTpHllda U IECT HCU3BCCTHU.

2. MeToa Ha KBaJIpATHHS KOPEH ([L][L'] - AEKOMIIO3MIIHS)
Pasriesx/a ce cucTeMa THHEHHH aNreOpMUHH ypaBHEHUS OT BHA

[ARX }={B}. (1)

kbreto [A] e kBanpatha cumerpuuna martpuna, {X} e Bektop Ha HemssecTHuTe, {B} -

BEKTODP Ha CBOOOJAHUTE WICHOBE, B 0011l ClIy4ail BCHYKUTE C MPOU3BOJIHA Pa3MEPHOCT N

! Liliya Petrova, Assoc. Prof. PhD Eng. -Math., E-mail: lbphr@abv.bg
dep. “Mechanics”, Univ. of Transport “T. Kableshkov”, 158 Geo Milev Str., Sofia 1574, Bulgaria
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a, a, .. a, X, b,
s O e ®
a, a,, R > W X, l':)n

Marpunara [A] ce npencrass BB Bua
(AL ] (3)
kbaero [L] e nonna Tpubrbina marpua, [LI ] - TOpHA TPUBI'bJIHA MATPHIIA, [LI ]=[L]T :

B pasrspHat BuJ MaTpUIIATe [L] , [LI ] C€ 3aIKiCBaT BbB BUA

fll gll 612 gln
[L]: /621 gzz [L]T= »622 gzn ’ (4)
gnl gnz Knn gnn

B KOUTO U3PA3HTE 3a €IEMEHTHTE /;, (i=1,2,...,n), (j=1,2,...,n) 3acera ca HEU3BECTHU.

MaTpu4HOTO TMPOU3BEACHUE [A]=[L][L'] 3a pa3sMEpHOCT Ha Marpuiara nN=3 e
[I0Ka3aHo B Ta0I. 1.

Tabmn.1
[L]
ly Cn 3
o s
Ca
y ) Cyyly Ciylay
[L] | 2 | ¢ Lol €122+€222 Conlatlyls, [A]
ly | Ly {3 Calyy  [Lalatlolo| 0,240,,740,°

Onpenensne u3pasuTe 3a €IEMEHTUTE [ ,(i=1,2,...,n), (j=l,2,...,n).

CpaBHeHHME U3pa3UTe HAa MATPUYHOTO IPOU3BEIECHUE [L][L'] M Ha Marpuiara [A]
IOKa3Ba

A=l lyy,

A=l iyl +lix0 55

Ay =Ly ligH o liot Al Ly
KbBJIETO B 0011 CITydait (k=1,2,...,n) € pa3MepHOCTTa Ha MaTPHUITUTE.
OTTYK Tpu pa3MEpPHOCT HA MATPHUIIUTE

k=1 ailzgllz €11=\/ a; ,
k=2 a22=Vf122+£222 yy=v/8y _6122 '
a
a21=£21€11 fﬂzf_ﬂ , (5)
1
k=3 Az =1/ f312 +£322+€ 332 €33= \V 3_332_5 312_£ 322 )
a
a312531511 631=£_31 )
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:as?_ —t 31£ 21

ng

O6o6menye Ha u3pasute Ha Matpunure [L], [L'] MIPU Pa3MEPHOCT HA MaTpuIlata
[A](n]n) Ce M3BBPILBA [0 MaTEMaTH4YEeCKa UHTYKIIUS

as, =/ 315 21+€ 3zf 22 ¢ 32

TIPY U3BECTHH EIEMEHTHU &, (i=l,2,...,n), (j=1,2,...,n) npu i<m, (m=1,2,...,n)

a
Y . :_ml'
: gll
0, =(a'm2 — ! 21)
o
/ =(a'm,m—l 4 mlg m—l,l_g ng m-1,2" " — m,m—2g m—l,m—Z) (6)
e 6 m—1,m-1 ,

1 m,m =\/amm 4 ml2 4 m22_' .~ m,m—l2 .

B nonyuenute wuspasu ungekcst (M=L2,..n) kopecmonmupa na (k=L2,..,n) wu
03HayaBa pa3MepHOCTTa Ha M3XOjHaTa Matpuua. Mspasute (6) ompenensar eaeMeHTHTE OT
TJIaBHUA AUAroHaja U CICMCHTUTEC, pa3lIOJIOKCHHU 11O HETO B Marpulara [L] , CbOTBETHO [Ll ] .

NsuckBane Ha Metona e £;#0.
Cnensa sia ce otbenesku, ye B Marpuuara [L] enementure Ha i— pen ce ompenenst
CaMo OT eNlEMEHTHUTE Ha ITPBUTE i— Pejia M IbPBATE j=i cThiI06a Ha MaTpuuara [A].

CrnezncrBue npencTaBsHETO [A]=[L][LI ]

a11 a12 aln fll e Kll K12 fln
B B e B |_| g1 L Oy
By B | Ll Lo o bl
crlesiBa IeTepPMUHAHTATA det[A]:det([L][L' ]), T. €.
Bl agl w3y
a, a,| .. a
% | ik‘=£f1£§2...£2kk 3a (k=12,...,n). (7
B B B

B cyuas K e o3Hauenue Ha pasmepHocTTa Ha Matpuimte [A], cotsero [L], [L'].
3aucumMoctTa (7) 3a BCekH peji oT Matpuiata [A] uma Buma

npu k=1 gllzzalli

a,,—a,;,a
mpn k=2 €112£222=a11a22_a12a21! 6222=a11 2—2a1a12 2,
1

HpI/I k=3 gllzg 222£ 332 =det|A| f OTKBACTO £33=‘\' agg_f 312 _K 322 .
CnenoBarenHo enemenTure ! ;ca pa3nuuau ot Hyna (/,;#0 (i=L2,...,n), (j=1,2,...,n)),
KOTaTo JeTepMUHAHTUTE Ha MaTpunara [A] ca pasmuunu ot myma. Upes neTepMHHAHTHTE ce

onpenenst enementure £, (i=12,...,n) na marpunara [L], cborseTHO [L']. Yenosuero (7)
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ce chIvIacyBa che sarcumoctite (6), onpenemsmu enementute na [L]L' ], nexamu snpxy u
TO/1 [JIABHHS IMArOHAIL.
C yBenmuaBase pasmepHoCTTa Ha m3xogsara matpuua [A], cwoteerno [L], [L'].

CTOMHOCTTa Ha JeTepMHUHAHTATA det[A]:det([L][L']) ce npomens. Ilpu croiiHOCT Ha

JeTepMHHAHTATA det[A]=det([L][L' ])—)O ChOTBETHATa M MaTpHa KJIOHH KbM JIOLIO
o0ycioBeHa (ocoOeHa, U3pojicHa) MaTPHIIA.

B cwuna ca u 3aBucuMocTUTE
(8 A (8 R ®)
B cbkpaten popma 3aBucumoctute (6) MoraT Ja ce 3amuilaT BbB BUIa

T Y (m=L2,..0); ©
m=1
1 m-1 .
fmi=€—“ la,, —izl:zmifim , (i=12,..,m-1), (m=12,...,n).

[Tonyyenure uzpasu 3a enemMeHTUTe / (i=1,2,...,n), (j=l,2,...,n) ONpeACIAT HAIIBIHO

1
matpuuute [L], [L'].
MeTtoasT, NIPUIIOKEH TUPEKTHO, IIPEACTaBs CUCTeMaTa BbB BUJIA
(LI Dix}={8}. (10)
Marpunara Ha Kkoe(UIMEHTHTE Ha IpeoOpasyBaHaTa CHUCTEMa € OT ChLIUS ped Karo
MaTpuIaTa Ha U3X0JHATa CUCTEMA JTUHENHU anreOpu4YHN ypaBHEHUS.
Jloka3Ba ce, B MaTpUYEH 3allUC, PEHICHUETO Ha CHCTeMara MO0 METOJa Ha KBaJApaTHUS
KOpPEH, MOJKE /1a Ce MPEeJICTaBH BbB BUA
[LKY}=(B} wmcnextosa [L'[X}={¥}. (12)
Pemennero Ha cucremara ce pasmaja Ha JIB€ CUCTEMU C TPUBIBIHA MaTpula Ha
KoepuuueHTHTe Tnpen HeuszBecTHUTe. llopagu ToOBa dYe MarpunuMre ca TPUBIBIHM,
KOMIIIOTBPHO pEIIEHHE Ha JBET€ CHCTEMHM € YlecHeHo. To Mokela ce U3BBPIIM 4pe3
IOCJIEZIOBATEIHO WU3KIIOYBAHE HA HEU3BECTHUTE, upe3 OOpbIAaHE Ha MaTpUIMTe W Jp.
IIpunoxennero Ha [L][L'] — JIeKOMIIO3WIMATa HaMaJsBa PAa3MEPHOCTTA HAa MATPUYHUTE

N3YHNCIICHUS.
3. UncieHa peaan3anus

Cucmema nuneiinu anzeOpuyHU ypagHeHus CbC CUMEMPUUHA MAMPUya
C 1ent mpoBepKa U CpaBHEHUE HA PE3YJITaTH Hal-HAMpPeJ € pelieH cucrtemara ot [3].

Pa3mepHOCTTa Ha M3X0OQHATA MATPULIA € [A]=[a(6'6)]. Koeduuuenture u cBOOOAHNUTE YIEHOBE

Ha U3XO0JAHAaTa MaTpuliaTa [A]=[a(66)] ca 3amucaHM B TaOl. 2.

Taom. 2
6,1818 0,1818 0,3141 0,1415 0,1516 0,2141 7,1818
0,1818 7,1818 0,2141 0,1815 0,1526 0,3141 8,2435
o 0,3141 0,2141 8,2435 0,1214 0,2516 0,2618 9,3141
[AHa; | [B]
0,1415 0,1815 0,1214 9,3141 0,3145 0,6843 5,3116
0,1516 | 0,1526 | 0,2516 | 0,3145 | 5,3116 | 0,8998 4,1313
0,2141 | 0,3141 | 0,2618 | 0,6843 | 0,8998 | 4,1313 3,1816
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CJ'Ie,Z[Ba Ja C¢C OT6CH€)I(PI, 4ye B M3XOJHATa MATpHULa MEXIOY CIEMEHTHUTC IIO I'JIaBHU
AuaroHajl u OCTAaHAJIMTC U3BbHIAMAIOHAJIHHU CJIICMCHTHU, pPa3jiuKaTa B CTOMHOCTUTE HM €
3HA4YUTCIHA, B ITOPAABK.

H3non3Ba ce CUMCTpUATA HA CUCTEMATA.

Pe3y.TITaTI/ITe OT PCUICHUETO HA CUCTEMATA Ca IIOKa3aHU B TabiI. 3.

Tabm. 3.

2486323 2,888522

0,07312 |2,678891 [g__]T 2,998364

! 3,041100

0,126331 |0,076473|2,867349 1584361

I,] 0,056911 |0,066199(0,038066 | 3,050415 [8] |7 168632

i 0,060974 |0,055300 |0,083585 |0,099720(2,299543 5726854
0,086111 |0,113892 [0,084472 [0,219198|0,373697 |1,978909 ’

1,040932 [1,050668 |1,026605 |0,474071 |0,578973 | 0,36730 <% yT

B cnyuas det| A]=70298,17768764.
IlpoBepka Ha TPUBI'BIHUTE MATPULU - U3BBPIIBA CE YPE3 MATPUYHOTO YMHOXKEHHE
[L IL'] u cpasHenue ¢ Matpunara [A]. 3amectrane B [AX }={B} (1) croitnocTure Ha <X,
YZOBJICTBOPSIBA U3XOJHATA CUCTEMA.
Pe3ynarature OT NPOBEAECHOTO KOMIIOTBPHOTO pEIIEHHE B HACTOAIMINSA IPUMEp
ChBIAJAT ¢ MyOnuKyBaHute B [3].

Mampuuya na Koeuyuenmume ¢ HAKONKO 6eKMOPA HA C60000HUME UYIeHO8e

B cuctema ¢ enHa u cbla mMaTpuia Ha KOe(UIMEHTHTE NPU HAKOJIKO BEKTOpa Ha
CBOOOJTHUTE WJIEHOBE Ce€ M3IMOJI3Ba MaTpulla Ha cBOOOAHMTE wieHoBe. Ha Bceku cTwiIO Ha
MaTpullaTa Ha CBOOOJHUTE YIEHOBE CBHOTBETCTBA OT/AEJIEH BEKTOpP Ha HEU3BECTHUTE -
OTJIEJTHO PELIeHNEe Ha CUCTeMaTa JMHEHHU aNreOpuyHy ypaBHEHUS.

Oopamna mampuya
OnpefensHeTo Ha 0OpaTHATa MaTPHIA YPE3 [L][LI ] JIEKOMITO3HIIHS CE U3BHPIIBA BEPXY
cHcTeMa NMHEHHN aireGpMUHM YpaBHEHHS ChC CUMETPUYHA MATpUIA Ha KOE(UIMEHTUTE C
YETHPH HEM3BECTHH.
Ha MsICTOTO Ha CBOGO/IHUTE YlIeHOBE Ce 3amucBa equHuunata marpuna [Bl=[E].

Ta0m. 4
2,1546 0,8431 0,3146 0,1615
[AHa; ] 3,1415 0,6241 0,2131 [BH[E]
sim 4,8216 0,8245
6,4131
PCSyJ'ITaTI/ITe OT PCHICHUCTO Ha CUCTCMATA Ca IIOKa3aH! B Ta6n. 5.
Tabi. 5a
0,681266 sim
[Y] -0,233365 0596381
-567889.10° -0,16246 0474272
8831427109  -0,014058 -0,110979 0,40739%5
Tabm. 50
0,518693 sim
-0,138128 0,382261
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[X] [-1.713242.10° -0,07519 0,23725
-3,597882.1073-5,727166.10° | -0,045212 0,165971

B cilydasa ACTCpMUMHAHTaTa Ha CHUCTEMAara JIMHENHU aﬂre6pI/I‘IHI/I YpaBHCHUA ¢€
det[ Al=177,86306.

Pasnvkara B CTOMHOCTUTE HA JIETEPMUHAHTHTE HA JBETE PELICHH CUCTEMH JIMHEHHH
anreOpUYHU ypaBHEHUS € TOJISAMA.

Coio B ciydas [Y] u [X] ca marpuim, a He BexTOpH.

Cnen onpenensHe Ha oOpaTHaTa MarpHla, IIPU HPOM3BOJIHO 3aJaJ€H BEKTOD Ha
CBOOOJIHHTE YJIEHOBE, PEUIEHUETO HA CHCTEMATA JMHEHHU alreOpUYHU ypaBHEHUS MOXKE Ja
0bae u3BbpiueHo (Tadim. 5B).

Tabmn. 58

[B] 3,1826 4,6123 5,9681 8,1418
[X] 0974187 0,826336 0694187 1,043606

Pemennero Ha cbliaTa CUCTEMaA IO MCTOAA Ha KBaJApaTHUA KOPCH ITOKa3Ba CICAHUTC
pe3yiaTarTu.

Tab6ma. 6a

2,1546 0,8431 0,3146 0,1615 3,1826

[AHa; ] 3,1415 0,6241 0,2131 [B] | 46123

sim 4,8216 0,8245 5,681

6,4131 8,1418

Pesynrarure ot pemieHneTo Ha cucTeMara ca nokasaHu B Ta0JI. 5.

Tab6xn. 60

1,467656 [g -,-T 2,168197

) ' 2,00798

0,214326 0574375 2,108496 2561653

0,110024 0214326 0574375 2454618 X

0974187 | 0826336 | 0694187 1043606 XY

PemieHnero Ha CHCTEMUTE JIMHEHHHM anreOpUYHU YpaBHEHHS € W3BBPIICHO ChC
ChCTaBEHa 3a Cilydas mporpama 3a nepconaner kommotsp (PC).
BbB BCEKH OT CITy4auTe HA PELICHHETO HAa CHCTEMUTE JINHEHHU anreOpuvHU ypaBHEHUS
nporpamara rmokassa number conditions of matrix (uuciio Ha 00yCIOBEHOCT) Ha MaTpUIaTa
cond[Al=| Al A7, (12)
kbaeTo |A| e Hopma Ha MaTpuiata [A].

Hopwmara na marpuna [A](m'n) B Haif-o011 cirydaii ce onpenens ¢ u3pasa

|Al=sup iiauém , (Z|§i|2=Z|77j|2:1]' (13)

=1 j=
Yucnoro Ha o0O0YyCIOBEHOCT Ha MaTpullaTa Ha CcHUCTeMa JIMHEHHW anreOpuyHu
YPaBHEHUS, ONPEEII TOUYHOCTTA Ha PELLIEHUETO HAa CUCTEMATA 110 OTHOILIEHNUE HA BHBEACHUTE
JTAHHU U1 OIIEHSBA I'PEIIKATa, Bb3HUKBAIA IPH PEIICHHUETO.
CrnenBa npeneHka Ha pe3yJITaTUTe OT U3BbPIICHUTE PELICHHUS.
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3akiroyenue

B®B Bceku cnyyaii Ha pelieHre Ha CUCTEMH JIMHEHHU alNreOpuuHu ypaBHEHUS METOIBT
TpsiOBa na Oblae nporpamupad. Ilporpamupanero Ha MeToAa MOXKe Ja €€ HM3BBPLIM I10-
pa3uYHM HauuHU. MEeTOABT € mpeHa3HaueH 3a padoTa Ha KOMITIOTH.
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BBPXY YCTOMUUBOCTTA HA IPOCTPAHCTBEHA IPTOBA CUCTEMA
(HayMH Ha U3C/IeBaHe)

JInnus b. [lerpoBa
E-mail: Ibphr@abv.bg

Kam. “Mexanuxa”, BTY “T. Kabnewxoe”
oyn. “I'eo Munes” 158, Coghus 1574, Bulgaria

ON THE STABILITY OF SPACE FRAME SYSTEM
(manner of investigation)

Liliya B. Petrova®
E-mail: Ibphr@abv.bg

Dep. “Mechanics”, VTU “T. Kableshkov”
158 Geo Milev Str., Sofia 1574, Bulgaria

Abstract: It is made a spatial stability investigation of frame system with determined
geometry, characteristics and parameter of loading. It is uses a displacements method. The stabilities
investigation is does trough decomposition of the phenomenon in the two main central inertial planes.
It is determined a critical value of parameter of loading. It is made a comparison of the results
received for critical force. It is determined the shapes functions an indifferently equilibrium of frames
axis in the plane and out the plane of the frame structure. With symmetrical cross section of the frames
the axes of the local coordinate system are a mains central inertial axes. It is indicated a manner of
theirs normalization trough an angle of the rotation of mains central inertial axes in relation to
centrals inertial axes in a case of nonsymmetrical cross section of the frame system. It is made an
analysis in the process of the investigation.

Key words: stability, space system, parameter of critical load, shapes functions of indifferently
equilibrium

1. IlocTanoBKAa Ha 3aJa4aTa

W3cnensane Ha yCTOWYMBOCT € M3BBPIINEHO HAa MPOCTPAHCTBEHaTa cuctema ot [3], 3a
KOSITO TIpU 3ajaJieHa TEOMETPHsSl U HAaTOBapBaHe, € ONpejelieHa CTOMHOCTTa Ha KpUTHUYHATA
cuna. ChcraBeHaTa OT eIHOMEpPHH (IIPBTOBM) CIIEMEHTH MPOCTPAHCTBEHA CHCTEMa, €
noka3ana Ha ¢ur. 1. Cbc cuctemara € cBbp3aHa riodaiHa KOOpJAMHATHA CUCTEMA O(X ,Y,Z) ,
JSICHO OpHUEHTUpPaHAa, C OIpelneleH0 Hadajdo. BBB BCEeKM OT e€JIEeMEHTHTEe Ha pamKara
CBHIIIECTBYBA JIOKATHA KOOpPJWHATHA CHUCTEMa C(x,y,z) - nscHo opueHTupana. Octa X e

HacoO4eHa II0 OocTa Ha npbra. JIoKalHHUTE OCH (x,y,z), B Cilyd4as, Ca IVIABHU LICHTPAJIHU
WHEPLUUOHHU OCH Ha IIPBTA.

! Liliya Petrova, Assoc. Prof. PhD Eng. -Math., E-mail: Ibphr@abv.bg
dep. “Mechanics”, Univ. of Transport “T. Kableshkov”, 158 Geo Milev Str., Sofia 1574, Bulgaria
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F
l B nokazanara cucrema, KoJOHaTa MMa
L0l L0l é ! ¢IHAKBO HAIPEYHO CEYEHHE, CHOTBETHO
enHakbB uHepuuoneH momeHt (l) B mBete

rIaBHU OCHTPAJIHHW HMHCPIIMOHHU PABHHHMU.
I/IHepLII/IOHHI/ISIT MOMCHT Ha HaANpCYHOTO

N he=l ceueHue Ha rpenara OTHOCHO
BeptukaniHara oc ¢ 0,1% |, a orHOCHO

X xopu3oHTanHaTa oc ¢ |.
0 [a ce onpenenu KpUTUHYHATA CTOMHOCT

| | Ha mapaMeTbpa Ha HaToBapBaHe F . Jla ce
FW ompenensT ¢opMure Ha Oe3pazIUUHO
’ pPaBHOBECHE HAa CUCTEMATa.
Our. 1

HampeuHnoTo cedeHne Ha MPBTUTE HA CHCTEMATa € C OC Ha CUMETPHSL.

KopaBuHata Ha npbTa B KOJIOHATa € €IHAKBA B J[BETC TJIABHHU LICHTPAIHA HHEPIIMOHHU
paBuuHu. KopaBuHata Ha MpPBTUTE B rpelara COPSMO XOPH3OHTATHATA OC € MHOTO IIO-
roJisiMa CIpsiMO KOpaBHHATA Ha KOJIOHATA BbB BEPTUKAIHATA OC.

OrpBaHETO HAa CHCTEMaTa, OpPJMHATUTE (JIMHHUATA HA BEPTHKAIHHTE [TPEMECTBAHUs) Ha
eJIaCTHYHATa JIMHMS, B TPpejiaTa, B HAIpaBJICHUE U3BbH paBHUHATA HA cHCTeMara TpsiOBa ja ca
MO-MaJIK{ OT T€3W B PaBHUHATA HA CHCTEMATa.

[Tpunara ce nedopmarnmonen meroa. M3crneaBaHeTo Ha YCTOMUMBOCT Ha CHCTEMara ce

HU3BBPHIBA YpPE3 IACKOMIIO3UPAHC HaA ABJICHUCTO MNOOTACIHO B [JABCTC TIJIABHU LECHTpPAJIHU
HWHCPIMUOHHU PABHUHU.

2. 3ary0a Ha yCTOHYHBOCT B PABHUHATA HA CHCTEMATA

OcHoBHara cucrema 1o AeQopMalioHeH MeToJ € Moka3aHa Ha ¢ur. 2. Cucremara e
€IMH TBT KHHEMaTHYeCKH HeompenenuMa. OCHOBHAa HEU3BECTHA € 3aBbpPTaHETO Z;.
KanoHnuHoTo ypaBHEHHE UMa BUJA r,Z,=0.

YpaBHeHHE HA YCTOHYNBOCTTA r,=0. 1)

B cbcrogHneTo enquMHMYHO 3aBbpTaHe Z,;=1 B ydacThUMTE OT pUIela Ha pamKara
MOMEHTOBaTa Juarpama e npasoinHeliHa. HopManHoTo ycunue B Te3H y4acTbhlM € paBHO Ha
Hyna. M3pa3sT 3a koeduiinenTa I; He ChAbPKA KOPEKTYPHU (YHKITHH.

3 El
(o)
2 [ B 1031 ciiyyait OT ypaBHEHHETO Ha
=1 YCTOMYMBOCTTa KPUTHUYHATA CTOWHOCT
"%_ Ha [apaMeTbpbT Ha YCTOMYMBOCTTA HE
- MOJKE Jia C€ ONPEICIIN.
(2
2 El
2 rll=2.3m (2)
X4 2
——r— Z
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Kpumuuna cmotinocm Ha napamemvpa HA HAMOBAPEAHE HA GEPMUKALCH NPBIM
3anveane — cmasa

Ompezens ce KpUTHYHATA CTOMHOCT IIapaMeThpa Ha HATOBapBaHE 3a KOJIOHATA,
HaToBapeHa cbe cuina F (ckpura dopma Ha 3aryba Ha ycroiumBoct) (¢wur. 3). 3amauara B
ciydas € paBHuHHA. [Ipemosara ce, ye BhHIIHATA HATHCKOBATA CHJIA € B OOIIO MOJIOKECHHE.
3aBUCHMOCTHUTE TIPH ONPEJENIAHE KPUTHYHATA CTOMHOCT MapaMeTbpa Ha HATOBapBaHE Ce

3aIIMCBAT B JIOKAJIHATA KOOPpAWMHATHA CUCTCMaA C(X,y,Z) Ha IIpbTa.

kl=4,49

F. =20,160%

.7
dur. 3

To ce ocHOBaBa Ha IU(EPEHIINATHOTO YpaBHEHHE Ha OI'bHATATA OC HA TPBTA.
Elz"=-M,  Elz"+Fz=Q(I-x)
2" +k22=g(|—x), KBJIETO k2=£. (3)
El El
B uspaza (3) z(X) e GyHKIHMATA HA HATIPEUHOTO MIPEMECTBAHE HA TOUKUTE OT OCTA HA MPbTA.
Xomozenno oupepenyuanno ypasnenue

2" +k?z=0 (4)
XapaKTepI/ICTI/ILIHO YpaBHCHHE - KOPCHU

r2+k2=0; I’l'2=iki .

Obw unmezpan Ha XoMO2eHHOMO OUPEPEHYUATHO YPABHEHUE
z2(x)=C,sin(kx)}+C,cos(kx) (5)

Yacmen unmezpan Ha HeXOMO2EHHOMO OUPDEPEHYUATHO YDABHEHUE

B 3aBucuMOCT OT JsicHaTa 4acT Ha HEXOMOTE€HHOTO TU(PEPEHIINATHO YpaBHEHHUE TOU Ce
n30upa BBHB BUJ Ha JuHeWHa Qynkuus. Crieln 3aMecTBaHe B ypaBHEHHUETO, MO METOoJa Ha
HeompeIeIeHNTe KOS(HUIIMEHTH, YACTHUSAT WHTErPaj ce MojydyaBa BbB BUIA

o Q

z2(x)= I—x 6
Obw unmezpan Ha HEXOMO2EHHOMO OUhepeHYuaIHo ypasHeHue

2(x)=C,sin(kx)+C, cos(kx)+ E?kz(l-x) ™

W3pasute 3a QyHKIMATA HAa 3aBbPTAHETO U HA KPUBHHATA HA TOUYKUTE OT OCTA Ha MPbHTa
ce MpEeACTaBAT OT I'bpBaTa M BTOpaTa MPOM3BOAHA HA (PYHKIMSITA HA MPEMECTBAHETO M MMaT
CBHOTBETHO BH/IA
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z' (x)=C,kcos(kx)-C,ksin(kx)— E(ngz ;2" (xX)=—Ck?sin(kx)~C,k*cos(kx). (8)

B 3ammcanute n3pasy HEU3BCCTHUTEC MHTCTPAllMOHHU KOHCTAHTHU Cl u C2 Tp5I6Ba Ja
YAOBJICTBOPABAT 'PAHUYHUTC YCIIOBUA Ha KpaUllldaTa Ha IIPbTA.

2(0)=0 CZ+E(|3kz|=o,

7'(0)=0 Ck—2 o, )
Elk

2(1)=0 C,sinkl+C,coskl=0.

B ypaBHeHuATa Ha IrpaHMYHUTE ycloBHUs Ha npbra HewsBecTHu ca C,, C, u Q.
Cucremarta cbabpaxka camo otHomeHus Ha C,, C, u Q. 3anucanure ypaBHeHUs: HOpPMyIUpaT
XOMOTCHHA CUCTeMa JTMHCHHH anreOpryHU YpaBHEHHS. Bh3MOXKHHU peleHus Ha cucTemMara ca

C,=C,=0, Q=0. B 1031 ciydaii HanpeYyHOTO MPEMECTBAHE Z(X)=0.
[TpsTHT 3ana3Ba MbPBOHAYATIHATA CH IIPABOJIMHEITHA PaBHOBECHA (hopMa.

He Bcuuku HensBecTHH B cucremara ca pasHu Ha Hyna - C #0, C,#0, Q#0 - B To3u
cilydail IPhTHT MMOJIyYaBa HAIIPEYHH NTPEMECTBAHKS B PAaBHUHATA CH.

Heo0xomuMOTO M JOCTAaThYHO YCIOBHE 3a CHIISCTBYBAHE Ha HEHYJIEBO PEIICHUE HA
MOJIydeHaTa XOMOTCHHA CHUCTeMa JIMHCWHU alrcOpHYHU ypaBHECHHUsS € JIETCPMUHAHTA M Ja
Oblle paBHA Ha HyJa. YpaBHEHHETO Ha YCTOWYMBOCTTA B TO3U CIlydall ChIbpiKa
TPUTOHOMETPHUYHU (YHKITUH

|
0 1 5
Elk

1
det| k 0o - =0. 10
Elk? (10)

sin(kl) cos(kl) 0

CJ'IG)I Pa3BUTHUEC HAa ACTCPMUHAHTATA TO IpUEMaA CICIHUA PA3BUT BUJ

Ellkz(kl—tg(kl))=0; tg(kl)=k . (12)

Pemienne Ha MoOJIydEHOTO TPAHCLEHAEHTHO YPaBHEHHUE — YHUCJIEHO, C OIMUTBAHE WM
rpaduyHo, onpesens KpUTUYHATAa CTOMHOCT Ha IapaMeThpa Ha HaToBapBaHe - F, .

2
v, El El
==, F,=201607 . (12)

T
=T 449, (v=kI), F
VCT 0’7 (V ) cr

Dopma na be3paznuuno pagHogecue

OmnpenensHeTo 1 10 CHITHOCTTA CH MPEICTABIIBA 33a49a 32 COOCTBEHN YUCIIA.

OT XOMOreHHaTa CHUCTeMa JIMHEWHHU ajareOpUuHu YypaBHEHHs MOXE Jia Ce OIpeleNu
camo oTHomeHuero Ha koHcranture C,, C, u Q.

B ennoto or ypaBHeHusiTa ce mpuema Hampumep C,=1. Koncrantute C, u Q ce
OIIPEJIETAT OT APYTOTO ypaBHEHUE

Q=EIk?; C,=—kI.
TpeToTo ypaBHEHHUE CITYKH 3a MPOBEPKA.
sinkl—klcoskl=0, —tgkl+kl=0.

TpeToTo ypaBHEHHE € IPOBEPEHO H C€ YAOBJICTBOPSBA aBTOMATHYHO.
HpI/I MOJIY4YCHOTO OTHOHMICHUC HAa MHTCIPAlIMOHHUTC KOHCTAHTU BHUIABT HaA (I)YHKL[I/II/ITC
Ha MMPEMECTBAHETO, HA 3aBBPTAHETO U HA KPUBUHATA OKOHYATEITHO CE OMUCBA OT YPaBHEHHSITA
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2(x)=(sin(kx)—klcos(kx)+k(1-x));
' (x)=kcos(kx )k Isin(kx)—k ; 2" (x)=—k?sin(kx)+k*cos(kx)—k . (13)
ITpu onpenensiae Gpopmara Ha Ge3pa3IMIHO PAaBHOBECHE CTOMHOCTTA Ha mapamerbpa Kl

€ U3BECTHA U CbOTBCTCTBA Ha Fcr .

VenoueTo Z' (X)=O, CHOTBETHO tg%=k| , cenBa kx=2,703 ompeneis eKCTpeMyMma Ha

dynkuusta 2(X)=6,2764.

Venosuero 2" (X)=O, ceotBeTcTHO  tgkx=Kl, cnemBa kx=1,3516 omnpenens
uHpIeKCHaTa TOUKa Ha (PyHKIMATA HA IpeMecTBaHeTo. B nH(ekcHaTa Touka Ha QyHKIUATA
2(x) croiinocrra Ha pynkimsaTa e z(X)=31384.

Uscnenpane Bujaa Ha QyHkuusata z'(X) ompenens BUAa Ha KpUBMHATA HAa OCTa Ha
NpBTa, CHOTBETHO U3IBKHATOCT U BIUTBOHATOCT Ha GyHKIMsTa Ha pemectBaneTo Z(X). [Ipu

2"(x)-0, dpynxuusra z(X) e usnbknana, npu 2" (x)<0 dyukumsra z(x) e Barn6HarTA.
3anucaHuTe YCIIOBHS C€ YCTAaHOBSABAT IPU ONPEACIICH! U3XOIHU JJaHHH.

DYHKYUU HA HANPEUHOMO NPpeMecmeane, Ha 3a6bPMAHEMO U Had KPUBUHAMA

OpnauHatute Ha TpadukuTe HAa (QYHKIUUTE C€ OMPENesIT NPH TMOIXOIAII0 M3OpaHa
JIMCKPETU3AI[MOHHA CThIIKA (IOCTaThbueH OpPON MUCKPETHH CTOWHOCTH Ha (GYHKIMHUTE) IO
JbJDKUHATA HA TIPBTA.

BB3MoxkHO € mpeMruHaBaHe KbM O0e3pa3MepHU KOOPAMHATH.

[TpoBeneHM W3ciIeBaHUS TIOKA3BaT OYEPTAHUETO HA (PYHKIHITA HA TMPEMECTBAHUSATA,
Ha 3aBbPTAHUATA U HA KPUBUHATA HA TOYKUTE OT OcTa Ha mpbTa (dur. 4).

XF
Q
X
X X
z 1 i
Hamnpeunu npemecTBaHus 3aBbpTaHUsS Kpusuna
z(x) 2'(x) z"(x)
@ur. 4

@yHKIMATA Ha KpUBMHATaA Ha OCTa Ha IMpbTa CHBMAJA, CHOTBETHO OuyepTaBa
MOMEHTOBaTa JuarpaMa B IpbTa B CbCTOSIHUETO Ha 0€3pa3InyHO paBHOBECHE.

JlBeTe HyJeBM TOUKH B rpadukata Ha (QyHKIHMITAa HA IPEMECTBAHETO, B CbCTOSIHUETO Ha
0e3pa3IMyHO paBHOBECHE, JIeKAT BBbPXY IpaBa, HANPABICHUETO Ha KOATO ChBMOAga C
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HalpaBJIEHUETO Ha HATUCKoBaTa cuiaa F, mpuera 3a mpuiioxeHa B OOIIO IOJIOKEHHE.
[IpaBaTa cBBp3Ba JBETEC HYJIEBUM OpJMHATH HA MOMEHTOBATa JMarpamMa B CHCTOSIHHETO Ha
Oe3paznuuHo paBHOBecue. CrenBa cuiata Q Qopmynupa peakuusara B CTABHO IMOANPEHUS
Kpall Ha cucTemMaTa B paBHUHATa .

3. 3ary0a Ha ycTOH4YMBOCT U3BbH PABHMHATA HA CHCTeMAaTa
Cucremara 1 TO3M ciay4ail € eIuH IIbT KUHEMaTHUECKU HEONpeAeIMa.
OcHoBHa HEU3BECTHAa € JIMHEHHOTO mpemecTBaHe Z,. MomeHTOBaTa Juarpama,

npenusBukaHa or Z,=1, e nokas3ana Ha ¢ur. 5.

KaHOHHYHOTO ypaBHEHHE B TO3H Cilydail KMa BUIa r,Z,=0.
F|'gz=1
&\ B HSAKOM JHMTEPATYpHH HM3TOYHHIH
V>\ byHKIUATA 771(1/) € O03HayYeHa ¢
SEOLI ,A— 25(v).
JEOLI =) 1Y*
N 2)
) F I,
2 3E(I),13I /
(2) GE0L
El =
3?771(‘/) ( 2)
El —
3IT¢71(V)
@ur. 5
VYpaBHEeHHE HA YCTOWYMBOCTTA r,=0. (14)
3E.01l  ,EI
KoedunueHT Ha KAHOHUYHOTO YpaBHEHHE r,=2 N +3|—3771(V) . (15)
(2
Ananutiuen uspas Ha kopekrypHara gynkuu 7,(v)
v’ v’
nm(V)=o()—7.  weacro (V=7 (16)
1-Y
(o)
Oyuxuuure ¢,(v), 7,(v) u ap. ca Tabynupany.
CrnenoBarenHo
3E.01l  .EI
2 s +3|—3771(v)=0 : m(V)=16,  v=25. (17)
(2
OtTyK 3a mapaMeTbpa Ha KPUTUYHOTO HATOBAPBaHE CE MOJTy4aBa
V2El 6,25EI
I:cr = | 2 I:cr = | 2 ' (18)

MeponaBHa € mo—MajkaTa CTOMHOCT Ha KpPUTHYHA CHJIA, OIpENeleHa OT JBETe
u3cnenBanus. MepogaBHa € CTOMHOCTTa Ha KpUTHYHATA CUJIA, MOJIydeHa MpH 3arybarara Ha
YCTOMYMBOCT U3BBH PaBHUHATA HA paMKara.
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Dopma Ha be3paznuyHo pasHosecue
ChcTosiHUMETO Ha JelicTBallaTa HaTUCKOBA CHJIAa U HAa JIMHEHHOTO npeMecTtBaHe Z =1 B

CTaBHO ITOJAIIPCHUA Kpaﬁ Ha OTACJICHHA BEPTHUKAJICH IIPHT € IIOKA3aHO Ha (bI/Il". 6. Ha cblllaTa
qmrypa € I[IOKAa3aHa U OrbHaTaTa OC Ha IPbTa B pa3TJIC)KIAHOTO CbCTOAHUC.

kl=2,5

_6,25E|

cr |2

y Dur. 6

JudepeHnnanHo ypaBHEHUE Ha Or'bHATATa OC HA KOJIOHATA

2! —k2(1—2)=ﬂ(|—x), KBIETO k2=£. (19)
El El
XoMOreHHO Au()EPEHITHAIHO YPaBHEHHE 72" +k?z=0.
XapakTepuCTHYHO YpaBHEHHE — KOPCHU r2+k?=0 r,=%Kki.

Obw unmezpan Ha XOMO2EHHOMO OUPDEPEeHYUATHO YPAGHEHUE

2(x)=C,sin(kx)+C,cos(kx); (20)

Yacmen unmezpan Ha HEXOMO2EHHOMO OUDEPEHYUATHO YPABHEHUE

[Ipy AscHa YacT HA HEXOMOTEHHOTO AU(EPCHIMAIHO YpaBHEHHE JHHEHHA (YHKIIHS,
Clle/l 3aMECTBAHE B YPAaBHEHHETO, 10 METOJA Ha HEOIpEIEIeHUTE KOSPHUIMEHTH, TOW ce
Iojiy4dyaBa BbB BHUa

E(x)=§(|_xm 1)
Obwy unmeepan Ha HEXOMO2EHHOMO OUpePEeHYUATIHO YPaBHEeHUe

z(x)=Clsin(kx)+C2cos(kx)+§(l—x)+1

7! (x)=Clkcos(kx)—C2ksin(kx)—g ;2" (x)=—Ck?sin(kx)~C,k?cos(kx) (22)
['paHUYHU YCTIOBHS B KpaWIaTa Ha NIPhTa — HHTETPAIIMOHHH KOHCTAHTH
R R
2(0)=0 C,+—I+1=0; C,=——I1-1;
©-0 cF -
R 1R
2'(0)=0 Ck——==0; Ci=——,
0)=0 - IR
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z(1)=1 C,sinkI+C,coskI=0, R

_ |E kI 23)

(tgkl—kI)
B cilydyasa cucréMara HE € XOMOI'CHHA. OT Hesa ce onpeacisiT HCEU3BCCTHUTC
I/IHTGI‘paI_[I/IOHHI/I KOHCTAHTH.

(DYHKI_[I/II/ITC Ha INpEMECTBAHCTO, HA 3aBbPTAHCTO M HAa KpWBHMHATa Ha OCTa HAa IIPbTa
npuceMmar BuJa

z(x)=515in kx—(BI+1)coskx+B(l—x)+1;
Fk F F

z' (x)=Bcoskx+(Bl+1)ksin o g (x)=—5ksin kx+(BI +1)k ?coskx . (24)
F F F F F

UzcnenBanero Ha (GYHKIUMUTE C€ HM3BBHPIIBA AHAIOTMYHO KAKTO B ITbPBOHAYATHHS
CIy4ai.

Vcnosuero z' (X)=0, CHOTBETHO tg%=(l+%)k, cienBa KX ¥ mokasBa ue QpyHKIUATA

2(x) B unrepsana (0,1) nama excrpemym. ITpu x=0 ycinosuero z'(X)=0 ce ynoBnerBopsia
THKJECTBEHO.
Venosuero 2" (x)=0 ompenens nndaekcHaTa Touka Ha (yHKIMATA HA MPEMECTBAHETO

2(x). VYenosuero z'"(x)=0, cwoTBeTCTHO tgkx=k|(1+%1f), cnensa Kx, ompenens

uH(pJIEKCHaTa TOYKa Ha (YHKIUATA HA IPEMECTBAHETO Z(X). OynkmsTa 2" (x) B uaTepBaNa

(0,1) ue ce anynupa. dyuximsra z(x) B unrepsana (0,1) nama undekcna Touka.
3amnrcaHuTe YCIIOBHS CE€ YCTAHOBSIBAT TIPH ONPEICIICHH U3XOIHHU JTaHHH.

DyuKyuu Ha HANPEYHOMO npemecmeane, Ha 3a6bPMAHemo U Ha KpUSUHama

B pesyarar, B pasmiexigaHus ciay4ai, OT PEIIEHUETO Ha YpPAaBHEHUETO Ha
ycroiunBoctTa, cnensa kl=2,5. OpanHatute Ha rpadukute Ha (QYHKIUHTE CE ONMPEICIST
OpH  MOJAXOAANI0 H30paHa TUCKPETH3alMOHHA CThIKa (ZocTarbueH OpOil JHCKPETHH
CTOMHOCTH Ha (YHKIIMHTE) MO 3a/1aJIcHaTa IbJDKMHA Ha MpbTa. [ paduHOTO MpejcTaBsiHe Ha
(GyHKLIMUTE Ha IpEeMEeCTBaHUATA, Ha 3aBbPTAHETO M Ha KPUBHMHATA € ITOKa3aHo Ha dur. 7.

X X X
Z z Z
Hanpeunu npemecTBaHus 3aBbpTaHUs Kpusuna
2(x) 2'(x) 2" (x)
@ur. 7
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®yHKIWsATA HA KPUBUHATA B ChCTOSIHUETO Ha 0€3pa3inyHO PaBHOBECHE ce ChoOpassiBa ¢
BUJIa HAa MOMCHTOBATA Juarpama B IIPbTa [MIPU HeﬁCTBHe Ha HaTUCKOBAaTa CuJjia U CAUHHUYHOTO
JIMHEWHO NMPEeMECTBaHe B CTAaBHO MOANPEHHS Kpail Ha IpbTa € MoKa3aHa Ha ¢ur. 7.

N3uncnennero Ha OpAMHATHTE HA (DYHKIMHUTE HA MPEMECTBAHUATA CE M3BBPIIBA IPU
U3N0JI3BaHE Ha Mapamerhpa Ha ycroitumBoctra v=Kl. B u3pasute Ha chumre QyHKIMH
y4acTBa IBJDKMHATa HA H3CJICIBAHUS €JeMEHT. Bbp3MoxHO e, ciex mpeoOpa3yBaHus, B
CBIIUTE U3Pa3H, H30JHPAHE HA MHOXKHUTEI, ChIIbPIKAI Jb/DKHHATA HA H3CIIC/IBAHUS CJICMCHT.

ChlilecTByBa BU3yallHa KOPECIIOHICHTHOCT My (QYHKIMHUTE HA IPEMECTBAHHATA, HA
3aBbPTAHMATA M HA KPUBHHATA HA M3CJICABAHHS CJICMEHT Ha YCTOWYUBOCT.

(DYHKI_[I/II/ITG Ha NpEMECTBAHUATA, HA 3aBbpPpTAHUATA U HAa KpUBUHATA, U B JBaTa Cly4asd,
CHBIAJAT B OYEPTAHHETO CH C BHIA Ha (YHKIHMATA HA MPEMECTBAHETO M C MOMEHOBATa
JMarpamMa Ha MpbT 3allbBaHE — CTaBa MPHU HATHUCKOBA CHJIA B OOLIO MOJIO)KEHHE, ChOTBETHO
IIPM HATHCKOBA CWJa M HAIPEYHO NPEMECTBAaHE €IMHMIA Ha CTABHO IOAIPEHUS KpaW,
U3BECTHHU OT TEOPHSTA HA YCTONYMBOCTTA HA CTPOUTEITHUTE KOHCTPYKIIUH.

Anamni. U3Boan

W3BbpHIEHOTO NOTYK INPOCTPAHCTBEHO H3CIEABAaHE HAa YCTOWYMBOCT C€ OTHAcs 3a
cucTeMa, HallpeYHOTO CEYeHHE Ha NPBTUTE Ha KOATO MMa OC Ha cuMmeTpus. B ciyuail Ha
HCCUMCTPUYHO HAIIPCYHO CCUYCHUC TJIABHUTC HCHTPAJIHU HWHCPUIHUOHHHU OCH Ha HAIIPECYHOTO
CEYEHHUE Ca 3aBbPTEHU CIPSIMO OCUTE Ha LICHTpaJIHaTa KoopAuHaTHa cucreMa. OcTa Ha npbTa
3amnas3Ba u3o0paxxkeHuero cu. PopmMuTe Ha 3arydoa Ha YCTOWYUBOCT, MIOJYyYEHU B paBHUHATA U
W3BbH paBHMHATA HA CUCTEMaTa, ce Kopurupar (HOpMUpaT) ¢ brbja Ha 3aBbpPTaHE Ha
TJIaBHUTC LCHTPAJIHU WMHEPLHUOHHH OCHU CIPSAMO HCHTPATHUTC WHCPUHHUOHHH OCH. BI/II[’BT Ha
¢ynkuusTa ce 3ana3Ba. lM3o0pa3sBanero Ha popmure e mpocTpaHcTBeHo. [IpocTpaHcTBeHaTa
¢dopMa Ha 3aryda Ha yCTOHYMBOCT C€ MOJIy4aBa OT I€KOMIIO3UPAHUTE PABHUHHH.

Kononara B u3cnenBaHaTa CHUCTEMa IPEACTaBIsABA €IMH OT OCHOBHUTE €JIEMEHTH Ha
MCTOJa Ha NPEMECTBAHUATA, CbOTBETHO Ha yCTOﬁqHBOCTTa Ha CTPOUTCIIHUTEC KOHCTPYKIIUH.
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MOJEJIMPAHE HA BEPTUKAJIHA TUA®PAI'MA C OTBOPH

Jio6en JIio6enon’

BCY ,,Jlioben Kapasenos*, epao Coghus

MODELLING OF SHEAR WALL WITH OPENINGS
Lyuben Lyubenov*

VSU “Lyuben Karawelov ”, Sofia

Abstract: Concrete shear walls are used in high-rise buildings to withstand seismic
loads. Often, for reasons imposed by the architecture of the building, they are made
with openings for doors and windows. Modelling of such a structure is not a trivial task
at all. There are different analytical and computer models for representing shear walls
with openings. In this paper examines the influence of the model on shear forces, and
bending moment in shear walls. Here are represented different models of couple beams
in shear walls for discrete models. In the paper several different models are chosen and
compared. Computer models based to the finite element method are analyzed by
SAP2000 program. The computation analysis is based to elastic behaviour of the
material. All results are compared and some conclusion are formulated.

Key words: Reinforced concrete shear wall, Openings, Computer modeling, The Finite
Element method, Couple beam

1. BbBeaenue

Ot enena crtpana BeptukamHute nuadparmu ¢ orBopu (durypa la) ca cpaBHUTENHO
YEeCTO CpEIIaHO pPelIeHHe B MPOEKTAaHTCKAaTa MPAKTHKa, a OT Ipyra CTpaHa TaKuBa TuaparMu
ce HaMMpaT B JJOCTa CJIOXKHO M BCE OIll€ HEHAbJIHO M3YYEHO HAlperHaTto U 1eopMHUpPaHO
cberosiHue. ToBa Mo bpka NOCTOSHHO HHTEPECa Ha MHOXKECTBO u3cnenosarenu. Oue npeau
MacoBOTO HaBJM3aHE Ha KOMIIOTBPHOTO MOJeNupaHe W Meroja Ha KpalHHUTE €eMEHTH
(MKE) B crpoiiTenHaTta Hayka W MpakTHKa, BBIOpPOCAa C aJEKBATHOTO NPEJACTaBSHE H
U3YHCIIsIBaHE HAa BEPTHKAJIHU AuadparMu C OTBOPU € BBJIHYBAJ Chb3HAHMETO HAa MHOXKECTBO
aBTOpU. MHOI0 CHONyWwINB aHAJIW3 Ha Pa3jMyHUd METOJIU 3a MOJIEIHpaHe U M3UYMCIsSBaHE Ha
mragpparmu ¢ oTBopu ¢ HampaBeH B [1]. HaumHbT Ha MonemupaHe 3aBUCH OT
negopMaTUBHUTE CBOICTBA Ha mrypra. [locneHUAT B 3aBUCHMOCT OT KOpaBHUHATa CH MOXeE
Ja ce kiacuduuupa Kato abCoOTHO KOpaB, abCOMOTHO I'bBKaB U aedopmupyem. [IbpBute
JIBa TUIIA ca CTPOTO TEOPETUYHH.

! TroGen JTro6enos, n-p/notent/ k-pa UBUK, Apxurekrypen dakyirer, rp. Codus, yir.Cyxomnoncka Nel75;
Lyuben Lyubenov, PhD/Assoc. Prof, Department Informatics Visual Arts and Communications, Faculty of
Architecture, Sofia, Suhodolska str. 175, lyubo_el@abv.bg.
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MetoauTe 3a U3uMcAsIBaHE Ha auUadparMu C OTBOPU CHPSIMO HM3IOJI3BAHHUS MOJEIN Ce
JIeNIAT OCHOBHO Ha JBE TOJIEMH TI'PYNU: AMCKPETHH M HEMPEKbCHATH. J{MCKPETHUTE MOJENIU
3amas3BaT PeajHOTO PAa3MOJIOKEHUE Ha CTHJIOOBETE M CBbp3BatouTe mryprose. [Ipu Tsax ce
HaJlara Jia ce pelaBa cUcTeMa alreOpUYHH YpaBHEHHUS OT BHUCOK MOPSIBK, KOETO Hajara
U3IMOJI3BAHETO MM CaMO C MOMOINTAa Ha KOMIIOThpPHAa TeXHHKA. KbM IUCKpEeTHHUTE METOIU
MOEM Jia TIPUYUCIUM MeToauTe mpeaioxenu ot [lonskos, Cnacos, Jandele, Mann u np. [1].
Tunumuno auckperen meron ¢ 1 MKE. B HenpekbcHaTUTE MOJenn OOMKHOBEHO CE 3ara3Ba
JUCKPETHOTO pA3NOJIOKEHUE HA BEPTUKAJIHUTE CTHIOOBE, a CBBP3BALIUTE ILIYypLOBE CE
MOJIeJIpaT, KaTo paslpeAesicHH Mo BHCOYMHAaTa Ha auadparmata Bpb3Ku. [lo m3BecTHH
HEeMpeKbCHATH Mojieu ca npemnoxenute ot Albiges u Goulet, Rosman, /Ipo3nos, JlenoBuy u
Curanos [1]. B [4] ce ka3Ba, ue Te3u pelIeHus AaBaT A00pH pe3yaTatd 3a auadparMu ¢ 5 u
MIOBEYE eTaxa.

B to3u noknan me 0bAaT pasriieqaHd caMoO BEpTUKAIHU quadparMu ¢ eIHa KOJIOHKa
otBopu. llle ObIAaT CpaBHEHH HAKOJIKO AMCKpeTHH MeToau peanusupanu B SAP2000, kakrto
MOMEXY CH, TaKa U C PEe3yJITaTUTE OT HEMpPEeKbCHATH M JUCKPETHH MOJEIH Ha Pa3IUYHU
aBTOPH. 3a JOIIBJIIHUTEITHO U3YHCIUTEIHO YICCHEHHE 1€ ObJe pasrieaana nuadpparma ¢ enuH
pen OTBOPH PA3MOJI0KEHU CUMETPUYHO. 3a IIBJIHOTA HA U3JI0)KEHUETO 111e 00bPHEM BHUMAaHUE
Ha OCHOBHHUTE TNPUHIMIIK W TPEANOCTaBKH NpPU JBaTa THUMA HWIYHCIUTEIHA MOAETH Ha
nuadparMu ¢ OTBOPH.

2. HenpexbcHATH MO/I€JIH

Tbi, KaTO MPUHIMITHATE PA3IAYMsI TPH HENPEKHCHATUTE MOJICIIH Ca HE3HAYMTEIHH, TYK
e ObJIe pasriieaan MmoapoOHO caMo eIUH OT TsIX - Mojena npempioker ot Jposmos [2], [3].
MoenbT € 6a3upaH Ha CIEIHUTE MPEINOCTAaBKU, U3JI0KEHH criopen [5] :

e [logoBHUTE KOHCTPYKIIUH Ca TIPUETH UCATHO KOPAaBU B CBOSITA paBHUHA U I'bBKABU
U3BBHH Hes (ToBa € 00MYaiiHa MPEANOCTaBKa MPH MOBEYETO MOJICIH 32 U3UUCIICHHUE
Ha BEPTHKAJIHU JuadparMu Mo IeHCTBHETO HAa XOPU3OHTAIIHA TOBAPH);

e Jlnadparmute ce pasriekaaT KaTo KOH30JIM, ChbCTOSIIN Ce OT OTJCIHU CThIOOBE,
CBBP3aHU TIOMEX/IY CH C IIIYPIIOBE;

e DBposAT Ha eTaxuTe € TrojsiM, MOpPaad KOETO ChCPEIOTOUCHHUTE BIUSHHUS Ha
MOJIOBUTE KOHCTPYKI[MM H IIypPIOBETE MOTaT Ja Ce MpHeMaT pPaBHOMEPHO
pa3mpesiesicHd MO0 BHCOYMHA (TOBa € M OCHOBHATa MPEANOCTaBKa Ha METOJa,
KOSITO TO MPHYHUCIIABA KbM HEMIPEKbCHATHTE);

e CrwiboBere Ha jauadparmara ToeMmarT MpHIafanaTa UM c€ YacT OT OOIIHs
MOMEHT, KaKTO ¥ MOMEHTa OT IIyPIIOBETE Pa3MpeesieH M0 BUCOYMHA , & CBIIO
Taka ¥ HOPMAJIHUTE CUJIU TIPEAU3BUKAHHU OT BEPTUKAJIHHU U XOPU3OHTAIIHU TOBAPH;

e Bpb3kuTe MeXay BEPTUKATHHTE HOCEIIM €JIEMEHTH C€ OCBIISCTBIBA Ype3
[oJ0BaTa KOHCTPYKIMSI Taka, Y€ HOPMalHHUTE CHJIH B [IypIOBETE C€
npeHeopernar ;

e [lopamu OTHOCHTEIHO ToOJIIMaTa pas3jidKa B KOPaBHHHUTE Ha BEPTHUKAIHUTE
CTHJI00OBE M CBBP3BAIIMTE I'M IIYypPIOBE CE MPHEMa, Ye MOCICAHUTE Ca 3allbHATH
KOpPaBo B CTHIOOBETE;

e Biusgnuero Ha TaHreHUuanHuTe Aepopmanuu B CcThIOOBeTe Ha auadparmara
BBPXY XOPU3OHTAIHUTE M BIJIOBUTE MPEMECTBAHHMS HA BEPTUKAIHUTE HOCCIIN
KOHCTPYKLIMH ce peHeOperna.

3a TBJIHOTA HAa W3JIOKEHUETO INE MPEACTaBUM KpaHHTE (GOPMYIH 3a pa3pe3HUTE
yCUJIHMsl B KOJIOHUTE. Pasriiefan e ciiydas Mpu CUMETPHYHO PA3MOJIOKEHU CTHJIOOBE OKOJIO
oTBOpa B auadparmara. M3BexkmaHeTo Ha HaJcHUTE M3pa3u Moxe aa ce Buau B [4]. Crensa
Ja ce 00bpHE BHUMAaHHE, Y€ HAYAJIOTO HA KOOPAMHATHATA CUCTEMa € MPHETO B CBOOOIHUS
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Kpail Ha quadparmaTa, a HE B TOUKaTa Ha 3ambBaHe. M Taka, HopMaiHaTa cuja B CThIOOBETE
IpY HAaTOBapBaHE C PABHOMEPH pas3Ipe/iesiecH ToBap ce omnpeaess no Gpopmynara:

~ 22M0(2)+q(Dshﬁz+chﬂz)_

A'sH'B

B ciydaii Ha 1Ba enHaKBU CTHI0A PA3MOJIOKEHU CUMETPUYHO CIIPSIMO OTBOPA, MOMEHTA BbHB
BCEKH OT TSX € PaBEH Ha:

(1)  *N(z)

0 0
B ropuute dopmymu ¢ M (Z) u Q (Z) ca O3HAYeHW CHOTBETHO MOMEHTAa M Cpsi3BallaTa

CWJIa TOJY4YeHM B KOH30JIHAa Ipefa ¢ AbJDKMHA paBHAa Ha BHCOYMHATAa Ha Jauadparmara,
HaTOBapeHa HampeyHo ¢ ToBap (. OcraHanuTe MPOMEHIUBU y4yacTBally BB opmynu 1 u 2
Ce M3pas3siBarT, KaKTo CIIEe/IBa:

’k b
(4) ﬂ/: g‘f‘sz f

H -shAH
(5) D= A shA |
chAH
KBACTO:
2 hi®
=—, S= , ZB- cyMaTa oT KOpaBI/IHI/ITe Ha CT’bJ‘I6OBeTe, h- cTaXHarta
bEA 12Elmb

BucounHa, El, - xopaBunara na mypua.

OcraHanuTe mapaMeTpu ca crope] o3HadeHusTa Ha ¢urypa 16.
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e f//f'//f///?‘// /‘(//f

a) 0)
®urypa 1. a)/Tuadparmu ¢ orBopH; 0) M3uncnutenHa cxema — moen Ha JIpo3nos [4]

3. lucKpeTHH MOIe]IH

B muckperHUTE MOJIENHN Ce THPCH aHAJIOTHS C PEIIaBaHETO HAa PaMKa C MIMPOKH KOJIOHH,
IIPU KOETO CE JIBPXKHU CMETKa 3a (pakTa, ye KopaBUHATa Ha KOJOHUTE MPEBHUINABA 3HAYUTEITHO
Ta3u Ha CBBp3BalIUTEe T'W InypuoBe (purenau). C orieq Ha TOBa pUTENUTE c€ IMpUeMaT
€IAaCTUYHU CaMO B PAMKHUTE Ha CBETJIHS CH OTBOp, a B OCTaHAJIaTa 4acT MepeHa OT proa /10
OocTa Ha KOJIOHAaTa ce mpuemaTr 3a Oe3kpaiiHO kopaBu (¢urypa 2a). ToBa € OCHOBHUS
KJTaCHYECKU TUCKpPEeTeH Mojeln. JIpyr OCHOBEH AMCKpeTeH Mojen, pasrieaad B [5] u [6],
npreMa JIObIHATEIHO MTOBHUIIIEHa KOPaBHHA U 32 YacTTa OT KOJIOHUTE TOMaaiy B odcera Ha
purena (¢purypa 20). B [6] ce npenopbuBa u Te3u 30HU Ja ce MpUEMaT 3a OE3KPaliHO KOpPaBH.
Tyk e MOMeHTa /1a OTOeIEeKUM, Y€ TaKOBa IPUEMaHe HE € HAIThJIHO TEOPETUIHO 0OOCHOBAHO
¥ OCBEH TOBa BOAM JO PEIMIA WM3YHCIMTEIHU NMpoOIeMH NpU peaju3alus Ha Mojena C
noMoInTa Ha copTyep 3a CTaTUKO-TuHaMudeH aHanu3 Oasupan Ha MKE. B [13] ce mpaBu
UHTEPECHO MPEUIOKEHUE 32 HaMalsiBaHe Ha JbbkuHaTa Ha bK3 (Oe3kpaitHo kopaBa 30HA) B
purena.

Hapen ¢ knacuueckute auckpeTHu mozaenu B [12] morar nma ce BHISAT olIe HSKOJIKO
WHTEPECHH Mojielia, MpeacTaBeHn Ha ¢urypa 3. [IbpBOTO TpemyiokeHHWe € Ja ce MpHeMe
pHren ¢ MOCTOSIHHA IO IsIaTa CH IbJDKHHA HO YBeJM4eHa KopaBuHa. [1ogo0HO mpeoxkeHne
ce nancupa u B [10]. HTepeceH B ToBa OTHOIICHUE € U Tpyaa [7], kKbaeTo KoeduImeHTa ¢
KOWTO Ce MPOMEHSs pHurelna ce omnpenens ¢ momomnra Ha MU (M3KyCcTBEH MHTEIIEKT).

[ToBuimenata kopaBuHA ce MoydaBa 1mo ¢opMmysnara aajaeHa Ha ¢purypa 3. CiaeapammsT
Mozen npemnoxeH B [12] e mpexactaBeH cbimo Ha ¢urypa 3 M uaesTa My ce CbCTOH B
CBBP3BAHETO HAa O3HAYCHHTE BB3JIM C UJICATHO KOPABO TSUIO, M3PABHABANKHU MPEMECTBAHHATA
um. B SAP2000 toBa ce peamusupa ¢ Rigid Body. Tam cbilo € HampaBeH W CpaBHHUTEICH
aHaM3 Ha TPEJIOKEHUTE MOJETH MO OTHOIIEHHE Ha MOJeN Ha Auadparmara M3MBIHEH C
Shell emementn. OT pe3ynraTuTe MOXE Ja C€ HAlpaBH H3BOJA, Y€ MOJCIA C yBEJIHUYEHA
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KOpaBHHA Ha pUresia U Mojelia ¢ 00eiMHEeHre Ha BBh3IKTE Ha IIypiia u Kojonata ¢ Rigid Body
naBat MHoro Ommsku pesynrtatu ¢ Shell mogena. Ocen ToBa u B [9] chuio ce 3acThiBa
UaesTa, ue € no-aoope auadparma ¢ OTBOPHU Ja Ce€ MOJCIHpPA KaTo PaMKOBAa KOHCTDPYKIIHS.
HOpaI[I/I Ta3u NpHUYHMHA B HACTOAIIMWA AJOKJIA IIC 6’BI[aT pasricgan caMO HCIPCKbCHATU U
JIMCKPETHH PAMKOBH MOJIEITH.

nr—- n r_—j
EJ-eo £J=ee
P e ST k-“',_e‘*
£ Ed
2m——-rmnl 2 ’:E_,p
Ay £l E3
PR WEISR— 1
sl b
2 1 1
¢ 0
o o Y xccd 2y
S 4

®urypa 2. UzuyncnutenHa cxema Ha quadparma ¢ e[JMH BepTUKalIeH pel oTBopH: a) ¢ BK3
camo B purena; 0) ¢ BK3 B puren u xonona [1]

h L A,
E= Ll it | al
_________ H Elr i
| 1 : / -
I I I
R I
I | —--—'\In-"-""' KE.I'= L 2% ----—:-'-"
| | ' i
| , : . |
H i+ M) |
e | b |Er=m——E
! l r s |
| | [ |
| | , by 1]
———— | el e I
| | : :
| 1 Elg
| I
. Rigld eocupling

a) 6)
®urypa 3. a)/luadparma c oTBopu — AUCKpeTeH Moze; 0) Moaenupane Ha purena Ha
3amecTBamara pamka [12]
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4. YncJieH eKCepuMeHT

Ille pa3riename cumeTpudHa I1aiida ¢ equH pen otBopu (durypa 4). JleGenmHaTta Ha
nuadparmarta € 14 cm, etaxkHara BucounHa € h=2,90m, OposaT ertaxu € 9, MOIyIbT Ha
enactuanocT ¢ E =2650 kN /cm?. IIpumepsT e B3eT oT [1], 3a 1a ce Moi3BaT HArOTOBO

pe3yJTaTuTe OT HENPEeKbCHATHTE M HAKOM JAMCKPETHH MOJEIM pEIICHH Ha pbKa.
JIOBTHUTETHO ca MOATOTBEHU HAKOJIKO Mojena ¢ momorra Ha SAP2000 u ca cpaBHEeHU ChC

chiecTByBamuTe B [1] perrenus.

U Taka na o0oOmMMm, Iie cpaBHSABaMe PE3yATATHTE OT PEIICHUATA HA M3YHCIUTEITHUTE
MoJIeNH, npencTaBenu B Tabnumna 1. [IpeacraBenu ca 4 HeNMpeKbCHATH MoJIeNia H 6 TUCKPETHH,
Karo mocieaHutre 3 or TAx ca peanmsupann B SAP2000 m mMeHHO Te ca mpeaMeT Ha

Hacrosgmara pa3pa60TKa.

| b=570m |
l./ ¥
( DS
‘ T 4
I £70 1 a8 <70 L
= > A : =

®urypa 4. [luapparma ¢ eAMH peJ; OTBOPH — HAIIPEUEH pa3pes.

Ta6auna 1. U3uncnurennu Mmoaenu Ha nuadparMa ¢ OTBOpU

O3HaueHue Ha Onucanue
MoJiena
M1 Henpexscuar mogen Ha [[po3nos

M2 HenpexnscHar mozen Ha Albiges

M3 Henpexbcuat mozaen Ha Pocman

M4 HenpexbcHat mosien Ha Curanos

M5 Huckperen moaen Ha [lonsikoB

M6 Huckperen moaen Ha CniacoB

M7 Juckperen monen Ha Jendele

M 8 Huckperen monen, peanm3upad B SAP2000 ¢ BK3 Ha purena B
30HaTa Ha KOJOHHUTE

M9 Huckperen monen, peaim3upand B SAP2000 ¢ mpoMeHeHa KopaBUHA
Ha purena

M 10 Huckperen mojaen, peanusupand B SAP2000 ¢ Rigid Body Bpb3ka

MCKAY BB3JIMTC HA I'PCANUTC U KOJIOHHUTC

Pesynrature oT n3uncaeHusaTa ca npuBeaeHu B Tabauna 2 u tabnuna 3. Ceyenue A-A e
B OCHOBATa Ha IbPBUS CTHI0, a ceueHne b-b BsB BTOpHs. PaBHOMEPHO pasnpeeneHus ToBap
€ MPWJIOKEH B IBbPBUS CTHIO. B Tabnuiute ca mpeacTaBeHu CTOMHOCTUTE HA €CSKO €THO OT

TPUTE PA3PE3HU YCUIIUA 3a BCCKH OT U3YHUCIUTCIITHUTE MOACIIN.
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Tabauua 2. Pesynratu 3a pa3pe3HUTe YCUIUS B TbPBU CTHJIO

Mogen Pa3pe3nu ycunus — ceuenne A-A
N Q M
M1 43,297 kN 13,050 kN 46,906 kNm
M2 43,100 kN 13,050 kN 47,550 KNm
M3 40,350 kN 13,050 kN 55,300 kNm
M4 42,661 kN 13,050 kN 48,469 kNm
M5 34,931 kN 13,050 kN 70,900 KNm
M6 38,584 kN 13,050 kN 60,350 KNm
M7 41,320 kN 13,050 kN 52,500 kNm
M8 27,640 kN 14,920 kN 73,190 kNm
M9 28,100 kN 15,170 kN 71,140 KNm
M 10 34,670 kN 14,070 kN 51,110 kNm
Ta6auna 2. Pesynraru 3a paspe3sHUTe yCuins BbB BTOPU CTHIO
Mogen Pazpesnu ycunus — ceuenue b-b
N Q M
M1 43,297 kN 13,050 kN 46,906 kKNm
M2 43,100 kN 13,050 kN 47,550 kNm
M3 40,350 kN 13,050 kN 55,300 KNm
M4 42,661 kN 13,050 kN 48,469 kNm
M5 34,931 kN 13,050 kN 70,900 KNm
M6 38,584 kN 13,050 kN 60,350 KNm
M7 41,320 kN 13,050 kN 52,500 kNm
M8 27,640 kN 11,180 kN 67,410 KNm
M9 28,100 kN 10,930 kN 66,830 kNm
M 10 34,670 kN 12,030 kN 49,410 KNm
N3Boan

Ot npencTaBeHuTe TaOJIUYHO pPe3yaTaTH ce BUXKJa, Ye Hail-oce3aeMo Bapupa Or'bBaroMs
MOMEHT, KaTO MaKCHMaJHaTa pa3jihka B 3aBHCUMOCT OT MPUJIaraHus U3YUCIUTENIEH MO €
oT mopsanbka Ha 36%. Bmxma ce, e KaTo ISUI0 HEMPEKbCHATHTE MOJIETH JaBaT II0-
KOHCEpBAaTHBHA OIlEHKA B CpaBHEHHUE C AWCKpeTHHUTe. Ha 6a3a Ha M3BOAUTE M MPENOPHKUTE
nanend B [9] m [12] OGuxme moraum nga Be3npreMeM Monaena M 9 3a pedepenteH. B TakbB
CiIy4yall MOXEM Jla CYuTaMe U3YUCIHUTeNIeH Mojiel M 5 3a Hali-oCTOBEpEH U3MEXIY PHUYHUTE
Metonu. OT HempeKkbCHAaTUTE MOJENU Hall-MHOro ce noOnmkaBa 10 pedepeHTHHs M 3.
W3BecTHO yuyyaBaHe Ha MpHB morjien Oyau ¢akra, ue pedyntature oT M 10 ce qoGmmkaBar
MOBeYEe /10 HENPEKbCHATUTE METOAU. AKO ce 3aMuUCIMM o0aye, HAUMHBT HAa MOJIEIHpaHe
MPENCTaBsl paslpeeuTeNIHaTa CIOCOOHOCT Ha pUreia JOHSKbB/E, KAKTO B HEMPEKHbCHATUTE
Mozaenu. Pesynratute or M 8 1 M 9 moutrw HambJIHO CH KOpPECIOHAMPAT, KOETO JaBa
OCHOBaHHUE J]a CUMTaMe MOJEIIMTE B3aMMHO3aMeHseMH.B 3akitoueHne MOKeM Ja HampaBUM
MpenopbKa 3a MPAKTUYECKOTO U3MOJI3BAHETO Ha Moaen MS, M 8 u M 9.

Kato Hacoku 3a Obaemia pabora 6MxmMe MOTJIH 12 OUYepTaeM H3ClIeABaHE Ha OpOs eTaxu
U TO3MLMATa Ha OTBOPUTE BBPXY UYBCTBUTETHOCTTAa Ha Mojnenute. Chbino Taka 6u Omio
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UHTEPECHO Ja Ce IPOCIea BIMAHUETO HA IOJIEMUHATa Ha OTBOPUTE, KAKTO U J1a CE HAIllpaBU
U3CICNBAHE IIPYM HEJIMHEHMHO IIOBEACHUE HA Marepuana. bu Morio na ce mpocienu u
BIMSHUETO HAa MOJEIA BBPXY pAa3NpEACICHUETO HAa CEU3MHMYHATa CHIA, PECIEKTUBHO
pa3pe3HUTE YCUIIUS MEXKIY OTICIHUTE TuaparMu.
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NPUJIOKEHUE HA PEJIA HA TEMJIBP 3A ONIPEJEJISTHE HA
EJTACTUYHATA JIUHUSA HA ITPABA I'PEJJA

Cgetyana JInJmOBa-MapKOBal, Jdumutsp Jlosos 2

Yuueepcumem no apxumexmypa, cmpoumencmeo u ceooe3usi

TAYLOR SERIES APPLICATION IN OBTAINING THE ELASTIC LINE OF
STRAIGHT ELASTIC BEAMS

Svetlana Lilkova-Markova!, Dimitar Lolov?

University of Architecture, Civil Engineering and Geodesy

Abstract: The article presents a method for obtaining the function of the elastic line
of a straight beam using the Taylor series. The method could be used in statically
determinate and undetermined beams. The method seems to be more convenient for
use than the classical method of integrating the differential equation of the elastic
line of the beam.

Key words: beam, Taylor series, elastic line

1. BbBenenue

I'penure ca BaKHU KOHCTPYKTHBHH €JIEMEHTH B MAIIHHOCTPOCHETO W B
CTPOUTEINICTBOTO, Te ce nehopMupart moj JeicTBUE HAa BHHILIEH TOBAp.

B nureparypara no Cenporusienue Ha Matepuanute ([2], [3], [4] ) ca npencraBenn
pa3InYHK METOJH 3a ONpEAC/IsSHEe Ha HAMPEUYHUTE HA OCTa HA Ipejara MPEMECTBaHUS, a
CBIIIO U HA 3aBbPTAHUAITA B KOHKPETHH CECUCHUSI.

C MeTo/1a Ha HEMOCPEICTBEHOTO MHTErPUpaHe Ha JU(EPEHIIMATHOTO YpaBHEHUE Ha
ellacTMYHATa JIMHHUS C€ IMOJIydaBaT (PYHKIMUTE HA BEPTHKAIHUTE MPEMECTBAHUS U Ha
3aBbpTaHuATa. [IpM cTaTMYecKkd OIpeleTMMH Tpeld B JSICHATa YacT Ha TOBa
audepeHIIMaIHO ypaBHEHHE ydyacTBa ()YHKIIMATA HA Or'bBAIIMS MOMEHT M 3HAaK MHUHYC
npen Hes. ToraBa 3a ompezensiHE HAa WHTETPAMOHHUTE KOHCTAHTH C€ MpHJIarat
ICOMETPUYHHU YCJIOBUS Ha TPAaHUIIMTEC HAa BCEKM YyYacTbK. AKO TpelaTa € CTaTHYeCKU
HEollpeeNinMa, TO B JsICHATa 4acT Ha AU(EPEHIHATHOTO ypaBHEHHE Ha €JacTUYHAaTa
JMHUS 32 BCEKM YYacCThK ydacTBa (YHKIHMsATAa Ha pasmpereiicHus ToBap. ToraBa ce
N00aBsIT W CTaTUYHM TPAaHUYHU YCIOBHSA 3a OINpENeIssHe Ha WHTETPAIlMOHHUTE
KOHCTaHTH.

! Ceernana JlunkoBa-Mapkosa, mpodecop, goktop, rp. Codus, oyin. ,,Xpucrto Cmuprencku™ Nel, e-mail:
lilkovasvetlana@gmail.com Tumutsp Jlomnos, morent, gokrop, rp. Codus, 6yi. ,,Xpructo CmupHeHcku™ Nel,
e-mail: dlolov@yahoo.com

HOumutep Jlomos, moment, mokrtop, rp. Codums, Oym. ,Xpucrto Cwmupuencku” Nel, e-mail:
dlolov@yahoo.com
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B Hacrosimara cTaTHs € MpeACTaBeH METO/ 3a OIpe/eIsTHE Ha eTaCTUYHATa JIMHUS Ha
CTATUYECKH HEONpeAeInMa Ipeia U Ha (GYHKIUATA Ha 3aBbPTAHUSITA [PU MPUJIaraHe Ha
pena Ha Teitnbp. U3ncenBanus 3a To3u meto uma B [1].

2. Onucanue Ha METOANKATA
Ako enHa QyHKIHS f(x) MpUTEKaBa TPOU3BOAHN OT OC3KpaeH pejl B OKOJHOCT Ha
TOYKaTa X =a, TO PeIbT

x-a) e, (x-a)t fa)

1! n!

1) f(x)=f(a)+

ce Hapuya pen Ha Teitnbp Ha pyHkiusta f (X) B OKOJIHOCTTA Ha TOYKaTa X =a.

B@21)c f (n)(a) € 03HaueHa N -Tara MpoW3BOJHA Ha (QYHKIIHITA f(X) B TOYKAaTa
X=a.
JnbepeHranHOTO ypaBHEHHE Ha eIacTUYHATA JIMHUS Ha [IpaBa Ipejia Ma BUJIa;

22)  EIwW'(x)=-M(x),

KbIACTO El e KOpaBHHATa HAa OI'bBAHC Ha I'pclaarta. M (X) € q)YHKHI/IHTa Ha Or'bBalllyAd

MOMCHT, X € 0COBAdaTa KOOpAWHATA. Or (22) CC IIoJIydaBaT KaToO CJICACTBUC CICAHUTC
3aBUCHUMOCTH.

23)  Elw"(x)=-Q(x);
24)  ElwY(x)=q(x),

Q(X) € cps3BalllaTa Cuia B Irpenara, a ( (X) € HaIlPEYHO PasNpeIesICHUAT TOBAP.
DyHKIMATA

25)  a(x)=w(x)
mpeacTasisiBa 3aBbPTAHETO HAa HAIIPEYHOTO CCUCHUEC HA IrpEaara.

Wspasure (2.2) no (2.5) ce 3amectBar B ypaBHeHue (2.1) U ce momydaBa cieqHaTa
3aBUCUMOCT [1]

26)  w(x)=w(a)+ (x—a)a(a) (x-a)?M(a) (x-a)PQ(a) . (x—a)%q (x) .

1 21El 3IEI 41E|
Lx=afa (),
41E|
27 wix)=w(0)+ xa(0) x*M(0)_x*Q(0) x*q(0) x°q'(0)
1 201El 31El  4IEl  4IEl

3. Unciaenu uscjaeaBanus
3a wiocTpanys Ha METOJa € M3BBPIICHO ONpEeNITHE Ha elacTHYHATa JHHHS 32
rpenara ot ¢ur.1.
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(I)nrypa 1. CraTuuecka cxema u HAaTOBAapBaHC HA U3CJICABAHATA I'pCaa

I/I3CJ'I6,Z[BaHaTa I'p€aa CbC CTATUYCCKA CXCMaA, IIPCACTABCHA Ha qDI/Il".l, € CbC CICOHUTC
XapaKTCPUCTUKU:
L =6m; 1, =4m; ¢, =12kN/m; g, =18 KN/m; ¢ =20000 kN /m; EI = 30000 kNm 2
OTtyurar ce TPaHUYHUTCE YCJIOBUA 34 JICBUS Kpaﬁ Ha rpeiara OoT (1)1/11".1 H CC 3aIiucBar
H3pPasuTe 3a CJIaCTUYHATA JIMHUA B IBATA y4aCTbKa.

28) «(0)=0
29) w(0)=0
10 =020, X
- 1 2IEl 3IEI  4IEl
_ xMy(0) x*Qi(0) g
11) o ()= *5g
2 3 4
o xag X*M,y0) x3Qu(0) . x*q,
(212) wp(x)=wp + —F -— o= - =T
_ o xMy(0) x2Q,(0) x*g,
(2.13) az(x)—aB El 2El " 6 EI

3ammcBar ce PaBHOBCCHHU YCJIOBHA 34 IsJ1aTa rpeaa MprU KOHKPECTHUTC JAHHU.

(2.14) >V =0->A+cwg +C -12.6-18.4=0
(2.15) > M, =0—>Mp +72.3+72.8-6cwg —10C =0

Cpﬂ3BamaTa cujia U OrbBallilisdi MOMCHT 663Kpaf/'IHO 0IU3KO0 OTAACHO Ha CCUCHUC B
CC U3pas3dBaT 4Ypce3 OMopHaTa peaKLII/E

(2.16) Qg =72-C
(2.17) Mg =-144+4C

OTtuuTar ce caeHUTE TPU IPAHUYHH YCIOBUS:

(2.18) wy(6)=w,(0)=wg
(2.19) ,(6)=a,(0)
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(2.20) w,(4)=0

VYpaBuenus (2.14), (2.15) u (2.18) mo (2.20) mpencraBisBaT CHUCTeMa OT TET
YPaBHEHUS CHPSIMO MeTTe Hen3BecTHH M, &, , Wg U ap.
[Monyuenute pe3ynraTu 3a rpeaara ot ¢wur.l ca:

M , =-54,08kNm, A=4211kN, C =3165kN, wg =3,51.107°m; a5 =-0,521.107*.
OTTYK 3ad U3PA3UTC 3a CJIaCTHYHAaTa JIMHUA B ABATA YU4aCTbKa CC I10JIydaBa

w, (x)=9,01.10*x* ~2,34.10™x3 + 0,167.10 " x*
W,(x)=351.10" -0,521.10 *x+2,9.10#x% —2,24.10*x3 +0,25.10 * x*

HN3Boan

[pemnoxxenust B [1] Merom, KOWTO € MPHIOKEH 3a ONpEIe/IsHE Ha elacTUYHATa
JWHUS Ha Tpenata oT ¢ur.l, ce oka3Ba M3KIIIOYUTETHO yI00CH M JIECEH 3a pelllaBaHe Ha
noao0eH THM 3agaud. [IpeArMMCTBOTO Ha MeTojaa €, ue Obp30 ce CTUra 10 KpaiHwus
pe3yiTar, 0COOCHO MPH CTATUYCCKH HEONPEICIMHN CUCTEMHU B CPABHEHHUE C KIIACHYECKHS
METO/I 32 HEMOCPEICTBEHO MHTErPUpaHe Ha AU(EPEHIINATHOTO YpaBHEHUE Ha eJlaCTHYHATa
JIVHUSL.
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JUHAMUYHA YCTOMYUBOCT HA ITIPABU TPHEU C IPOTUYALLL
@YU

Caeriiana JIMJIROBa-MapKOBal, Jdumutsp JlosoB 2

Yuueepcumem no apxumexmypa, cmpoumencmeo u 2eooesusl

DYNAMIC STABILITY OF STRAIGHT PIPES WITH CONVEYING FLUID

Svetlana Lilkova-Markova®, Dimitar Lolov?

University of Architecture, Civil Engineering and Geodesy

Abstract: The paper presents the results obtained during the years of authors’ research
on the area of the dynamic stability of pipes, conveying fluid. Under consideration are
statically determinate and indeterminate straight pipes. In addition to the most common
supports in the beams — fixed, pinned and roller supports, under consideration are also
pipelines supported by vertical linear elastic supports and a “special combined”
support.

Parametric studies of pipes resting along their entire length or only with a part of it on
a Winkler elastic foundation and/or on a foundation modeled with angular linear elastic
springs ( a rotational foundation ) have been carried out.

The aim of the research is to determine the critical velocity of the conveyed fluid (the
velocity at which the system loses stability) and to examine what is the influence of the
main parameters of the system "pipe-fluid” on its dynamic stability.

The presented methodology can be successfully used to investigate the dynamic stability
of nanotubes conveying fluid. Some results of the research in this area are presented.

Key words: pipe, fluid, critical velocity, dynamic stability, nanotubes

1. BbBeaenue

TpeOute ¢ mpormuam QIyna HaMHpaAT IMUPOKO NTPUIOKEHHE B CHBPEMEHHHTE
TEXHOJIOTHH - B XUMHUYECKaTa MPOMHUIIUICHOCT, PU TPAHCIOPTUPAHE HA ABJITU PA3CTOSIHUS Ha
ra3, B IPOHM3BOJICTBOTO Ha sapeHa eHeprus. [Ipm HAKOM OT TPHOWTE CHIECTBYBa BHCOKO
HalsraHe oT JBWkemus ce ¢ayun. EnuH oT Haii-xapakTepHHTE MapaMeTpu Ha cucTeMara
bayun-tpp0a e KpuTuyHaTa CKOpocT Ha daynna. Ts ce AeduHUpa KaTo CKOPOCTTa, IPH KOSTO
TpbOara ryou yCTOWYMBOCT.

! Cpernana JInnkoBa-Maprkoa, mpodecop, moktop, rp. Codus, 6y ,,Xpucro Cmupencku® Nel, e-mail:
lilkovasvetlana@gmail.com
2 lumurep Jlonos, gouent, 1oktop, rp. Codus, Gyi. ,,Xpucro Cvmupuencku™ Nel, e-mail: dlolov@yahoo.com
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TpuOute, mpoBexaamu Gayus ca MpeAMET Ha U3ydaBaHe Ha peauna yuyeHu. Paidoussis
M.P. [10, 11, 12, 13] e equn OT Hal-IPOAYKTUBHHUTE U3CIIEAOBATENH B Ta3u 0bnacT, JImikosa-
Mapxkosa CB. u [I. Jlosmos B [21] 0600maBar Tpy1oBeTe CH 32 TMHAMHYHATA YCTOWYMBOCT Ha
cucremara ¢uyua-tppba. Elishakoff 1., N. Impollonia [2] orpa3sBar BIMSHHETO Ha
eJlacTHYHATa OCHOBA BHPXY TPENTEHHATA HAa TphOa ¢ mporudany Gayua. J-S.Wu u P-Y Shin
[16] uzcnenBar cucremara (iyua-TpbOa Mpu HAIWYKE HA BBHIIHK TOBapu. /[kymaHoB B. u
Cs. JlunkoBa-Mapkosa [4, 5] npecTaBAT YnuciieHH U3CICIBaHUs Ha TPHOa, 3aIIbHATA B JICBUS
Kpail ¥ MOANpsiHA Ha BEPTUKATHH €JIACTUYHH OIOPU B JIECHUS Kpail M BbB (PUKCUPAHH MECTa
no nbiokuHarta . B [1, 17] ce pa3riexna quHaMHYHATA YCTOWYMBOCT HA TPBHOA ¢ MPOTHYAIL]
¢y, kaTo B JeBHUA Kpail Ha TpbOaTa MMa 3abBaHe, a B ACCHUS — CIEIMaTHa KOMOMHUpaHa
omopa. S. Kaneko u konektus [3] aHanu3upar TpenTeHUATa HA TPHOU ¢ JABUXKENI ce (DIyHI.
JlunkoBa-Mapkosa Cs. u /. Jlonos [6,7,9] npeacraBaT u3ciaeaBaHUs Ha TPENTECHUATA Ha
TpbOa, Jexama BbPXY pa3IMyHU BHJIOBE OCHOBM — BHHKIEpOBa, pOTallMOHHA W Ha
[Macrepuak. JIBamara aBTopu B [19] pasraexmar temmeparypHo Bw3aciictBue, B [20] ce
OTYKTA BIUSHUETO Ha TPUEHETO MEKAY TpbhOa W (iayua BbpPXY HAlPEYHHUTE TPENTEHHS, a B
[30] ¢ mpmiokena Teopusta Ha Tumomenko. Jlomos JI. B [23, 24, 26, 27] npencraBs
U3CIIe/IBaHMs Ha TUHAMHYHATA YCTOWYMBOCT HA TPHOM C MpOoTHYAI mysicupant Gpuayua, B [28,
29] Tppbara e u noroneHa BbB Guyns, a B [25] Tppbara € BbpXy BUCKO30€IaCTUYHA OCHOBA.

Bbraeponnute HaHOTPBHOM ce MpwiaraT HIMPOKO B MEAUIMHATA, EICKTPOHHUKATA,
unaycrpusara. J. Yoon u xonektuB B [14] mpumarat monenupane no Oiiep 3a KOH30JHA
BBIJICPOJIHA HAHOTPHOA, MPEHACSIIA TEYHOCT, C WK 0e3 BrpakIaHe B eJIaCTHYHA Cpela KaTo
nosumep. Whily M. u N. Quirke B [15] u3cneasar B3amoelicTBueTo Ha (GIIyuI U1 HAHOTPHOA.
JlunkoBa-MapkoBa CB. u 1. JlonoB B [18, 31, 32] ompemensT KpUTHYHATA CKOPOCT Ha
nporuyanl (GIyuI B €IHOCIOWHA KapOOHOBa HaHOTPHOA, a B [8] m3cienBar nuHaMuvHaTA
YCTOWYHMBOCT Ha JIBYCJIOHHA KapOOHOBa HAHOTPHOA.

B HacrosimaTa cratus ca mpe[CcTaBeHH pe3yiITaTH OT M3CJIEIBaHUs Ha JBaMara aBTOPH
BBHB BPb3Ka C IMHAMUYHATA YCTOMYMBOCT Ha MPaBU TPHOH, MpoBeKAAIN (HIYU.

2. Onucanne Ha 3aJa4aTa
Ha ®wur. 1 e nokazana cxema Ha Tpb0a, mpoBexkaama Gayua. Ocra x € ¢ Hayauo B JIEBUS
Kpail 1 UMa HampaBlieHHE Ha OCTa Ha TpbOaTa. OcTa Z € Haco4ueHa HAAOMdYy.

Zy
®urypa 1. Cxema Ha TpbOa ¢ mpoTryani Gpayus

C W(X,t) € O3HayeHa (PYHKIUATA Ha BEPTUKAIHUTE NMPEMECTBAHUS HA TOUKUTE OT OCTa

Ha TpbOaTa, kpaero t e Bpemero. JudepeHInanHOTO ypaBHEHHE, ONMUCBAILO HAMPEYHHUTE
TPENTEHUs, UMa BUJIA:

(1) EIW g + MU 2W o + 2MUW  +(m+M )Wy =0
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B ToBa YpaBHCHHUE C JOJIHUTE MHIACKCHU X u t ca o3HaueHHU IIPpOU3BOJHU Ha (byHKHI/IHTa
w(x,t). Hanpuvep, W = 02W/ X3t ; W 00 = 0w/ ox*

El e xopaBuHaTa Ha orbpBaHe Ha TpbOaTa, M — Maca Ha TpbOaTa Ha EAMHUIA TBIDKIHA,
M — maca Ha dnyuma 3a equHUIA IBDKMHA OT TpbbOata, U — CKOpPOCT Ha MpOTHYAIIHS
bayn.

3a peurenueTo Ha ypaBHeHue (1) pynkuusra W(X,t) ce MpeACTaBs BbB BUJA:

2 w(xt)=W(x)exp(iot)

KBJETO O € KPbroBara 4eCcTOTa Ha TPENTEHHATA, a | — MMarnHepHara eJInHHMIIA.
Crnen mnpeoOpa3oBaHMe ce IMOJy4aBa CIEAHOTO JAU(PEPCHIUAIHO YpaBHEHHUE 3a

byHKIMATA W(X):
B)  EIW 0 + MUPW o + 2ioMUW, — % (m+M )W =0

ToBa ypaBHEHHWE MOXeE Ja ce 3amuilie U uype3 Oe3pa3MepHH BETUYMHU C Led
OIPOCTSIBAHE.

3anucBaT ce TIpaHUYHUTE YCIOBUA HA TIpPaHULUTE Ha BCEKM Yy4acTbK. Taka ce
MoJiydyaBa XOMOTEHHA CHCTeMa OT JIMHEHWHW YpaBHEHHUS C HEU3BECTHU HHTETPALIMOHHUTE
KOHCTAaHTU Ha (PyHKIUATA W(X). 3a HEHHOTO HEHYJIEBO PEIlIeHHE TPsiOBa JETEPMUHAHTATA OT

Koe(pUIIMEeHTUTE TIpe] HEU3BECTHUTE Ja ObJe paBHA Ha Hyna. ToBa yCIIOBHE € BCBHITHOCT
JTUCTIEPCUOHHOTO YpaBHEHHE, B KOETO ydacTBaT Oe3pa3MepHU BETUYMHU Ha 3anadara. Cref
TOBA CE U3BBPIIBA TAPAMETPUYHO U3CIICABAHE.

3. IlpaBu TpHOU ¢ nporryanl Gpayua

3.1.Tpbba, noanpsiHa HA JIMHEHHHU €JJACTHYHH ONIOPH

Wscnensanust B TasW Hacoka ca mpencraBend B [4,5]. Ha ®dur. 2 e mokasana
u3cieaBaHara Tpboa.

1 2 n1 n n+l K=l N-1 N

% :: :: :: - :: > > E> |
e e = X
y - . . . .
Il L, ! T T 9 7
P 1 2 Il"l In+1 IN-l IN -
7 ¢ L R

®durypa 2. Cratuuecka cxema Ha TpbOaTa

3a pemaBane Ha audepeHIMATHOTO ypaBHeHHE (1) ce 3amucBar CleTHUTE TPAHUYHU
YCIIOBUS:

4) w=0u w;,=0 — W, =0unW,, =0 -3anesus kpaii Ha TppOaTA.
(5) WN’XXZO;El WN,XXX_CNWN :0 —> WN,XX:O;EIWN,XXX_CNWN :O -3a

JIeCHUS Kpaii Ha TpbOaTa;
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[Tpy>xHHHUTE KOHCTAaHTH HA JTUHEWHUTE €JIACTUYHH OIOpPHU ca 03HA4YeHH ¢ OykBara C,
MMallla KaTo J0JIeH MHAEKC HoMepa Ha omopara. E e moxynst Ha OHT, a | — nnepruonen
MOMEHT Ha HallpeuyHOTO CeYEeHUe Ha TpbOarta.

3a mpoM3BOJIHA BBTPEIIHA JIMHEHHA €JIacTUYHA Oomopa N ce 3amucBaT 10 YETUPH
T'paHUYHU YCJIOBHUA 3a BpPb3KaATa MCKAY HNPCMCCTBAHUA, 3aBbPTAHUA, MOMCHTHU U CPA3BalllAd
CHJIU B CEYEHHUATA, PA3IOJI0KEHN Oe3KpaitHO OJIM30 BIISIBO U BASICHO JI0 OlOpaTa

(6) Wy —Woy =0 — W, -W,,,=0;
(7) Wnx = Wniix = 0 - Wn,x _Wn+1,x =0;
(8) El Whoxx — El Whitxx = 0 — VVn,xx _Wn+1,xx =0;

9) El (Wn,xxx - Wn+1,xxx)_ ChWp =0 — El (Wn,xxx _Wn+l,xxx)_ ChW, =0.

3.2. Tpw0a, 3anbHATA B €IMHUSI KPaii ¥ MOJANPSIHA HA CHeIHAJTHA KOMOMHHPaHa
onopa B JIeCHHSI.

Tosa usciensane [1, 17] e BbB Bpb3Ka ¢ MPUIOKCHUETO HA TPHOU ¢ poTHyaIl Giryus B
KOCMHUYECKHUTE TeXHOJIOTUU. Pasriemana e TpbOa, 3amrpHaTa B JIGBHS Kpal W IMOATNpPSHA B
JICCHUS ChC CIICLUAIHO YCTPOMCTBO (KOMOMHMpaHa ornopa). Ts npeacraBsuiBa KoHGUrypanus
OT TOCJICJIOBATESIIHN YaCTHYHO €JIAaCTUYHO 3ambBaHe u Q — amapar. Cxemara Ha TpbOara e

nokaszada Ha dwur. 3.

®durypa 3. Cratuuecka cxema Ha TppOaTa

B To3u ciydaii rpaHUYHNTE yCIOBHS 3a ypaBHEHUS (2.3) uMar Buja:

(10) W =0; W, =0- 3a nesus xpaii;
(11) EIW,, +MW, =0; W, =0-3a necHus Kkpaii.

[Tpy>)xunHata KoHCTaHTa M, € MOMEHT, IPUYMHEH OT eIMHUIIA 3aBbPTAHE.

Ha ®ur. 4 e orpa3eHa 3aBUCUMOCTTa MEXay Oe3pa3MepHHs MapaMeThp 32 CKOPOCTTa
Ha Quynga U W TO3M 3a MpyKMHHATa KoHCTaHTa S. C x4 € 03HaueH MacoB IapaMeThp, KaTo €
Bcwia u=M /(m+M)

I'papuxure A-A-A u B-B-B orpassBar pesynrature mnpu AuBEpreHTHa 3aryba Ha
YCTOMYMBOCT, a OCTaHAJIUTE KpUBU — mpu ¢iatep. BumHo e, 4ye nmpu Majaku CTOMHOCTH Ha
napameTbpa S (HarmpuMmep, pu S =2) € Bb3MOKHa caMo ¢uiaTepHa 3aryda Ha yCTOWYHMBOCT 32
BCSIKA CTOMHOCT Ha MacoBHUs mapamerbp 4. [Ipu mo-ronemu croifHOCTH Ha S (Hampumep,

npu S=06) mpu HapacTBaHe Ha U CcHCTeMara cpella JojHaTa IMBEPreHTHA KpUBa MpU
OtinepoBa 3ary0a Ha yCTOWYUBOCT | CJIe]l TOBA — (pIaTepHUTE KPUBH.
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16 -
I\, _n=030
14 - *':
| ""-h p=075 8
12— “.I_1 B
1 T\ n=054
1E| = L < t'll
+ \ B

bezpasmepeH IapaMeThp HA CKOPOCTTA U

I\\; | J | i |
4 = 12 156 20

BespasMepen nmapaMeTbp Ha OpPYKHHATA §
®urypa 4. JlusepreHTHa 1 (arepHa 3arydoa Ha yCTOHYMBOCT

3.3. Tpboa, aexkama BbpXy BuHK/IepoBa eJlacTHYHA OCHOBA W/MJIM BHPXY PoTa-
IIMOHHA OCHOBA.

1m
A0 1 2 3 4 5 6 x

|—-—0— T e A B e A A 6 R e e e e e e e e -—-—-—-—0-—-—-—-—-—--+—-

pittititihhunst

[=6m

w Y

®urypa 5. Cratuuecka cxema Ha TpbOaTa

Koncranrara na BuHKIepoBara emacTMYHa OCHOBa € O3HauyeHa ¢ Cq, a Ta3W Ha
pPOTALIMOHHATA OCHOBA — C Cj.

JudepeHunaiHoTo ypaBHeHHE Ha (PyHKUIMATA W(X,t) Ha HAIPEYHUTE IIPEMECTBAHUS Ha
TOYKHTE OCTa Ha TPpHOaTa NUMa BHUIA:

(12)  EIW 0 + (pAU 2_c, )\N’XX +PAU Wy +(M+M)wy +cw=0.

C A ¢ o3HaueHa IJIONITA HA HATIPEYHOTO CEUCHHE Ha TphOaTa, a ¢ O — IUIBTHOCTTA HA
npoTuyantus QIyu.
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®durypa 6. Cratnuecka cxema Ha Tpp0OaTa

3a pasriexjaHara 3ajada € BUAHO, Y€ [P HaJW4Me U Ha BuHKIepoBa eracTU4Ha
OCHOBA, M Ha eJIaCTUYHa POTallMOHHA OCHOBa (0cHOBa Ha IlacTepHak) KpbroBUTE YECTOTH Ha
TPENTEHUATA Ca HAl-TOJIEMHU.

3.4. Hanotpb0u ¢ mporuyauy GpJayusu.

[IpencraBeHu ca pe3yiTaTd OT M3CJCABAHUs Ha BYCTCHHa KapOOHOBa HaHOTpHOA [8]
ChC CTaTMYEeCKa cxeMma Karo nokazaHara Ha ¢gur.l. C unzaekc 1 ca o3HaueHUE BETUUYMHMUTE,
OTHACSIIM Ce 332 BbTPELIHMs CJIOH, a ¢ 2 — Te3U 3a BbHIIHUA. [[BaTa cios Ha HaHOTpBOAaTa cu

B3aMMoielicTBaT che cuim Ha Van der Waals py u p,.

HudepeHnyanauTe ypaBHeHHs 3a QyHKuuuTe Wy 1 W, Ha HaPEYHUTE MPEMECTBAHUS
Ha TOYKMTE OT JIBaTa cJI0s Ha HAaHOTpbOaTa UMat BUAA:

o*w 282W o%w o%w

13) ElLL—L1+MU*=—2+2MU—L+(M +m)—2L =

( ) 1 aX4 8x2 oxot ( l) atz P
o*w 2w

14) El 2.1m 2 —

(14) 2 4t P2

Tyx E e moxynst Ha IOHT, a | u |, ca HHEpPLIMOHHNTE MOMEHTH Ha CEYEHHATA Ha

JABaTa CJI0s. C ml H M, ca 0O3HAYCHM TEXHUTEC MACH Ha €JWHHIA ObJIDKMHA. M e macara Ha

dbyuaa Ha eAMHAIIA THJDKUHA HA TpbOaTa.
W3BBpIieHn ca YuCIeHN U3CaeABAHNS Ha HAHOTPHOA C TTIOKA3aHOTO HAIIPEUYHO CEUCHUE

u paguycu Ry =12nm, R, =12,68nm.
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®durypa 7. Hanpeuno ceuenue Ha TpbOara

Ha ®ur. 8 e orpaseHa 3aBUCMMOCTTAa Ha KpUTHYHATAa CKOPOCT Ha (iyuaga crmopen
IUTHTHOCTTA MY MPU PA3IMYHU ABJKUHU HA JBYCTCHHUTE HAHOTPHOM.

Ver
[m/s]

30

25

20 L \ : Lzlo}“m

| o 1=20 um

15 1 [ - *L=30um
10

5

a
| Pf E/m ]
0.5 1 15

®urypa 8. Kputnuna cuna Ha ¢iayuaa

3akioueHue

[IpoOnemMbT 3a AMHAMUYHATA YCTOMYMBOCT Ha TPHOOMPOBOIM € HEMOCPEICTBEHO
CBBp3aH C TAXHATa EKCIUIOATAlMOHHAa MpUrogHOcT. B TpwmOompoBoanTe He TpsOBa na ce
JIOTTYCKaT CKOPOCTH Ha TpaHCIOPTUpaHUs (ayw]l, HaJBUIIABAILM KPUTUYHATA CKOPOCT Ha
dbayuaa, mpu KOSITO cUcTeMaTa ryou yCTOWYHBOCT.

ABTOpUTE WMAT W3CIEABAaHUSA 3a JUHAMHYHA YCTOMYMBOCT Ha TPBHOOMPOBOIU C
MyKHATHHH, TPHOOMIPOBOAM, U3TPAJCHH OT BUCKO30€IACTUYCH MaTepuall U JIEKAI BbPXY
BUCKO30-€JIaCTUYHa OCHOBaA. CT)HIO TaKa H3BBPIIBAT HU3CJICABAHUA W BBPXY JUHaAMHUYHATA
YCTOWYMBOCT Ha KPUBOJUHEHHH TPHOOTIPOBOIH.
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VERTICAL STIFFNESS OF PILES AND REDISTRIBUTION DUE TO
INTERACTION FOR LINEAR CHANGE OF SOIL MODULUS BY DEPTH

B. Folic!, R. Folic 2and M. Cokic ®

! University of Belgrade; 2 University of Novi Sad; ® Termoenergo Inzenjering,

Abstract:

The paper shows some characteristic problems of determining the axial stiffness of the
pile and redistribution in a group. Some advantages and drawbacks of the use of
individual design models are indicated. In the redistribution, the zero iteration is
considered, which a condition is when the connecting beams or rafts are fully flexible,
and the final iteration when the deflections of the piles are equalized. In the zero
iteration, all the forces in the piles are of the same intensity, because only the centrically
loaded raft is considered, but the deflections of individual piles during interaction are
different. Due to the symmetry of the problem, in the zero iteration, only the certain
groups have the equalized deflections of piles, but there is no equalized deflection of the
groups themselves. In the final iteration, a distribution of forces in which the deflections
of the individual piles during interaction are equalized is sought, i.e. a tolerance that is a
relative error of 10 in relation to the mean deflection is set. The soil model with the
linear distribution with depth is considered. The effect of the distance of piles on the
interaction is studied.

Key words: Vertical stiffness, Vertical interaction, Redistribution during Pile-Soil-Pile

interaction, distance influences of interaction.

1. Introduction
A large number of researchers dealt with determining the vertical stiffnes and pile-soil-

pile interactions, but only some are listed in this paper, without an in-detail review of results.
Those are: Poulos and Davis [1], Milovi¢ and Pogo [2], [3], Scot [4], Pender [5], Fleming
[6],[7], Gazetas, Prakash, Seed and Reese, Van Impe, Maymond, Vesi¢ [8], Coop [9],
Mosher[10], Foli¢,[11], [12] et al. The interaction problems are analyzed in the papers, by
introduction various models of behavior of the groups of piles. i.e. for the different properties
of soil and variation of individual parameters, including the experimental results and in situ
testing. These papers are presented and analyzed in the paper [12].

! Scientific researcher, University of Belgrade, Innovation center, Faculty of Mechanical Engineering, Kraljice
Marije 16. Belgrade, Serbia. boris.r.folic@gmail.com
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In this paper are analyzed soil modulus with the linear distribution of soil modulus by
depth and the methodology for calculation of the values of vertical stiffness of the piles. In the
process, elastic dependence of the force-displacement curve and redistribution of interaction for
the considered soil model are used.

2. Soil modulus and distribution used in the analysis of vertical stiffness and pile-
soil-pile interaction

Usually, three idealized models of variation of soil stiffness by depth are used, and those
are: linear, parabolic and constant value. Often, the trapezoid distribution is used as a model,
which, for the linear-elastic behavior, can be obtained by the superposition of constant and
linear cases. For the stiffness of the static pile, special expressions and the model are used.

The interaction of nine piles in the group of a symmetrical arrangement 3x3 (figure 1) is
considered.

L& | 8 | Force on the corner pile (1,3,7 and 9) is 117 kN, on

| ; mid-span (2, 4, 6 i 8) 91.8 kN, and on the center (5)
3N 64 94y 64.8kN. By Pender, the total force is 1000 kN, while the
O O G ! authors of this paper set on each pile the force having

® intensity of 100 kN, because it is more convenient to
ZQ SO 8 r _ monitor the redistribution for the total force of 900 kN.
s

\'\\J

1 4 7~ || 2.1. Problem formulation and numerical

O O (_—t*+- treatment of the deterministic problem

For the linear variation of soil modulus by depth the
Figure 1. Arrangement of piles €quations for the linear variation of soil modulus profile
in the 3x3 group, and are given by Budhu and Davies, cited after (Scot R. F.,
redistribution of forces 1981, [4], and Pender M. [5]).

For this case the Young’s modulus of soil and stiffness is:

E
1 E.=mD ; K=-=2
( ) s mD

The axial stiffness of the pile for the linear variation of the soil modulus by depth is:

(2) K, =18-E¢D-.Z *®.®°

(3) R=k=E,/Eg

Es. - is the soil modulus at the pile tip (base) Es. = Es(z=mL)

Where m is the range increase of the Young’s modulus with depth. Budhu and Davies give
values m for different densities of sand. This is appropriate for the static pile load, but not for

the dynamics excitation of piles bounded in loose saturated sands. Other coefficients, equations
and theory can be seen in [5], [6], or [10].

148



XXI MEXOYHAPOOHA HAYYHA KOHOEPEHLIUA BCY’2022
XXII INTERNATIONAL SCIENTIFIC CONFERENCE VSU'2022

2.2. Variation of vertical stiffness of the pile with the increase of the depth of

placement
The analysis provided and presented diagrams of variation of the vertical stiffness of the

pile with the increase of the depth of placement, for the soil with linear increase of the modulus
by depth.

Vertical Stiff. Pile Kv[kN/mm]vs L[m] m=60,0[MPa/m] D=80cm

1400.00
1200.00 /,,\
. 1000.00

800.00

600.00 \\

400.00 \\
200.00 \\

O-OO T T T T T
4 9 14 19 24 29 34

L[m]

Kv[kN/mm

Figure 2. Variable vertical stiff. of pile vs depth piles, in soil modulus with linear variation stiffness
m=60,0 [MPa/m], diameter D=80cm. Depth of pile from 8 to 30m.

LINEAR VARIATION OF SOIL MODULUS m=60 MPa/m

2500.00

2000.00 .
f'\\ —e—D=1.20m
‘T 1500.00 y
£ —=— D=1.00m
2 D=0.80m

1000.00
\ D=0.60m
500.00 ;\\-

0. 00 T T T T T
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L/D - dimensionless pile length

KV - Vertical stiffness of pile

Figure 3. Variable vertical stiff. of pile vs depth piles, in soil modulus with linear variation stiffness
m=60,0 [MPa/m], diameters D=60, 80, 100 i 120 cm. The depth in dimensionless form.

In fig. 2 is presented the diagram of the vertical stiffness for the soil with the linear variation of
the modulus of m=60,0 [MPa/m], which corresponds to the medium dense sand. The diameter
of the pile is D=80cm. On the stiffness variation diagram on may observe the mildly convex
form of the function for the length of the pile of 8 to 10m. For the length of 10 to 20 m, the
stiffness function has a strong linear dependence (R?=0.9977) and decreases with the depth.
Irrespective of the strong linear dependence in this interval, at the depth of about 17m, there is
the inflectional point of the vertical stiffness function. Considering the unexpected reduction of
vertical stiffness with the depth, the variation for the pile diameters of 60, 80, 100 and 120cm
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are to be investigated, for m=60 [MPa/m], and m=1.50 [MPa/m], which corresponds to the
medium dense sand and normally consolidated clay, respectively. The following two diagrams
(fig. 3 and 4) are given for the depth in the dimensionless form L/D, i.e. in relation to the
diameter.

LINEAR VARIATION OF SOIL MODULUS m=1.5 MPa/m

500.00
450.00
400.00 Vak
350.00

/I

!/ —e—D=1.20m

300.00
—=— D=1.00m

/
//
250.00 i D=0.80m
200.00 7 -
150,00 D=0.60m

100.00 'j/‘/
50.00 H i
0.00 T T T T T

0 10 20 30 40 50 60

L/D - dimensionless pile length

KV - Vertical stiffness of pile
[kN/mm]

Figure 4. Variable vertical stiff. of pile vs depth piles, in soil modulus with linear variation stiffness
m=1,50 [MPa/m], diameters D=60, 80, 100 i 120 cm. The depth in dimensionless form.

3. Numerical example
For this problem, the centrically loaded group, of the 3x3 pile arrangement, due to the
symmetry, the following relations are valid:

(4a)  Corner piles: wi= W3= W;= Wq.
(4b)  Mid-side piles: wy= Ws= Wg= Ws.
(5a)  Corner piles: Ny= N3= N7= No.
(5b)  Mid-side piles: No= Ng= Ng= Ns.
Equation of vertical force equilibrium, (due to the symmetry) is in this case:

(6)  N=4N;+4Ny+Ns
Where:
aij - 1s the interaction factor between piles i and j, formula 7 and 8, after Randolf and Wroth
(1979), [5], and [11].

aij = ay = IS the quotient of displacement caused by unitary vertical action on the adjacent

pile and pile displacement due to the unitary action on the pile head.
Interaction factors, defined, by:

Movement caused by unit action on an adjacent pile
Movement of the pile under unit head action

(7) a =
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s 11
1- Fal-v)pd 1oL
(Dimss) TETVP (y rj

1+n(l-v)pZ/y

(8) oy =

(8a) y=In(2r, /D)
(8b) r, =2.5(1-v)pL

(8c) I =In(2r */Ds)

The other formula (9) which is used for the interaction calculation, is simpler and easier
to use, but has certain downsides. Firstly, it derived after the analogy f a circular plate, with the
stiff disk in the center, so it is adequate only for the constant soil, therefore does not take into
consideration the soil modulus variation. Secondly, it does not take into account the ratio of the
depth to the diameter, while the procedure according to the formulas 7 and 8 does that. Further,
formula 8b, represents the distance to which the interaction between the piles is perceived, and
it is not the fixed value.

o Aeffepe]

The final state is that obtained after a number of iterations, when the deflections of all the
piles in the group are equalized, taking into consideration of the piles through the soil. This can
be understood as a deflection of the group of piles, evenly loaded, connected with completely
rigid cap raft — beam. w;i(l;—); wj(lg,—).

3.1. Tabular review of the pile interaction results
The table shows the impact of inclusion or exclusion (bold) of negative coefficients of
interaction, in the case when the occurrence of negative coefficients is slightly surprising.

Table 1. Vertical force on pile head N; [KN] Final iteration.
L=8m. Soil Modul linear m=60 MPa/m, E<=60 [MPa] v=0,5

Force in pile N;

Es=60 [kN] final iteration [mm]

s/D N, N, Ns (Ni-Ns) | ws=wy,

3 120.75 90.06 | 56.76 | 63.98 0.150

3.5 121.54 89.67 | 55.18 | 66.36 0.135

122.37 89.25 | 5349 | 68.88 0.122

4 120.66 90.68 | 54.64 | 66.02 0.123

124.13 88.37 | 49.97 | 74.16 0.097

5 117.81 92.63 | 58.26 | 59.55 0.103
W= Wit
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Table 2. Displac. of pile head [mm]. Zero iterati. L=8m. D=100cm. Soil Modul lin. m=60

[MPa/m] v=0,5
Displacement of pile head
Es=60 [mm] zero iteration
s/D W, W, Ws Wiy (W1-Ws)Wm | MX=My | N ysvoieno S min=h
3 0.141 0.157 0.176 | 0.152 -22.429 | -47.77 1.8 1.2
35 0.126 0.143 0.163 | 0.138 -26.395 |  -72.98 2.1 15
4 0.112 0.13 0.151 | 0.125 -31.040 | -102.54 2.4 1.8
0.114 0.13 0.151 | 0.125 -29.547
5 0.087 0.107 0.130 | 0.101 -43.152 | -100.79 3 2
0.095 0.109 0.130 | 0.105 -33.298

Wn=(4w+4w,+ws)/9; w- (Displacement on) corner piles; w, - mid-side piles; ws- centre pile

Based on the results systematized in tables, it can be seen that as soon as at the 4D
distance, in fact 8D (or diagonally 11.31D) there occur the negative coefficients of the
interaction, which can be a surprise, because, r, depends on the Poisson coefficient, type of soil
and the length of the pile. Possibly, the interaction can exert influence at the distance of rp,
increased for D/4. In table 1 and 2 are provided results because of which the negative
coefficients of interactions are excluded.

Axial loading ‘P

tWo 2
T L~
1 % r T Z
v

- ———b

4 b

Wall %rr E

X
F (u,) 4 ; ; e s ;

Lateral loading ———s— . Pile section displacement as rigid disk in soil annulus.

Figure 5 Analogy horizontal layer of soil with circular plate. Pile is rigid disk in centre of
plate, after Scot, 1981 [4].

According to Scot [4], the distance between vertically loaded piles, should be around 25d,
in order not to have any interaction to take place (Eq. 9).

Table 3 shows effect that change of Poison’s coefficient (Eq. 8a) from 0 to 0.5 has on
different border distance of vertical interaction, for piles with diameter 1.00m and lengths of 8
and 12m, when interaction factor is less than 10™. Here, we consider zero to be any value
interaction factor less than 10™. When Poison’s coefficient decreases from 0.5 to 0, length of
the pile remaining the same, the distance border increases almost doubles.

Influence of variation of Poison’s coefficient (Eg. 8a) from 0 to 0.5 on different border
distance of vertical interaction is shown in table 3 for piles with diameter 1.00m and length 8
and 12m, for interaction factor is less than 10™. Here, we consider zero to be any value
interaction factor less than 10™. When Poison’s coefficient decreases from 0.5 to 0, for the
same length of the pile, the distance border increases almost doubles.
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Table 3. Different limit distances for vertical interaction influence, for 2 neighboring piles. L=8
and 12m. D=100cm. Soil Modul linear. m=60 [MPa/m] v=0; 0.1; 0.3; 0,5

v=0,5

v=0,3

v=0,1

v=0,0

L[m]= 8
s/D [1] = 5,243
M= 5
s/D [1] = 7,234
M= 7
s/D [1] = 9,223
M= 9
s/D[1] = 10,216
fm= 10,00

v=0,5

v=0,3

v=0,1

v=0,0

L[m]= 12
s/D[1] = 7,73
Mm= 7,5
s/D[1] = 10,71
fm= 10,5
s/ID[1]= | 13,696
My = 13,5
s/D[1]= | 15,189
M= 15,00

Fig. 2 and 3, show variable vertical stiffness of pile vs depth piles for medium dense
sand. Decrease of vertical stiffness of floating piles, becomes clear when we keep in mind the
Vesi¢’s research, on driven piles shown in fig. 6, and of the research by the group at Imperial
College, Lehane et al. 1993, shown in fig. 7. This type of decrease vertical stiffness of pile vs
depth, even though it’s partially greater than expected, warns us that when working with sand,
after installation of the pile up to a certain depth, we can not achieve increase shaft friction.
Instead, we must consider increasing the number of short piles in a group.

PP e

Average skin ressstance {1b/in L]

40 p——

Pile length {in.)
@
o
|

=
(=

100 }———

140

/F:‘;_—rol-__'_—.—__'?—-__

Figure 6. Values of pile friction shaft in function of installation depth, and soil density: 1 loose
sand, 2 medium dense sand and 3 dense sand (left after Milovi¢ [3], right after Vesi¢ [8])
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Figure 7. Measured profiles of shaft friction. (Lehane et al., 1993, [7])

The phenomenon of ‘friction degradation’ is illustrated in Fig. 7 with profiles of shaft
friction measured in the three instrument clusters at different distances from the pile, as it is
jacked into the ground. The phenomenon of pile group efficiencies in sand, for 4 and 9 piles, is
shown in Fig 8. Another example can be seen in [1], [3], [4], [5], [7] and [8].
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Fig. 7 Pile settlement graph (Poulos, HG, and Davis, E.H 1980, [1])
Se = Settlement of end bearing pile; S=Settlement of a floating pile

Fig. 7 shows the relationship between settlement of the end bearing pile over the
settlement of a floating pile (S¢/Sf), and a dimensionless length of pile (L/d), for different
coefficients of pile modulus over soil modulus (E,/Es). For relatively large value of those
coefficients, such as modulus pile/soli 1,000 (for example: E,=20GPa, Es=20MPa) for length
greater than 20d, dependency function becomes a straight line. Corresponding ratio for S¢/Sy,
for 20d shows that settlement of end bearing piles is 5 times smaller than that of floating one,
and that by increasing the length up to 100d, these settlements get equalized.

4. Conclusions and final remarks

Based on the numerical research of the arrangement of the piles in the 3x3 group, where
the distance between the piles is 4D, there occur the negative coefficients of interaction,
because, in fact, the maximum distance between the piles on the side of the raft is 8D. Also,
based on the numerical research of the authors of this paper, it is determined that for the
constant, linear and parabolic soil, the mean value of the defection of piles, zero and final
iteration is between 1 and 12%. On this basis, one can adopt with a relatively small error the
first iteration, for which the deflections of all piles are equal to the mean deflection of the zero
iteration, to be the final iteration. The zero iteration provides the arrangement of deflections of
each individual pile, when each of the piles is loaded by the same force.

A simplified formula of interaction can be applied on the constant modulus of soil, where
the mutual effects of the piles depend exclusively on the logarithm of dimensionless distance
(expressed as a quotient of distance and pile diameter). Therefore, this procedure can be
implemented in the layered soil, if the variation of properties of soil among the layers is minor,
fig.5.
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Abstract: The focus of this article is the discussion about conceptual solutions for
reconstruction of existing old steel bridges with orthotropic steel deck panels. This paper
describe successful experience of reconstruction of old steel bridges using this
contemporary technology around the world. The advantages of large piece erection of
orthotropic steel decks panels by reconstruction and widening of old bridges will be
demonstrated. Case histories show that the low weight of orthotropic option for redecking
is desirable. The technique of orthotropic steel deck panel replacement is the innovative
technique for reconstruction and widening of existing steel bridge. Reconstruction of old
existing steel bridges with orthotropic steel deck panels are very efficiency.

Key words: reconstruction, widening, existing steel bridge, orthotropic steel deck panels

1. Introduction

According [1] rehabilitation of existing bridges is an extremely complex and
challenging aspect of bridge engineering. Widening and reconstruction of old steel existing
bridges without interruption of traffic is even more complex. The focus of this discussion
is conceptual solutions, an overview of the fundamental issues or choices in practicable
widening and reconstruction of old steel existing bridges. The technique of orthotropic
steel deck panel replacement is the innovative ABC(Accelerated Bridge Construction)
technique for widening and reconstruction of existing bridges. Bridges built and in
operation with steel orthotropic steel decks in North America are very rare; about 100-120
are orthotropic, while there are 650 000 bridges in the USA alone.

2. Worldwide Summary of Orthotropic Redecking Projects

Panelized decking was first promoted in the literature in the 1960s or possibly earlier
[1]. The Russian Government uses a standardized open-rib deck system for all its bridges
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[3-5]. Lions Gate Approach Viaduct popularized the use of renovating existing
superstructures with redecking of orthotropic panels in 1975 [6-8]. Featured bridges from
around the world deemed to be the most valuable to the reader are included in Table 1[1].
Although an honest effort was made to locate projects, it is highly probable some bridges
were not included in this table. Roman Wolchuk has documented bridges redecked in
North America [9-12]. His articles and those of the various project engineers and
researchers are recommended for reading about the redecking issues [13-17]. There is a
20-40% reduction in dead weight of the deck per square meter of deck area[11].

3. The Great Deck Durability Debate

There is a great deck durability debate among designers, owners, contractors,
product manufacturers and trade association representatives. This discussion is beyond the
scope of this review. However, these examples demonstrate that pre-engineered orthotropic
deck panels are internationally used as the most practicable solution for bridge widening,
when the lowest total weight of the superstructure is the controlling issue. Any deck
incorrectly designed, fabricated or constructed will provide misinformation on that deck
system solution (Table 2 [1]). In the wealthy “G-8” countries engineers and welders are
highly paid with material costs of much lesser importance. In the USA “globalization” or
“out-sourcing” of complex welded orthotropic bridges has been debated amongst the
taxpayers, involved parties and steel industries. A very practicable problem of durable
structures of 100-150 years of life is that the original designer will be deceased. Thus,
documentation passed down through generations of designers and bridge maintenance
engineers is paramount to increased knowledge. Minimal orthotropic top-deck plate
thickness has increased with newer versions of codes. The authors have proposed a “fat
deck” solution of 25 mm deck plate for structures of 100-150 years of life [18]. This
allows for multiple wearing surface replacements, accidental milling and “pit” rusting.
Comparing designs between different countries is more complicated than just translating
the languages. (It is also more difficult because engineering slang or jargon varies with
each country, so basic language translations are incorrect). Every country has different
“design vehicle” live loading, which complicates the issue further. The manufacturers of
special large vehicles have to reverse engineer vehicles’ axle locations and spacing so as
not to overload the existing bridge infrastructure. An interesting graphic comparison
between code minimum design vehicle loads of Germany, Belgium, Sweden, Norway,
Finland, Netherlands, Italy, Spain, USA (HS 20), Switzerland, United Kingdom, France
and Japan is shown in Fig. 1. These complexities make it even more difficult to
internationally compare design and maintenance issues. Thus, case histories should be
looked at mainly from a conceptual philosophical viewpoint. Copies of details from
another country’s codes may or may not work without investigating it in conjunction with
complex codifications that most designers utilize.

ETTE— —— iy

e

Fig. 1. Varli'(;'lTs"'four-lane Fig. 2. Buringtn-)Brlstol Brge J, PA
design loadings[39] (installed in 1931).
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3.1. Background

An orthotropic deck system consists of a flat, thin steel plate, stiffened by a series of
closely spaced longitudinal ribs and supported by orthogonal transverse floor beams. The
lighter weight allows longer spans to be more efficiently designed. In the 1920s, American
engineers began using steel plates riveted to steel beams for large movable bridges. Thus
began the publishing of the idea of using the steel deck plate in harmony with rolled steel
sections. At the time of erection it was the longest lift span in existence. So this bare steel
plate riveted to steel beams lasted 64 years without the kind of wearing surface used on
modern orthotropic bridges (Fig. 2- Burlington-Bristol Bridge, NJ, PA -installed in 1931,
Riveted “checkered steel plate” deck after 64 years of use prior to removal in 1995). The
Caltrans owned San Mateo Hayward Orthotropic Bridge opened in October 1967, and it
has the original wearing surface supported by three-fourth of an inch (about 19-mm) thick
deck plate. Orthotropic steel deck bridges offer significant benefits to their owners because
the lowest final total weight of bridge results in “total bridge initial cost savings”.
Extensive comparisons on redecking weight savings are available from Wolchuk [10-13].
The complex issues of maintaining large suspension bridges are discussed by Buckland
[7]. Hybrid superstructures are being built mixing orthotropic with prestressed concrete
[15]. A contractor, in references [15, 16] discusses Steel Bridge Economics. In the USA,
99,9% of all deck repairs/ replacements are replacements in kind or concrete for concrete.
The US legal system requires that every document needed for a lawsuit, and/or
independent study, to be placed on the website [41]. About ten US consulting firms have
actual orthotropic bridge design experience. These engineers make up for a lack of public
domain software and design aids with in-house computer programs. To stay competitive
these software solutions are kept as proprietary “trade secrets”. These firms work on
bridges in other countries to stay competitive. Thus, an owner will need to make that extra
level of effort and incur additional engineering costs in the USA to get an orthotropic deck
system built. One of them, the 100-year-old arch truss bridge “Ponte Dom Luiz I” in Porto
Portugal by Gustave Eiffel, was renovated and saved for light rail or trolley trains[21].
Most western designers tend to favour the trapezoidal rib over flat plate ribs. Caltrans’
largest orthotropic bridge, the San Mateo Hayward Bridge, uses flat plate orthotropic ribs.
The Bulgarian and Russian mass-produced orthotropic deck panel system uses flat ribs,
which are easier to weld, inspect and fabricate. They are quite acceptable for many
bridges. It is not known if weight savings were needed, but plans do not indicate
rehabilitation to other truss members. So selecting the appropriate bridge is important
because orthotropic decks are more expensive (Fig. 3).

Asphalt wearing surface reinforced concrete

T T f <
\ |
8 - mm Minimum
steel deck plate
bulb ribs

About 600-mm

Fig. 3: Rio Verde Bridge, Italy—courtesy of IABSE [22]

Engineers love to experiment with solutions. It is common to have hybrid deck solutions in
bridges. There are examples of orthotropic wearing surface multi-materials plus multi
layers of protection [22-24]. The most popular topics at the 2004 and 2008 OBC
symposiums [42] were wearing surface and metal fatigue issues.
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4. Reconstruction of old Existing Bridges with orthotropic Deck Panels-Case
history

4.1 Cologne-Rodenkirchen Suspension Bridge Widening, Germany (1994)

The Cologne-Rodenkirchen Bridge is part of the Cologne ring road in Germany. The
378 m span, traditional two main cable suspension bridge was opened in 1940, destroyed
by a bombing in 1945 and rebuilt in 1954 with a concrete deck. This bridge is a three-
cabled suspension bridge. They engineered the construction of the widened towers, a new
third cable “A”, and erection of the new steel decks at “A-B” and redecking at “B-C”
[25, 26]. About half the 12,000 t of fabricated steel for the stiffening girder and orthotropic
decks were made in the UK and the remainder in Germany. Cleveland Bridge replaced the
existing concrete deck with an orthotropic steel deck, and erected the 2,200-m long deck
on site, including lifting of the 1,000 t units with gantries on the main cables (Fig. 4).

5 .
Fig. 4. Completed Widening Cologne--Rodenkirchen — cables “A”; “B” and “C”’[ 25,26]

4.2. Wakato Ohashi Suspension Bridge, Wakato, Japan (1999)

Wakato Ohashi is a toll way totalling 2,1 km in length and is Japan’s first full scale
suspension bridge, which was completed in September 1962. The toll way road surface
was widened. Doubling the traffic lanes from two to four increased the bridge’s traffic
capacity. The very wide original sidewalks on the suspension bridge section were
sacrificed for traffic lanes. The heavier reinforced concrete deck was replaced with open-
rib bulb flat orthotropic steel deck panels (OSDP), using a large gantry crane (Figs. 5, 6).
This allowed two lanes of traffic to use the bridge during renovation [27].

| B
Origingl bridge as-built After orthotropic redecking [open ribs|
p - 15-M S00-mm o 152-m q
AN U - LOM o asM & sommf 325M . 325M barricr
= syvich il railing Concrete One-lane | gk One -lane | One - lane
+ sidewalk concrete deck | - steel deck 600-mm ]
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{ / !
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Fig. 5. Existing sidewalks, Fig.6. Original Cross section (left side);
replaced with OSDP; New cross section( right side)

4.3. Angus L. Macdonald Bridge, Halifax, Canada (1999)

A similar approach was used on the Canadian Angus L. Macdonald Bridge. The width
between the trusses is 11,28 m. The concrete deck in the approach spans deteriorated over
the years since the 1950s and had to be replaced to restore the original safety factors of the
bridge (Fig.7) [28]. The concrete deck was replaced with an orthotropic steel plate deck.
Each orthotropic steel plate panel was covered with a special wearing surface at the steel
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fabrication facility. When the deck replacement was complete, the entire deck surface
received one more layer of wearing surface. The site construction began in May 1997 and
the entire bridge officially reopened on October 31, 1999.

Fig.7. Completed widened Angus L. Macdonald Bridge

4.4. Songsu Steel Truss Bridge, Korea (2002)
The original concrete deck on the steel truss Songsu Bridge opened in the 1970s, and
collapsed in Oct 1994 [29]. A collapse investigation was completed. Due to high traffic
demands, a replacement superstructure the 672-m long seven span Gerber truss bridge
across the Han River, in Seoul Korea was expedited. The five spans are each 120 m in
length. Between 1999 and 2002 it was widened (from four to eight lanes) using a new
exterior truss on each side with orthotropic decks due to even higher traffic demands,
(Figs. 8 and 9).

Toatputh §

Fig. 8. Before and after widening: Fig.9. After widening: Songsu Bridge
Songsu Bridge

4.5. Tamar Suspension Bridge, UK (2001)

The Tamar Bridge opened in 1961, and it was the longest suspension bridge in the
UK. In 2001 it was widened (from three to five lanes) by using two cantilever decks [30].
Since 1961, all traffic merged and shared the three lanes. The original concrete deck had
badly degraded and it was entirely replaced with orthotropic steel deck panels. New
cantilever lanes were added to each side of the existing bridge before the existing concrete
deck was replaced for diverted traffic. The existing members were strengthened by
additional steel components, and 18 new diagonal cable stays were also added. By utilizing
staged construction, the three lanes of traffic over the bridge were never interrupted.
Engineers must be constantly aware of the distribution of weight while renovations are
being carried out. The orthotropic steel deck was the best choice of construction material
for the replacement deck. Today, the bridge supports five lanes of steel deck instead of the
original three of concrete (Fig. 10). The new steel deck is formed from 82 orthotropic
panels. Each panel weighs 20t, and measures 15x6 m. They were constructed in Darlington
and driven nearly 600 km to the Tamar Bridge and welded together onsite [30].
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Fig. 10. Tamar Bridge. Four key phases of staged redecking,

4.6. Brooklyn Bridge orthotropic Deck installation

The Franklin Square Arch Structure roadway of the iconic Brooklyn Bridge was
recently retrofitted with orthotropic deck panels. The Franklin Square Structure is a truss
bridge that utilizes pin connections with eyebar members. It is a trapezoidal shape; with the
shortest span about 169’ and the longest span at about 212’ in length (Fig.11) [12]. The
trusses were constructed from wrought iron, which has low carbon content in contrast to
steel. In 1999, after it was found that the existing pins were failing, six steel arches were
added below each of the existing trusses. Increased dead load throughout the years was the
cause of the pins failing (Fig.11). The first step in the Brooklyn Bridge Project at the
Franklin Square Structure was to replace the floor-beams that the orthotropic deck would
eventually be supported by. After removal of the existing deck and supporting steel, a
temporary steel deck panel system was installed. A total of 32 temporary deck panels were
installed on the Brooklyn Bound roadway. When the orthotropic deck panels were ready to
be installed, the temporary steel deck panels were removed with a crane (Fig.12). Upon
delivery to the project site, the orthotropic deck panels were inspected for damage by
American Welding Society Certified Welding Inspectors. A total of 24 orthotropic deck
panels were installed on the Manhattan and Brooklyn bound lanes at the Franklin Square
Structure (Fig.12).

Fig.12. Panel installation.
(CONTINUED ON PART 2)

Fig. 11. Franklin square structure
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4.7. Lions’ Gate Suspension Bridge Suspended Structure Replacement
The Lions' Gate Suspension Bridge, which was opened in 1938, has a 472m centre
span and is located in Vancouver, British Columbia, Canada. Figure 13 [6] shows the
elevation view of the bridge.
- Z _—
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Fig. 13. Lions’ Gate Bridge elevation
This design is for the "first" replacement of a concrete deck with a lighter, stronger
(and wider) orthotropic steel deck. The concept was to have 47 deck sections, typically
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20m in length weighing 106 tonnes, progressively erected from north to south. The original
stiffening trusses, floor beams, stringers, concrete filled tee-grid deck, and steel sidewalks
produced a relatively light design for the suspended structure. Though the new deck is
approximately 35% wider, with almost 45% more usable width than the original deck, the
weight was kept to that of the original bridge, (See Figures: 14, 15, 16 and 17).
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Fig. 14. Old Cross Section Fig. 15. Old Sidewolk Photo
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Fig. 16. New Cross Section Fig. 17. New sidewalk rendering

The new longitudinal stiffening trusses are composite with the orthotropic deck, and
unlike the original trusses, the new ones are placed under the deck. The orthotropic deck
was built in four full length subassemblies by pressing the U-shaped troughs to the deck
plates and welding a continuous 85% (minimum) one sided partial penetration weld (see
Fig.18).

Fig. 18. Trou to dé‘c'lz plate welding

4.8. Rehabilitation of Tornionjoki Steel Truss Bridge, Finland

Truss bridges have been a solution for railway bridges and bigger road bridges over
the stronger rivers in the country. One example is the Tornio River Bridge (Fig.19), which
was completed in 1939. The main span has a length of 108 m. The bridge has been
renovated. The concrete deck has been changed to an orthotropic deck and the pedestrian
lanes have been widened outside the truss girders. The spans of the bridge are 72-108-72 m
in length (Fig.20). The width of the deck was originally 5 m for vehicles and 1,5 m for
pedestrian. Between 1962 and 1963 the deck for vehicles was widening to 6,2m.
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Fig. 19. Elevation

At the same time 1,6m wide cantilever were built for pedestrian on both sites of the
truss and the deck structure was reconstruction foe vehicles. The superstructure consists of
three steel truss girders, which are connected to each other by two hinges in the main span.
The hinges are located 18m from the intermediate supports (Fig.21).

Fig.20. Tornionjoki Steel Bridge Fig.21. Hinge ir'i'main span

The hanger girder in the main span is 72 m long. The structure of the hinge consists of the
cantilever and hanging beam and between beams are steel bearings. The bearings of the
structure are roll bearings except for the fixed bearing which is located on one of internal
supports. The truss girder has been constructed in open rolled steel sections, which have
been fixed by rivets. All joints and splices have also been made by riveting. The height of
the truss is 9 m and at intermediate supports the height 3 m higher. The wooden deck plate
was made of planks fixed on longitudinal I-steel beams. Old electric were placed under the
deck (Fig.22). The second goal was to develop an easy and simple construction method for
the new orthotropic deck. The new deck is an orthotropic steel deck which is supported on
the existing crossbeams (Fig.23).

Fig.22. The old cross section Fig.23. The new cross section

The surface plate is stiffened with orthotropic steel section. A plate thickness of 12 mm
was allowed, because of the reduced traffic loads on the bridge. The distance between the
cross beams is 4,5m. These crossbeams continue as cantilever beams outside the truss. The
pedestrian pavement is supported on the cantilever beams by longitudinal 1-beam and

steel plate. The edge beam is made of steel plate (Fig. 24). The launching method was used
for the steel deck (Fig. 25). The section were launched on Teflon bearings which were
placed on the crossbeams.
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Fig.24. New deck Fig.25. Launching of othopic bridge

Conclusion

Most of the record-span portions of suspension, cable-stayed, arch, movable, floating
and pedestrian bridges have orthotropic steel decks. Thus, an “ABC” solution, using
prefabricated orthotropic steel deck panels to rehabilitate existing large span
superstructures, is a very practicable solution. Wearing surface, metal fatigue issues,
design issues unique to orthotropic bridges were discussed and the OBC proceedings were
published in 2004 and 2008 on CD-Rom[42]. The largest orthotropic bridge owned by
Caltrans is the San Mateo Hayward Orthotropic Bridge. The original wearing surface on
this bridge has a three-fourth inch (about 19 mm) thick deck plate [16]. Another recent
orthotropic bridge about 10 years old has also been performing well [31]. There is no
“perfect material”. All bridges and components require maintenance. Metal structures
eventually have metal fatigue. FHWA’s desired 100-year service life requires a different
approach to bridge durability details. The issues of wearing surface and fatigue-resistant
detailing are critical for 100-year goals. There is one small book on the subject [31] but
many US practicing engineers commission project-specific orthotropic steel deck research
[33]. A portion of the Caltrans - owned MacArthur Maze steel multilevel interchange was
damaged by a fuel tanker truck fire[34]. A problematic orthotropic bridge would have short
metal fatigue life or incorrect detailing. The cost per square meter of deck is much higher
for orthotropic steel deck panels than reinforced concrete. Thus, significant dead weight
reduction is necessary for practicable use of orthotropic steel panels for deck replacement.
Many bridges have orthotropic decks but they are very hard to find for an interested
engineer or researcher because the issue of the orthotropic deck is not the main focus of the
discussion, conference or engineering handbook [35-38].
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FAILURES AND REHABILITATION OF STEEL SHELLS
Hartmut Pasternak®

'Brandenburg University of Technology, Cottbus, Germany

Abstract: The damage frequency for shell structures (e.g. silos, tanks) is higher than for
other structures. Spectacular cases of failure are repeatedly registered, related partly with
the effect of action (E) and partly with the resistance (R). As is well known, the load-bearing
behavior of shells is characterized by the lack of over-critical load-bearing reserves. As a
result, incorrect calculation assumptions or constructions in shell construction have a more
drastic effect than in other structures.
The typical causes are:

- local buckling of cylinder walls over discrete supports,

- global buckling with unplanned short-term underpressure in the cells

- dynamic overloading of the hopper due to block-shaped bulk materials

- eccentric discharge of the bulk material

- inaccurate assumptions in stability studies

- incorrect use
Upon comprehensive analyses of failures, actions for refurbishment of silos and tanks are
proposed.

Keywords: shells, silos, tanks, failure, refurbishment

1. Introduction

A silo or tank structure is usually constructed in the form of a cylindrical shell made of
steel. It has the advantages of being lightweight, having a short construction period, and
possessing a large storage space. Steel silos and tanks have been widely used for bulk material
and liquid storage in the agricultural, mining, and chemical industries. By using a steel shell
structure, silos represent a very efficient support system. Because of the high material costs
and for economic reasons, the tank and silo builders motivate to achieve increased
sustainability and to further develop verification methods.

On the other hand, the damage frequency for shell structures (e.g. silos, tanks) is higher
than for other structures. Spectacular cases of failure are repeatedly registered, related partly
with the effect of action (E) and partly with the resistance (R). As is well known, the load-
bearing behavior of shells is characterized by the lack of over-critical load-bearing reserves.
As a result, incorrect calculation assumptions or constructions in shell construction have a
more drastic effect than in other structures.

! Hartmut Pasternak, Prof. Dr.-Ing. habil., Brandenburg University of Technology, Cottbus, Germany,
hartmut.pasternak(@b-tu.de
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The typical causes (under central European conditions) are:
- local buckling of cylinder walls over discrete supports,
- global buckling with unplanned short-term negative pressure in the cells
- dynamic overloading of the hopper due to block-shaped bulk materials
- eccentric discharge of the bulk material
- inaccurate assumptions in stability studies
- incorrect use

2. Damage cases

The first example is negative pressure in a silo. The bulk was (wet) limestone powder. A
bulk bridge arose because of moisture, which collapsed. If the vacuum flap is not big enough,
buckling of the thin-walled shell occurred. Deformations can be eliminated by overpressure

and additional rings. In this case the diameter of silo was 11m and the volume 2100 m°,

~ vacuum flap |
!’TI.

|V2Vie

Figure 1. Negative pressure in a silo and refurbishment [1]
Fig. 2 shoes a damage that occurs as a result of dynamic overloading between

cylinder and hopper. The cylindrical part of the silo was made from corrugated sheeting. It
has diameter of 7.8m and a volume of 570m°.

170



XXI MEXXOYHAPOAHA HAYYHA KOH®EPEHLMUA BCY’2022
XXII INTERNATIONAL SCIENTIFIC CONFERENCE VSU'2022

We have to distinguish:
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= Feature: Certain
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| angle

/

Pressure normal to the wall

High friction
" (funnel flow)

Low friction
L (mass flow)

Figure 2. Damage caused by breakdown of a bulk arch and refurbishment [1]

Eyewitnesses reported that vibrations under wind loading had occurred before the
collapse of the filled silo in Fig. 3 [2]. The bulk material was cement. The diameter of the silo
was 6m, the volume 225m?®. The wall thickness in the lowest part of the shell was 8mm, above
that 4mm. The foot ring consisted of 2 [200. One silo was destroyed, the rest shows local
buckling above the foot ring (Fig.4). A procedure for recording the local buckling was worked
out in [3].
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One silo was “refurbished” in such a way that the buckles were only relocated. The
correct refurbishment involves a tension ring (Fig.5).

Figure 4. Local buckling above foot ring [‘é]
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Figure 5. Relocation of buckle due to short ribs. Correct solution with tension ring [2]

Fig. 6 shows a silo from corrugated steel sheets with longitudinal stiffeners. The
longitudinal stiffener over the column failed. The curved foot ring under the shell has a
deflection. Therefore, the longitudinal stiffener in the middle between two supports does not
get a much load. That’s why the longitudinal stiffeners above columns fail (if they are not
design with a reserve).

longitudinal stiffeners

V =200 m?

|

7 77z

\i
L

Figure 6. Silo with a failed longitudinal stiffener [1]

Fig. 7 shows a grain silo with intermediate cells, built in 1934. The cell walls are
interconnected by anchors (tie rods M16). They have a distance of 1300mm. Several tie rods
failed in the thread area. If the intermediate cells are filled only, the cylinder wall buckles and
the force in the tie rod N increases (Fig.8).
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Figure 8. Shell and tie rods [1]
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The silos on Fig. 9 have a height of 21.3 m and a diameter of 8.6m. They are made from
corrugated web. The thickness of the shell is 1.0 to 2.5mm, the thickness of the stiffeners
amounts to 2.0mm to 4.0mm. Filling height of the rape was 13.4m, the friction load
pw=3880KN. 18 longitudinal stiffeners are arranged on the perimeter. One stiffener should
carry 3880kN/18=216kN. The silo collapsed where the stiffeners were reversed. The analysis
of the stiffener on Fig. 10 confirms this.

- — -
" 07,3
- ,/‘\\H,_ Pt . orvsereereee:
c1e —T—'_' e -
c18 783 R3~
c17 ¥
c18 | ”
c18
o4 1003 [2_§
c13
g :,:; 192.7
c10
co " .
c8 For 2 stiffeners C6 und C5b is was
-1 4 -
1 = determined: 2.5 mm
Collapse | cs instead of 3,0 mm
ca
c3 .
c2 For all stiffeners C7 und C8: 2,5 mm
c

T ]" instead of 3,0mm

f, = 290 MPa
f, = 400 MPa

437494/

Normal force N as a function of uy node 1449

partial safety factor

Figure 10. Finite element analysis of the longitudinal stiffener [4]

Fig. 11 shows a coal dust silo in South Africa. The maximum diameter is 10.3m, the
overall height of the shell amounts to 21.1m, the wall thickness is 8mm or 10 mm. The bulk
material was emptied via two screw conveyors. Soon deformations appeared on the hopper
due to not equal emptying. Consequently, the horizontal pressure on the wall was not equal
(Fig.12). This causes bending stresses (in addition there is shrinkage of the butt seams) and
ovalization. Refurbishment includes restoring the original condition and adding an
additional ring in the middle and/or discharge aids.
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1

Figure 11. Coal dust silo. Deformation of the shell. View from inside [5]

Emptying
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Figure 12. Unevenl horizontal pressure on the hopper [5]
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Figure 13. Buckled tank without roof under wind and its refurbishment

Fig. 13 shows buckled 40m high tank The roof was not installed yet. The wind speed
was ca. 10km/h. From outside we have pressure, from inside suction. The buckled tank lifted
because of weight shift (10cm gap). Refurbishment included pull out of the buckle with
winches and traction engines.

The last example is a tank damaged due to negative pressure in the upper part (Fig. 14).
The refurbishment can take place due to hydrostatic pressures.

Figure 14. Buckled tank due to negative pressure and its refurbishment

3. Conclusion
We discussed several damages of silos and tanks. Wrong assumptions, design, assembly
and human errors caused damages. Measure for refurbishment of silos and tanks were given.

“You only see what you already know and understand” (J.W.v.Goethe, 1819).
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ANALYSIS OF MOST PRECISELY CONTEMPORARY MODEL FOR CREEP OF
CONCRETE (BAZANT&BAVEJA2000) AND ITS APPLICATION IN THE
INVESTIGATION OF COMPOSITE STEEL-CONCRETE BEAMS
(THEORETICAL APPROACH-CASE STUDY-ACCORDING EC2-PART I)

Konstantin Kazakov *, Chavdar Stoyanov ? , Doncho Partov * and Angelos Liolios *

123 University of Structural Engineering and Architecture, VSU “L. Karavelov”, Sofia
Helllenic Open University, School of Science and Technology, Patra, Greece,

Abstract: In this paper analysis of the most precise and modern concrete creep model of
Bazant —Baveja 2000, has been carried out, with the aim of its application in the design of
determinate composite steel-concrete structures. Its advantages over the other three well-
known and practically models are highlighted: EC2, ACI209-R2 and
Gardner&Lockmann2001. A real assessment of the applicability of this model in the study
of composite steel-concrete beam, taking into account the rheological properties of
concrete, using the most perfect visco-elasic body(Arutyunyan-Trost-Bazant) was
supposed. A new type of mathematical expressions for the study of static determinate
composite steel-concrete beams regarding of rheological properties of concrete, using
algebraized law of Bazant, have been derived according to AAEM Method of Bazant. An
analysis and comparison of the results obtained according to the creep model of EC2 and
BB3, was realized.

Key words: creep compliance models, composite beam, migration of stresses

1. Introduction

The time-varying behaviour of composite steel-concrete members under sustained
service loads drawn the attention of engineers who were dealing with the problems of their
design more than 60 years[3,4,5]. The solution of structural problems involving creep and
shrinkage phenomena in composite steel-concrete beams has been an important task for
engineers since the first formulation of the mathematical model of linear viscoelasticity. If
on one hand the definition of a suitable formulation of creep laws involved scientists and
researchers in past decades and many prediction models have been developed, starting
from experimental data and from the direct observation of the long term behaviour of
concrete structures, the development of structural analysis procedures, based on the creep
models, is on the other hand, of great interest for engineers who need to investigate the
effects of creep and shrinkage on the structures they design. In general, time-dependent
deformation of concrete may severely affect the serviceability, durability and stability of
structures[5,16].
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2. About some methods for time-dependent analysis of composite steel-concrete
beams regarding rheology with accent of AAEM method

2.1. Common considerations
The first works, which give the answer to this problem are based on the Law of
Glanville(1933) —Dischinger(1937,1939) - theory of aging[6], or also called the rate - of -
creep methods, which first formulated a time-dependent stress-strain differential
relationship for concrete. Its refinement is known as the improved “Dischinger theory of
aging” was proposed from Riisch-Jungwirth-Hilsdorf(1973)[15]. Many books and papers
connected with the Law of Dischinger and improved “Dischinger theory of aging”
represent one independent group for which it is characteristic, that by writing equilibrium
and compatibility equations and the constitutive laws for the two materials, the problem is
governed by a system of two simultaneous differential or integral equations(Fig.1),
which have been derived and solved. Another scientific works which give the answer to
this problem used the theory of Maslov(1940)[9] - Arutyunyan(1952)[3] —Prokopovich-
(1963)[13]-Aleksandrovskii(1966)[2]. This theory is obviously much more complicated
than the ,,theory of aging”, but the theory of aging, is substantially more complicated than
the effective modulus method(EMM), described with: E, =1/J(t,7) = E(7)/1+¢(t, 7).

For the designers of the composite steel-concrete construction(Fig.2), is better to know
that this method is exact only if the loads and stresses in a structure have a single-step
history, which means that they are constant from the moment of first loading. This
fact is more far from true, in internally statically indeterminate system with significant
stress redistributions induced by creep or shrinkage, as in the case of composite steel-
concrete construction. Further development of rheology as a fundamental science and its
application to concrete as well as a great number of investigations in the field of creep of
concrete have led to new formulations of the time-dependent behavior of concrete. These
new formulations giving the relationship between o (t) and &(t) are formulated by

integral equations, which present the basis of the theory of linear viscoelastic bodies. The
integral-type creep law, i.e., the superposition equation for uniaxial prescribed stress
history a(t), Is expressed by:

t
gc(t,to):55h(t)+a(to)J(t,t0)+IdZ—(T)J(t,r)jr. M
f T
Since the solutions of structural creep problems with realistic compliance function , such as
in ACI209R-92, EC2, G&L models and B&B2000 for creep of concrete provisions cannot
be performed analytically and require a deep knowledge in the higher level of mathematics
theory( integral equations of Volterra, numerical solutions of such of type equations, using
formulae of quadratures - such as: trapecoidal rules, Simpson, Chebyshov, Gaus, Euler-

Gregory —Macloren), simplified approximate methods have been favoured by designers.

2.2. Formulation of the age-adjusted effective modulus method(AAEM)

However, in order to avoid the mathematical problems in solving of the integral
equations of Volterra for treating the problem connected with the creep of concrete
structures, it has been revised the integral relationship into new algebraic stress-strain
relationship:
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ct :ZCO [1+¢t]+%[1+pwt]7 2

c0 c0

where p is the relaxation coefficient known from Trost-Zerna works[14,17]. When more

extensive test date and data of long duration became available and were systematically
analysed from Bazant[4,8], it turned out that the afore-mentioned theory leading to
differential equations are overall not more accurate than the effective modulus
methods(Partov and Kantchev[10,11,12]), which leads to algebraic linear equations with
respect to time t. According Bazant and Jirasek[8] none of them is sufficiently accurate
compared to the computer solutions for e realistic (un - simplified) compliance function
based on long — time —measurements with a broad range of ages at loading. A remedy that
is sufficiently accurate in most basic situations we can found in the age-adjusted effective
modulus method, proposed and mathematically proven by Bazant[8], as a modification
and refinement of the relaxation method, semi-empirically developed by Trost[14,17]. The
age-adjusted effective modulus (AAEM) method is formulated for a one-step loading
history. By using algebraic approach a new simpler forms for (1) are obtained from
Bazant[8]. His methods are based on the hypothesis that the strain in the concrete fibers
can be considered as a linear function of the creep coefficient. This permits transforming
(1) into (3):

& (L) =" (t)+o, (to){ = 1 . ¢2elz(ct2;to)J+

t
c( Ot)t g (3)
+[O-c(t)_0' (t )]|: 1 +Z( ! 0)(028( ) o)j|
E (to) Es
( 0) E
where: y(t,t c B - ; o
( ) Ec(to)_R(t’tO) Ec(to)(ﬂzs(t’to)
is the aging coefficient; ¢(t,t,) - the creep coefficienR,(t,to) - relaxation function. ic..

the stress response to a constant unit strain applied at the ti{pe ; E, - the elastic modulus
of concrete at 28 days.

R(t ) =292 0115 rﬂ—m) _1J; A=tk

()
J(tt) Jt-=1)| It +A)

The same expression was derived using another approach from Folich in 2012[7]. The
AAEM methods is frequently adopted for the basic investigation of stress redistribution in
non-homogenous cross-section, like prestressed concrete section with prestressing and
reinforcing steel in one or multiple layers, and steel-concrete composite section. In the
papers [10,11,12] using the mathematical model in Fig.1, the authors introduce the system
of linear Volterra integral equation of second kind and obtain the results from their
numerical solutions. The kernels of the integral equations contain the respective creep
functions corresponding to the model EC2 [1].
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Fig. 1 Mathematical model Fig. 2. Composite beam

3. Basic assumption and material constitutive relationship

The hypotheses in the elastic analysis of composite steel-concrete sections with stiff
(rigid) shear connectors are comment in [10,11,12]. In the range of service ability loads
concrete behaves in a way allowing to be treated as a linear visco-elastic body. Then the
stress-strain behavior of concrete can be described with sufficient accuracy by the integral
equations (1) by Bolztmann-Volterra:

_O-C(to) t dO-C(T) 1 .
& (t)= () [1+¢(t_t0)]+t{ it E(0) [1+4(t-7)]dz; (6)
Where, according EC2: the creep (compliance) function proposed by the 1990 CEB Model
Code (“CEB-FIP”1991) is given by the relationship: J(t,t, ) = N #t.to) , Where ¢(t,t,)

Ec(to) Ec
= the creep coefficient; dﬁg{to) and E.= modulus of elasticity at the age ?g‘ and 28
days, respectively. The creep coefficient is evaluated with the following formula:
1-RH /100
¢(t’t0)= ¢RHﬂ(fcm )ﬂ(to)ﬂc(t_to) where ¢RH =1+ 0.33
0.46(h, /100)

the effect of relative humidity on the notional creep coefficient. RH is the relative

humidity of the ambient environment in % . 8( f,,) = Ls is a factor to allow for

(f,,/10)"

- is a factor to allow for

: - 1 .
the effect of concrete strength on the notional creep coefficient. ,B(to)z m is a
d+(t)

factor to allow for the effect of concrete age at loading on the notional creep coefficient

(for continuous process we consider the function). ﬁ(r):ﬁ is a function of
A+ 7))

aging, depending on the age of concrete and it characterizes the process of aging.

0.3
t-h )} is a function to describe the development of creep with time

ﬁc(t—to){—ﬂH L

18
after loading. g, :150{1{1,2%] Jlr(‘)_00+25og1,500 coefficient depending on the

relative humidity (RH in %) and notional member size (h,in mm), where f = f, +8=
the mean compressive strength of concrete at the age of 28 days (megapascals); and
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2 . . - .
h, = 2A = the notional size of member (millimeters) ( A, = the cross section; and u = the
u

perimeter of member in contact with the atmosphere). Constant Young’s modulus is given

1
byE, =10%(f,,)s. Variable Young’s modulus is given by:E,(t)=82%°E,, where

— Mce —c

E, =10°(f,, )% and g, = expts(l—S.B/tO'S)J, where s = 0.25 for normal and rapid hardening

5.3

cements. So Ec(t)z336190e0l5{0l25{1j”, &, = e B(£,.)B(t,) is a final creep coefficient.

Pt =7)= o (10 JB(0)B,(t—7) = pk(2)E(t=7),  where  k(r)=p(r)  and
f(t—7)=p,(t—7). The function f,(t —) - (where t is the time interval during which the
structure is under observation, z is the running coordinate of time) — characterizes the
process of creeping. The creep (compliance) function proposed by the EC2, is composed of
the elastic and creep strains.The elastic strain is reciprocal of the modulus of elasticity at
the age of IoadiEg(to) and the creep strain is the 28 day creep coefficient g,q(t.t,)
devided by the modulus of elasticity at 28 days ( E,,,s)- The creep coefficient gy(t,t,) IS the
ratio of the creep strain to the elastic strain due to the load applied at the age of 28 days.

4. Basic Equation of Equilibrium
Let us denote both the normal forces and the bending moments in the cross-section of
the plate and the girder after the loading in the time t = 0 with N.,, M ,, N.,, M,, and

with N, (t), M. (), N,.(t), M, (t) a new group of normal forces and bending
moments, arising due to creep and shrinkage of concrete. For a composite bridge girder
with 3, = A

S

equilibrium conditions in time t as follows
N({t)=0; N (t)=N,,(t); (7)
D> M(t)=0; M, (t)+N, (t)r=M, (t); (8)

Due to the fact that the problem is a twice internally statically indeterminate system, the
equilibrium equations (7), (8) are not sufficient to solve it. It is necessary to produce two
additional equations in the sense of compatibility of deformations of both steel girder and
concrete slab in time t (Fig. 1).

<0.2 according to the suggestion of (Sonntag 1951) we can write the

5. Deriving of the generalised mechanic-mathematical model using integral
equation of Volterra:

5.1. According EC2
Using strain- compatibility on the contact surfaces between the concrete and the steel
members and compatibility of curvature when 7 =t for constant elasticity module of
concrete for assessment of normal forces N, (t) and bending moment M, (t) two linear
integral VVolterra equations(9-10) of the second kind are derived[10]:

t

N, (t)= /ININH (r)%[lJr(/ﬁRH,B( fon) B(7) B (t=7) [dz+ AN, ooy B( o) B (1) B (t—1,) +

t

+AuNg. B (t _to) 9)
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t

Mo (8)= A [ ()5 (14 B £ ) ()8 (1) [+ Ay Moo B £ ) B6) . (t-1,)-

fo

E.l

Ay —=N_ (t
MEI c,r()r

a‘a

(10)

I E.l,
In each of these equations the functions:

In which: 2, ={1+ =A (1+ Aarzﬂ ;(11); Ay ={1+i}
E.A,

a a

; (12)

AN @(t) B (t—1,), Ay M D (). (t-t)), %(ﬂ O(t;) B(t—7) - are given.

7. Numerical Example according EC2 creep model

The two methods presented in the previous paragraph is now applied to a simply supported
beam, subjected to a uniform load, whose cross section is shown in Fig. 2. The following
parameters are chosen according EC2 model.

E, =3,2.10° MPa, E, =21.10° MPa, A, =8820cm?, A, =383,25cm?*,n = % =6,56

C

I, = 661500 cm?, 1, =1217963,7 cm?, r, =23,039cm, r, =80,829cm, r =103,868 cm,
A= 2453,05cm?, I, = 4536360,758 cm*.M, =1237 KNm, N., =846,60kN, M_ = 27,56 kKNm

2\? -
M, , = 330,13kNm, 4, =[1+ Eiﬁ(u Alar H — 0,060545358, A, =[1+ E:} — 0,922950026
5.3 1
)= | —306 t)=—— | =04223
Altin) (fn 120)°°], A 0.L+(t,)"*|, ¢,
~150| 1+ (1.2*80/100)" |h, /100-+ 250 = 915,82 < 1500

H

h, =2AC/u=300 mm; 4 -1, +=RH/100 | 1301465 ¢ =T )B(Lo)

0.46 W RH=80,h, =300

=1,6817; £3,(36500—60)=09925811; ¢ _.e00 = 4/, (36500 —60) =1,669242;

7.1. Numerical solution using integral equation of Volterra

In Fig. 3a,b,c, it is shown the values of normal forces and bending moments in time
t. A numerical method for time-dependent analysis of composite steel-concrete sections
according EC2, models is develop using MATLAB code and numerical algorithm
which was successfully applied to a simple supported beam. For our purpose we
consider a period of about 100-102 years. These numerical procedures, suited to a PC,
are employed to better understand the influence of the creep of the concrete in time-
dependent behaviour of composite section. For a good accuracy of the time values, the
numerical results are presented on logarithmic time scales. The choice of the length of
time step of the proposed numerical algorithm is based on numerous numerical
experiments with different steps (seven, three and one days). So we conclude that good
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results can be achieved from practical point of view with one day step. For the service
load analysis, the proposed numerical method makes it possible to follow with great
precision the migration of the stresses from the concrete slab to the steel beam, which
occurs gradually during the time as a result of the creep of the concrete.

......

a)
Fig. 3a. Normal forces n_ (t)=N,,(t); Fig. 3b. Bending moments M_ (t); Fig. 3c. Bending

moments M (t)in time: t =36528—-37230 days;

7.2. Prediction of concrete creep effect using AAEM

Let,s consider the next following initial data: t, = 60 days; t, =36561 days;
E.(t,) =32000MPa;
The creep coefficient: 7.2.1

¢(t=36561,t, =60) = g, B Fn) A(to) B, (t—t, ) =1,30146.3, 06.

1 t—t, =36561-60 |
0,1+ (t, = 60)°Z | 3, +(t-1,) = 37416,8215
~1,30146.3, 06.0, 422309218.0, 9925933490 =1, 669376029

E 32000

cmt,

=0,000083418

1.2.2. p(t,t, = (t—1)) = (36561,36560) =1,30146.3.06

1 t—t, =36561-36560=1]
0,1+(36560)** | B, +(t—t,) =915,82+1
=1,30146.3,06.0,120814731.0,129215548 = 0,062170866;

7.2.2.1. 3(t=36561t—1=36560) = -~ 2t~ _1+0,062170856

=0,000033193;
32000

cmty

t-t _ 36561—-60 182505

2

7.2.3.1. p(t-At) = p(36561-18210.5,60) = (18310.5,60) = 1,30146.3,06.

7.23. A=

1 t—t,=182505 |
0,1+60%? | 915,82+18250.5
=1,30146.3,06.0.422309218.0,9854187 = 1,65730947;

1+ p(t—A, 1+1,65730947
7232 J(t-At)= o W 32000
cmty

7.2.4. §(t,t,+ A) = p(t =36581,t, =18310,5) =

1 3651-18310,5=18250,5
0,1+18310,5°%* 915,82 +18250,5

=0,00008304 ;

1,30146.3.06.

0,3
} =0,543471326;

1+o(tt, +A) 1+0,543471328
E 32000

)

7241 J(tL+A) = = 0,000048233;

7-2-4-§(t,t0) - relaxation function:
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R(t’to) =

0992 0115 |J(t-Ab) ,|_
J(t,t,) J(t,t—l)LJ(t,tﬁA) J_

0,992 0,115 [ 0,00008304

- —-1|=9391,648807
0,000083418 0,000033192| 0,000048233

7.2.5. The aging coefficient:

2(t.t,) = 7(36561,60) = —'0) 1 32000 1

- = - =0,876379967
E(t,)-R(t.t) ¢(tt,) 32000—9391,648807 1,669376029

7.2.6. Calculating N_(t) using the formulae:
Then: : N (t) = N(tt) ot t) Ay 84660.1669376029.0,060545358 0 cpz00qian
1+ x(t,t) ot t,) 4,  1+0,876379967.1,669376029.0,060545358

(according AAEM).

7.2.7. Calculating M_(t) using the formulae:
ECIC

N (t).r.A,
M. (t) = M, () ot t) Ay E.l, _
’ I+ x(t ) ot t) Ay 1+ x(tt)-o(t t). Ay
B 2756.1,669376029.0,0922950026 ~7904,597999.1,0387.0,922950026.0,082761087 _
1+0,816379967.1,669376024.0,922950026 1+0,816379967.1,669376029.0,922950026

==1881,264618-277,8514146 =1603,413204daNm.

7.2.8. Calculating M (t) using the formulae:

M, (t) = M_(t) + N, (t).r =1603,413204 + 7904,597999.1,0387 =9813,919142 daNm.

7.2.8.1. Comparisons between the results obtained from the numerical solution and
AAEM methods are as follows:

N, (t)=7904,597 daN (by AAEM) and N_(t)=7920,00 daN (by numerical method); (A
=0,202 %).

M. (t) =1603,413 daNm (by AAEM) and M _(t) = 1553,90 daNm (by numerical method) (
A=3,98%).

M, (t)=9813,919 daNm (by AAEM) and M, (t) = 9780,60 daNm (by numerical method).
(A=0,339%).

(CONTINUED ON PART -11)
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ANALYSIS OF MOST PRECISELY CONTEMPORARY MODEL FOR CREEP OF
CONCRETE (BAZANT&BAVEJA2000) AND ITS APPLICATION IN THE
INVESTIGATION OF COMPOSITE STEEL-CONCRETE BEAMS
(THEORETICAL APPROACH-CASE STUDY-ACCORDING BB3-PART II)

Konstantin Kazakov *, Chavdar Stoyanov ? , Doncho Partov * and Angelos Liolios *

12,3

A University of Structural Engineering and Architecture, VSU “L. Karavelov”, Sofia

Helllenic Open University, School of Science and Technology, Patra, Greece,

Abstract: In this paper analysis of the most precise and modern concrete creep model of
Bazant —Baweja 2000, has been carried out, with the aim of its application in the design of
determinate composite steel-concrete structures. Its advantages over the other three well-
known and practically models are highlighted: EC2, ACI209-R2 and
Gardner&Lockmann2001. A real assessment of the applicability of this model in the study
of composite steel-concrete beam, taking into account the rheological properties of
concrete, using the most perfect visco-elasic body(Arutyunyan-Trost-Bazant) was
supposed. A new type of mathematical expressions for the study of static determinate
composite steel-concrete beams regarding of rheological properties of concrete, using
algebraized law of Bazant, have been derived according to AAEM Method of Bazant. An
analysis and comparison of the results obtained according to the creep model of EC2 and
BB3, was realized.

Key words: creep compliance models, composite beam, migration of stresses

8. Deriving of the generalised mechanic-mathematical model using algebraic
equation, according AAEM methods of Bazant

Using the above mentioned approach, for constant elasticity module of concrete for
assessment of normal forces N, (t) and bending moment M, (t) two algebraic expressions
are derived[10,11,12]:

N ()= Neotl) _ Nlbo)ott)d .
’ [ﬂgl +;((t,r)(p(t,r)] [1+ 2(t, D)e(t, 1) Ay ]
M (t) = Mc(t0)¢7(t,to) _ Nc(t)l’ E.J, _
T At oet o] [+ 2t el n) | B, 12
M. (t)oo(t t) A N (B)r Ay EJ.

T 2ot ) Ay ] [L+ 2 De(t, ) Ay ] B,
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Z Chavdar Stoyanov, PhD Student, Univ. Struct. Eng. and Arch.,VSU “L.Karavelov”, ing4040@abv.bg

% Doncho Partov, Prof.PhD, Univ. Struct. Eng. and Arch.,VSU “L.Karavelov”, partov@vsu.com
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Greece, aliolios@civi.duth.gr
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9. Modeling and calculating of Creep in hardened Concrete according
BazZant&Baweja B3 Model

9.1. Basic Equations for determining the Creep Coefficient

The Bazant-Baweja (1995) B3 model is the latest variant in a number of shrinkage and creep
prediction methods developed by Bazant and his coworkers at Northwestern University. According
to Bazant and Baweja (2000), the B3 model is simpler and is better theoretically justified than the
previous models. The effect of concrete composition and design strength on the model parameters
is the main source of error of the model. The prediction of the material parameters of the B3 model
from strength and composition is restricted to portlandcement concrete with the following
parameter ranges: ¢ 0.35 <w/c < 0.85; « 2.5 <a/c < 13.5; ¢« 17 MPa < fcm28 < 70 MPa (2500 psi <
fcm28 < 10,000 psi); and « 160 kg/m3 < ¢ < 720 kg/m3 (270 Ib/yd3 < ¢ < 1215 1b/yd3), where
fcm28 is the 28-day standard cylinder compression strength of concrete (in MPa or psi), w/c is the
water-cement ratio by weight, ¢ is the cement content (in kg/m3 or Ib/yd3), and a/c is the
aggregate-cement ratio by weight. If only design strength is known, then fcm28 = fc’ + 8.3 MPa
(fcm28 = fc' + 1200 psi). The Bazant-Baweja B3 model is restricted to the service stress range (or
up to about 0.45fcm28). The formulas are valid for concretes cured for at least 1 day. Required
parameters: « Age of concrete when drying starts, usually taken as the age at the end of moist
curing, (days); « Age of concrete at loading (days); * Aggregate content in concrete (kg/m3 or
Ib/yd3); « Cement content in concrete (kg/m3 or 1b/yd3); « Water content in concrete (kg/m3 or
Ib/yd3); « Cement type; ¢ Concrete mean compressive strength at 28 days (MPa or psi); * Modulus
of elasticity of concrete at 28 days (MPa or psi); * Curing condition; * Relative humidity expressed
as a decimal; « Shape of specimen; and * Volume-surface ratio or effective cross-section thickness
(mm or in.).

9.2. Numerical example according BB3 method

For determining the creep coefficient, according the model of BB3, presented in the
previous paragraph, is now applied to a simply supported beam, subjected to a uniform
load, whose cross section is shown in Fig. 2.

E, =2.7318.10" MPa, E, =2,1.10° MPa, A, =8820cm?, A, =383,25cm?,n :%:7,687

(3

I, =661500cm*, I, =1217963,7cm*, r, = 26,0075cm, r, = 77,8605cm, r =103,868cm,
A =1530,6410cm?, |, = 4364431, 415cm*, M, =1237kNm, N, =845,77kN, M_, = 24,39kNm

2\T? -
M., =342,37kNm, 4, :{u EC:[H Al ﬂ =0,070217765, 4, = {1+ E'} —0,93350025

a a a'a

9.2.1. Deriving of the generalised mechanic-mathematical model using integral
equation of Volterra:

9.2.1.1. According BB3

Using strain- compatibility on the contact surfaces between the concrete and the steel
members and compatibility of curvature when z =t for constant elasticity module of
concrete for assessment of normal forces N, (t) and bending moment M, (t) two linear

integral Volterra equations(13-14, 13a-14a) of the second kind are derived[10]:
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N, (t) = sz”(r) 10+ Co(t, 1)+ Co (67,1 T* Eppag +
+2 N, o[0 +C, (tt)]Ecng (13)

M, () =2, IM”(T) [0, +Co(6, 1)+ Co (67,1l T* By +

E.J
+2uM o[ +Co (t.65) + Cy (6,8, 1)1 B — Ay ECJC N, (Or (14)

a -~ a
Or:

N, (1) =4 IN”(T) [q1+q2Q(t 7)+ 0 IN(L+(t=7)") +0, (e —e ™)l E p +

+2y N o[0 +0,Q(t ) + 0y IN(L+ (1 =1))") +, (" —e M) THE g (132)

M., (0) = iMIMcr(T) [0 +9,Q(t7) + gy In@+ (t— 7)") 40,6 —e )l E g +

+ A M o[0 + 0,Q(t ) + G N+ (t—t))") +q, (e —e O S*E_ — 4, EC:]]C N, (t)r: (14a)

a~a

In which: 4, {1+ EA [1+ Al H =0,070217765; ; (15)
EA |

a a

-1
A z[ ECIC} =0,93350025

a’a (16)

In each of these equations the functions:

cm?

AN ol +Co (8 1) +C4 (1, 0] B . AWM [0 +Co (6, 7) +Cy (8, 7,8 )]E

Cm’-

dr[ql_JrCo(t,T)+Cd (AN are given.

9.2.2. Numerical solution using integral equation of VVolterra

A numerical method for time-dependent analysis of composite steel-concrete sections
according: Bazant&Baweja2000 model, is develop using MATLAB code and numerical
algorithm[10,11,12] which was successfully applied to a simple supported beam. The
choice of the length of time step(one day) of the proposed numerical algorithm is based on
numerous numerical experiments with different steps. So we conclude that good results
can be achieved from practical point of view with one day step. For our purpose we
consider a period of about 102-103 years. Because of the suddenly passing away of the
Assoc. Prof. V. Kantchev on 8.11.2018, the results of numerical method will be present in
another future article.
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9.3. Parameters according B&B2000
9.3.1. Compliance function:

J(t ) =0, +Co(t, 1) +C, (L6, 1) : (17)
is e average compliance function at concrete age t caused by a unit uniaxial constant stress applied
at age to, incorporating instantaneous deformation, basic and drying creep; g; is the instantaneous
strain due to unit stress (inverse of the asymptotic elastic modulus) that is, in theory, approached at
a time of about 10 second; C,(t,t,) is the compliance function for basic creep; C,((t,t,,t,) is

the additional compliance function for drying creep; and t, t;, and t, are the age of concrete, the age
drying began or end of moist curing, and the age of concrete loading in days, respectively. The
instantaneous strain may be written g,=1/E,, where E, is the asymptotic elastic modulus. The use
of E, instead of the conventional static modulus E, is convenient because concrete exhibits
pronounced creep, even for very short loads duration. E, should not be regarded as a real elastic
modulus, but merely an empirical parameter that can be considered age independent. Therefore, the
instantaneous strain due to unit stress is expressed in Eq. (A-38)[1].

0, =0,6/E, ;5= 0,6/27318L =21,963.10°° ﬁ; According to this model, the basic creep is
a

MPa
composed of three terms: an aging viscoelastic term, a nonaging viscoelastic term, and an aging

flow term: C,(t,t,) =q,.Q(t,t,) +q;.In[1+ (t —t,)"]1+q,.In(t/t,) ; where: g, Q(t,to) is the aging

viscoelastic compliance term. ¢, =185,4.10°.409°°.33.30°° =159,90.10°° % - The cement
a

content ¢ (in kg/m® and the concrete mean compressive strength at 28 days f.mps (in MPa) are
required to calculate the parameter g, in Eq. (A-41)[1].; Q(t,to) is an approximate binomial integral
that must be multiplied by the parameter g, to obtain the aging viscoelastic term:

Q(t,t,) =Q; (t, )[1+(ZQ(t(t )))r(t")] '®) - Equations (A-43) to (A-45)[1] can be used to

approximate the binomial integral: where: Q (t,) =[0.086(t,)*'® +1,21(t,)*°T™"; by: t, =28;
Qr10-26=0,18178; to =60; Qf10=60=0,1302; r(t,)=217(t,)"" +8;
r(te) =1,7(t,)"" +8=10,535; r(ty)=17(t,)""* +8=10,778;

Z(t,t,) = (t,) % In[L+ (t—t,)°"]; Z(36500,28) = (28) *5.In[L+ (36500 — 28)°'] = 0,19844 ;
Z (36500, 60) = (60) °°. In[L+ (36500 — 60)°*] = 0,17432 ;

_ _ Qf (28) r(28) 7r(;8) 0.18178, 10535 10.;35 —
Q(t,t,) =Q(36500,28) =Q, (28)[1+ (72 (36500, 28)) ] =0.18178[1+ (0 19844) ] =0.1761
Q; (60) )
t,t,) = Q(36500,60) = Q, (60)[1+ (=————)" V] "0 =
Q(t,t;) =Q( ) =Q; (60)[ (2(36500’60)) ]
1
—0. 1302[1 ( 0.1302 )10.778] 10.778 — 01296,
0.17432

gs : is the non-aging visco-elastic compliance parameter, and q, is the aging flow compliance
parameter. These parameters are a function of the concrete mean compressive strength at 28 days
fcm28 (in MPa ), the cement content ¢ (in kg/m3), the water-cement ratio w/c, and the aggregate-

cement ratio a/c. ¢, =0.29(w/c*).q, =0.29(0,50)*.159,9.10"° = 2.89767 —MTDa ;

g, =20.3*107°(4.23)%" =7.397*10°° MLPa ; Now: by: t=36500; t,=28 follows:
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C,(t,t,) =C,(36500,28) = q,.Q(t,t,) + 5. IN[L+ (t —t,)"]+0q,.In(t/t,) =
=159.9*10°*0.17610+2.897*107° *1.350377 + 7.397036*10° *7.172865 =

: (A-40)
=28.171*10° +3.912042*10°° +53.05766*10° =85.140*10° Mi

Pa
Now: by: t=36500; t,=60 follows:
C, (t,t,) = C, (36500, 60) = 20.2323*10° +3.911*10° + 47.420*10° = 72.064*10°° ﬁ /(18)
a

The compliance function for drying creep is defined by Eq. (A-48). This equation accounts for the
drying before loading. Note that drying before loading is considered only for drying creep:

Cd (tvto'tc) = qs[eXp{_gH (t)} —exp {_SH (to)}]ll2 (A-48)
In Eq. (A-48), g5 is the drying creep compliance parameter. This parameter is a function of the

concrete mean compressive strength at 28 days fcm28 (in MPa or psi), and of gshoo, the ultimate
shrinkage strain as given in Eq. (A-32).

s =0,757. fcmzsil[gsm*lo6 " (A-49)
H(t) and H(to) are spatial averages of pore relative humidity. Equations (A-50) to (A-53) and Eq.
(A-36) are required to calculate H(t) and H(to).

H(t)=1-(1-h).S(t-t,) - (A-50): H(t,) =1-(1-h).S(t, -t.) (A-51)
where S(t — tc) and S(to — tc) are the time function for shrinkage calculated at the age of concrete t
and the age of concrete at loading to in days, respectively, and T4, is the shrinkage half-time

S(t—t,) = tanh[(=)"7] S(t, —t,) = tanh[(®©)"?]

Tsn (A=52); Esn (A-53)
Compliance function for drying creep: The compliance function for drying creep is defined by Eq.
(A-48). This equation accounts for the drying before loading. Note that drying before loading is
considered only for drying creep:
Cy(t.ty,t,) =a5[exp {—8H (t)} —exp {-8H (t,)}]"* = 419.827*10° *0.0341=14.323*10"° ; (A-48)[1].
In Eq. (A-48), g5 is the drying creep compliance parameter. This parameter is a function of the
concrete mean compressive strength at 28 days fcm28 (in MPa ), and of eshoo, the ultimate

shrinkage strain as given in Eq. (A-32)[1]. ¢, =0,757.f, . 11" = 419.827.10°.1/ MPa;
(A-49)[1]; H(t) and H(to) are spatial averages of pore relative humidity. Equations (A-50)[1] to (A-
53)[1] and Eq. (A-36)[1] are required to calculate H(t) and  H(to).
H(t)=1-(@1-h).S(t—-t,) =0.805876; (A-50)[1]; H(t,) =1-(1—h).S(t,—t.) =0.9722808;
(A-51)[1]; where S(t — t;) and S(t, — t;) are the time function for shrinkage calculated at the age of
concrete t and the age of concrete at loading t, in days, respectively, and T, is the shrinkage half-

time. S(t-t) = tanh[(i)” 1 where: t.=7; (A-52)[1];
Tsh
£ =0,0851 9% f 02 [2k (\V /S)J = 2725.477067 Now:

J(t,t,) =0, +C, (t,t,) +C, (t,t,, 1) = (21.963+ 72.064 +14.323) *10™° =1088248*10°°;
Next  step:  o(tt,)=E,*J(tt,)—1=27318*108.8248*10°-1=1.97288;  and:
1+g(t,t,) 1+1.97288

Ecm,t, 27318

Comparing the creep coefficient between EC2, ACI209-R2 , G&L2000, and B&B2000 we
see that the deferent between them is very large.

=0.0000108825=108.825*10"° ;

J(t,t,) =

According EC2: Presssoo o0 =1, 069278468 ; According ACI209-R2:

hisosons,-0 = 0.90505165L pcoording G&L2000; Aossson o0 = 2201813298,
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According B&B2000: ¢t:36500,t0:60 =1.97288

10. Prediction of Concrete creep effect using AAEM and BB2000 model

Let,s consider the next following initial data: t, =60 days; t, =36500 days;
E.(t,) =27318MPa;
10.1. The creep coefficient: ¢_sss00, 60 =1.97288
10.1.1. For aging coefficient we use the formulae:

2(tt,) = 2(36561,60) = —£0) 1 _ g 87370067

E(t)-R(LL) ¢(tt) , according BB2000 model.
According [16] this coefficient can change between values : 0.828-0,997 for time of creep
process more than 10 000 days.

10.1.2. Calculating N_(t) using the formulae:

Then: : iy Neb)@(Ll) A _  84577.0107288315.0,07021776 ) or) socog o
1+ y(t. 1)t t,)4, 1+0,876379967.1,97288315.0,07021766

(according AAEM).

10.1.3. Calculating M_(t) using the formulae:
N, (t ).r 4y, Cole
= M) otl)Ay El. _
¢ I+ 7t ) et t) Ay 1+ x(t )0t t). 4y
_2439.1,97228315.0,93350025  10954,796.1,0387.0,933525.0,082761087 _
1+0,876379967.1,97228315.0,933525  1+0,876379967.1,97228315.0,933525
==1863,596 — 365, 289 = 1498, 306653daNm.

10.1.4. Calculating M, (t) using the formulae:
M, (t) = M_(t) + N, (t).r =1498,306653 +10954,79.1,0387 =12887,0469daNm .

10.1.5. Comparisons between the results obtained from algebraic solution using
AAEM methods and creep models according EC2 and BB3.

N, (t) =7904,597 daN (by AAEM-EC2) ; N, (t) =10954,79 daN (by AAEM-BB3); (A =27,8 %).

M. (t) =1603,413 daNm (by AAEM-EC2) ; M (t) = 1498,306 daNm (by AAEM-BB3); (A =6,50%).

M, (t) = 9813,919 daNm (by AAEM-EC2) and M (t) = 12877,046 daNm (by AAEM-BB3). (A =23,78).
11. Concluding Remarks and Recommendations

According[1] the most relevant recent international guide documents on factors
affecting creep and shrinkage and the related prediction models have been presented in
Part 1 and Part 2 of the article. An undesirable situation of persisting model uncertainties
has been evidenced, as reflected in particular in the significant differences in the long-term
predictions of currently recommended concrete creep models, in terms of both long-term
values and shapes of diagrams of the creep compliance J(z,¢’) vs. time. Unanimous criteria
to remove these discrepancies are still lacking. All actions that may help overcoming this
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undesirable situation should be encouraged, namely: -enhance the studies in the physics of
the material; -perform long-duration tests; -further explore the possibilities of updating
present models that were calibrated on the basis of the RILEM laboratory database
referring, in addition, to the database under construction of multi-decade bridge
deflections. Besides these actions, a few counteractive measures may be suggested in order
to reduce, for each specific project, the unfavourable consequences of present model
uncertainties, in particular in case of important andsensitive structures. In what concerns
the structure, the proper countermeasures to be adopted at the design and construction
stages to mitigate the unfavourable effects of creep and shrinkage depend to a large extent
on the structural type. As a general recommendation, structural systems characterised by
high deformability due to excessive slenderness or too low restraining conditions (e.g. the
presence of a mid-span hinge instead of final bending continuity in cantilever built bridges)
should be avoided. Also, as evidenced already [1] in section 4.4, attention should be paid at
the design stage to avoid stress levels in the concrete, under sustained actions (loads and
prestress), exceeding the limit of 40% of the of the mean cylindrical compressive strength
of the concrete at the age at loadings in order to avoid stress-strains nonlinearity in the
creep response. For the high-rise concrete or hybrid steel and concrete buildings, the range
of possible design and construction remedial measures is much narrower and consists
mainly in passive actions They include detailing structural and non structural elements to
accommodate absolute and differential displacements, maximisation of spans between
columns and core and/or vertical geometrical compensations in order to reduce long-term
slopes due to differential shortening, design provisions to reduce differential shortening
due shrinkage and creep among vertical structural elements like optimization of plan and
member geometry to obtain both comparable levels of stress and drying rates, optimization
of reinforcement or adoption of composite steel-concrete sections in vertical elements,
retarded erection of steel columns with respect to cores. The effectiveness at long-term of
some of these actions is still waiting for confirmation, in particular in the case of super-tall
buildings, due to the rather recent introduction of the use of high strength concrete instead
of steel members in this type of structures. For a correct estimation of the predictable
effects of all these countermeasures applied to the structure at its design and construction
stages appropriate computational approaches for the analysis of structural effects of time-
dependent behaviour of concrete are required. Reference shall be made for these aspects to
the other papers in this issue of the Journal[1].
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Abstract: Within the framework of ecological transition, new procedures for the
assessment of existing buildings are developed as a reflection of new values
given to the preservation of existing partially-historic structures. Ecological
transition added importance to the preservation of available material, not only
for the sake of authenticity but for ecological reasons. In the case of timber
structures, a comprehensive assessment of the heritage building's condition is an
absolute prerequisite for their professional and substance-careful protection. In
the past two decades, the general assessment of existing timber structures and
the determination of the material quality increasingly have become the focus of
research and standardization at the international level. The goal is to achieve
more precise knowledge of the structure. The combination of visual and non-
/semi-destructive testing methods has proven to be a promising approach. Basic
requirements are already included in the drafts of international codes. However,
stringent specifications for practical implementation are still missing. This
paper presents combined methods for in-situ strength-grading, in addition to the
basic methodological approach and definite specifications for its
implementation, based on laboratory tests on ceiling beams taken from the 370-
year-old castle Friedenstein, Gotha (Germany).

Keywords: Timber Structures, Built heritage, Assessment, Strength-grading,
NDT/SDT
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1. Introduction

In the light of ecological transition, the rule of minimum interventions nowadays
questions the amount of new material being used, even when that material is identical with the
existing, because preserving heritage values got strong competition in protecting values on
nature. Within heritage theory, the rule of minimum intervention has not been fully formally
defined. However, it has been widely accepted as a highly preferable one, because it implies
keeping the highest possible authenticity of the object of intervention. In wider architectural
scope, this rule is the expression of rational approach to design and construction. In the past it
was commonly associated with proper architectural ethics, in particularly in relation with
historic roots of Western civilization, while in contemporary terms it is appears to be a
synonym for “ecological” and “sustainable”, in variety of meanings of the latter. The value of
avoiding unnecessary interventions has been recently widely praised and a good example of it
is the jury explanation for choosing laureates of influential Pritzker prize in 2021. More than
ever, concern arose regarding damaging effect of unnecessary interventions on our living
environment. Therefore, additional efforts must be taken in order to avoid them.

In this paper we focused on timber in heritage buildings, and demonstrated new
procedure for assessment of existing timber for purpose of further use. The assessment is the
necessary step for further use of the existing material, required for safety reasons. It is a part
of the procedure applied on heritage buildings and it is designed to cheek if it meets current
standards, in this case for timber. It should be respected in all buildings even those listed as
World Heritage (WH). We used the case study of Castle Friedenstein which is expected to
become WH in the time ahead of us, and should meet both general construction standards and
WH criteria. Considering that, WH is expected to serve as a role model regarding values and
procedures which should be cultivated in the future, buildings associated with WH are
expected to carry the torch also in this specific context. That gives the basic reason why the
Castle Friedenstein was chosen as object of the case study.

2. Castle Friedenstein of valuable heritage

Castle Friedenstein is approximately 370 years old castle located in Gotha (Germany).
More precisely, it was built between 1643 and 1656 on behalf of Duke Ernst | "the Pious" of
Saxe-Gotha-Altenburg. The palace complex was planned in the style of the Early Barogue by
the Erfurt master builder and architect Caspar Vogel (born ca. 1600, died in 1663). The castle
complex was originally played out as a citadel, whereby remaining parts of the former fortress
Grimmenstein were integrated. In the early 18™ century the citadel as well as the city of Gotha
were defortified.

The actual palace is one of the biggest palaces of its kind (Fig. 1). It was constructed as
a huge, four-winged building with up to four stories. It consists of the main building situated
in the north wing, the adjoining three-story east and west wings, and the gate building in the
south. The length of the north wing is 100 meters and the length in the east-west direction is
140 meters. There are two outer buildings on the north side. The side wings end in two four-
story tower-like head buildings. The castle was built at the end of 30-years old war and
therefore carries symbolic name literally meaning a peace-rock.

It was designed for representation, a ducal living quarters, and for administrations,
economic areas, military and church purposes. With its extensive gardens and parks, the
palace forms an impressive complex.

Till 1894 it was the residence and administrative center of the Duchy of Saxe-Gotha,
which is situated at the heart of Germany. The ruling family had important role in European
history, in particularly due to its most famous members of newly established Sachsen-
Cobourg and Gotha line — Queen Victoria and Prince Albert. It has survived the Second
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World War undamaged and was well maintained in all times. Since the last heir passed away,
it has been opened for public and hosts several museums, the Thuringian State Archive, the
Gotha Research Library and the baroque Ekhof Theater.

Eventually, Friedenstein is one of the first baroque castles in Germany, and because of
the role of the Cobourg-Gotha family in European history, it attracts a lot of public attention.
Since 2004 it belongs to the Thuringian Trust for Palaces and Gardens. The federal
government and the state of Thuringia are co-financing renovation which was initiated in
2017 and should be completed in 2031. A large part of its load-bearing structure is made of
timber — such as the roof and ceiling constructions. Consequently, the outstanding impression
which the palace makes is due to the numerous heritage values but no less its huge
construction value and dominant location and size.

Figure 1. Aerial photograph of the Friedenstein palace complex (source: Palace, Castle and
Gardens Trust of Thuringia, 2017)

3. In-situ strength-grading of timber members

3.1. Current standards and regulations for the assessment of existing timber
structures

The redevelopment, preservation and future use of existing structures is of increasing
economic, ecological and social importance. In order to ensure professional, substance-careful
and economic interventions in existing constructions, a comprehensive assessment of the
building condition is required. In the recent past, the latter has increasingly become the focus
of research and standardization. Between 2004 and 2013 several national codes and standards
for the assessment of existing structures — especially timber structures — were published in
Europe (see Loebjinski et al. (2019)). The first code was published in Italy (UNI
11138:2004). It contained rules for the evaluation of the structural stability and the planning
of safety and redevelopment measures for timber structures. There, the determination of the
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present material properties is postulated as the fundamental requirement for the evaluation of
the structural stability. Besides, fundamental measurements — such as the determination of the
wood species, the structural geometry and eventually present damages — strength-grading of
the timber members is demanded. The latter should be carried out as a combination of a visual
survey respectively grading and the non-destructive determination of at least one physio-
mechanical material property.

In 2011 with the Swiss SIA 269 a whole series of codes for the assessment and
evaluation of the conservation state of existing structures was published. SIA 269/5 (2011)
deals with existing timber structures in particular. There, the update of information — i.e.
actions and material properties — is explicitly demanded. Similar to the Italian standards this
should be done in a visual survey combined with non- and semi-destructive test methods. In
contrast to the preexisting standards the grading methods which were developed for new
structural timber can be applied without exemptions or adaptations. The extent of the on-site
survey and grading depends on the required level of knowledge of the timber structure which
is differentiated between “limited”, “average” and “comprehensive” knowledge. For example,
if limited knowledge is sufficient, the required information can be taken form inventory
documentation. When the assessment requires comprehensive knowledge an extended on-site
survey is necessary. A series of non- and semi-destructive methods is recommended by the
SIA 269/5 (2011) for such surveys.

Another national code was published in 2013 in Austria. The ONR 24009 (2013) is a
guideline for the evaluation of the structural stability of existing structures. It is not limited to
timber structures and can be applied for all major construction methods and building
materials. However, this guideline follows the basic principles of the structural evaluation
based on the previously assessed conservation state.

Simultaneously to the publication of the already mentioned national codes preliminary
approaches on the development of consistent European standards were undertaken. The major
developments came from the COST Action E55 (“Modelling of the Performance of Timber
Structures®, mentioned e.g. by Dietsch et al. (2010)), COST Action IE0601 (“Wood Science
for Conservation of Cultural Heritage — WoodCultHer*, discussed e.g. by Cruz et al. (2015))
and COST Action FP1402 (“Basis of Structural Timber Design — from Research to
Standards”). Their work is strongly oriented on the international state of the art and the
standardization. The proposed policies and procedures correspond to the general regulations
of the already outlined Italian, Swiss and Austrian codes and guidelines.

In 2015, the Joint Research Centre (JRC) of the European Union published a first draft
of a unified guideline for the assessment of existing structures, which is in line with the
regulations of the Eurocodes (see Loebjinski et al (2019) and Dimova et al. (2015)). The aim
of the proposed standard is the harmonization of the deviating requirements and methods of
the evaluation of the structural stability of existing structures. Essentially, the structural
evaluation is divided into two stages. The preliminary assessment is used to clarify whether
immediate safety interventions are necessary and to plan further investigations. This includes
the compilation of all available inventory documents as well as a preliminary visual survey of
the construction. On this basis the detailed assessment is planned and carried out, which aims
on an exact and reliable evaluation of the construction structural stability and the derivation of
middle- and long-term measurements. This includes a detailed survey of the existing
structure, the analysis of the documents available, the update of information, the verification
of the construction’s structural stability and its approval as well as the development of further
redevelopment and maintenance measures. The update of information includes actions,
geometrical parameters and material properties. The latter can be determined by non- and
semi-destructive test methods which have been calibrated in destructive material test. If the
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characteristic material values should be determined, the extraction and destructive test of
sample material is recommended.

The draft proposed by the JRC (Dimova et al, 2015) as well as the guideline developed
by the COST Action IE0601 (Loebjinski et al., 2019) have since been transferred into
European standards CEN/TS 17440:2020 and EN 17121:2019. The essential procedure
includes not only the assessment of the structural geometry, the present loads and influences
and any possible damage, but also the determination of the existing material quality.
However, the currently available international codes CEN/TS 17440:2020 and EN
17121:2019 only specify general requirements. The material quality should usually be
determined using the strength grading methods developed for new timber.

However, the strict unrestricted application of these methods is usually not possible in-
situ (see Machado et al. (2015) and Pizza et al. (2008)). In practice, therefore, in-situ strength-
grading is rarely carried out and then only visually and to a limited extent. Usually, the
material capacity is only estimated and static calculations are carried out assuming an average
load-bearing capacity. A reliable assessment of the material quality is thus not possible.
Therefore, alternative approaches are necessary. The combination of a visual examination and
non-destructive/semi-destructive testing methods is currently the general consensus, but
detailed instructions for the application of an in-situ strength-grading are still not available in
the existing regulations.

3.3. Determination of the material quality of timber in existing structures

The determination of the material quality is of central importance for the evaluation of
existing constructions as the analysis of the major national and European standards for the
assessment of existing structures has showed. It is not only necessary for a more exact and
reliable structural evaluation but also for the planning of professional and substance-careful
structural interventions. The latter is of particular importance in the case of built heritage.

On the one hand, a detailed survey concerning the present material quality can reveal
load-bearing capacity reserves that can be used in the verification process of the structural
stability. This applies in particular if an increase in load is to be expected in the course of the
future use. On the other hand, the detection of load-bearing capacity deficits enables targeted,
professional redevelopment measures.

Currently, investigations and on-site surveys in this regard are mainly focused on the
overall condition of the structure and limited to visual examination and grading. However, it
has limited informative value, as studies on new timber have already shown (see e.g. Gloss
(1995), Blass et al. (2004) and Denzler (2009). Furthermore, the strict application of the
grading techniques and methods which were developed for the grading of new structural
timber is problematic. The main reasons are the differences of the production techniques and
their influence on the load-bearing behavior (sawn vs. hewn timber), the limited visibility and
accessibility of the timber members on site, the fact that the type of loading is not considered
when grading new timber and the fact that not all grading criteria directly influence the load-
bearing capacity. This additionally reduces the reliability of the standardized grading methods
for new timber when they are applied on site to determine the material quality of timber
members in existing structures.

These deficits can be compensated by combining visual grading with non-destructive
and semi-destructive test methods. Then, a significant improvement of the reliability can be
expected (based on Machado et al. (2015), Piazza et al. (2008) and Blass et al. (2004)).

The available codes and standards for the assessment of the building condition do not
specify any concrete requirements in this respect. The lack of such specifications for
determining the material quality of timber components in existing buildings has led to
numerous non- and semi-destructive tests methods being investigated and put to test with
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regard to their applicability for in-situ strength-grading over the past two decades. A summary
of the current state of the art can be found for example in the publication of Machado et al.
(2015).

However, the reliability of visual strength-grading supported by non- and semi-
destructive test methods is highly dependent on how it is used in combination. In particular,
the interpretation of the measurement results is of central importance. On the one hand, a joint
consideration and evaluation of the measurement results is imperative, since neither the visual
sorting nor the non- and semi-destructive test methods, considered alone, allow any realistic
statements to be made. While the stiffness of timber is significantly influenced by the quality
of the defect-free wood the strength and fracture behavior is mainly dependent on the existing
growth characteristics and defects. The latter can be recorded comparatively accurately by a
comprehensive visual inspection and grading. On the other hand, the majority of non- and
semi-destructive test methods available today only provide estimated values. Additionally,
these methods are mostly developed based on simplified assumptions regarding the actual
material behavior. In combination with the natural variation of material properties within a
component this results in uncertainties that must be taken into account when evaluating the
test results. Therefore, detailed planning is an absolute prerequisite. This includes the
definition of the test methods which can be used and the grading criteria which can be
applied. Such considerations were already the subject of several studies in the 1980s.

Although the combined use of visual inspection and grading in conjunction with non-
and semi-destructive test methods has been recommended or demanded in the literature for
about four decades, concrete regulations in this regard have not been included in the relevant
codes and standards to date. As a result, a comprehensive assessment and evaluation of the
existing material quality of timber components in situ is rarely carried out.

3.4. Methodology for in-situ strength grading

In the period 2017-2021, systematic studies on the strength grading of timber
components in existing structures were carried out at Brandenburg University of Technology
in Cottbus/Germany in cooperation with the Laboratory for timber construction and
ecological building technology in Eberswalde/Germany (see Linke et al. (2019) and Linke et
al. (2021)). The aim was to investigated selected non- and semi-destructive test methods
concerning their applicability for the strength grading of timber as well as to develop a
methodology for in-situ strength grading based on said test methods. For this purpose,
specimen made of new spruce, pine and oak timber were examined in comparative material
tests. These tests included visual grading according to the German grading codes DIN 4074-
1/-5 (precisely DIN 4074-1:2012 and DIN 4074-5:2008), ultrasonic time-of-flight
measurements with the Sylvatest Trio ® test device, the determination of the density on small
defect-free specimen, core drill samples and the penetration depth measurement as well as
destructive bending tests according EN 408:2010.

On basis of the test results two possible methods for the in-situ strength grading have
been further investigated. The first approach — the grading based on limiting values for the
ultrasonic velocity — turned out to be not sufficient enough to determine the material quality
with the necessary reliability (see Linke et al. (2019)). The sorting yield showed a significant
improvement compared to visual sorting - especially in the strength classes C30/D30
according to EN 338:2016 and higher. However, the accordance between the estimation of the
material quality and the load-bearing capacity determined in destructive tests was still
comparatively low. The reason for this is, on the one hand, the partially low correlation
between the ultrasonic velocity and the strength and stiffness properties. On the other hand,
the ultrasonic pulse time-of-flight measurement does not include the effects of relevant
features that influence the load-bearing capacity - such as knots, slope of grain and cracks.

200



XXII MEXXOYHAPOOHA HAYYHA KOH®EPEHLIUA BCY’2022
XXII INTERNATIONAL SCIENTIFIC CONFERENCE VSU'2022

From this it can be concluded that ultrasonic time-of-flight measurement is suitable in
principle for strength grading, but should not be used alone.

Therefore, the second approach was undertaken which was the development of a
methodology for in-situ strength grading based on the test results of several test methods. This
is based on the determination of a so-called grading parameter. These grading parameters are
already used for the machine grading of new construction timber. However, the applicable
European standards currently only take into account the natural frequency and the density.
Furthermore, the own investigations have shown that the direct inclusion of the essential
visually measurable growth characteristics is necessary for an accurate estimation of the
material quality. Therefore, based on the results of the comparative material tests, grading
parameters were derived using a multi-level, multi-variate regression model.

This model enabled the simultaneous evaluation of the measurement results of several
non- and semi-destructive test methods. Specifically, the visually measurable growth
characteristics knots, slope of grain and cracks as well as the measurement results of the
ultrasonic time-of-flight measurement, the density calculated from the penetration depth and
determined on drill core samples were included in the analysis. With regard to the ultrasonic
time-of-flight measurement, the transmitted electrical stress as an indicator for the signal
attenuation and the dynamic modulus of elasticity were taken into account in addition to the
measured ultrasonic velocity. The bending strength and the static modulus of elasticity served
as target values.

The multilevel nature of the grading methodology allows the scope of the investigation
to be specifically adjusted to the respective conditions on site and the objectives of the
investigation as a whole (see Figure 2). The extent of the measurements and examinations to
be carried out on-site depends on the state of preservation of the components or constructions,
their degree of stress and importance for the entire structure, as well as on the conservative
value. Thus, less extensive investigations are required for subordinate structural components.
The main structure and critical components, on the other hand, require a more detailed
investigation. This offers the possibility to precisely plan and carry out the necessary
investigations in situ. Furthermore, depending on the grading level and the knowledge gained
from strength grading the methods for the verification of the structural stability can also be
adjusted, as shown in (LINKE, et al., 2018), (Loebjinski, et al., 2018) and (LOEBJINSKI, et
al., 2019).

The application of the in situ strength-grading methodology to the sample material
made from new construction timber showed that the material quality can be reliably
estimated. The accordance between the assignment to the strength classes according to EN
338:2016 based on the developed grading method as well as based on the destructive bending
tests was (86 ... 96) %.
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Strength Grading Level SGL 3 — apparatus-supported visual strength grading

- Determination of Knot-Area-Ratio, slope of grain and depth of cracks ( A/FN/R)

- Ultrasonic time-of-flight measurment (v/U)

- Extraction of core drill samples for density determination (pg,/E,.)

- Adjusted verification methods can be used

- Scape of Application: Members and consitructions with high loads, extensive damages and/or
high conservatlive value

Strength Grading Level SGL 2 — apparatus-supported visual strength grading
Strength Grading Level SGL 2a Strength Grading Level SGL 2b

L . - Determination of Knot-Area-Ratio, slope of
- Determination of Knot-Area-Ratio, slope of grain and depth of cracks (A/FN/R)

grain and depth of cracks (A/FN/R)

- Ultrasonic time-of-flight measurment (w/U) * Wlsmsonicimsaight measment (i)

- Penetration depth measurement (0r/E,,.)

- Adjusted verification methods can be used
- Scope of Application.: Members and constructions with average loads, average damages and/or
without conservative value

Strength Grading Level SGL 1 - visual strength grading

- Determination of Knot-Area-Ratio, slope of grain and depth of cracks (A/FN/R)
- Adjusted verification methods can be used

- Scope of Application: Members and constructions with low or average loads, limited or average
damages and/or without conservative value

Strength Grading Level SGL 0 - no strength grading

Determination of the overall condition, damage and deformation

Figure 2. Schematic representation of the methodology for in situ strength-grading.

In addition to the investigations described above, the strength-grading methodology was
applied in comparative material test on sample material from historic, partially deconstructed
timber structures (see e.g. Linke et al. (2022)). In the course of this, it was determined that
minor adjustments to the methodology are necessary with regard to the consideration of the
load-bearing capacity-reducing growth and component characteristics. The material test
carried out on the ceiling beams taken from the Castle Friedenstein in Gotha, Germany was
used for a case study as such.

3.4. Scope of the study & methodology

Since 2018, extensive redevelopment work has been carried out on the west wing. In
addition to repairing the foundations (masonry pillars), the wooden roof construction and the
historic stucco ceilings, a barrier-free access is also being constructed. In the course of this,
parts of the historic ceiling constructions between the first and second floor of the west wing
have been dismantled (see Fig. 3).
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Figure 3. Top — the location of investigated ceiling is marked in red, middle — mapping of
organic damages and bottom — interior view on the ceiling.
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Figure 4. Illustration of state of the timber beams

The investigated ceiling showed partial damage due to wood destroying fungi along the
exterior wall (see Fig. 4). In the course of previous redevelopment, the ceiling beams were
already supported with additional joists and columns (see Fig. 3, bottom and Fig. 4).

The ceiling beams (spruce timber) were made available for material test on their
performance under bending load in order to enable a more precise evaluation of the timber
structures in the context of future redevelopment measures. They were cut into specimen and
underwent comparative material test. The material tests carried out for this purpose
corresponded to the comparative study described by Linke at al. (2019) and Linke et al.
(2021) and were subdivided as follows:

e Visual grading

e Ultrasonic time-of-flight measurements

e Density determination

e Destructive bending test to determine bending strength and modulus of elasticity
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4. Results & Discussion

The visual grading showed that about three quarters of the sample material examined
could not have been used as construction timber according to the current grading regulations.
The main reasons for this were pronounced shrinkage cracks and the disadvantageous slope of
grain. In addition, individual test specimens also showed longitudinal curvatures and locally
restricted damage caused by wood-destroying fungi. The remaining test specimens had an
average or above-average load-bearing capacity.

Taking into account the fact that the floor beams obviously did not fail due to
overloading, severe deformation or the existing organic damage i.e. that their load-bearing
capacity was still as given after nearly 370 years, a strict application of the grading rules
developed for new construction timber appears not to be sufficient for assessing the material
quality of timber components in existing constructions. A more detailed assessment requiring
an additional measuring and test methods is needed. This becomes obvious after comparing
the results of visual grading and results of grading based on destructive bending tests (see Fig.
5).

The tests carried showed that, regardless of the size of the features, their position in the
component is also decisive for the load-bearing capacity. Knots, smaller defects, limited
organic damage and superficial indentations and notches caused premature failure even if they
were relatively small, provided they were located in the loaded area. If these circumstances
are not taken into account, the agreement between the estimated and test-determined material
quality is only (64 ... 79) %. About (10 ... 30) % of the components are overestimated.

visual grading bending tests
5%

3%

m Rejected m low load-bearing capacity (S7/C18)
Daverage load-bearing capacity (S10/C24) m above-average load-bearing capacity (513/C30)

B high load-bearing capacity (>C30)
Figure 5. Comparison of the results of the visual grading and the destructive bending tests.

In order to eliminate this deficit, the accuracy of the strength grading methodology was
adjusted by means of correction factors. The use of a global factor in the range of kjp =
(0.80...0.95) resulted in a reduction of the overestimation to approx. (0...23) %. At the same
time the proportion of underestimated samples increased to approx. (5...79) %. This does not
represent an improvement in the accuracy and reliability of the results. Using a correction
factor k,is=(0.85...0.90) related to the individual case resulted in an overestimation of
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(7...10)%. The agreement between the estimated and test-determined material quality was
(78...85) %. This is acceptable from an engineering point of view.

The application of the factor ks is recommended for components that have local weak
points (i.e. predetermined breaking points) that are not included in the calculation of the
grading parameter due to their characteristics or size. This is necessary, for example, in the
case of knot accumulations, strong crack formation and unfavorable fiber inclinations in the
tensile area - especially in the highly stressed component sections, knots and knot
accumulations in the area of load introduction, local cross-section weakening (e.g.
cuts/cervical/etc.), and superficial damage to the edge fibers (e.g. axe notches).

The application of the in-situ strength-grading method not only made it possible to
estimate the load-bearing capacity of the sample material more precisely, but it has also
shown that comprehensive strength-grading of timber components in existing constructions
can in some cases reveal considerable load-bearing capacity reserves that can be used in the
evaluation of structural stability. As already described, an average load-bearing capacity is
usually assumed. For softwoods, this corresponds to strength class C24 according to EN 338
or a characteristic bending strength of 24 N/mm?. With the help of in-situ strength-grading,
some of the sample material can be assigned to strength class C40 according to EN 388,
which has a characteristic bending strength of 40 N/mm?. This implies that a load-bearing
capacity reserve is 67 %.

At the same time, it is also evident that for a reliable assessment of the material quality,
extensive technical expertise - especially with regard to the load-bearing and fracture behavior
of timber components - is required. Those test specimens that could not have been used as
structural timber even on the basis of the destructive bending tests all failed prematurely due
to disadvantageous located cracks and preliminary mechanical and biological damage. Such
structural features are not reliably detected by the non-destructive/semi-destructive test
methods which were applied and must be visually recorded and taken into account when
assessing the material quality.

5. Final remarks & conclusion

In huge buildings and extensive use of timber as it is the case with Friedenstein castle,
strategy of restoration of one of the dominant construction materials strongly affects flow of
the project and its funding. That is why the decision-making process cannot be led by instincts
or mere desire. Quite the opposite, all and every option must be thoroughly reconsidered, and
the decision must be based on proper arguments which should preferably be quantified. In
other words, it should be based on well-established method i.e. procedure integrating
combination of methods. Further concerns in that matter spread into two directions. Firstly,
responsible heritage management is expected by all means to reconsider if existing timber can
be reused or not, for the sake of authenticity, ecology, sustainability, overall efforts, etc. It is
in the interest of the authenticity and overall integrity of a heritage building to keep all timber
in cases like this one, when it serves well its purpose even after 370 years in use. Secondly,
providing such huge amount of new timber nowadays and, that is eventually high quality
timber with substantial spans and dimension of section, it has an obvious ecological footprint.
That is, full replacement of timber as such, in numerous ways must reduce quality of our
living environment, due to endless non-ecological actions which must be necessary, from
cutting trees and degradation of soil to additional energy consumption and unnecessary
transportation demands. Therefore, both aspects lead to keeping timber as the preferable
choice. As both lines of thoughts are evidently concordant, it proves that preservation of built
heritage is essentially ecological human activity. Its coordination with ecological transition
should develop harmoniously to the great extent. The decision making eventually takes course
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between a fear of failure which may lead to permanent loss of historic structure and
unnecessary intervention which may diminish authenticity and be unjustified. In other words,
the strict application of the standards created for new structures leads to replacing of all
timber, and thinking outside of the box leads to keeping the timber after reconsideration of the
applied method. This particular case shows that decision-making is not easy because the
structural integrity and stability of existing timber cannot be fully assessed according to
standards proposed for new timber structures without taking additional actions, i.e, without
applying combination of methods.

It is without doubts that that as-precise-as-possible assessment of the structural
capability is desired. An expertise on the load-bearing and fracture behavior of timber
members is a necessary prerequisite. Therefore, a draft of the framework for an application
guideline for proposed improvements regarding the assessment is currently being prepared.
As demonstrated the above, the implementation of the proposed method into the currently
existing standards for the assessment of existing timber structures CEN/TS 17440:2020 and
EN 17121:2019 as part of a detailed on-site survey is possible.

The results of the presented study show that the decision regarding the further use of old
timber in existing structures should be based on an adequate survey including the evaluation
of the material quality. It is highly desirable that similar decisions regarding heritage
buildings are more and more based on proved procedures and adequate methods in the future,
which should be subject of further research.
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ABOUT THE DETERIORATIONS, DAMAGE AND FAILURE PATTERNS
OCCURRED IN SOME HISTORICAL STONE ARCH BRIDGES IN BULGARIA
(GENERAL APPROACH-PART I)

Petar Grekov *, Anton Gorolomov 2, DonchoPartov
123 University of Structural Engineering and Architecture, VSU “L. Karavelov”, Sofia

Abstract: Preservation and conservation of historical structures are the major points for
the continuity of history. Therefore, in order to develop suitable restoration projects
without neglecting any of the unique cultural values, it is very important to determine the
present conditions of these structures. In this paper, it is aimed to present architectural
and engineering properties of some Bulgarian historical stone arch bridges. For the
purpose of the article, deteriorations in construction materials, damage and failure
patterns occurred in one of the above mentioned masonry arch bridges, are classified and
discussed using some illustrated photos. Some restoration practices for such types of the
the bridges, which have been carried out in abroad is present.

Key words: masonry arch bridges, deteriorations, damage, failure patterns
1.Introduction

1.1.Geographical Characteristics

The Republic of Bulgaria is located on the Balkan Peninsula in southern Europe. The
country borders five other countries: Romania to the north (mostly along the Danube
River), Serbia and the former Yugoslav Republic of North Macedonia to the west, and
Greece and Turkey to the south. Black Sea coastline covers the east border of the country
for 354 km. Bulgaria has a territory of 110,879 km? and a population of about 6,8 million.
The country’s river system is characterized by relatively small rivers, with exception of the
Danube. The major rivers are the Maritsa (480 km long), Iskar (360 km), Struma (415 km),
Arda (241 km), Tundzha (390 km), and Yantra (285 km). Overall more than half of the run
off drains to the Aegean Sea and the rest flows to the Danube and the Black Sea (Fig.1.1).
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1.2. Historical development

The oldest stone bridges in Bulgaria date from the age of the Ottoman Empire (1386—
1876). The arch bridges built during the fifteenth and sixteenth centuries are notable for
their perfect proportions of the span-to-arch height ratio and the high quality of the stone
masonry. The remarkable examples of this era are Kadin Most, over the Struma River(see
Fig.1) with spans of 14.8 m + 20 m + 13.5 m, and the Old Bridge (see Fig.2) over the
Maritsa River near Svilengrad, which has 18 arches with the longest span of 18 m. Some
well-preserved arch bridges at the eastern part of the Rodopi Mountains are valuable
historical heritage of the Middle Ages. Detailed research of the 15 bridges shows that most
of the arches have an approximately semicircular shape and rise up to 8.5 m above the
river. The arch spans vary from 4 m to 18 m and their widths vary from 2.2 m to 3 m. An
example of these bridges is Dyavolski Most(Devil Bridge) over the River Arda (see Fig.3).
The Renaissance age was remarkable, with the masterpieces of the self-educated builder
Master Kolyo Ficheto. The Belenski Most over the river Yantra, with 14 spans of 12.6 m,
built in 1867. Belenski Most is a stone arch bridge over the Yantra River near Byala in the
Rousse region (Figure 4). The bridge was built in 1867 on the order of Mithat Pasha,
statesman of the Danube Province in the Ottoman Empire. The bridge builder was the
famous local master Kolyo Ficheto. The bridge owner is the Road Infrastructure State
Agency and it was proclaimed a monument of culture in 1980. In the past, in Bulgarian
areas stone arch bridges were exclusively built, which is logical since this area is rich with
large sources of stone material and has the terrain which is ideal for this type of structure.
The span and structural characteristics of these bridges cannot possibly be compared to the
achievements of the modern RC bridges, but in the historical and cultural sense their value
is inestimable. Furthermore, it should be mentioned that most of these bridges cross rivers
and streams along the old roads and corridors in picturesque landscape, and as a result they
represent a still undiscovered tourist attraction. All of these are reasons why great efforts
are being made towards their conservation in terms of their reconstruction in order to
increase their durability.

2. Briefly hystory of development of arch stone bridges and its component parts
2.1. Common consideration

Arch bridge is one of the most popular types of bridges, which came into use over 3000
years ago and remained in height of popularity until industrial revolution and invention of

advanced materials enabled architect to create other modern bridge designs. However,
even today arc bridges remain in use, and with the help of modern materials, their arches
can be build on much larger scales. The basic principle of arch bridge is its curved design,
which does not push load forces straight down, but instead they are conveyed along the
curve of the arch to the supports on each end. These supports (called abutments) carry the
load of entire bridge and are responsible for holding the arch in the precise position
unmoving position. Conveying of forces across the arch is done via central keystone on the
top of the arch. Its weight pushes the surrounding rocks down and outward, making entire
structure very rigid and strong. Because of this design, stone arch bridges become very
popular during the Roman Empire, whose architects managed to build over 1000 stone
arch bridges in Europe, Asia and North Africa. Many of those bridges remain standing
even today, giving us the chance to personally see the wonders of the ancient architecture.
Roman designs were usually made with semicircular arches, although several segmented
arch bridges were made during their reign. These segmental arch bridges had one crucial
design advantage which separated them from ordinary semicircular bridges — they enabled
bridge builders to more arch of the bridge much higher and lower the mass of the entire
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structure. These changes enabled bridges to much easier survive stresses of floods and
strong rivers. During the life of Roman Empire, they built many wondrous bridges,
lengthy aqueducts with multiple arches, bridges with flood openings on the piers, and
many others. As centuries went on, medieval architects improved the designs of Romans,
creating arch bridges with narrower piers, thinner arch barrels, lower span-rise rations,
pointed arches, and increased spans of arches (increasing to over 70 meters, most famously
on the bridge at Trezzo sull'’Adda who was in use from 17th to the end of 18th century).
Renaissance architects infused into arch bridges not only sound engineering, but also
fashion of their time, creating some of the most beautiful and famous bridges of the
modern human civilization (such as Rialto Bridge in Venice). In the last 150 years, iron,
steel and concrete enabled creation of much more ambitious arch bridges which can now
be seen in every country in the world. Masonry arch bridges represent a major part of the
bridge population in Europe, including more than 2 000 000 masonry bridges. They
comprise railway bridges built in the 19-th century and ancient roman, medieval and
Renaissance bridges, which have survived along the centuries and nowadays represent
relevant landmark around Europe. These bridges are normally made through masonry
barrel vaults supported by strong piers. The spandrels are filled with backing and a filling
that plays a significant role in the stability of the structure. Backing is normally made with
conglomerate of rubble stones and lime mortar. The filling is frequently made with
incoherent material as coarse gravel. Sometimes the backing and filling are made with
same material. Lateral spandrel walls are used to contain the filling(Fig. 2.1)[1]
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Fig.2.1. Component parts of masonry brides

At present, most of masonry bridges need to be strengthening and repaired because of
ageing of the component materials, the increased service loads and the poor performance
under extreme loading conditions. In fact masonry arches were not designed to carry the
current traffic loads as well as spandrel walls were not designed to withstand high out of
plan actions due to filling thrust or seismic execution. Moreover significant differential
temperature among parts of the structure may cause considerable tensile stresses.
Therefore, transversal cracks in the vaults as well as the separation between the spandrel
wall and the arch frequently present due mainly to the filling thrust on the spandrel walls
and/or to the significant temperature gradient from external and inner parts of the structure
in hot and cold seasons(cause from climatic change). Moreover, the lateral filling thrust
and earthquake excitation cause significant out of plane actions in the spandrel walls,
which frequently lead to the occurrence of extensive vertical cracks. Vertical cracks may
also be caused by longitudinal tensile stresses in long bridges due to temperature seasonal
variations(cause from climatic change). Permanent distortions and misalignment of the
regular shape of the arch barrels can also be caused by differential settlements in
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foundations due to sudden change in the soil conditions, often due to the floods and scour
in rivers. The poor structural performance is strongly influenced by the material
deterioration that is mainly due to water contact, which leads to the aggravation of freeze-
thaw effect and to the enhancement of chemical activity[1].

3. Description of the some Bulgarian Heritage arch stone bridges, and their
damage and reconstruction guidelines

3.1. Kadin bridge

“Kadin Most” is an arch bridge as shown in Fig. 3.1a. over the Struma River near to
Nevestino, Kyustendil region. The bridge was built in 1470 on the order of Vizier Isaac
Pasha during the reign of Ottoman sultan Mehmed Il. Nowadays the bridge is still in use
with a limited load-carrying capacity of 200 kN vehicles. The bridge was proclaimed a
monument of culture in 1968. The structure is a close-spandrel deck-arch stone bridge with
a total length of 100.00 m and includes three main spans of 14.80 m + 20.00 m + 13.50 m
(lvanchev and Topurov 2004). Additional two spans help to capture the capacity of the
spring high level of the river water. They have spans of 4.80 m and 3.00 m. All arches are
approximately semicircular shaped and have a total width of 6.00 m. The bridge deck is
5.60 m wide and has symmetrical longitudinal slopes of 10%o. The stone parapet is 0.40 m
wide and the height varies from 0.40 to 1.00 m. The main piers have dimensions of
5.00x6.00 m. The material used for the bridge construction is high quality granite. The
piers are supported by timber piles. The bridge structure survived one of the strongest
earthquakes in Bulgaria in 1904 with a magnitude of 7.8 of the Richter scale and epicentre
in the Struma River region (HIBE 2014, W.F.Chen and L. Duan).

« -

b):”. : C), \

Fig. 3.1. Kadin bridge-a) Front of view; b) View under arch; c) Elevation of the stone bridge

3.2. The Old Bridge

The Old Bridge or Mustafa Pasha Bridge is a stone arch bridge as shown in Figure 3.2,
over the Maritsa River near to Svilengrad (with an old name: Mustafa Pasha). The bridge
was built in 1529 on the order of Vizier Mustafa Pasha. The bridge is proclaimed as a
monument of culture with an owner the Road Infrastructure Agency. The structure is a
close-spandrel deck-arch bridge with a total length of 286.00 m and includes 18 main
spans with a widest span of 18.00 m. Additional two spans help to capture the capacity of
the spring high level of the river water. The bridge arches are shaped according to the
typical Arabian style with tapered crowns of arches. The total width of the bridge is 7.00
m. The deck has a stone parapet 0.33 m wide and the height varies from 0.40 m to 0.80 m.
The three middle piers have dimensions of 9.50x6.80 m; the remaining piers have
dimensions of 3.50x6.80 m. The piers stone footings are timber pile foundations. The
bridge structure survived one of the strongest earthquakes in Bulgaria in 1928 with a
magnitude of 7.0 on the Richter scale with epicentre near to Popovica(HIBE 2014,
W.F.Chen and L. Duan).
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Fig.3.2. The Old Bridge; a) Front of view; b) View on the arch

3.3. Devil bridge

guil bridge” is an arch bridge over the Arda River (Fig. 3.3. and 3.4.). It is situated
in a narrow gorge near to Ardino in the Rodopi Mountains and is a part of the ancient
Roman road connecting the lowlands of Thrace with the north Aegean Sea cost trough the
Makaza pass. The bridge was constructed in the period of 1515 — 1518 by the by the
famous local builder “Usta” Dimitar form Nedelino. The bridge was proclaimed a
monument of the culture in 1984. The structure is a close-spandrel deck-arch stone bridge
with a total length of 65.70 m and includes three main spans of 9.00 m + 18.20 m + 8.50
m. Additional four spans help to capture the capacity of the spring high level of the river
water. They have varying spans from 1.85 to 3.52 m. The middle arch rises 8.20 m above
the ground. All arches are approximately semicircular shaped and have a total width of
3.55 m. The bridge deck is 3.40 m wide and has symmetrical longitudinal slopes of 18%eo.
The stone parapet has dimensions of 200x120 mm. The main arch piers have dimensions
of 3.30x3.35 m and 3.66x3.35 m. The pier and the abutment are bedded on the solid gneiss
rockd.he bridge structure survived one of the strongest earthquakes in Bulgaria at 1909
with a magnitude of 5.9 on the Richter scale and epicentre in Yambol (HIBE 2014,
W.F.Chen and L. Duan).

]
Fig. 3@ General view during flood in Dec.2021, from the side of,(Photo courtesy, Yanko Petkov);
b) schemes of Devil bridge
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Fig. 3evil Bridge; a) Front of view; b) View on the middle arch pier; c) View on the middle arch

3.4. Belenski Bridge on the river Yantra

Belenski Bridge” is a stone arch bridge placed over the Yantra River near to Byala,
Rousse region(Fig. 3.5). The bridge was built in 1867 on the order of Mithad Pasha —
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statesman of the Danube Province in Ottoman Empire. The bridge builder was the famous
local master Kolyo Ficheto. The bridge owner is the Agency “Road Infrastructure”. The
structure is a close-spandrel deck-arch bridge with a total length of 276.00 m and includes
14 spans of 12.60 m. All arches rise 4.335 m above the ground. All arches are
approximately semicircular shaped and have a total width of 9.00 m. The bridge deck has a
stone parapet with dimensions of 200x900 mm. The material used for the bridge
construction is a high quality limestone. The arch piers have dimensions of 5.40x9.00 m.
Part of the piers footings have a pile foundation consists of timber piles 6.00 m long with
diameter of 0.20 m and distance between them of 0.30 m. The bridge structure survives
one of the strongest earthquakes in Bulgaria at 1901 with a magnitude of 7.2 according to
the Richter scale(HIBE 2014, W.F.Chen and L. Duan).

& . " o) |/
Fig.3.4a. “Belenski Bridge”; a) Front of view; b) View on the middle arch pier; c)View on the middle pears

The above mentioned stone arch bridges in the Bulgaria truly represent a historical
heritage of the Bulgarian bridge construction. These original natural structures blend
perfectly with the beauty of the landscape and in, that sense, posses a significant touristic
potential. Unfortunately, some of them are, concerning the durability of the structures, in a
relatively bad condition and are in need of a thorough reconstruction. Reconstruction
projects for these bridges mentioned here will be been prepared. Reconstruction projects
include specification of the technical and technological measurements in the
implementation of the reconstruction works, as well as calculation of the mechanical
resistance in order to determine the bearing capacity regarding the set criterion of traffic
load. The results of a reconstruction can best be seen on one of the described bridges,
reconstruction of which will be completed in some next years.

3.5 Description of bridge damage

The following damage is characteristic for all 4 bridges[2-5]:
* Insufficient cohesion between stone blocks and mortar, which was “washed away”
with time leaving open joints, that is damage is visible as large horizontal cracks from
both upstream and downstream sides of the bridge, along the entire structure; ** Damage
to the stone infill in the sense of the damage to the stone blocks and the lack of connecting
mortar, as well as falling out of the stone blocks from the arch vertex;*** Degradation of
the traffic structure, above all wearing surface, drainage system, banister and street lights.
The damage is most likely caused by the passage of heavy trucks over bridge structures,
and to the final condition also contributed neglect and bad maintenance[2-5].

3.6. Reconstruction guidelines

Guidelines on stone bridge reconstruction are mostly the same for all the bridges and
can be described in the form of the following major works:
- resetting and adding carved stone material, and injecting the joints between the
stone vault blocks and stone infill with epoxy or cement mortar.
- constructing a completely new traffic surface structure with new drainage system
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details, banister and lightning, in accordance with conservator’s and Client’s
demands.

3.7. Description of the philosophy of calculation models of the structure

For the purpose of the assessment of the stone arch bridge bearing capacity their
structure will be was calculated using numerical models based on finite elements method.
Numerical models will calculated using “ANSYS” or “Sofistik” program. Since the
bridges are massive, it was decided, for the sake of the more realistic structure modeling,
for the structure to be discretized with volume finite elements. Figure 5 shows one such
model of the bridge stone structure over Struma River. It should be noted that the primary
goal of the calculation is to determine the strain in the arch vaults, that is to say the main
bearing elements, under dead load (g), additional dead load (Ag) and traffic load. Also, it is
important to note, that the stone infill between the arches will be observed and modelled in
such a way that it does not have a bearing function, but it’s role is to form the contour of
the bridge and to transfer the load to the vaults or bearings (piers and abutments). Given
this, a significantly reduced value of the elasticity modulus was taken for the infill material
(1000 x smaller than the stone infill elasticity modulus value), so in the computer model it
represents what it really is. This way we are greatly taking the side of caution because we
achieved the effect of the basic characteristic of the arch bridges, and that is to transfer
through compressive stress (through vaults) all the load taken by these bridges to the
bearings (piers and abutments). Otherwise, because of the calculation method itself and
software used to perform the calculation, which is based on the FEM and is founded on the
linear theory of elasticity, in the finite elements of the infill tensile stress would appear,
and the static system would resemble the continued one rather than arched. In reality, in
principle, this is not the case since the stone infill is unreliable, first of all, because of the
fact that the mortar connecting the stone blocks gets washed away. The following figures
show some of the output results obtained by the numerical model calculated using Sofistik
program(Fig.3.5 and Fig. 3.6).

Fig.3.5. MFE model for arch Fig. 3.6. Strain on the bridge, caused by the traffic
combination bridge stone of the load

CONTINUED ON PART 2
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ABOUT THE DETERIORATIONS, DAMAGE AND FAILURE PATTERNS
OCCURRED IN SOME HISTORICAL STONE ARCH BRIDGES IN BULGARIA
(CASE STUDY-PART 11)

Petar Grekov *, Anton Gorolomov 2, DonchoPartov °,

123 University of Structural Engineering and Architecture, VSU “L. Karavelov”, Sofia

Abstract: Preservation and conservation of historical structures are the major points for
the continuity of history. Therefore, in order to develop suitable restoration projects
without neglecting any of the unique cultural values, it is very important to determine the
present conditions of these structures. In this paper, it is aimed to present architectural
and engineering properties of some Bulgarian historical stone arch bridges. For the
purpose of the article, deteriorations in construction materials, damage and failure
patterns occurred in one of the above mentioned masonry arch bridges, are classified and
discussed using some illustrated photos. Some restoration practices for such types of the
the bridges, which have been carried out in abroad is present.

Key words: masonry arch bridges, deteriorations, damage, failure patterns

3.8. Works on the reconstruction of stone bridges

Reconstruction of stone arch bridge structure is scheduled in phases which encompass
specific works, more precisely, preliminary work, removal work, repair work,
reconstruction work, probe work. The process and sequence is the same for all
abovementioned four bridges. Preliminary work consists of assembly of needed building
slabs, safety nets and other work safety equipment. In collaboration with the client and
local government a transport project is made, which regulates separation of road and
pedestrian traffic, which makes it safer. Removal work consists of[1-5]: a) clearing bridge
of vegetation; b) removing asphalt and concrete; c) removing infill; d) disassembling
banister and walls; e) disassembling vaults. The vaults were removed and rebuilt in a
manner identical to the historical. In order to ensure that the vault retains its original form,
it was necessary to mark during the disassembling in an appropriate way the position of
every block and to make a scheme in order to return them to their original position: *
Disassembling of drywalls; **Removal of damaged mortar;
Repair and reconstruction work consisted of: * Building of the vaults is done in a historical
manner from the existing material with the supplement of cut tuff.
The vault is constructed on previously placed building slab using M10 mortar; * Repair of
the underside of the vaults; ** Installation of the repro-filating mortar; *** Injecting the
vaults of the stone arches with injection resins; **** Installation of FRP lamellas.
On the base processed with the epoxy base coating, leveling mixture and epoxy resin FRP
lamellas 5 cm wide and 1.4 mm thick are installed. Lamellas are installed in the
longitudinal and transverse directions. In the longitudinal direction of the vault one lamella
is installed along the edged and one in the centre of the vault, while in the transverse
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direction one lamella is installed on every meter of the vaults length: *Installation of
geotextiles; ** Installation of drainage pipes.

Along the bases of arches on both sides drainage pipes, are installed: * Construction of
stone bridge structures — sustaining walls, banisters, retaining walls;

Construction is done using existing material supplementing with adequate material, done in
a manner identical to the historical, using M10 mortar[1-5]. Installation of stone infill:
*Treatment of wall surfaces; ** Construction of drywalls.

Mortar was removed from joints on depth 2 to 2.5 times larger than the width of the joint
in order to ensure adequate bond. Joints are cleaned and washed with low-pressure water.

Rt oo @

Fig.3.7. Construction works on the structural repair of the stone arches; a) using steel
profiles; b)using carbon fibers

4. ldentification, positioning and non contact 3d photogrammetric modeling of
stone arch bridges

4.1. ldentification about the stone masonry bridge

Any intervention for structural rehabilitation of a heritage arch stone bridge needs
information for identification about its past, namely, about the static concept of the
bridge, as well as about the phenomena to which the bridge has been subjected. This
historical survey, covering the entire life of the bridge, aims at understanding the concept
and the purpose of the bridge, the techniques used in its construction, the alterations made
to it and its environment, as well as the events that could provoke damage to the structure,
namely, its floods and seismic history. In the analysis of the documents about the past of
the bridge, attention will be given to its positioning and any references about degradation,
reconstruction, additions, structural modifications, etc, or to any other event that can
describe the actual situation of the bridge as follows:

4.1.1. Survey of the construction of the bridge

The construction of the bridge, including its configuration, the types of structural
components, and the materials used, are aspects that will need considerable attention.
This information will be obtained from the historical archive on the bridge, or from other
sources, such as: reports, drawings, photos, etc, to which it will be possible to have access.
It will be complemented with information to be obtained during the inspections to be
carried out on the bridge, as well as, with interviews with persons familiar with the
bridge. Important points on this survey are the identification of the bridge materials and of
main structural system of the bridge, as well as the detection of irregularities or weak
points in the bridge that can have influenced its structural behaviour[6-11].

4.1.2. Survey of the defects in the bridge
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The survey of the existing defects in the bridge is usually called preliminary inspection of
the bridge. This survey will be carried out through visual inspection of the bridge,
eventually, with the help of simple optical devices (binoculars, etc). In some cases the
opening up of the surface of elements of the bridge, will be required. In the case of high
bridge, or of elements with difficult access, this inspection can require the installation of
appropriate means of access (scaffolding, cranes, etc.) and the inspection on this high level
can require particular safety measures. The results of the preliminary inspection will be
given in a report, in which the different materials and their degradations, as well as the
damage to the structural elements, will be presented. The defects observed will be
classified qualitatively, according to their level of importance with respect to the safety of
the bridge. The defects will be shown on adequate drawings, or in the form of check-lists,
appropriate to the different types of structural elements. The registers will be accompanied
by detailed photo reports, which can allow for the relevance of details, which, sometimes,
miss observation. A video register can also be used, which can allow for still more detailed
information about the situation in the bridge. In the preliminary inspection it will also be
important to verify if the atmospheric agents are degrading the bridge in a particular way.
In fact, those effects are often aggravated if adequate measures have not been taken during
construction (adequate drainage, for example), or, if there has not been efficient
conservation of the bridge. It will still be important to obtain information about the
geotechnical conditions of the soil supporting the foundations of the bridge, namely the
existence of embankments[1-5].

4.2. Report on 3D photogrammetric modeling of stone arch bridges

4.2.1. Modelling and Visualization of the Arch stone bridge using non-contact 3D
photogrammetric modelling.

Modelling using 3D photogrammetric helps preserve and disseminate knowledge on
the history of architecture. Heritage conservation is considered as an important issue in
many countries and computer reconstructions are booming because they can capture the
attention of the general public. They make easier the visualization of structures through
virtual environments that allow the user to explore the bridges from all angles. Today, 3D
rendering software is very sophisticated and provide a high degree of realism: we can
create light effects, shadows, mist, dust, etc. This enables to create photo-realistic scenes.
The 3D models are powerful research tools to test different scenarios and to learn more
about our ancestors. 3D scanners provide very good results in terms of data recording.
Development of laser range finding technology represented by laser scanning technology
provides human beings with brand-new technological means in obtaining spatial
information. Laser scanner can automatically finish its work in attaining point clouds
consisting of discrete points on the surface of the object. Points can be joined in different
ways so the main work for 3D model reconstruction is to extract characteristic points,
based on which characteristic lines and surfaces have to be constructed. A lot of manual
operation is in need since automation level is not that high at present. Photogrammetry is
less expensive and can also create 3D models. Its advantage, as laser scanning, consists of
remaining a non-contact method. On the one hand, photogrammetry makes it possible to
obtain precise 3D models of highly irregular elements, in the case of ancient constructions;
on the other, photogrammetry is a noncontact method that minimizes the measurement
time and allows to obtain the section properties, which can be used together with some
material testing characterization to evaluate the structural safety of the construction[6-11].
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4.2.2. Monitoring of the bridge

The monitoring of the bridge during a certain period of time can be an adequate measure to
help the elaboration of the diagnosis, particularly when there may be non-stabilized
phenomena, allowing for showing its evolution. The monitoring of the bridge consists in
the measurement of parameters, such as, deformations, movements of cracks, levels,
temperature variations, etc., in strategic points of the bridge, at certain moments, during a
certain period of time. The monitoring techniques can range from the simple placing of
gypsum ‘tell-tales’ or crack-meters on cracks, to a modern monitoring systems using
sensors: electric extensometers, displacement transducers, thermometers, accelerometers,
etc.[6-11].

4.2.3. The photogrammetric technique - used as a method of monitoring

The monitoring of the bridges can also be done during the rehabilitation phase, in which
the data that is being obtained is used as a basis for subsequent decisions, allowing,
sometimes, for the reduction of the size of the intervention. Continuing monitoring of the
building can also be useful after the rehabilitation works, or when doubts still remain about
the need for more measures of intervention (long-term monitoring). By comparing of the
results obtained from the monitoring of the bridge with the results obtained from its
modelling, it will be also possible to refine the modelling. Monitoring systems permit the
storage of the acquired data and its transmission via land lines or through the internet. They
can also function as an alarm, which can be very useful in some situations. Because the
installation of a monitoring system in the building is, in general, very expensive, it should
be the object of a cost-benefit analysis and only the information relevant to the evolution of
the phenomena will be registered. The subsequent treatment of the information that is
being acquired should also be assured[6-11].

5. Vulnerability and risk assessment based on existing and future pressures
5.1. Report on vulnerability and risk assessment to floods and climatic change

On Bulgaria territory floods may results because of intensive rain, snow/ice meeting,
partial of total destruction of water-dam walls. In Bulgaria are 30 large and 600 small
dams). Dangerous are also the valleys and lowlands along the Danube, Maritza, Tundzha,
Rositza, and Mesta River. The last great flood in Bulgaria was the one due to rise of the
Danube River level in March 1942, when the street in the town of Vidin were 1,5-2,0
meter under water. Since 1950 the Bulgarian Government put into realization a program to
stabilizing the bank of the Danube River in order to protect adjacent settlements and
agriculture lands. The engineering system(anchored retain walls, canals, earth banks, etc.)
proved to be effective and the flood risk along the Danube is going to be minimized.
Occasionally high sea wave due to the winter storms, tide and/or sea earthquake also
present a physical danger for historic objects along the coast. Floods and climatic
change(change of the temperature) are the actions that usually provoke devastating effects
on heritage arch stone bridge, not only due to the intensity of the action, but also, because,
in general, it has not been considered when the bridge was built. Those effects will depend
on the location of the bridges, on the characteristics of the soil of foundation, and on the
characteristics of the bridge itself. However, many heritage bridges have resisted floods
and climatic change with limited damage only, even when their resistance, calculated on
the basis of experimentally obtained mechanical properties of masonry, has not completely
met code requirements(Fig.5.1a,b,c.)[6-11].
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a)

Figure 5.1a,b,c. Devil bridge: a)scheme of masonry brid

c) o 3

ge; b)Picture in the Summer;

c)Devil bridge under devastating action of floods in December 2021

5.2. Report on vulnerability and risk assessment to static and dynamic load

5.2.1. Earthquake resistance and vulnerability
Bulgarian territory is part of the Mediterranean (or Trans-Asian) seismic region where
accordingly to the statistical date 15% of all earthquakes on the planet occur(Table 1).

Table 1. Destructive earthquake on Bulgaria territory(1928-2012)
Date Zone Magnitude | Epicenter
(h:min:s) depth[km] | M Intensity 1,
25.04.1928 | 09:25:48 Maritza 13 57 VI
23.08.1942 | 15:41:25 G.Oryahovitza | 10 51 VII
30.06.1956 | 01:50:22 Shabla 20 55 VI
03.11.1977 | 02:22:58 Rhodopes 8 53 VII
21.02.1986 | 05:39:56 G.Oryahovitza | 8 51 \Al
21.02.1986 | 05:39:56 G.Oryahovitza | 10 57 VII-VIII
21.05.2012 | 03:41:28 Pernik 3,5 53 VI

5.2.2. Quantification of the acting actions
5.2.2.1. Static actions

The actions that can arise on heritage bridges are from the mechanical point of view ones
(forces, deformations, etc.) that produce stresses and deformations on the structural
elements of the building. Another action or the phenomena of chemical, physical or
biological nature, that can affect additional the material properties. Concerning the effects
of these phenomena, they are, in general, taken into account through appropriate reductions
in the values of the strengths of the affected materials. The values of the static permanent
loads (self-weights, etc.) will be obtained, in principle, from the survey of the geometry
and of the construction of the bridges. Existing information, such as drawings, photos, etc,
can also be used, but they should be verified, at least, partially. Concerning the variable
actions, the values prescribed in codes for new bridges will, in principle, be adopted. In
the case of the seismic action, however, lower values can be used.

Concerning safety against fire, it will be treated, in principle, in the same way as that in the
design of new bridges. In case it will doubtful, the best solution will be the adoption of
protecting measures of the structural elements, instead of their strengthening. In arch
bridges in masonry the main source of problems is the movement at the supports, with the
development of tension, and, as a consequence, the opening of cracks. Such movements
are related to the occurrence of the following conditions: Deficient conception or execution
of the element: inadequate geometry for the distribution of loads; insufficient resistance or
stiffness of buttresses; poor quality of the constituent materials, etc. Alteration of the
distribution of loads (sometimes, loads are taken off or added in certain zones of the
element, particularly, fillings); Actions not foreseen: differential settlements of the
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supports; etc; Inadequate maintenance: degradation of the constituent materials, weakness
of buttresses, etc.[6-11].

5.2.2.2. Seismic action

Earthquakes are the actions that usually provoke devastating effects on heritage
bridges, not only due to the intensity of the action, but also, because, in general, it has not
been considered when the bridge was built. Those effects will depend on the location of the
bridge, on the characteristics of the soil of foundation, and on the characteristics of the
bridge itself. However, many heritage bridges have resisted earthquakes with limited
damage only, even when their resistance, calculated on the basis of experimentally
obtained mechanical properties of masonry, has not completely met code requirements.
This finding allows for the ground acceleration values be reduced (i.e., higher probability
of being exceeded is admitted) if the remaining life, the category of bridges and its use, and
the effective seismicity level of the place, are taken into consideration. Firstly, the
reference seismic action should be based on the effective conditions of the site, avoiding
the rigid way of subdividing into seismic zones, eventually, carrying out the microzoning
of the site. Further, the reference level of seismic protection should be chosen on the basis
of the importance of the bridge and of the conditions of use[6-11].

5.3. Report on vulnerability and risk assessment to social, economic and culture
process

Earthquake pose great threat societies that are located on earthquake active zones.
Earthquake and floods cause wider-spread destruction. Structures collapse and people
are Killed without discrimination: power, communication and fresh water lines are cut-
off; Hospitals cannot get treatment; sporadic fires are common occurrence; epidemic
either break out or are very probable potential threats. All social and economic and
culture process to full stop. The sense can be described simply as a human tragedy.
Earthquake and floods pose an everlasting danger to historical structures too, for they have
destroyed so many historical structures in the past. Therefore, historical structures have
been intensively studied for load carrying vulnerability against earthquake and flood
pressure. Historical arch stone bridges are very important links between our present time
and the past. They give us sociological, economical, political and religious implications
our ancestors lived by. A correct evaluation of these implications enables us to interpret
our present and plan of our future. Historical arch stone bridges must be considered as the
cultural heritage of humankind. They reflect cultural, political and economical level of
their age. They also show architectural and technological levels of the times they were
built. These indications help the development of present, cultural, political and
technological features[6-11].

6. Applied resilience and remediation studies for the future conditions and
networking
6.1. Report on remediation measures for increasing resilience to future conditions

The remediation measures for increasing resilience to future conditions establish the
design of the work for the structural rehabilitation of heritage bridges and consisting of
written documents and drawings to enable the execution of the works. The design can be
developed in phases, as follows: preliminary design, execution design, etc), but, in general,
it will be developed in a single phase, after, and as consequence of, the structural
assessment that has been carried out on the bridge. The works proposed for the
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intervention should be accompanied by detailed specifications for their execution, namely
about the materials to be used and their conditions of application, the phases of execution,
and the equipment necessary. An estimate of the cost of each work, established in a
realistic way, should also be included. In the case of bridges that continue to be used
during the execution of the works, that fact should be taken into account in the
establishment of the phases of the execution and in the estimate of the costs. The
rehabilitation works can be of two kinds: repair, when the purpose is simply to restore the
load-bearing capacity of the building elements, and strengthening, when the purpose is to
increase the load bearing-capacity. When strengthening measures are adopted, their
efficiency should be demonstrated through the modelling of the bridge. Whenever
possible, the measures adopted should be reversible. In other word, it must be possible to
dismantle them without leaving any lasting alteration or deterioration to the original
material and structure. It must be recognized that perfect solutions, complying with all the
stated criteria, may not be possible[6-11].

6.2. Report on networking and public participation

Report on networking and public participation will be done. We will ensuring the
diversity and integrity of our cultural legacy through influencing and improving the state
procedures for remediation of traditional stone arc bridges. We will widen the participation
of local authorities and responsible businesses and improve the working and productive
relations of the university with these parties.

Conclusions

The history of the bridges of Bulgaria is both rich and interesting, and this paper,
which deals with only a very small part of that history, is intended as an introduction to
that history from the point of view of the interaction and dialogue between the various
architectural and structural-construction considerations involved. This interaction has
always been a part of the construction of the bridges of Bulgaria. Engineers and designers
have always been required to solve technical and engineering problems while at the same
time producing structures that were in keeping with the every city’s architectural context
and tradition in Bulgaria. A number of assessment methods are available and are reviewed
briefly in [1]. For any method to accurately predict the load carrying capacity, the most
important factor is the allowable tensile and compressive strengths of the masonry. From
the review it is apparent that the ratio of the adopted tensile stress to compressive stress for
prediction of the load ratings as well as ultimate carrying capacities of the bridges are
differing even by same investigators. For the assessment of an existing masonry arch
bridge the procedure will be in future proposed[1-11]. The Bulgarian scenario for
assessment and upkeeping will been discussed. Further, in order to maintain old masonry
arch bridges some issues which require attention are : *Preparation of the inventory of the
bridge stock; **Specifications for the level and periodicity of the inspection;
***Development of human resources for monitoring of the bridges on continuous basis for
performance, possible distress and serviceability.
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LOW FLOOD PROTECTIVE BARRIERS ALONG A NORTH-SEA COAST
LINE

Philippe Van Bogaert®

Civil Engineering Department, Ghent University (Belgium)

Abstract: Due to the effect of climate change, a rise in sea level has become
unavoidable. Only 2 solutions are left: either to return large parts of the land to the sea,
or to build obstacles and dikes to prevent the flooding. The latter is the most obvious. In
Belgium, the 65 km long coastline, including the ports of Ostend, Zeebruges and
Blankenberge, as well as the port and the City of Antwerp are risk areas for flooding.
That is why an extensive plan of low walls has been drawn up, which will be built in the
high-risk areas. Obviously, openings are needed in these walls, so that emergency
vehicles, or other necessary objects, can be brought to the beach. Movable sliding gates
have been provided for this, which can be permanently closed in the event of spring
tides or later on for more permanent situations. The most difficult point appears to be
the load due to the seawater that must be assumed. However, it seems the load due to
debris load can be more detrimental than the wave action itself. Since one becomes
fairly certain of future floods, these loads should no longer be regarded as accidental,
but should be assigned a higher partial safety.

Key words: Rolling steel barriers, flood impact, debris impact, sea level rise, failure
probability

1. Introduction

Sea levels are constantly rising, mostly due to human-induced reasons. Since the 1990s,
global sea levels have risen 1.8 cm due to the melting of the Greenland and Antarctic ice
sheets alone. If the ice sheets continue to melt at this accelerated rate, that melting alone will
raise sea levels by 17 cm by the end of the century. These figures are general data and can
differ from local situations. Predictions show that for the Netherlands and Belgium, a sea
level rise of 0.80 to 1 m may occur. This would mean that most of the lands around the rivers
Scheldt, Meuse and Rhine estuary be flooded, as well as the Northern provinces of the
Netherlands and the Belgian coast up till the city of Bruges.
Yet, the sea level rise is not alone. Storms will accompany this phenomenon. Large wave
impacts will be produced on buildings and infrastructure along the Belgian coast. The weak
locations along the 65 km of coast line are the main harbours and towns and the city of
Antwerp [1].
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The best way to overcome this catastrophe is to reduce the production of carbon dioxide and
nitrogen gas. However, even if this would start consistently today, the effect will be
experienced in future generations. Therefore immediate action is necessary. Authorities have
decided to protect the coast line by 1 m high barriers, which must also provide protection
from storms with 1000 year return period. This period was selected, because storms are
intensified and cannot be fully measured today.

Figure 1. Areas possibly flooded in Belgium and the Netherlands

The barriers are of reinforced concrete and do not cause any issues. However, openings must
be provided in the barriers to allow access to the coast line by vehicles for emergency or
maintenance. The width of the passages depends on the access way and the type of vehicle.
The values vary from 6 to 18 m. These openings can be closed by means of sliding or roller
steel gates. In the following, experience with the roller gates in Antwerp, Wenduine and
Blankenberge is used. The conditions for design and the understanding of the functions have
evolved considerably over time, because of advancing insight.

2. General concept of the gates

The oldest type of roller gates has been installed on the new quay walls at the South of
Antwerp city. The concept is a completely closed box section with internal stiffeners. In the
open position of the gate, it is guided by small portal frames. This was no longer the case for
subsequent constructions. In Wenduine gates have been installed for 3 different openings.

Table 1 : Characteristics of rolling gates

Location Gate N° height Opening length width type
Antwerp 1 1.50 7.80 11 0.25 closed
Wenduine 1 0.73 2.50 3.70 0.30 open
2 0.73 5.20 6.49 0.30 open
3 1.365 16.60 18.00 1.16 open
Blankenberge | 2 0.60 17.84 19.452 0.75 open
3 1.30 17.45 18.70 0.75 open
4 1.10 3.50 4.70 0.30 open
5 0.80 3.6-5.07* | 16.40 0.40 open
6 1.065 2.50 4.13 0.30 open
7 1.315 1.50 2.87 0.30 open
8 1.665 1.50 2.87 0.30 open
*Three openings for 1 gate
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The steel structure now only has a full plate on the sea side and is open on the land side, so
that the torsional stiffness is much lower, but the stiffeners are easily accessible. Also, in open
position for traffic, the gate is laterally supported at both ends by concrete walls. The latter is
not the case for the gates in the harbour of Blankenberge, where only at the ends steel porches
keep the gate in balance. For all of these gates, table 1 exhibits the main characteristics and
dimensions. The wide variety in passage width, length, height and width of the gates is
evident.

Fig 2 shows the assembly of a short gate in Blankenberge harbour. The concrete inlet is larger
than the steel gate. The closed steel box contains the motor for moving the gate.
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Figure 2. Overview of movable gate

All gates are rolling on single or double wheelsets, which roll on rails, cast in the concrete
foundation slab. Fig. 2 shows a case of double wheels. Obviously, due to the tolerances in the
lateral contact of the wheelsets, only one can provide lateral support. For heavy lateral loads
as wave impact one of the wheelsets also loses a vertical contact with the rail.
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Figure 3. Overall and Iécal buckling modes

All steel gates have thin front plates and stiffeners. Hence, due to heavy pressure from the sea
side, the front panel is compressed. Therefore buckling analysis was necessary. Longer gates
tend to show general buckling modes as shown in Fig. 3, whereas shorter ones have local
modes only. However, none of the steel gates required stresses to be limited by a tendency for
web crippling or torsional buckling.

Another issue may be that wind is acting while the gates are being closed, and cannot be
horizontally supported just before the closure is completed. If the horizontal deformation is
too large, fitting in the fixed horizontal support may cause a problem. In Fig. 4 the horizontal
deformations of a 16.40 m long version of a gate is shown. The maximum value of the
horizontal displacement equals 0.621 mm, which is well within the tolerance enabling
insertion of the gate in the supporting frame.
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Figure 4. Effect of wind immediately before closing of gatee

3. Types of loads

Obviously, the rolling gates themselves are simple structures. The largest discussion
about this program was concerned with the loads. Two separate conditions should be
distinguished. Just before closure of a gate, both the dead load and lateral wind can combine,
no other action being present. Once the gate is closed, and the weather is calm, hydrostatic
pressure may act on the gate. However, if storm occurs, a wave impact must be considered as
well as the effect of debris, transported by this wave.

Table 2 : Impact forces on gates

Forces Antwerp Wenduine | Wenduine | Wenduine Blankenberge | Blankenberge
Gate N° 1 1 2 3 2 3
force KN/m 23.393 32.97 81 81 1.62 6.87
Blankenbe | Blankenbe | Blankenbe Blankenberge | Blankenberge
rge rge rge
Gate N° 4 5 6 7 8
Impact 6.87 22.72 22.72 25.19 25.19
force kN/m

Most discussions are concerned with the wave impact effect. Many laboratories have
contributed in finding appropriate equations and values for wave impact on vertical smooth
structures. An important parameter is the return period of the storm that causes the wave.
Most researchers promote the use of a 1000-year storm, which means a prediction is made to
find four storms with highest impact during that period. All kinds of probability distributions
are assumed, varying from lognormal, Rayleigh, Weibull, Pareto, exponential and normal.
Finally, the average of the four predicted values is taken. Obviously, the wave impact load
exists on the whole gate. This means it is a distributed load all along the length of the gate.
Values are given in Table 2.

The distribution of the wave impact load is rather unclear. The load is generally described as a
value per m of the structure. This means no clear distribution with height is given. However,
this should be known to simulate this load as a pressure, varying with height. Based on
measurements on 8 points along the height experiments, some research identifies this with a
triangular distribution [2]. Based on measurements in 8 points, distributed over the height of a
vertical screen, the study finds a distribution as in fig. 5 left. This virtually corresponds to

228



XXII MEXXOYHAPOOHA HAYYHA KOH®EPEHLIUA BCY’2022
XXII INTERNATIONAL SCIENTIFIC CONFERENCE VSU'2022

hydrostatic pressure, which is rather favourable for the steel structure. However, in the case of
the barriers in Antwerp a different distribution was adopted, as shown in Fig. 5 right.
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Figure 5. Distributions of wave pressure on gate
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Figure 6. Debris transported by sea and in rivers

This distribution seems more in accordance with the insight about the effect of such a wave.
Both the top and bottom of the gate must still have an impact, so a value of zero at the top is
hard to understand. The impact of the water will mainly exist at a certain height of the gate,
because at the bottom the impact is inhibited by the water itself. The alternative distribution
therefore seems completely logical. The numbers may be adjusted to correspond to the total
force per linear meter of the barriers. Nevertheless, a quasi-hydrostatic distribution has always
been chosen for the more recent designs. No further account has been given for this.

The load caused by debris is less under discussion. However, it has a more localized
character. This load is taken as a line load of 1 m length and located at the top ridge of the
gate. The value of the load equals 30 kN/m. This value should cover the effect of all types of
debris, not just drifting wood as shown in Fig. 6. The local character of this load forces to
recognize various positions of this load, as shown in Fig. 7

229



XXII MEXXOYHAPOOHA HAYYHA KOH®EPEHLIUA BCY’2022
XXII INTERNATIONAL SCIENTIFIC CONFERENCE VSU'2022

T e
{

Figure 7. Location of load from debris

Loading schemes must be combined to assess strength in ULS. For this the value of y-factors
must be known. For this type of loads, the return period being 1000 years, the value is not
known from codes. In literature about safety of maritime structures, the y-factor of loads due
to collision of ships, with return periods of maximum 100 years are given [3] and depend on
the reliability class. For RC1 to RC3 the reliability factor varies from p= 3.3, to 3.8 and 4.3
respectively. Hence y-factors vary from 1.31 to 1.38 to 1.44. Obviously, the storm under
consideration has a much larger return period and therefore the -factors can be recalculated
according to [3] and [4]. This renders the graph of Fig. 8.
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Figure 8. y-factor versus return period marine effects

This implies that the value y for this type of load would be around 0.30, for 3 = 4.3 or a failure
probability of P; = 10°°. However the owner imposed a value of v = 1.3, which supposes a
failure probability of almost zero and below the value of the ®-function.

It is likely that the collision of debris has larger frequency than the wave impact. Therefore, in
principle the partial safety factor should be larger. As the value of 1.3 is already large, the
same factor should be used for the load due to debris.

4. Effect of loads

Obviously, the roller gate in itself is a simple structure. However, in relation to the
effect of the loads, comparing the wave impact and debris loads gives a somewhat surprising
result.
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All deformations are rather shallow and, if necessary, can be improved by increasing the
width of the gate. Although comparison of equivalent stresses is somehow deficient, since
they cannot add up, Fig. 9 exhibits the effects which are obviously quite different.

Figure 9. Deformation pattern for wave impact (left) end due to debris (right)

The equivalent stress due to the wave impact is almost equally distributes along the length of
the gate, whereas stresses are concentrated around the location of the debris load. The values
of equivalent stress are given in Table 3 for the upper ridge of the gate and for the front plate.
Although slightly higher, they are of comparable magnitude, albeit not at the same location.

Table 3 : Steel structure equivalent stress

equivalent stress (MPa) upper ridge front plate
wave impact 86.01 49.87
Debris 23.8 73.3

This result depends on the plate thickness, the number and type of stiffeners and other
possible reinforcements. However, an independent assessment may be the weld stress. Since
this particular type of gate is a completely closed box, the front plate was joined to the rest of
the steel structure by vertical and horizontal plug welds. If a throat dimension of the fillets of
4 mm is chosen, the weld stresses in the horizontal and vertical plug welds are exhibited in
Fig 10.

vertical plug welds horizontal plug welds
40.00 B wave impact | 50.00
M debris
30.00 40.00
30.00
20.00
20.00
0.00 0.00
1 6 11162126313641465156616671 1 3 5 7 9 11 13 15 17 19 21 23

Figure 10.Weld stresses for plugs due to wave impact and debris

These graphs clearly show the effect on weld stress due to debris is quite larger than the stress
due to the wave impact. Therefore, it must be concluded that debris may be a more
detrimental load than wave impact. Obviously, this conclusion may be hasty, it surely is
worth while further investigation. In particular, the writer wants to start examining this for
bridge piers in torrent water, carrying debris. It may very well be that also in this case,
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damage due to debris might be more detrimental than the effects of torrent wave shock or
scour on piers.

5. Construction

Some details about the construction of these storm barriers and roller gates, by means of
photos. Fig. 11 shows the fabrication of the Wenduine gates, including the back stiffeners and
slotted openings for plug welds.

Figure 11.Fabrication of gates in Workshop
Fig. 12 shows pictures taken during erection on site, including the concrete fixed walls and
foundation slab, as well as the adjustment of the rolling mechanism. In the lower part of Fig.
12 the final result is exhibited.

Flgure 12. Installlng on S|te and flnal result
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6. Conclusion

The coast line of low countries may effectively be protected from flooding due to
climate change by building low storm barriers. A sea level rise of approximately 1 m may
thus be resisted. Alternatively, the effect of 1000 year storm can be overcome by these
barriers.. Openings for easy access to the coast line are created by including moving steel
gates.
The effect of the 1000 yearly storm on the steel gates is still under discussion, both
concerning the force magnitude and the distribution with height. Obviously this may depend
on the exact location of the barriers. However, it seems that the effect of debris may be more
detrimental than the effect of a storm wave. Considerably less attention has been given to this
type of load. In future, the effects or torrent wave impact and debris will be examined on
bridge piers, thus deriving which type of load is largest and most harmful.
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EXPLAINING VARIOUS TYPES OF FLANGE CRIPPLING OF STEEL BOX
SECTION CONTINUOUS FOOTBRIDGE DURING ERECTION

Philippe Van Bogaert®

Civil Engineering Dept. Ghent University, Belgium

Abstract: Encouragement of cycling is an effective way to reduce energy consumption by
traffic. Cycling lanes will, to the greatest extent practicable, be built close to currently
used traffic roads in order to establish new, swift lanes that require little space.
Building near railroads appears acceptable for the latter, preferably by cantilevered
structures atop existing bridges. In the event that this is not acceptable, separate bicycle
bridges may be constructed next to the railroad bridges. On the Brussels Ring Highway,
close to the Zaventem Airport, the latter was the situation. The oblique bearing points at
the extremities of the straight-ended sections, used to construct this bicycle bridge
experienced torsional moments during installation. This resulted in distinct folds in the
bottom flange of the closed cross-section of one of the six bridge decks. Both global FE-
models and more detailed models were created to explain this. None could adequately
account for the observed flange crippling. The crippling can only be explained by an
unintentionally increased torsion, which may have occurred during the manipulation of
the bridge's component elements. Additional thin metal strips have been added to this
section of the bicycle bridge to restore its bearing capacity.

Key words: Continuous footbridge, Flange crippling, erection errors, FE-modelling of
stability issue, unintentional torsion.

1. Introduction

In view of the environmental issues society is facing and the global energy crisis,
motorized traffic will have to be reduced and travelling on short distance may have to be done
by walking or cycling. With the generalizing of electric bicycles, longer distances are covered
and the establishment of fast biking lanes may become useful. In many parts of Belgium, such
fast cycling lanes are being built. As space has become scarce, the new cycling lanes are built
next to existing roads and preferably railways. Bundling of roads takes up significantly less
space. In the Northern part of Belgium, 2700 km of fast cycling lanes are either built or in
progress.
The intersection of these cycling lanes with underlying roads is generally done by using
existing bridges. Obviously, this would require the building of new bridges for cyclists.
However, in some cases the new cycling bridge can be combined with the planned renewal of
the main structure as in the case of the crossing of the railway lines from Brussels to Antwerp
in the town of Duffel as shown in Fig. 1 left. A frequently applied solution is to build
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cantilevering supports, fixed to edge girders of the existing bridge. This has been applied in
the case of the crossing of river Dender near Dendermonde, as shown in Fig. 1 right.

Figure. 1 : Cantilever structure for fast cyclist lane. Left : Duffel, Right : Dendermonde

For the crossing of the North-Eastern section of the Brussels circular motorway, near to its
junction to Brussels’ Airport, the fast cycling path was built next to the slow track of the
railway line from Brussels to Cologne. The fast tracks are in the centre of the existing bridges.
However, a cantilever construction was inacceptable and an independent steel superstructure
was designed. The RC piers with V-shape, are in the same alignment of the piers of the
existing bridge.

2. New cyclist bridge

The new cyclist bridge, shown in Fig. 3, is a 6-span continuous steel superstructure,
supported by 5 piers, each providing 2 supports. The angle between both axis of the
superstructure and the piers equals 42.4°. This immediately suggests torsion will appear in the
superstructure. The bearings are 4.2 m apart, measured in the direction perpendicular to the
superstructure’s axis.

EUENERR!

Figure. 2 : New cyclist bridge Zaventem
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Because of the presumed torsion, the steel superstructure consists of a closed box section,
with internal perpendicular stiffeners in both orthogonal directions. Furthermore this box
section is supplemented by 2 lateral plated parapets, which are assumed to contribute to the
resistance of the whole cross-section. The Northern parapet reaches a height of 2.5 m above
the cycling level, whereas the Southern smaller parapet has a height of 1.2 m. Both plated
parapets are have been equipped with plain vertical stiffeners for the highest parapet and
openings with secondary infill-plates for the lower parapet. These are shown in Fig. 3 and
contribute to the aesthetic character of the structure.

Figure. 3 : Cyclist bridge parapets

The steel grade is generally S 355 J2N, some parts of the parapets above the supports being
from S 460 N [1]. The plate thickness of most members varies from 10 to 12 mm, except for
14 mm of the upper flange of the box section.

3. Construction - Tolerances

The idea was to assemble the superstructure from 6 individual parts. Contrary to what
one might expect, the perimeter of the parts does not follow the slanted support side, and so
the ends are straight. On one edge the next section will thus be supported by the previous
section, which will be subjected to a cantilevering bending moment. In addition, when lifting
a next bridge deck, attachment points must be provided in such a way that their centre
corresponds to the centre of gravity of the part to be lifted. When lifting, the ends will
therefore sag and care must be taken that the support points are in the correct position.
As far as could be detected, no particular procedure to compensate for angular rotations after
placing the individual parts has been worked out. This however is necessary, so that the
superstructure would function as a continuous structure.
During erection, no particular problems were encountered till part 5 was put in place and part
6 was temporarily fixed to the latter. At this point, the lower flange of the box section showed
serious flange crippling as can be seen in Fig. 4. Clearly, the folds in the lower flange are
symmetrical towards the ends, which indicates excessive compression, whereas more to the
span centre they appear as diagonal folds, characteristic for shear stress. The inwardly
directed folds show an amplitude of up to 20 mm. Such values are inconsistent with
acceptable fabrication and erection tolerances. As the length and width of the individual
compartments of the box section are 600*600 mm, the fold amplitude should not exceed 4
mm, according to EN 1090 [2]. This value is already considerable, since the plate thickness
equals 10 mm.
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Obviously, such important folds have serious consequence. It may be true that a folded plate
has a fairly large post-critical reserve, yet with an amplitude of 20 mm the normal stress
would multiply by a factor of 13. The increase would be less if pure shear would exist.
Nevertheless it becomes clear this situation cannot be accepted. In addition, the lower flange
of the box section will be subjected to further compression due to the continuity of the
superstructure.

Figure. 4 : Lower flange crippling

4. Origin of flange crippling

The origin of the flange folds may be one or a combination of the following effects :

e Technological misalignments, which have resulted in positioning errors, causing
excessive clamping of the parts to be joined.

e Inefficient handling of the parts before, during and after the transport or lifting of
the parts.

e Accidents with damage during trading

e Preliminary conditions in the assembly that have not been taken into account, or
that have an adverse effect on the bottom flange of the bicycle bridge.

4.1. Technological misalignments

The hallmark of technological misalignments or flaws is their character. Either
technological defects are of a general nature, because an inefficient method is used, or they
are very local, because a defect has arisen in a specific place. It is clear from the data that the
damage is not general in nature. Nowhere is there any mention that the dents occur on several
building parts. However, they are all manufactured in the same way and manufactured
according to the same welding procedure. The welding procedure is a classical one. The
sequence of assembly is clear from the drawing of the welding Fig 5.
The bottom plate is provided with stiffening upright ribs, by means of a symmetrical fillet
weld joint with a throat thickness of 5 mm. The top flange consists of individual panels which
are placed on the corners of the grid and which are butt-welded on the top ends of the
stiffeners. This is virtually the only way in which this closed cross-section can be
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manufactured, unless an asymmetric system is used in which only one-sided fillet welds can
be placed.

By using symmetrical welding methods, the deformations are well controlled and the heat
input is also limited, as the current intensity is limited to 240-300 A. There is also no chance

Fmny P i

‘ {F-5002 )

of mistakes and due to the small plate thickness, bottom weld cracks or corrections are
unnecessary.

Figure. 5 : Types of welding

Predicting the weld shrinkage is difficult, although some rules of thumb allow an
approximation of 0.8 mm shrinkage for each fillet weld. If the weld throat equals 5 mm this
causes an angular rotation of 0.16 rad if allowed to develop freely. As the bottom plate
prevents free rotation, a maximum deflection of 6 mm is be found. This does not explain the
magnitude of the folds, all the more so since they only occur in one place.

There is no reason to assume that the folds are due to misalignments or the manufacturing
process. However, the density of all stiffeners is a reason to consider disadvantageous
slenderness curves, since the flatness of the plates is difficult to control on a very thin plate of
10 mm.

4.2. Inefficient handling of parts — accidents during handling

As far as can be concluded from the documents made available, the lifting work was
always carried out taking into account the location of the centre of gravity. In addition, the
decks are always lifted near their ends so that the attachment points do not give rise to
cantilevers. The same seems to apply to the crane work.
However, prior to lifting no verification of the stresses in the above conditions was carried
out. It therefore remains an open question whether lifting in a position with minor
cantilevering parts gives rise to folding of the lower flange plate of the steel box. If the latter
were the case, the folds would occur at the attachment points where the largest compression
prevails in the lower flange. However, the dents can be found at the ends, so the above is
unlikely.

4.3. Conditions in the assembling that were not taken into account

As far as is known, no accidents have occurred. Unless something has been concealed,
one cannot therefore assume that severe local damage has occurred. As far as the photos
show, there are no signs of damage due to falling, impact, ... because this should be apparent
from the paintwork. However, as demonstrated in par. 5 hereafter, the flange crippling cannot
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be explained by any other phenomenon than an unexpected line-up or support of the structure,
or an unwanted twist during erection.

5. Flange crippling

To assess the possibility of flange crippling of the lower box section, a manual
calculation according to EN 1993-1-5 [3] can be made, or alternatively a global FE-model of
the structure can be assembled. The manual calculation, uses the following formulas to
successively calculate the elastic crippling stress .

n? E t?
(1) OE = m = 52.67 MPa

In (1) E is the elastic modulus, t the plate thickness, v the Poisson coefficient and b the panel
length. For a square panel with free rotating edges, the plate slenderness equals :

_ b
P~ 1284 ¢ k95

) ks =4

The critical value of the plate normal stress is found from equation (3).
(3) Ocrit = fy / }\4p2 == 208.7 MPa

This type of calculation requires the choice concerning the boundary conditions of the panel.
These cannot be found directly, which necessitates the use of a FE-model. The model is rather
general and mesh refinement has not been pushed far, because of the computing time.

A first question is what has happened during the lifting of the largest bridge deck number 5.
This can be seen in Fig. 6, exhibiting the deformations during lifting by a single crane.
Obviously, the high folded parapet is bending towards the axis of the bridge and both
cantilevering ends are sagging downward. The ends of the section shows a vertical
displacement of 21.34 mm. However, the location of the opposite bearing, which is closer to
the deck centre, shows a sag of 12.77 mm. Either before the drop off the supports should be at
a height difference of 8.57 mm, or one point may be bearing the weight, whereas the other has
but a little supporting function.

=

Figure. 6 : Hoisting of bridge deck part 5

To be complete about this phase, stresses in the low parapet mount up to 54.64 MPa, whereas
in the lower flange of the box section they are limited to -52.82 MPa. The lowest buckling
mode shows multiple folds near to the hoisting locations and render an elastic buckling factor
of 47.99. Since this value is lower than 30, there is no buckling effect. Indeed, the plate
slenderness is given by equation (4).
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355
(4) Ap= 52.82:47.99 0.374

This gives rise to a buckling factor x= 0.92 if curve b is adopted. Hence, the real stress
reaches 52.82/0.92 = 57.41 MPa which is considerably lower than f,qy = 355 MPa.

As the mesh of the general model is rather coarse a refined detailed model, including 9 panels
of the box section was assembled. This model is subjected to the edge stresses found by the
general model. The detail can be seen in Fig. 7. However, the slenderness of the plate found
from this model equals 0.34 which is slightly lower than the result of the general model. This
means the contribution of the vertical stiffeners and the continuity of the plate across these is
well assessed by the general model, and that it can be used in further analysis.

Figure. 7 : Buckling mode full model (left) detailed model (right)

According to discussions with the steel fabricator, part 6 of the superstructure was already
welded to the part 5 under consideration, while it was not supported entirely by the bearings at
the junction of both parts. If this is true, then a situation may have existed where the outward
support was inefficient and the reactions of part 6 were already supported by part 5. In these
circumstances the picture will be different, as in Fig. 8.

1/1.616725
le: 18.76
A

s

Figure. 8 : Buckling mode with inefficient support

In the area nearby the efficient support the model exhibits an equivalent stress of 628 MPa.
The buckling mode shows multiple folds near to the efficient support, corresponding to an
elastic buckling factor of 20.45. In a similar manner as before, the real stress reaches also 628
MPa. Since all of these figures correspond to SLS, the lower flange will effectively fail. This
would imply that the cause of the failure is an ineffective support. Since the buckling factor y
is almost equal 1, the failure is due to excessive compression and shear and subsequent
yielding of the bottom plate.

It may very well be the bearing is not entirely inefficient and produces a lower reaction than
the value corresponding to zero deflection. Therefore the reaction has been increased
gradually. The result is that a small reaction of 3.7 kN can exist and the support should not
have been totally free. In this condition, the equivalent stress in SLS reaches 355 MPa. It is
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interesting to observe that the result is only mildly due to flange crippling since the buckling
factor x = 0.966 just slightly influences the real equivalent stress.

6. Repair
Obviously, the structure was incapable of further resisting load, since it failed in the folded
area. Repairing the lower box flange was easiest done by adding a second plate to it. Since
there is no real problem in the final condition of the structure, this plate might well have a
thickness of 10 mm as the original one. Parties involved preferred a 12 mm plate.
Before the additional plate was welded to the lower flange all outward folds were corrected
and pushed flat by heating and jacking. This does not influence the resistance of the flange,
since it already failed. The inward folds were untouched. A substitute plate of 12 mm in 3
parts was positioned below the flange. Connecting the substitute plate to the existing structure
is done by plug welds. According to EN 1993-1-8 [4] this is allowed for transferring shear
and to avoid buckling of adjacent parts, which is exactly the purpose. Since this is a
footbridge, no fatigue effect due to plug welding must be accounted for.
The method to determine these welds is based on the transfer of shear and torsion. The latter
is due to the skew location of the bearings and equals T = R d, R being the reaction and d the
skew distance. This torsion moment should be decomposed in a longitudinal and transversal
torsion by multiplying it respectively with the sine and cosine of the skew angle of 42.4°. The
shear stream due to these torsion moments can approximately be derived from Bredt’s
formula (5)

G) t=-—

In equation (5) A’ is the average area of the cross section. According to EN 1993-1-8 the
normal plate stress does not influence the connection welds. Since the buckling factor is
remarkably low, there would be no need to connect all vertical stiffeners to the additional
plate. Therefore only the circumference of the plates is connected by the 3 types of coloured
welds in Fig. 9. The choice was left to either have complete fillet welds along these lines, or
to partition to plug welds. In this particular case the throat value of the latter is inversely
proportional to their length divided by the entire rib length. Finally this resulted in rather large
values and continuous fillet welds were preferred.

- - = 1 =

I

Figure. 9 : Weld locations of additional reinforcement plate

As Fig. 9 exhibits, the additional plates are connected only on their perimeter by the fillet
welds. Consequently, compression stress will experience a much larger plate, more easily
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subject to buckling. In case of plug welds, this situation could have been avoided. However,
In practice it was unthinkable to connect each one of the vertical ribs to the additional plate.
Equations (1) to (3) easily show that the critical stress and the real stresses are extremely low
for a 6*3.5 m unstiffened panel of 12 mm thickness, since the following values are found cg =
2.1 MPa, X, = 6.52 and ot = 8.35 MPa. However, the vertical stiffeners provide a one sided
support, as they prevent the plate from upward buckling. For a plate on a single-sided elastic
foundation [5] provides other values of the parameter k; in this case of stiff bed of 212 instead
of 4. Consequently the values of the above parameters become considerably higher to A, =
0.895 and ogit = 442.5 MPa. Since the equivalent stress in ULS equals 202 MPa and the
factor y = 0.664 , the value to be compared to in the unity check becomes 304 MPa and
304/355 < 1. Thus the unity check is satisfied.

Conclusions

During the assembling on site of a 6-span continuous cycling bridge, serious folding of
a confined part in het 5™ bridge deck was found. Various causes of this damage have been
considered. FE-modelling of the considered part of the structure shows that the stability
problem is minor and cannot explain the damage. After careful examination only one reason
can be found. The inefficiency of the bearings at the skew supported edge of the damaged part
of the steel superstructure, seems to be the underlying cause.
The above analysis of the local failure of the lower flange of a box section cyclist bridge may
certainly be done more in depth, by complete GMNIA-analysis, taking into account the
imperfections that existed before any damage had occurred. Unfortunately no measurements
were made at that stage. Nevertheless, the conclusions would be identical. All data strongly
imply the damage has occurred due to improper functioning of the skew supports during
assembling. This proves once more that erection design should include the control of supports
and matching the geometry of parts to be connected.
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STAMBOLOV’S BRIDGE IN VELIKO TARNOVO: 130 YEARS OF SPANNING
YANTRA RIVER

Radosveta Kirova-Delcheva®, Lazar Geogiev?, Doncho Partov®, L. Ljubenov?,
Radoslav Nikolov®

USEA ,, Lyuben Karavelov

Abstract: Stambolov’s bridge in Veliko Tarnovo, which used to serve the two-way
pedestrian, livestock and later motor traffic, between the railroad station and the town,
marked the beginning of the modern bridge construction in Bulgaria. The research
focuses on the description of the specific spatial construction of the road facility, which
corresponds the architectural idea: joint-rod system with a horizontal upper belt, a
lower belt with a curvilinear parabolic outline and a grid of verticals and falling
diagonals loaded with tensile forces.

Key words: single-span arched open-spandrel iron riveted bridge, joint-rod, Veliko
Tarnovo

1. Historical context.

The proficiency of the architectural and engineering solution of the 130 years old
precast wrought iron arch single-span truss bridge in Veliko Tarnovo, named after Stefan
Stambolov, which is virtuously embedded in the unique landscape of the old Bulgarian
capital, represents a profoundly instructive example for the bridge specialist over the world.
(Fig. 1). Lightness and elegance of the subtle metal lattice openwork of the bridge structure
suggest to the visitors that beyond its routine function it was designed to blend with the
surrounding environment.

The construction history of the road facility was connected with the government of
Stefan Stambolov, Prime Minister of the liberated Bulgarian State (1887-1894), who was born
in Veliko Tarnovo. The decision for construction of the European styled bridge of significant
size over the Yantra River for connection with the still intended project railway station was
resolved by the Minister Council in 1889, about a decade after the Russian-Turkish war
(1877-78) that resulted in the liberation of the Bulgarian state. [1] [2]
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1b)

Figure 1: a) General view of Stambolov’s bridge b) Stambolov’s bridge — view from
the monument of Assenev brothers (Photo: R. Kirova, 2020)

2. Structural description of the bridge

The presented constructive analysis is based on the project for Rehabilitation and
Reinforcement of the Stambolov bridge from 1996, contracted by the brunch of "Moststroy”
Ltd. in Veliko Tarnovo and designed as subcontractor by the team of structural engineers of
“Geotechnika” Ltd., Dragoman with leading engineers ass. prof. eng. Kiril Angelov and eng.
Kostadin Tsekov and under the supervision of prof. eng. Peter Staykov. The project was
approved by the Municipality of Veliko Tarnovo, but was not executed. [4]

The structural analysis of Stambolov’s bridge is part of the efforts of the engineering
specialists in Bulgaria for investigation, rehabilitation and maintenance of metal bridges from
the end of 19" and the beginning of 20" centuries. [5] [6] [7] [8] [9]

The metal structure of the bridge is supported on two massive stone masonry
abutments, founded on the rocky banks of Yantra River. The main bearing structure of the
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bridge features upper roadway and consists of 22 fields. The total length of the bridge is 79.20
m. The width of the carriageway between the parapets is 7.0 m. (Fig. 2,2a, 2b)

The bridge structure consists of combination of two trusses, distanced at 6.00m axially
from each other. The overall structural height of the truss is 6.90 m at the abutments and 1.20
m at the key.

The cross-section of the upper belt is constructed of two joint T-shaped riveted
structural elements, placed axially at a distance of 350 mm from each other. They consist of
two L-profiles: 2L 90/90/10 mm for flanges and a strip wrought iron stem with dimension
10/410 mm. (Fig.2b).
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Figure 2. a) Technical situation of the bridge [4] b) Longitudinal structural view of the bridge
[4] c) Cross-section of the upper belt [4]

The upper surfaces of the truss flanges are additionally reinforced in their free arms
range: nodes 0 to 6 with cross rails with a strip steel plate with dimensions 90/8/700 mm
(Fig.3a) and nodes 6 to 12 with a strip steel plate with dimensions 10/560 mm (Fig. 3b). The
stems are additionally reinforced at their free ends with two strip steel plates with dimensions

2 x 10/90 mm (Fig. 3a and 3b).
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30) '  34)

Figure 3. a) Upper Belt (nodes 0-6) [4] b) Upper Belt (nodes 6-12) [4] ¢) View of upper belt
(Photo: D. Partov, 2009) d) Upper belt detail [4]

The cross-section of the lower belt is constructed of combination of two "T"-shaped
riveted structural elements, placed 350 mm axially from each other, facing upwards. They are
executed by the combination of two corner profiles 2L x 100/100/10 for flanges and a strip
steel stem with dimensions 500/12mm (Fig. 4b). The stems are additionally reinforced at their
free ends with two strip steel plates with dimensions 2 x 12/100mm (Fig. 4a and 4b).

The corner profiles of the lower belt between nodes 1 and 5 from the lower end are
mounted by four reinforcing wrought iron plates with dimensions 13/240mm. On the corner
profiles of the lower belt between nodes 6 and 12 are mounted three wrought iron plates with
dimensions 15/240mm.
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Figure 4. a) Cross-section of the lower belt between nodes 1-5 [4] b) Cross-section of the
lower belt between nodes 6-12 [4] ¢) View of the lower belt (Photo: D. Partov, 2009) d)
Bottom waistband detail [4] e) View of the lower belt (Photo: D. Partov, 2009) f) View of the
lower belt (Photo: D. Partov, 2009)

The joint behavior of thus created "U"-shaped cross-sections of vertical load impacts
(and horizontal impacts) is realized by combination of two profiles with transverse ribs,
positioned in the middle of the truss fields and connected to the bars of the truss grid. (Fig. 4).
In addition, from the side of the flanges between the two adjacent "T"-shaped profiles (as
indicated above in the text) a winding connection of strip wrought iron of size 90/8/700 mm
cross rails is developed; respectively 12 pieces per field in the upper belt of size 90/8/900mm
and 5 pieces per field in the lower belt).

The plates that connect the truss diagonals (Fig. 5a, 5b) and verticals (Fig. 6a, 6b) and
the upper and the lower belts are of sufficient height for realization of the links without knot.
These details are realized with riveted joints.

The open box section construction of the two belts enables the verticals (fig. 6a, 6b
and 6¢) 2L x 140/80/12 for nodes Ne 1, 2, 3; 2L x 100/80/10 for nodes Ne 4, 5, 6 and 2L x
80/60/10 for nodes Ne7-12 and the diagonals, to be executed as two-part combined profiles
with an "I" cross-section. (Fig. 5a, 5b)
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Figure 5. a) Cross-section of the diagonals between nodes 1, 2 and 3 [4] b) Cross-section of
the diagonals between nodes 4-9 [4]
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Figure 6. a) Cross-section of the verticals between nodes 1-3[4] b) Cross-section of the
verticals between nodes 4-6 [4] c) Cross-section of the verticals between nodes 7-12 [4]

The belts of these diagonals are executed by two unequal angular profiles of size 2L x
70/120/7 mm, fixed by rivets to each other and a connecting stem of 10 mm thick wrought
iron strip. The both ends of the truss diagonals, together with their flanges, enter the 300 mm
joint between the stems of the upper and lower truss belts. The both ends of the truss verticals
are interrupted above the belt stems, the protruding flanges of the verticals on the external
side are riveted to the truss belts.

Transversal beams of "I"-shaped cross-section, combination of a stem of strip wrought
iron of size 10/600 mm and an upper and lower flange of paired angle profiles of 2L x
80/80/10 mm, riveted to each other, are installed between the nodes of the truss upper belt.
The transverse beams are of height 600 mm. (Fig. 7a, b, ¢)
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Figure 7. Composition of transverse and longitudinal beams:
a) bottom view b) condition of the girder of the roadway in 1995 c) Cross section of
the main cross beam [4] (Photos: D. Partov, 2009)
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Longitudinal full-wall steel beams with "I-26" shaped cross-section are designed
between the transversal beams. They are positioned on the upper belt of the transverse beams,
on distances of 1500 mm, equal to the axes openings of 3.60 m between the main truss
transverse beams. Thin prefabricated reinforced concrete panels are laid on the longitudinal
bridge beams, which are part of the road slab. Asphalt and concrete pavement of 5 cm
thickness is laid on top of the prefabricated panels. The height of the arched trusses at the
supports is 7.0 m.

The upper girdle of the bridge step on the stone abutments and is fixed by stationary
wrought iron cylindrical joint bolt. The stepping of the lower girdle of the bridge on the stone
abutments is realized by joint bolts.

The spatial stability of the bridge is ensured by horizontal X-shaped wind-resistant
connections located between the upper and lower truss belts as well as by the vertical X-
shaped wind-resistant connections, installed between the verticals of the two adjacent load-
bearing bar structures of the bridge.
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Figure 7. a) Plan of the road lane of the bridge [4] b) Section of the road lane of the bridge [4]
c) Cross section of the lower belt [4] d) Details of construction of the lower and upper belts

[4]
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Conclusion

A conclusion section is not required, although in the conclusion the main points of the
paper may be reviewed. Do not replicate the abstract as the conclusion. A conclusion might
elaborate on the importance of the work or suggest applications and extensions.

Leave two blank lines before the conclusion(s) as well as before the references sections.
References (books, articles, etc.) should be quoted in the text by numbers in square brackets -
[1], [2], etc. - and grouped together at the end of the paper in numerical order as shown in
these instructions. Order the references following their first appearance in the text.
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SET UP FOR NUMERICAL INVESTIGATION OF DEFLECTIONS OF
TENSILE MEMBRANE STRUCTURES UNDER CONCENTRATED AND
AREA LOADS

Vuk MiloSevié¢', Veliborka Bogdanoviéz, Dragan Kosti¢®, Miomir Vasov*, Jelena
Savié®

Faculty of Civil Engineering and Architecture, University of Nis
Chair for Designing Architectural Structures

Abstract: Tensile membrane structures are getting increasingly popular in the Balkan
region as more and more of them are being built. Lack of standardization in Europe
motivates scientific research directed towards practical problems with the aim of
defining the European Standard for designing tensile membrane structures. There is an
ongoing research at the Facility of Civil Engineering and Architecture at University of
Nis directed towards deflections of tensile membranes, that is a part of such endeavors.
This paper presents the methodology used to investigate the effects of concentrated and
area loads to the deflections of membrane structures. It is already known that these
loads produce different deflections, but methods for reducing them are not thoroughly
explored. In the research that is partially presented in this paper, concentrated, snow
and wind loads are applied to numerical models of membrane structures and
deflections are monitored. Five parameters are analysed in order to investigate their
influence on deflections and compare their effects under applied loads. The results of
the research should help in managing deflections during the design process of tensile
membrane structures.

Key words: Tensile membrane structures, deflections, concentrated load, area load,
numerical analysis

1. Introduction

Tensile membrane structures are lightweight structures especially popular because of
their elegance and form. The number of built membrane structures is constantly increasing in
the world. In Balkan region more and more of these structures are planned and erected,
although the full potential of this structural system is still not utilized. One of the recent
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membrane structures in Serbia is presented in Figure 1. In tensile membrane structures,
membrane is the principal load bearing element. In addition, it is also the cover, which is
unusual for most of other structural types. Membranes are very thin and light, and have no
compression and bending stiffness. In order to resist external loads they have to be double
curved and prestressed with tension forces.

: S == e -r‘x-’-;. 3 r_,: ‘ =
Figure 1. Tensile membrane structure in Serb

ia (Image courtesy www.artech.rs)

Researchers from the Faculty of Civil Engineering and Architecture have been
researching different lightweight structural systems for more than two decades. In the past the
accent was on cable structures [1-3]. More recently, within the past decade, several aspects of
tensile membrane structures have been investigated. Most of the published researches are
dealing with the topic of point load actions on membrane structures [4-7]. In addition, thermal
aspect and energy efficiency of tensile membrane structures were explored [8-10]. Currently,
the field of effects of area loads and their comparison to the effects of point loads is being
researched. This paper is a part of those investigations. In the future, it is planned to start the
research about different aspects of covered and semi-covered membrane halls.

The research presented in this paper builds on the results of two previous researches
[11,12]. The first one investigated the effects of point loads to deflections of membrane
structures, while in the second one the area load influence of deflections is explored. The aim
of this research is to compare the effects of these load types, in order to conclude which are
efficient and reliable ways of reducing deflections of tensile membrane structures during the
design process. In this paper, the results will not be presented. This will be done in the
following paper. The aim of this paper is to present the set up for the comparison of
deflections under different loads conducted through numerical analysis. Therefore, the paper
will showcase the methodology of the research, analysed loads and selected variable
parameters.
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2. Methodology

The research is planned as a parametric numerical investigation. It is conducted in finite
element analysis software Sofistik, which was already used in scientific research of tensile
membranes [13,14]. The hypothesis to be tested is whether the change of parameters that
reduces the deflections under one load has the same impact to deflections of other loads. In
order to conduct the numerical experiment, a numerical model of the typical membrane
structure was built. The properties of the model are given in the next subchapter. Afterwards,
the planned process of numerical investigation is presented.

2.1. Model

The model of the tensile membrane has the hypar shape, as it is one of the most
commonly used forms of membranes. The base of the model has a size of 6x6 m. Two
diagonal corners are lifted by 2 m. The prestress of the membrane is 3 kN/m in both
directions. Membrane has cable edges. The prestress of cables is 30 kN, and their diameter is
12 mm with elastic modulus of 205 kN/mm?®. Membrane has elastic modulus of 600 kN/m in
both directions, shear modulus of 30 kN/m and Poisson’s ratio of 0.4. Warp direction of the
membrane is from one high corner to another. The values for the model are replicated from
the research about a different topic, by some of the most prominent researchers in this field
[15].

S

Figure 2. Numerical model of the tensile membrane structure (Photo by authors from Sofistik
software)

2.2. Numerical Investigation

After the initial model was formed and tested, it was possible to start creating other
models. The variable parameters were selected. They will be further presented in chapter 4.
For each parameter, values to be varied are also specified. Each combination of parameter
values was used to create a new model. With all the planned models created, the calculation
of load effects began. Each model was load separately with each of the loads. The loads are
described in more detail in chapter 3. For each load the deflection results were recorded. The
position and value of the maximal deflection were the key data used for comparison. Based on
these results it was possible to draw conclusions about the effects of each load to the
deflections of the membrane and compare these effects. In addition, the influence of all
analysed parameters was further investigated in order to conclude the most appropriate ways
to reduce excessive deflections of tensile membranes under external loading.

3. Loads

In this research three types of external loads acting on the tensile membrane structures
are analysed. Two of them are area loads, and these are the snow load and the wind load,
while the third is the concentrated load. Each one of the analysed loads will be shortly
presented in the following subchapters. It is impossible to generalize which one of these loads
iIs the most significant in analysis of tensile membranes. This mostly depends on the
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geographical position of the structure, but also on other factors such as surroundings, form of
the structure and height of the structure. While in some cases certain loads can have minimal
importance, in others they can be dominant. It is also not uncommon for all three types of
analysed loads to have roughly the same effects to the membrane structure.

In addition to the three analysed loads, there are also other types of loads acting on the
membrane structures. Seismic loads that are very important for other types of structures are
usually disregarded in design of tensile membranes. The reason for this is the lightweight
nature of membranes. The exception are hybrid structures that are covered by membranes but
have heavy supporting structural elements. Thermal loads are also acting on membranes, and
indoor thermal environment of membrane strutures is frequently explored. Thermal loads do
not cause major structural effects, although more research in this field is needed. Due to the
flexibility of the membrane material it is expected that temperature changes within the
realistic and usual values do not impact the structure significantly. Rain and hail can also act
on membranes. While rain itself is not a considerable load, the effects of accumulated water
on the membrane can be catastrophic. Therefore, it is crucial to design the form of the
membrane correctly in order to avoid ponding in initial and deformed state of the structure.
Some research is done in the area of hail effects to membranes, but this load is not regularly
included in design and analysis of tensile membranes.

3.1. Snow Load

Snow load in one of the most frequent loads acting on tensile membrane structures and
often the dominant one. Design values of this load depend mostly on the location of the
structure and on its form, or more precisely, on the slope of the membrane. This is usually
problematic, since the design standards are considering flat, pitched and roofs with curvature
in only one direction, while tensile membranes are doubly curved. Therefore, it is hard to
optimize the value of the snow load on membranes, although some efforts are already made
[16]. In order to avoid ponding, it is important to check geodesic height of deformed
membrane under snow load. The risk from combined action of snow and rain, but also the
melting of snow, exists, and can potentially lead to water accumulation on the membrane
surface. One example of membrane covered by snow is given in Figure 3. For the purpose of
this research, value for snow load is taken to be the same as in two well-known researches
[15,17] and has the intensity of 0.6 kN/m® over the whole membrane, with the vertical
downwards direction.

Figure 3. Snowacting on the large membrane of Elspe Open Air Theater (Image courtesy
www.mehgies.com)
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3.2. Wind Load

Wind action is very complex due to its dynamic nature. For standard roofs this load has
been simplified in design codes, so it is relatively easy to include in the structural analysis.
However, curved shape and large deformations of tensile membranes pose a huge problem in
determining the appropriate wind load values. For simple membrane forms, some guidance
exists [18], and by approximation and simplification, design values are derived using
engineering judgement and experience. For more complex and important sturctures, wind
tunnel tests [19,20] should be conducted in order to obtain more realistic values. The
development of CFD analysis makes it reasonable to expect that in future all tensile
membranes will be numerically tested for wind loads. Unlike the snow load, wind load
provides much less chance of pond formation on the membrane surface. Nevertheless, wind
alone can also have devastating effect on the membranes. One of the recent examples is the
partial collapse of the Millennium Dome in London, illustrated in Figure 4. In this research,
wind load is modelled as proposed in the previous published researches [15,17]. This means
that it was simplified to a static load acting across the whole surface of the membrane with the
intensity of 1 kN/m? and the upward, perpendicular direction to the membrane surface.

A

Figure 4. The failure of the membrane of Millennium Dome in London in 2022 (Image
courtesy Twitter user @sandieshoes)

3.3. Concentrated Load

Concentrated loads acting on tensile membrane structures can be of several different
sources. The first one is impact loads from objects falling on the membrane or hitting the
membrane from downside. The second are temporary or permanent concentrated loads
induced by equipment or objects hanging on or resting on the membrane. The third are
movable loads from people that are doing maintenance or inspection work on the membrane.
One such example is given in Figure 5. This research will be focused of the third group of
concentrated loads. Analysed type of concentrated load can be induced by the weight of one
or more people working on the membrane. Based on this, the intensity and application area of
the load will be defined. Such loading occurs relatively frequently, although less often
compared to snow and wind load. The possibility of ponding under movable concentrated
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loads is small, because of the small duration of load application. However, concentrated load
can act in combination with snow and wind load. In this research, concentrated load is applied
with the total intensity of 1 kN evenly spread across the area of 0.1x0.1 m, and with the
vertical downward direction.

Figure 5. Concentrated loads acting on tensile membrane structure (Image courtesy
www.architen.com)

4. Analysed Parameters

In order to investigate deflections of tensile membranes under snow, wind and
concentrated load, five different parameters are varied. These are membrane material, model
height, prestress, patterning and the type of edges. Other than the selected parameters, there
are also others that could be varied. Some of them are the shape of the membrane, the size of
the structure, the intensity of the loads, and others. However, it is concluded that the selected
parameters will provide a good starting point for further research in the same area, conducted
on different models. Each of the chosen parameters is shortly elaborated in the following
subchapters.

4.1. Membrane Material

The first analysed parameter is the membrane material. There are different types of
membrane materials in use. Most commonly used textile materials are PVC coated polyester
fabric and PTFE coated glassfiber fabric. Among foils, ETFE foils are most frequently used,
but their main application is for pneumatic structures. Textile membrane materials are
categorized according to their properties [21]. The choice of membrane material is done by
the designer during the process of structural analysis. This decision is usually based primarily
on the tensile forces under different loadcases. However, it is now known that the selection of
membrane material will also influence the deflections under external loads. This research will
investigate this issue further with respect to the three most common loads presented earlier.
The selected values for the parameter of membrane material will represent all of the most
commonly used textile membrane materials. In the numerical analysis the material properties
are represented by elastic modulus, shear modulus and Poisson’s ratio.
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4.2. Model Height

The height of the structure is also defined by the designer of the structure. This decision
is not based only on the structural aspect, as it also affects the visual appearance of the
structure. Height of the structure is directly related to the curvature of the structure, thus the
higher the height, the larger the curvature. In structural sense, higher curvature is generally
accepted as more beneficial, as it is expected to result in lower membrane forces, but also
smaller deflections. This will be tested in the conducted research. In addition, the relation
between the change in height and change in maximal deflections will be analysed. The
selected heights of the structure are chosen from the practically applicable values, while flat
membrane is not analysed.

4.3. Prestress

Prestress of the membrane is necessary in order to stabilize the structure. However, it
can also be used to change the shape of the structure. In cases when the prestress values are
changed unproportionally in warp and weft direction, subtle changes of the membrane form
will occur. If the values are changed proportionally, the form will stay the same and only the
membrane forces will be different. Here the designer faces a challenge, since the higher
membrane prestress is expected to result in lower deflections, but higher forces under external
loading. This research will provide more information and better understanding of relation
between the intensity of the prestress and the value of maximal deflection under loading by
snow, wind and concentrated load. The values selected for this variable parameter are in the
reasonable limits for the created models.

4.4. Patterning

The membrane is a double curved structural element that is made out of several pieces
of membrane material. These pieces are cut along the warp direction according to the cutting
patterns created for each individual structure. The pieces are than connected by various
techniques, depending on the material [22]. Places where the pieces are connected appear on
the membrane as darker lines when the membrane is lit by the sun or artificial light. These
lines influence the aesthetics of the structure. However, the direction of the lines, also called
the patterning direction, should primarily be based on the structural performance. For hypar
structures, diagonal and orthogonal patterning are usually used. In this research, both of these
will be analysed and correlated with the deflections resulting from the external loads.

4.5. Edges

There are two types of membrane edges that are routinely used, stiff and flexible.
Flexible edges are usually formed by steel cables that are connected to the membrane in
several possible ways [22]. These cables are also prestressed, and actually used to prestress
the membrane during the erection process. Stiff edges can be formed by rigid beams, while
other structural elements or even buildings can be used as a membrane edge. The influence of
membrane edges to deflections is not a topic of many published researches. Therefore, it is
carefully analysed in this research in combination with other variable parameters.

Conclusion

The research about membrane deflections is being conducted at the Faculty of Civil
Engineering and Architectrure in NiS. This paper is used to present the set up for the
numerical investigation of deflections of tensile membrane structures under snow, wind and
concentrated load. In the paper the methodology, the calculation loads and the varied
parameters are shown. The results of the research will be presented in another publication.
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What this research aims to accomplish is to provide guidance with respect to deflection
management of tensile membranes under external loads to the engineers working on
designing of membrane structures. The conclusions of the presented research will add to the
scientific body of knowledge about tensile membranes and could help in standardising the
design process of these structures.
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SURVEY AND ANALYSIS OF DETAILS FOR CONNECTION BETWEEN
FLOOR TIMBER CONSTRUCTION AND WALLS IN MASONRY BUILDINGS IN
THE AROUND OF THE WORLD

Petar Grekov *, Anton Gorolomov 2, DonchoPartov ®
123 University of Structural Engineering and Architecture, VSU “L. Karavelov”, Sofia

Abstract: This paper presents a literature review on the traditional and innovative wall-
to-timber floor anchors used in unreinforced masonry buildings taking into account
experimental works, analytical and numerical studies..Out of plane failure of unreinforced
masonry walls is considered one of the most vulnerable seismic hazards in medium and
high earthquake-prone regions. Efficient structural connections enable global equilibrated
mechanisms, ensuring the “box-behavior”. Timber floors are widely used as horizontal
diaphragm in historical constructions, and their connection to the boundary walls is
crucial to facilitate internal force redistribution and to restrain out of plane walls

Key words: out of plane failure, timber floors, box-behavior, numerical studies

MPEIJIE] U AHAJIN3 HA JETAMJINATE 3A CBBbP3BAHE MEXIY JbPBEH
MNOAOB I'PEAOPE/I U CTEHMU B 3UJJAHU CI'PA/IU 110 CBETA

[Tersp 1“pel<0131 , AHTOH FOpOJ‘IOMOBZ' Jonuo HapTOB3
123 pcy ,JI.Kapasenos”, Coghus

Abcmpakm: J{oxnaovm cvowvpiica obcmoen npeened Ha Cbuecmsy8awu’. mpaouyuoHHu u
UHOBAMUBHU O0eMAlIU 34 AHKEpUpaHe HA 6Pb3KA Mexcdy Noo U CmeHd, U3NON36AHU 8
cepaou  om HeapMupawa 3uoapusi, Kamo ce 63emam Npeosud eKCnepuMeHmaIHu
Paspabomku u Opyeu aHATUMUYHU U YUCTeHU peulenus Ha npobiema. M36bH pagHUHHOMO
paspyuwiaeane Ha 3U0aHU MYXJAeHU UIU KAMEHHU CMeHU ce cuuma 3a eOHd Om Hall-
yA36UMUME CEUSMUYHU ONACHOCMU 8 CPeOHO U CUTHO 3eMempbCHU pationu. Edexmusno
UBNBIHEHUmMe KOHCMPYKMUBHU BPB3KU MeHCOY ObPEeHUs N0008 2pedoped U 3UOAPUIHO
uzepaoenume CmeHu, NO360JA6aNM 6b3HUKEAHEMO HA 2N00AIHU YPABHOBECEHU CbCMOAHUA,
Xapakmepuspauu Kamo MexXaHusMu, OCUcypsaeawu noseama Ha M.H. NOBEOeHYECKO
nogedeHue Ha KymusioopasHume uepynkosu Koncmpykyuu. ,,00X-behavior”. Obuknoseno
Ovpeenume nooosuU epedopedu (KOHCMPYKYULL) ce Cuumam 3a XOpu3oHmaiHu ouagpazmu 6
ucmopuyeckume no008U KOHCMPYKYUU, KAmo 6pb3Kama um ¢ gacadnume cmeHu, uzpae
BAICHA POJISL NPU NPOABAMA HA 8LMPEUHO NpepasnpedeieHue Ha cuiume Ha KOHMakxma
MedHcoy msx.

Knwuosu oymu: uzevH pagnunHo paspyuiasane, 0bpeeH epedopeo, YUCIEHO U3CIe08aHe
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2 Anton Gorolomov, Assist. Professor, PhD Student, USEA, VSU, L.Karavelov, e-mail:
anton.gorolomov@vsu.bg
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1. BnLBeaenue

Coraacuo [45], paspyliaBaHeTo W3BbH paBHMHATA Ha HEYKPENCHHU, 3HIAPUHUHO
U3rPaJICHN TYXJICHU WM KAMEHHU CTEHH, KOETO SIBICHHUE ¢ HAOJI01aBaHO KAaKTO B MUHAJIH,
Taka ¥ B 10 CKOPOILIHH CIYYWIH ce cem3MuuHu cwoutusa (M6.3 L'Aquila ot 2009 1.), ce
NpueMaT OT CHCIHAIMCTHTE B Ta3W 00JacT, KaTo CEPUO3HA M HEXeJaTelHa IMbpPBO-
npuunHa [1], 3a pa3BuThe Ha mocienBanM kKaractpodanHu noBpeau. CrapuTe 3UIaHU
CTpajM YeCTO Ca M3TpaXKIaHu Oe3 MpHIaraHe Ha CeM3MUYHHU KOHIICTIIHMH U TPAKTHKH, KaTO
pearupart ciaabo A0pH IpU 3eMETPECEHUs ¢ HUCKA U cpeaHa uHTeH3uBHOCT [2]. ToisiMoTo
pa3HoO0Opa3ue OT BHIOBE CTPOTESIHH MAaTEPUAIH M T€OMETPHS MIPUHYK/IaBa aHATU3aTOPUTE
Jla M3CJieIBa BCEKU MPOOJIeM KaTo YHUKAJICH, KaTo ce MMa MpeaBH] (KOTaTo € Bh3MOXHO)
Ja TMoJy4yaT IO EKCIIEpUMEHTAleH MbT CBOMCTBATa Ha BJIOKEHHTE Marepuaiu. be3
NPABUIIHO PEIICHH U PEAM3UPaHU aKCUATHU BPB3KH: MEXKIY TbPBEHUS TOI0B IPEAOPE U
dacaguuTe cTeHH (Pa3MONOKEHH) MEPICHINKYIIPHO HA HAIPABICHUETO HA CEU3MHYHHTE
CHJIH), CHIINTE Ca CHIIHO YSI3BMMHU KbM TIOBPEIM U3BBH TaxHarta paBHuHA [3]. JloctaThuHo
KopaBara mojioBa auadparma (crnpsiMo (acagHUTe CTEHH) C€ M3MUCKBA ChIIO Taka, Ja Ob/e
CBBbp3aHa KbM CTPAaHMYHHUTE CTCHU B paBHHHA (YCIIOPEIHO HA MOCOKATA HA CEU3MUYHUTE
CHJIM) 4pe3 MOIXOMAIIN BPB3KH Ha CpsI3BaHE, CIIOCOOHU Ja pasmlpeesiaT WHEPIUOHHUTE
CHUJIM KBM CEM3MUYHO-yCTOMuMBUTE cTeHH. [lomoBara amadparma, CbBMECTHO C J00pe
U3IBJIHEHUTE CEU3MHUYHH JCTAIN, OCUTYPsIBa T.H. KyTHEOOpa3HO YEPyNKOBO MOBEACHHE,
,,box-behavior”, ¢ akTuBMpaHe Ha T00aTHU ypaBHOBeCeHH MexaHu3Mu [4] (Dur. 1).

__________ ,J__

Scisauc action | ]\
- _‘n \

Shear and in-plane bending

Out-ot-plane /

bending

@ur. 1. 'mobanHu paBHOBECHU MEXaHNU3MH, KOHTO OBHKHOBEHO ce Ha0Jro1aBat B
ucropuueckure crpaau Ha URM[4]

Bbropeku, ye BIMSHHUETO HAa CEU3MUYHOTO AHKEPUPAHE MEXIY CTCHUTE U IMOJOBUTE
KOHCTPYKIIMHM HAa UCTOPUYECKUTE OOCKTH € J0Ope MO3HATO Cpeja MHKEHEpHaTa OOITHOCT,
TOBA € YeCTO IpeHeOpersaHa TeMa MpH OlleHKaTa Ha ChIecTByBaluTe crpaau. OcBeH ToBa
u3cienoBaTeNnuTe ce (hOoKycupaT TJIABHO BBPXY TJIOOATHOTO CEM3MHUYHO IOBEJICHHUE Ha
CrpaJUTE U C€ IpEIaraT pelieHus 3a YKPEIBaHE CaMO Ha I'bPBUYHHUTE KOHCTPYKTHMBHU
CJIEMEHTH, KaTO CTEHU WM MOJ0Be Win MokpuBH [5,6]. Tasu crartus mpejacrass mperiea Ha
JICTAWJINTE 32 aHKEPUPAHE MEXAY CTEHUTE M MOJOBHUS TPENOPEd, H3IOI3BaHU 34
HaMaJsIBAHE Ha CEU3MUYHATa YA3BUMOCT Ha 3MjaHaTa KoHCTpykuus. Haii-uecto
CpEUIaHUTE B IPAKTUKATa ChHIIECTBYBAILM PELICHUS, a TaKa ChHIIO U NO-ChbBPEMEHHHUTE,
MHOBAaTUBHUTE 3aKPENBAHUs, OTKPUTH B JIMTEPATypaTa, KAKTO U EKCIEPUMEHTAIHUTE U
YUCJICHUTE MOJIXO0U ca 0000IIEeHN B U3JIOKEHHS TI0 JIOJy TeKCT, B ChOTBETHUTE: 2, 3 U 4
TOYKH Ha JOKJIaJa.

2. OnucaHue HA AaHKEPHHU YCTPOiiCcTBAa Me K1Y MOJA0B I'pPeJope] M Orpaskaaliu
CTEHH

CoriacHo [45] eqHa oT Haii-uecTo CpellaHuTe M ITHPOKO Pa3IpOCTPaHEHU BHUIIOBE
XOPHU30HTAIHU AuadparMyu B UCTOPHUCKUTE OOEKTH ca U3MBIHEHU OT AbPBEHU I'PEAOPEH,
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U3IBJIHEHH OT MaCUBHA WJIM MHOTOCIIOWHA IbpBECHHA. B Ta3u cTpouTeniHa nmpakTuka npe3
OHA3W €I0Xa, EJIEMEHTUTE OT JBPBEHUSAT Ipelope] ce IoylaraT B CICLHAIHU JIeTya ¢
pa3MepuTe Ha rpeiarta Ch3JaJicHu B 3uaapusra. [1o To3u HauKMH ce Ch3llaBa BpPb3Ka MEKIY
JiBaTa EJIEMEHTa, YHHMTO KalaluTeT € OOYCIOBEH OT TOJeMHHAaTa Ha aKCHAJIHOTO
U3TPBrBaHe, MOPOJICHO OT CHIIUTE HA TPHEHE MEXIY TIX , TCHEPUPAaHH OT BEPTHKAIHUTE
CTaTHYHHM HATOBapBaHMA. B mpakTWkara ce Cpemar pasM4yHU PEIICHHs, NPH KOUTO Cce
U3M0JI3BaT METAIHU aHKEPHU €JIEMEHTH, KOUTO CBbP3BAT BHHIIHATA TyXJICHA MJIH KAMCHHA
CTeHa C JIbpBeHara auadparma. Te3nm ycTpoicTBa (M3MBJIHEHU TJIABHO OT JKEJISI30 WIN
CTOMaHa) UMaT 3a OCHOBHA (DYHKIIMS Ja OCUTYPST BPB3Ka MEKAY JbPBEHHS TPEAOpEa U
3UJApHATa, YpEe3 U3IMOI3BAHETO HA METAIHH IUIOYH, KOUTO Ca 3aKPETeHH KbM IbpBECHHATA
4pe3 OONTOBU CheIUHEHUs WK rBo3aed. OT Ipyra cTpaHa KbM T€3H METAJIHU IJIACTHHU CE
3aKperBaT, ype3 3aBapsBaHe, KOBAaHE WJIM HUTOBAHE JBJITH INIMHIKH, KOUTO IPOHHU3BAT
3UJApHsTa U Ce CBHP3BAT ChC CICLHMAIHA TUI0YeCcTa KOTBA, KOSATO ce omupa BbB (acamara
Ha Crpajara ¥ 4pe3 CBOATA MOBBPXHOCT 3aKOTBsl KbM cebe CH mojoBara auadparmMa Ha
crpajara, Karo s TPUHYKIaBa Ja C€ [BIKAT KOIUIGKCHO I10 HalpaBJICHHETO
HACEM3MHYHHTE BB3JCHCTBHA. 32 TOBA FOJISIMOTO Pa3HOOOpas3ye OT MOAOOHH BPB3KH, MOXKE
Jla ce KaKe, 4e Te MOrar Jia mpeHacsaT 0e3mpoOIeMHO, aKCHAITHU WU CPS3BAIlU CUJIU MPU
CTaTHYHH BEPTHKATHH CWIM WIM JUHAMHYHM CTpPaHWUYHH Bb3aedcTBus. [Ipumepn 3a
peajM3upaHd Ha MOJOOHW aHKEpUpAHHs 32 CTCHH, MOTaT Jia ObJaT HaMEpPCHU B 3UJIaHH
tecrpaan ot 50-te roguHu Ha mMuHanus Bek B Cpemnus 3aman, B CheAMHEHHTE LIATH,
KBJICTO IOJOBUTE KOHCTPYKIMH ca (PUKCHPAaHH KbM 3UJApUAHATA CTEHA, Ype3 MPOCTO
NPUKOBaBaHE KbM IbPBEHATa Tpela KbM CTCHHHS aHKEp, OCUTYPSBAWKH OTHOCHTEIIHO
crnaba Bpb3Ka ChC 3UAApUsATa HA CTEHATA, MEPHCHIUKYISPHO WK ycropenHo [7,9] (Pur.
2).

straight sheathing
1x6 or 1x8 (nominal)

2 nails

2 nails per support

wal} anchor approx.

every 4th joist 61 cm (typ.)
timber joist (2x12 nominal min.) bridging (2x4 nominal)
2 or 3 wythe brick wall approx. 2.4 m spacing

®@ur. 2. )Kene3Hu KOTBU, CBbP3BAIY BHHIIHA CTCHH C TIEPIICHINKYIISIpHA (2) WIN
ycriopeana rpena (b) [8]

CwraacHo [45] mogoOHM Bph3KU(HAOIO0SBAIIM-TIPHTH C TUIIMYHA OpMa Ha puOeHa
ofamiKa) Morar Ja ce M3IIOJI3BAT 3a CBbpP3BaHE Ha HOBaTa JbpBEHA IJiaBa (Ha MSICTOTO Ha
Jerpaaupanara) ¢ OcTaHajgara 4yacT oT rpemata u creHata [9] (dur. 3a). [lpu Te3u
JeTaiiii, TPYAHO MOXe 00ade /1a ce TMOCTUTHE CeM3MHYHA €PEKTHBHOCT HA Cps3BaHE Ha
Ta3u Bpb3Ka. llpuMepum 3a TMO-CIOKHM CHUCTEMH MoraT Ja ce BUIIT B
crpagute:”’[lomb6anuHo” B JIncaboH, mocTpoeHu cien 3emerpeceHueTo ot 1755 r., Kato
ONHT 3a Ch3JaBaHE HA AaHTHUCEH3MHUYHA 3WJApHifHa crpaga. B mepumeTrbpa Ha 3UAaHUTE
CTEHU C€ W3rPaXIaT IbPBEHW BEPTUKATHM ceu3MudHu pamku (ITomOanmHO), KOHWTO
noo0psiBaT BPB3KUTE MEXKIY IbPBEHUS CKEJICTCH MaTepuan U 3uaapusita. [IppBeHure
IUIOYM C€ MOCTAaBAT HaJ M O]l [JIaBaTa Ha Ipefopea, BbTPE B 3UIapHsiITa U ce GUKCHpAT C
reozzeii [10], koeTo mo3BosBa MO-100pO pasmpe/ieieHie Ha HaTOBapBAaHETO KbM CTCHATa
U TI0J00psiBa aKCHAITHOTO U CPA3BAIIO CHIIPOTUBIICHUE. TUITN3UPAHUTE CEU3MUYHU TTOJJOBU
BPB3KH TIpeAcTaBisBar [-00pa3HU, METaTHU JTUCTOBU KOTBH, MPUKOBAHU KbM JIHPBEHHS
Matepuan u pukcupanu B 3ugapusta (Pur.36). OcBeH ToBa IBJTH MAaCHUBHU JTbPBEHU
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eneMeHTH (o opMaTa Ha MPHTH C IBJDKUHA 1O 1M), 3aKOBaHU JMATOHAITHO KbM IPEIUTE
U BrpaJeHM IOJ JbPBEHHUTE IbCKH, MOraT Aa ObJaT 3aKOTBEHM KbM 3MJaHaTa CTEHa,
cb3lnaBaiiku mo-eektuBHu penicHus: (dur. 3B). Pemenusra, mokasanum ot Codias [9],
BKJIIOYBAT OOMKHOBEHM KEJIE3HU NPBTH, KBAJAPATHH, 3BE3JAOBUAHU WM KPBIJIM IUIOYH,
3aKpenBallyd NpbT KbM BBHIIHATA CTpaHa Ha 3ujaHata creHa (Pwur. 3r), yBenuuaBaliku
CeM3MHMYHaTa yCTOMUMBOCTTA Ha Bpb3KaTa, IPHU KOETO C€ Pa3uMuTa U Ha SKOCTTA Ha HATUCK

Ha 3UJIapusTa.

Before Cutting area for
remotion
Floor
beam

Degraded area
Deteriorated area

After

Restored planks

a) Restored roof linng 6)
®ur. 3. AukepHu ycrpoiictBa mexay rpena u crena[9,10]: a) Hderpaaupana nxbpBeHa
rpeaa-caHipaHe Ha HeifHaTa onopHa Jact; 0) JKensi3Ha koTBa; B) JlnaroHamHo pas3mnoioKeH
IPBT MEXIY MOJOBUTE IPEIIH; T) AHKEPH MKy TOKPUBHH TPEIAN U CTCHH

VY cunBaiio Cen3MUYHO pelieHue € npeokeHo ot Tomazevi¢ [4], koeTo BKITIOYBa
JIBOEH CTOMaHEH aHKep, CHMETPUYHO 3aKperieH KbM I'pefiata, 3a Jja ce u30erHe
€KCLIEHTPUYHOTO MY NOBE/IEHNE IPU CEU3MUYHU Bb3AeicTBUS (Dur. 4).

. < o

fos 41

®@ur. 4. Z[B_OI?IHa ankepHa @wur. 5. AHKepupaHe e3 @ur. 6. Pemenne a Moreira [12]
cucrema [4] ['-06pazuu COIT

CwraacHo [45] OonToBHUTE BpB3KH yBEIMUYABAT CHIPOTHBISEMOCTTa HAa CPsI3BaHE W
moIo0psABAaT CEM3MHYHOTO IIOBEJACHUETO Ha pa3TBOpa. JIOMBIHUTENHU pEIIeHUs 3a
yCHUJIBaHE HA aHKEPHUTE BPBH3KH, MPUETH CIIE 3eMETPECEHUETO B 3ayinBa XOyKc mpe3 1931
r. B HoBa 3emanaus, ca onucanu ot Blaikie u Spurr [11] 1 BK/IrOYUBaT CTOMaHEHHU KOTBH,
CBBbp3aHM KBbM CTOMAaHEHA BIJIOBAa IUIOYa C OOJTOBE KBbM TIpefaTa. 3aKpernBaHETO KbM
3UapUsATa Ce OCHTYpsiBa OT H3MOJ3BAHETO Ha CTOMaHeHHM Hocemu mioun (Ddur. 5).
WuoBatuBHUTE pelieHus, ucieasanu or Moreira [12], BkirouBaT cTaBHH BPB3KH B JIBaTa
Kpasi HA CTOMaHEHEHUS TPBT, MMO3BOJISIBANKHU T0-JIECHO MPOU3BOJICTBO Ha caMmara BPb3Ka,
KOSTO ce (UKCHpa OUArOHATHO BBPXY MOAXOIANIO MOJCUICHH CTOMAHEHH BITIOBH
npod M TUPEKTHO OT ropHara 4yacT Ha moja (Pwur. 6). M3non3BaHeTo HA MHXCKIIMOHHU
KOTBU CBIIO CE€ MPEBpPBINA B MHTEPECHO peIIeHHe, OJarojgapeHue Ha BHBEKIAHETO HA
CMOJIH WJIM Pa3TBOPH Ha EMOKCHIHA OCHOBA M MTO3BOJISIBA MUHUMAITHA HAMECa B aCIlleKTa Ha
opurnHanHata Qacana. [Ipumep 3a TakoBa perrenue e npemioxker ot Coias [9], kpaero
WH)KEKTUPAHETO Ha (Qyrupama cMec KOHTPOJIHMpa TOBEJICHHETO Ha CBBP3BAHE MEXIY
CTOMaHEHaTa Bpb3Ka M orpaxkiamiara 3umapus (Pur. 7). Bpe3kara ¢ qppBeHara rpeja
OOMKHOBEHO CE€ OCUTYpsiBa OT CTOMAaHEH BIII0B MPOodHII ¢ OOITORE.
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@ur. 7. Pemenue 3a ykpenpaHe ®ur. 8. Bpb3ka 3a ykpenBaHe Ha crpajy ¢
[MombGanuno [9] nomorira Ha HerpekbcHatu [-o6paszuu COIT [13]

Coraacuo [45], B Hayamoro Ha 20-Tu Bek, mosiBata Ha cromanobeton (RC) mosene 10
NOYTH TBIHOTO M30CTAaBSIHE HA 3WAApHATa, KaTO OCHOBEH KOHCTPYKTHBEH MaTepHhall.
OcBeH TOBa, cbBpeMeHHUTE crpaau oT URM ca cuabaenu ¢ (RC) cBbp3Bamu rpeau Ha
HUBaTa Ha T0Ja, TO3BOJSIBAIIM Bpb3KaTa MEXIy IUloYaTa W CTEHara, Ja Ch37aje
e(peKTUBHO MOBeAECHUE Ha Jauadparmara, KOETO OOMKHOBEHO € C HHMCKO KauecTBO B
cpiectByBamute crpaau ot (URM) ¢ reBkaBa muadparma [4]. U Bce mak gopu u 1a €
Ouia Oo4yakBaHa MOJAMSHATa Ha TE3W JIEKH IbPBEHU MOJOBE MM MOKpUBHU ¢ TeXkH RC
IUIOYM, TOB a peuleHHue TpsOBa aa Oble M30srBaHO MOpPAJAHM YBEIMYaBAHE HA OIMACHHUTE
MHEPLHOHHU cerm3MuuHu cuii. Hsiao u Tezcan [13] mpeanarar pemieHue 3a ykpenBaHe Ha
crpazara Ha Oa3ara Ha amepukaHckus cranmapt FEMA [14], kato ce u30srBa mo to3u
HauuH, NOBPEXKJAHETO Ha OpUTMHAIHATA (acajga Ha UCTOpUUECcKaTa crpaja. Pemenuero e
noka3aHo Ha ((ur.8) m uma 3a 1en Ja yCuiu BPb3KUTE MEXAY AbPBEHUTE AuadparMu u
HocewmuTe creHd Ha URM 1 f1a yBennuM KamanuTeTa Ha orbBaHe Ha AuadparMure, KaTo ce
U3I0JI3Ba HENpeKbcHAT cromaHeH [-oOpasen ['BII mo ppboBere Ha nbpBeHaTa MOJ0Ba
nuadparma, cBbp3aHa KbM 3MJIapUsATa C IOMOLITA Ha aHKEPHHU 0OJITOBE WM AJITEPHATUBHU
WH)KEKIIMOHHU aHKEPHH €JIEMEHTH, C LIeJ Jia Ce 3ala3d OpUTHHaTHaTa KOHCTPYKIUS Ha
BBHILIHATA (acaa.

2. EKCHepI/IMeHTaJIHI/I H3CJacaBaHUA

Coriaacuo [45], ekcrepuMeHTanHaTa J1adOpaTopusi WIM TECThT Ha MSICTO ca
U3KIIIOUMTETHO BaXKHH, 332 Ja ce pa30epe BIUSHUETO Ha YKPEIMBAIUTE BPB3KU BBHPXY
IsUIaTa Crpaja v 3a XapakTepu3upaHe Ha MEXaHUYHUTE TIOBEJCHNE Ha CHIECTBYBAIIATa U
3acuiieHa Bpb3Ka. [obanHo pazbupaHe Ha e(hEeKTUBHOCTTA HA BPB3KUTE MOXKE Ja Obje
MIOCTUTHATA Ype3 TECTOBE BbPXY 3eMETPHhCHA Maca ¢ pa3KialllaHe BhPXy 00pa3iy B peaieH
win HamaineH Mamfab. TakuBa TecToBe OOMKHOBEHO C€ M3BBPIIBAT B IJ100alieH Maiad Ha
crpangata [15,16,17] win nokanen mamad Ha crenara [18,19], HO caMO HAKOJIKO UMaT 3a
nen Jga mpoydaT eQEeKTHBHOCTTa Ha BPB3KHTE CTEHA-TIOJ, MPU KOETO ce Mpenjarat
YKpEMBAIllK PelieHus camo 3a mbpBuuHuTe eaeMenTH [6, 20]. CTaTHYHOTO M JUHAMUYHO
OXapakTepu3rpaHe Ha BPH3KUTE MOXKE Ja ObJe MOCTUTHATO Ype3 TECTOBE Ha Cps3BaHe,
HAaCOYCHUW KbM pa3paboTBaHE Ha JUarpaMy 3a: CHJIa-TPeMECTBaHE, HEOOXOJMMH 3a
BAIMIMPAHE HA YUCICHHUS MOJIC]. THIIMYHUTE BPBH3KU MEXKIY quadparmMa v TyxJieHa CTeHa
ca Bw3mpousBeacHn ot Lin u LaFave [7] u ca u3cnensanu 4pe3 CTaTHYHH MOHOTOHHH,
KaKTO ¥ JMHAMUYHY [UKJIAYHU TECTOBE, KaTO CE MMa MPEABUJ MPUHOCHT HA TPHUEHETO U
HaJMYHMETO Ha aHKepHUTE ycTpoucTBa (Pur. 9a). Pesynratute mokassar, ye JMHaMUYHATA
peakiys € o-Majika B CpaBHEHHE ChC cTaTnyHaTta TakuBa (dur. 90).

269



XXII MEXXAYHAPOOQHA HAYYHA KOH®EPEHLUA BCY’2022
XXII INTERNATIONAL SCIENTIFIC CONFERENCE VSU'2022

Force (Ibs)
2
S

1
Disp. (in)

a) (b)
®@ur. 9. ExciepuMeHTaIHa MporpaMa MpoBeieHa BbPXY TUIIM3UpaHa CTeHHA quadparMeHa
Bpb3Ka (7): a) oOpasiu 3a uznurBaHe; (0) cpaBHEHHWE MEXAY CTaTUYCH MOHOTOHEH (SM),
kBazuctarnueH mukiandeH (SC) u nunamuuen nukiandeH (DC) u3paszenu upes ycpeaeHeHn
qUarpamM - KpUBHM, OTYHTAWKH MPUHOCHT HA TPUEHETO W HATMYMETO HA NMPUKOBAHUTE

mpurncu (NF)

[IlecT chuiecTBYBaIlM CTOMAaHEHH KOTBH, B3€TH OT MoBpeneHa crpajga Ha URM crnen
3emerpecerrero M7.1 B Christchurch (Kpaiictuabpu) ot 2010 T., ca mpoyuern ot Campbell
et al. [21] upe3 akcuanHu pa3pyHUIMTEIHA U3MUTBAHUS. B3 OCHOBA HAa TaKbB CPABHUTEITHO
Maabk Opoil TecToBe Ha OOp3lM M KaTo Ce€ HMMaT MPeaBHI HAOMIOJCHUATa Ha
TIOCJICIOBATEIHOCTTA Ha mieTuTe oT 3eMerpecernus B Canterbury (Keatspospu) ot 2010/11
., aBTOpUTE MpeIaraT CceleM IMpaBIONoJ00HH pEKMMa Ha MOBpeda Ha Bpb3KaTa W
CTOMHOCTUTE Ha KpaiHara SKOCT Ha OITbH, Karo ce OoTOensa3Ba, 4e ca HeOoOXOAUMH
JIOMBJHUTEITHA TECTOBE, KOUTO J1a yBeauyar Habopa ot naHuu ( dwur. 10).

Y =
1] . 71 08

(m)

..... o r——— 1’ —er e (0 (G
— P A “—Threade D) (@ E ]
Joist — / | N e — |
Joist Plate — 1 2{;?: o "I__
Connector — [ —Masonry ——
Rod
a) Wall 6)

®ur. 10. Tunuuxu aHkepHH ycTpoiicTBa npuiaranu B Hosa 3enanus: (a) MOHTaHO
CBCTOSIHHE; 0) MECTOIIOJIOKEHUE HA PeXKUMHUTE HA OTKA3

Jacks u Beattie [22] u3cienBat cTaTUMHOTO M AMHAMUYHO TIOBE/ICHHE HA aHKEPUTE C
poxoJieH 0oaT u enokcuaHa cmoia B crenute Ha URM. He ce ycranoBeHu moBpenu npu
00JNTOBM aHKEpW JOpPM NpPH BUCOKM HHMBAa Ha HATOBapBaHE, JOKAaTO 00pa3yBaHETO Ha
MyKHaTUHU, pa3npe/leieHH M0 1sU1aTa IUpUHA Ha TECTOBUS MaHel, ce MolyJyaBa 3a aHKepH
¢ ernokcuaHa cMmonia. HaGop oT ypaBHeHUs 3a MpoekTupaHe € mpeiokeH oT Karim et al.
[23] 3a omenka Ha OonroBara Bpb3KAa Ha IbpPBEHaTa Trpeia Bb3 OCHOBAa Ha
eKCIIepUMEHTAIHU ~ [pOy4YBaHMsA, (OKYCUpaHH BBbpPXY MeXaHM3Ma Ha [OBpe.a.
MunanMaaHaTa CTOMHOCT Ha SIKOCT yIipaBJIsIBa KalmaoyuTETa Ha OAJIaTa BPb3Ka. TunmmuanTe
BPB3KM Ma)1y CTE€Ha M IOJ0Ba KOHCTPYKLHMA, OT Kpasg Ha 19-tm Bex B JlucaboH ca
eKCIIepUMEHTAHO H3cienBaHu oT Mopetipa [12], kakTo B HEyKpereHa, Taka U B YCHJICHA
KOH(I)I/II“ypaLII/ISI 9gpe3 KBA3UCTATUYHU MOHOTOHHU W HOUKIIMYHU TECTOBC. Ho;[cymeHaTa
Bpb3ka (Dur. 6) ce O6azupa Ha CTOMAHCHH AaHKEPHH NPBTHU, 3aKOTBEHH KbM CTEHaTa C
aHKEpHU IUI04M. B TO3W AeTTiln, BrioBH CTOMaHEHH NPOQHIN ca IOCTABEHU OT CTpaHa Ha
MOMEILEHUETO Ha crpajiata. Te ca CBbp3aHH Ype3 XOPU30HTAIHOTO CH paMo C OOJITOBE KbM
IbpBeHaTa rpena. BepTHKamHUS MOSC Ha BIVIOBHS NPOQMI € CBBp3aH C AHKEPHOTO
ycTporictBo. C Ipyru 1yMu, OT BTPEIIHATA CTPAHA HA [IOMEIIEHUETO CE€ MOCTABAT bIJIOBU
CTOMaHEeHU NpoduiaM, 3a Ja CBBPKAT CTOMAHEHHUTE AaHKEPU KbM JbpPBEHATa Ipefa C
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nomotTa Ha 60nToBH chenHeHus. CTaBHM YCTpPOMCTBA ca Pa3MoJIOKEeHU B IBaTa Kpas Ha
BPB3KUTE, HAMAJIABALIM CHJIaTa Ha Or'bBaHe, MPEAN3BUKaHA OT IbpBEHATa Ipejla CBbp3aHa
KbM aHKEpa, 3aKpCIICH AWAaroHaJlHO B 3WAapusTa. KaHaIII/ITeT'bT Ha OITbH Ha YCHUJICHUTC
BPB3KH € NPUOIU3UTENHO 19 MBTH MO-TOJIAM OT TO3HM Ha HEYKpeneHuTe (rpeope, MpocTo
3aKOBaH KbM JOJHAaTa JIbPBEHA IJI0OYa M BrpaJeH B 3HUJAApHsITa) U CE XapaKTepusupa C
NOJATIMBOCT HA CTOMAaHEHU BI'bJI, 1 CMAUKBaHE U CpsA3BaHE Ha IbPBEHUS MaTepuan (BUXK:
@ur. 11). [IpenopbuaHo € MPOEKTHO MPEAJIOKEHUE 3a MOJEPHM3ALMS U ce Mpezsiarar
ObJely JeHHOCTH 3a YCTaHOBSIBAHE HA XUCTEPE3UCHU IIPaBUIA, TIOJIE3HU 3a peau3upaHe
Ha Bpb3KaTa KaTo €JIEMEHT B YHCICHUTE MOJEIIH.

WEA4D.A A

Slip joistwall (mm)

@ur. 11. [{uknuyeH TecT Ha MHOBATUBHA yCUJIeHa Bpb3Ka (12): (a) HaOnrogaBaHa moBpena
U PEeXUM Ha 1oBpena; (0) mpernopbyBaT ce HUKINYHU KPUBHU U C€ Mpeajarat obenu
paboTu 3a yCTaHOBSIBAaHE Ha XUCTEPE3NYHHU MPABUIIA, TTOJIE3HHU 32 peallu3upaHe Ha
BpB3KaTa KaTo eJIEMEHT B YHCIICHU MOJIEITH.

Kananuterst Ha m3tpbreane (POC) Ha ¢yrupanute ankepu e u3ciaensan ot Ismail
[24], xato BB3MOXKHO pelIeHHE 32 MOJCpHU3MPAHe HAa BPB3KUTE: cTeHa-auadparma (dur.
12). W3cnenBaHo € BIMSHUETO Ha JAb/DKMHATA Ha BrpakJaHE HA aHKepa, KaueCTBOTO Ha
MOHTa)X, MECTOIOJIO)KEHHETO Ha aHKEpa, ChCTOSHUETO Ha 3UJApUATA U ChCTOSHUETO Ha
MaTepualMTe Ha OCHOBaTa BBPXYy paboTara Ha aHKepa. Hali-BHcokaTra BepOATHOCT 3a
HOBpe/ia o BpeMe Ha 3eMeTpeceHHe € CBbp3aHa ¢ MOBpe/ia Ha Bpb3KaTa KoTBa-auadparma
U [0 TO3M HauuH orpaHuyaBa mnoctwxumus POC Ha cuctemara 3a 3aKpenBaHE CTEHA-
nuadparma. Beripeku ToBa, TO3M TUI MOBpPea ce Ha0Jto1aBa KaTo 10CcTa TyKTHITHA.

4 A .

T W | New plywood overlay and
diaphragm strengthening,
if required

Veneer —;

Grouted/epoxied
threaded anchor

ST,
\ Anchor with self-cutting tip

Timber blockings or existing joists

®ur. 12. Bp3MokHa KOHCTPYKIIUS 3a YKPeNBaHe, nmpeaioxkena ot Ismail [24] na 6a3aTa Ha
¢dyrupan pe36oBaH aHKep

[To-HaraThIIHU TIPOYYBAHUSI BHPXY BPB3KUTE Ha JICIUIHH aHKEPU MEXKIY TYXJICHH
URM crenn 1 nogoBa auadparma ca npeanpuetd ot Dizhur et al. [25], umaiiku npen B
noseye ot noutu 400 exzemmuisipa. ABropute ce pokycupar BbpXy pojisiTa Ha OCHOBHHTE
napameTpu BepXy POC Ha 1saTta Bpb3ka. [{luMeHTOBaTa (pyrupaiia cmec npeacTaBisBa
HOJXO/SAII0 AaHKEPHO JIETIUJIO MPU ONTHUMAJIEH pa3Mep Ha AuaMeThpa Ha IpbTa pBEH Ha 16
mm. HHCKOTO Terjo Ha HaHECEHUIT MaTepua OKa3Ba HerartuBHO BiusiHHE BbpXy POC,
JIOKaTO TOYHMSAT IPOLIEC HA HAHACSHE ro yBeJMuyaBa 3HauuTenHo. Ilpu HuTO emHo oOT
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U3MUTBAaHUATA HE ce HaOmoJaBa KOHYCHAa TOBBPXHOCT Ha 3WAAapHs U ce Tpeasara
npoekTHO ypaBHeHne Ha POC Ha nenwminnure ankepu. HeormaBua Dizhur et al. [26]
OpearnpueMar eKCIepUMEHTAIHA TECTOBE Ha J[Ba Pa3IMYHHU THUMA 3aKPEIBAHUS MEXKITY
aHKepa 3a 3uJapHs U AbpBeHaTa quadparma: (1) MeTajgeH CbeIUHUTEN, 3aKpereH ¢ 00IToBe
KbM Tpepara mpe3 rpepopen (®Purypa 13a) m (ii) Bpb3KHM, M3MON3BAIIM OJOKHMpaHE Ha
I'bpBEH MaTepuall (BEpTUKAJIHO U XOPU3OHTAIHU IbPBEHU E€JIEMEHTH, CBBP3aHU MOMEXTY
CH MEXKIYy TpeauTe, 3aKpereHu ¢ OonToBe KbM aHKepa 3a 3umapusi) (Purypa 13B).
Pesynrature noka3BaT Kak aHKepHaTa Bpb3Ka Ha IuloYaTa Ha TIpeld OCHOBHO Ce
KOMIIPOMEHTHpa TpH pas3lenBaHeT0 Ha abpBeHaTa rpeaa (Purypa 13b), mokato Haii-
BUCOKAaTa KayecTBO C€ IOCTUra IPU XOPHU30HTATHO MO3MIMOHMpPAHE Ha IbpBEHATa
O6mokupoBka. HaOmonaBa ce moBpena Ha JbpBECHHATa B MSACTOTO Ha TOANHPAHETO HA
rpegaTa ako ce M3MON3BaT MAJKU Mo pa3mep maitdu (dur. 13d).

| N8

cXeMaTMyHa JAMarpama Ha CBbp3BaHE Ha Ipela ¢ Imjodya; 0) paspyllaBaHe IpPHU PEaOBO
Cps3BaHE Ha IbPBEHUTE I'PEN; B) CHCTeMa 3a OJIOKHMpaHe Ha IbPBEH MaTepHal; I') IMoBpeaa
Ha IbpBECHHATA B MACTOTO Ha MOJNMPAHETO Ha TpeaTa, Ipu MaJIKHU 10 pa3Mep H1aiou

3. Unc/ieHd ¥ aHAJTUTHYHH METOJM 32 AHAJIM3 HA IOBEJACHHETO HA BPb3KHUTE

CorinacHo [45], HanmuuHM ca 3HAa4YMTENICH OpOW TEXHHUKU 3a MOJCIHpaHe IpU
cen3MuueH aHanu3 M oneHka Ha URM koncrpykumm B Mamabd Ha crpagara [27,28] u
nokanen Maiad (t.e. OOP mexanuzbm) [29,30], HO caMO HAKOJIKO BKIIIOYBAT [TOBEICHHETO
Ha BpPB3KUTE MEXIYy HHTepdeiicuTe Ha BEPTUKATHUTE W XOPUZOHTAJIHUTE EJIEMEHTHU
[19,31]. Hemio moBeue, aBTOPUTE YECTO pas3riiekaaT Bpbh3KaTa Karo MpUEMaT OMpPOCTEHA
xunoTe3a (T.e. MHeppeKTHU CTaBHU BPB3KU WIM JIMHEHMHU €JaCTUYHHU TNPYXKHUHH),
npeHeOperBaiiki IUKINYHOTO HEIMHEWHO IIOBEICHUE, XapaKTEepHO 3a MHOTO BHIOBE
BPB3KM M HaMaJlsiBallku Opos Ha CTENEHHUTE Ha CIOXKHOCT Ha AMHAMU4YHaTa 3aj1ava. Haii-
YeCTO CPEHIAHWUTE TEXHUKU 32 MOJICIHMPAHE BKJIOYBAT IMOAXOIM C TBHPI OJIOK, YUCICHH
Monenu Ha kpaitau enemeHTH (FEM) u Monmenu Ha oTAenHu (WM JTUCKPETHH) €IEMEHTH
(DEM). 3a moaxoau ¢ TBBpJ OJIOK KamaruTeThT MOXE Ja ObJe U3YUCIICH Ype3 CTaTUUYeH
WM KnHemaTtudeH aHanu3. OT qpyra cTpaHa, CTAaTUYHO IMPEeMEeCTBaHEe M JUHAMUYEH aHAIIU3
C MHTErpUpaHe Ha BPEMEBH €Tallu MPU HU3KYCTBEHH WUJIM PEAIHU aKCeIeporpamu ca 4ecTo
CpelllaHl MHCTpyMeHTH, koraTto ce npuematr FEM wnu DEM rtexnuku [32,33]. TpsiOBa na
ce orOenexu, dYe mnoaxomure, Oasupanum Ha cuna (FBA) ca npeanmountanu oT
NPaKTUKYBAIIUTe KaTO MPOCTU M JAUPEKTHU METOJH, BBIIPEKH BUCOKHTE KOHCEPBATHUBHH
pe3yaTaTv, AoKaTo mnoxxoaurte, Oasupanum Ha mpemectBaHe (DBA), wusriexnma ca
HOJIXO/AIIM 32 HAIlyKaHW CTEHH, MONaallld B HelMMHEeHus ntuanas3oH (29) . BnusHuero Ha
noja BbpXy cemsmuuHaTa peakius Ha URM koHCTpykiuu e u3ciefBaHo B paboTara Ha
Tena- Colunga u Abrams (34) upe3 AMCKpPeTHH AMHAMHYHU MOJENH, Oa3upaHd Ha
JMHENHO TOBe/IeHHe Ha 3UJapusaTa U I'bBKAaBU U JIMHEHHU AuadparmMu, MoJeIrpaHu KaTo
enactuuHu npyxunu (dur. 14). PesynraTure moka3saT Kak YCKOPEHUATA Ha Auadparmara
MOraT Jia ce yBeJIHuyaT ¢ I'bBKaBOCTTa Ha nuadparmara. OcBeH ToBa e(peKTUTE Ha YCYKBaHe
HaMaJsBaT 3HAYMTEIHO, C yBEJIMUaBaHe 'bBKABOCTTA Ha Iuadparmara.
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®@ur. 14. {uckpernu auHamuvau Mozaenu Ha crpagd URM ot Tena-Colunga u Abrams

[34]

CorimacHo [45], HEeKOHBEHIMOHANHA MpOILEAypa 3a CUMYJAlUs Ha JAUHAMUYHOTO
noBenenrne Ha OOP na crpagu URM, kato ce uma mpeaBua KopaBUHATa Ha MOKPUBA, CE
u3BbpiiBa ot Costa [35], kbaeTO JIOKATHUTE MEXaHU3MH CE MOJICITUPAT KaTO KHHEMAaTHYHU
BEPUTU OT YacTU OT 3uAapus (OOMKHOBEHO Ce€ MpueMaT KaTo Oe3KpailHO TBHPIU Telna),
YUETO HEIMHEHHO TOBEJCHUE € KOHIICHTPUPAHO B KOHTAKTHHTE oOmactu (Purypa 15a).
[Ipyxunute cumynupar I[P kopaBuHaTa Ha XOpH3OHTaJ HATa AuadparMa U HaTpylaHaTa
Maca, pasIoJio’keHa Ha OMIIOTO, a TOPHUTE PA3MPBCKBAIIY IPEIH MPEICTABIISABAT MacaTa Ha
nokpuBa. ExcrepuMeHTanHOTO moBeleHne Ha mbiaHoMamabna crpana URM, TecTBaHa B
EUCENTRE (15), ce cumynupa ¢ goctarbyHa TOYHOCT Ype3 TO3U YHMCIEH MOAXOJ, TpH
KOWTO eaCTUYHUTE MPYKUHU Ca TOCTAaBEHU B rOpHATA YacT Ha BCEKU HAKJIOH Ha MOKPHBA.
[IpenBaputennoro nepuHUpane Ha (HOpPMUPAHUTE JOKATHH MEXAHU3MH OIPEIeIs
TPaHUIIMTE M HEAOCTaThbKa HAa METO/a, HO MOAXOABT € Obp3 M MPOCT METOJl, pa3uuTall
caMo Ha JIOIyCKaHeTo Ha Hskosiko nmapamerbpa. Codryepsrr TREMURI [36] ce usnomnssa
KaTO EKBUBAJICHTEH PAMKOB IOAXOJ, KBIETO € Bb3MOXKHO Ja C€ BKJIIOYAT HEJMHEHHU
IPBTOBU €JIEMEHTH, 32 Jia ce ordeTe Hann4ynero Ha RC mpbhCTEeHOBHIHM Tpeau M BPH3KU
cTeHa-nuadparMa Ha HUBOTO Ha moja. KpuBute Ha Pushover ananmsa, monmydeHu upes
TO3M TIO/IXO/], C& CPABHSABAT C EKCIIEPIMEHTAIHATA KPHBA HA CHIIPOTHBIICHHUE, pa3paboTeHa
ot Senaldi et al. [16], moka3Bat no6po ceBnagenue (Gurypa 15b).

/\2
Roof stiffness

Ridge beam -
supported on gable

Gable overturning

are not involved
e overturning N ‘

g —=-0

®@ur. 15. Moaenu Ha MakpoenemMeHTH Ha crpaau URM: (a) 6a3upanu Ha quHAMUKA HA
,multi-body , nonxon (35); (0) ekBUBaJICHTEH paMKOB 1moaxo/1, pazpadoreH B TREMURI
[16]

[Tonxonute B JOKajdeH Mam@ad ca OT ChUIECTBEHO 3HAYEHHE MpPHU OILIEHKaTa Ha
mMecTHUTEe MexaHu3MH (T.e. OOP 3aBbpTaHe Ha YaCTH OT CTEHHUTE), YECTO AaKTUBUPAHU IPH
ymapu Ha crpagun URM ot cewm3sMuuHU CHOWTHS, C BHCOK WJIM HUCHK WHTCH3UTET.
3amouBaiiku ot padorara Ha Giuffré [37] ot 1994 r., aHanTU3BT HA TPAHUIIUTE HA KOPABO
TSAJIO pa3KpHBa, Y€ € MOIIEH MHCTPYMEHT 3a IMPOBEpKa Ha Cen3MHYHaTa 0e30MacHOCT Ha
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JIOKAJTHUTE MEXaHU3MH, KBJIETO € Bb3MOXKHO JIa C€ OTYETAaT TEXHUKHU 33 YKPEIBaHE KaTo
BMBbKBaHEe Ha o0Terad, kopaBa guadparma , KOTBH U Jp.. MakCUMaTHHUAT XOPU30HTAJICH
MHOXHTEJ Ha HaTOBapBaHEe MOXKe Jia ObJie CpaBHEH ¢ MakcUMaHus ouakBaH PGA, onienen
OT CIEKThpa Ha pearupaHe 3a OWIMHECH HENUCUNAaTUBEH Mojen. JlomyckaHeTto Ha
JOKAJHUS MEXaHHW3bM € HEOoOXOOMMO, 3a Ja ce M3I0N3Ba TakbB mHoaxoa. D’Ayala u
Speranza [38] mpemocTaBAT HAKOIKO (GOPMYIHPOBKH Ha KOe(HUIIMCHTAa Ha HATOBapBaHE 3a
BCEKH MEXaHU3bM 3a npeodpsriiane (dur. 16), BHeapen B npouenypara FaMIVE (Failure
Mechanism Identification and Vulnerability Evaluation) 3a oniaiiH orieHka Ha CEU3MHYHA
ySI3BUMOCT Ha (acama uinm crpajga. TakaBa mporenypa MOXe Jia ce MpaBu C TOJIsIM Opoid
crpany, 3a Jia ce M3BbPIIA CTATHCTUYCCKU aHAIIU3, KaTO CE B3€ME MPEIIBU]] HATMUYUETO HITH
JMIICcaTa Ha YKPETBally YCTPOUCTBA.

Y

..-.-n...,.
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e S e i i T
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b
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®wur. 16. Mexanu3Mu Ha paspyiieHue, npoyueHu ot D’Ayala u Speranza [38]

CobritacHo [45], korato Moke pa3yMHO Jia Ce MpUEMe 3UIApHUsITa 332 MOHOJIUTEH MOJIEI
y4yacTBall] B MEXaHW3Ma Ha JBW)KEHUE, TMHAMUYHMAT aHAJIN3 Ha JIFOJIEEHE Mpe/ICTaBIIsABa
HaJeKHa aJITEpHATHBA Ha KMHEMAaTH4YHUS MOAXoJ. Bb3 ocHoBa Ha mmoHepckaTta paborta
Ha XaycHep [39], mroneemioro ce ABMXKeHHE Ha OOMKHOBEH TBBPJ MPU3MATHUCH OJIOK
okosio aBa breja O u O’ (durypa 17a) mMoxke na ObjAe aHAIM3UPAHO TIPU CBOOOIHHU
BUOpaIMM, IOCTOSIHHM WJIM CHHYCOMJAIHHU YCKOPEHHMS M PEAJTHO WIH H3KYCTBEHO
JBUKEHHE NP 3eMeTpeceHue. [IpuHoChT 3a mpuiiaraHe Ha ypaBHEHUETO Ha JBUKEHHETO
BBPXY KOMIIOThpHA mporpama e naneH ot Aslam [40], nokaro Giresini [41,42] BbBexIa
BJIMSHUETO Ha BB3MOXKHU TJIAChLUM M XOPHU3OHTAIHM OTPAaHUYEHHUS 3a CHMYJIMpaHe Ha
OpbTOBU OOTerauu, rbBKaBa auadparmMa uiau HanpeyHu creHu (Pwur. 17b) . Meroast
npecTaBisiBa oOemlaBall Moaxo/A, HO BCe Ollle He HaMupa MPUJIOKEHUE B CTaHAAPTHUTE
IIPABWJIMHUIM, TOPY KOTaTO CPAaBHEHUATA C EKCIIEPUMEHTAIIHU PE3YITATH JEMOHCTPHUPAT
Heroata TouHocT. MDOF cuctemute Morar ga ObaT Mo-pealMCTHYHO MPEACTaBSIHE HA
OOP mroneemure ce Mexanusmu B crenute Ha URM. 3a ga orderar TakuBa IO-CIIOKHU
CUCTEMHM, pa3NuyHU aBTOpU (43,44) M3BeXIaT ypaBHEHHETO Ha JBM)KEHUETO 3a 2 WIIHU
3DOF mopnenu, Ho camo Landi et al. (31) oTunTa BAMAHHMETO Ha I'bBKaBUTE AuadparmMu
BbpXy OOII orsBanero Ha URM dacaaute. Juadparmara ce cumynaupa dype3 BbBEKIaHE
Ha npyxuHa otrope (Purypa 17B) M MOAETBT ce KaIMOpUpa NpU EKCHEPUMEHTATHU
TecToBe. Pe3ynTarure noka3BaT BUCOKaTa UyBCTBUTEIHOCT Ha MOJIeNIa KbM KOpaBUHATa Ha
NpyKUHATA.
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®@ur. 17. AHanu3 Ha TUHAMUYHA YCTOMYUBOCT Ha KOPABH JIIOJIECIU ce OJIOKOBE: (a)
Mopnen Ha cBo6ozeH 610k Ha XaycHep (39); (b) orpaHuYeHONPH IBUYKEHUE JIIOJIEEI] Ce
6ok [41]; (¢) 2DOF monmen [31]

4. 3akaoueHune

Ta3u cratus mpeAcTaBsl JTUTEpaTypeH 0030p BBbPXY aHKCPHU 3aKPEIBAHUS MEXKTY
CTeHW M JbpBeH noj B crpaau Ha URM, karo ce uMar npeaBH] ChILIECTBYBAILUTE
TPaJULIMOHHU BPB3KU U OCHOBHUTE YKPEMNBAIM PEIICHHUS B €KCIIEPUMEHTAIHU U YHUCICHU
U3MBIHCHNUS. BbIpekn OOWYafHOTO W3MOJI3BAaHETO HA CHUCTEMH 3a aHKepupaHe B
cpuiecTByBamure crpaad Ha URM kaTo HUCKOMHBA3MBHM AaHTHCEM3MUYHU YCTPOMCTBA U
JPYTH, MHOTO MH)KEHEPHU H3MOJ3BaT HEMOAXOAAIIM PELICHUs, KOUTO MOraT Ja MPOMEHST
pUTHHATHATa €CTeTHYeCKa M CTPYKTYpHA KOHIICTIIUS Ha UCTOopuyeckute crpanu. OcBeH
TOBa, MHBa3UBHU Marepuanu kato RC uecto ce u3mon3Bar 3a 3aMsHa HA OPUTHMHAIHHUTE
TaKMBa, NOPAAM TAXHATA HAIMYHOCT. YKPENBAHETO HA BPB3KUTE C IOMONITA Ha
ChbBMECTHMH MaTepuaiu (KaTo IbPBEH MaTepuai U JPYrd) MOKe OT CBOS CTpaHa Ja Obae
MO-yCTOMYMBA aNTEepHATHBA 332 BH3CTAaHOBSIBAHE Ha 0E301MAaCHOCTTA HA Crpajara, KaTo ce
W3M0J3BaT MHOBATUBHU MaTepUalM, KaTO CTOMAaHA MM HOBH CMOJIM, HA MECTHO HUBO U
MOAAbPKAHE HA OPUTMHAIHUTE BBHIIHM W BBHTPEIIHUM CTEHH OT HCTOPHUYECKH ACHEKT.
OtunTaHeTo Ha BPB3KUTE CTEHA-MoJ npu aHanu3a Ha URM wusriexna e ot pemiaBamio
3HAYEHHWE 3a OIICHKAaTa Ha ChLIECTBYBAllM M YCWIEHW crpaau. ExcrnepumeHTamHata
XapaKTepUCTHKA HA CAMHUYHHS THI BpBh3Ka € MPEAU3BUKATEIICTBO, HO € HEOOXOAUMO, 32
na Objae W3MBIHEH HanexkaeH monen. [omsm Habop oT mapameTpu Moxe na Obiae
U3CTIE/IBAaH Ype3 MapaMeTPUYHU YUCIICHU aHaJIN3u Ha KanuOpupaH mopen. JIMHeHHUusT u
HEJIMHEMHUAT KWMHEMAaTUYEH aHAJIN3 W3IJICK]Ia HAl-W3MOI3BAHUAT KAaTO MPOCT U MOIIEH
MHCTPYMEHT 32 OIIEHKAa Ha JIOKAJIHUTEe MeXaHu3Mu. OCBEH TOBa MOAXOABT HA JIIOJIECHE
OTYMTA EBOJIIOLMATA HA JBM)KCHUETO BBB BPEMETO M JIUCUNIMATA HA CBOWCTBaTa Ha
IUTACTTUYHATA CTaBa, OKOJIO KOSTO Ce BHPTH 3UJaHaTa CTeHA He ce mpeHeOpersar. TakuBa
MpOIIeIypH C€ OCHOBaBaT Ha XMIOTE3aTa 3a MOHOJIUTHHU OJIOKOBE, KOETO HE BHHArd €
BAPHO 3a 3uJaHu cTeHu win dacaau. Bernpekun ye FEM aHanu3bpT € Haii-U3MOI3BAHUST
Cpel MPakTUKYBAIIUTE KaTo ObP3 M MPOCT, TOH C€ OCHOBaBa Ha HECHUTYPHH MEXaHUYHU
XapaKTEPUCTUKU HA 3UIAHUTE €JIEMEHTH, TOCTABNKY TPAaHUIIUTE HA METO/IA.

5. biaronapuocTn

Ta3u craTusi BR3HMKBA B pPE3yJITaT Ha HamlaTa Hay4yHO - M3CleoBarelicka pabora,
BBPXY OJIOOpEHa TPUTOIUIITHA Tema, chrulacHo 3amauute no HU3 mpe3 rogunute 2020-
2022, ¢ nHaumeHoBaHue: WM3ciienBaHe Ha CHBMECTHOTO IIOBEJIEHHE Ha HCTOPUYECKHU
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JTbPBEHH TOKPUBHM KOHCTPYKIIMM C C€TaKHU Crpagd OT MacHBHA 3UAapHsl, IPH
HATOBAapBaHE OT BATHP M 3€METPHC, M3MOJI3BAHKU MeTo/1a Ha KpailHUTe eleMeHTH .- CHTH.
5/2020 rox., 3a 4ywWero (UHAHCHpAaHE H3Ka3BaMe Hamiara OJaroJapHOCT Ha
MuHucTepcTBOTO Ha 0OpazoBanueTo u Haykara(MOH).
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OUJIMHAPUYIHHN CTOMAHOBETOHHU PE3SEPBOAPH 3A BOJIA -
ITPOBEPKA BJIMSAHUETO HA BUJA ITIOKPUBHA KOHCTPYKLUSA U
MMPO®WT HA CTEHATA, BbPXY CTOMHOCTHUTE HA YCUIUSTA, ITPH
CEU3MHUYEH AHAJIM3

Cranucian HBeTKOBl, Munko CHMeOHOB

Bucwe cmpoumenno yuunuwe ,,Jlrooen Kapasenos* - Coghus

CYLINDRICAL R.C. WATER TANKS - CHECK THE INFLUENCE OF THE
TYPE OF ROOF STRUCTURE AND WALL PROFILE, ON INTERNAL
FORCES VALUES, IN SEISMIC ANALYSIS

Stanislav Tsvetkov!, Minko Simeonov?

University of Structural Engineering and Architecture (VSU) "Lyuben Karavelov" —
Sofia

Abstract: The report examines parametric solutions of reinforced concrete cylindrical
water tanks - buried (underground). Constructions are divided by type of roof structure
and structural profile of the wall. Main parameters to be monitored - this is the values
of the annular internal forces in the wall (localization and maximum). Computational
models were prepared using specialized software, showing are the results of the seismic

analyzes and conclusions from the comparisons.

Key words: cylindrical R.C. water tank, Tower 7, seismic analysis, Eurocode 8 (part 4)

1. BbBenenue

CromaHOOETOHHUTE pe3epBOApH 3a BOJA Ca BaXKHHU ChOPBKEHHUS OT MPOU3BOJCTBEHATA

UHOpacTpyKkTypa. B noknana ca pasrieqaHu HAKOJIKO U3YUCIUTEIHH MOJIEIN Ha TIOJ3€MHH, C
MOKPUBHA KOHCTPYKLHS CHOPBKEHHUS, KaTo ce HalIrofaBaT CTOMHOCTHTE Ha YCWIMITa B

CTEHUTE.
[ToxazanuTe TO-ONY pEIICHHs] ca 3a BKOIMAHM IMJIMHJIPUYHH PE3EPBOAPH, IIHUPOKO

npujaraHu B MPCKUTC 3a CBXPAHCHUC U PpCryjlalilud Ha HadraHusaTa B CHCTCMUTC.
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CroppxeHusiTa TpsOBa Ja ca NBJIHU MPe3 MO-TOJIEMHUsl EKCIUIOATAllMOHEH TIEpUoJl, C
U3KJIIOUEHUE Ha CITy4auTe, B KOUTO C€ M3BBPIIBAT XUTHCHHO-TIPOPUITAKTHYHU IEHHOCTH WU
pemoHTu. [ToHsIKOTa, OT rpelIKy MpU BOJONOAABAHETO W/WIIH JIPYTH AEHHOCTH, pe3epBOapUTe

CC HAIlbJIBAT 10 MUHUMAJIHO HUBO, KOCTO IIPpaBU CUCTCMATA Hee(peKTI/IBHa.

B 6nuzkomo mumano, npu macoso omcwvcmeue HA KOMRIOMBbPHA MeEXHUKA U cogpmyepu, Oasupanu Ha
paboma no Memooda na Kkpaiinume enemeHmu, ce e cuumano, e npu 2/3 nwien pesepgoap ce NOAYHABAM
MAKCUMATHUMeE NPbLCMEHo8UOHY ycunus. B momenma, cvenacno Eepokod 8-4 u maxcumannume ucouunu Ha
XUOPOOUHAMUYHUME 6BIIHU, U MAKCUMATHUME CIMOUHOCIMU HA YCUTUAMA, Ce NOAYYABAM NPU MAKCUMATHO NbIIHO
CbOpBIHCEHUE.

2. OCHOBHM JaHHH 32 M3YHCIUTETHUTE Moaeau [1], [2]

a). reoMeTpus U Bb3/lelicTBUS

Ha ¢ur. 1 e nokazana xodpaxHa cxema Ha €IMH OT M3CIIEJABaHUTE pe3epBoapu. Te ca
rpyIUpaHu Mo MOJeNIu, onucanu B Tada. 1. Ha ¢ur. 4 ca nokasanu cxemure Ha MOJy4E€HUTE
(Mpoun3BOHM) TPO(HMIIK HA CTCHUTE.

R
e i o
o

@

;i . TR e

®urypa 1. OcHo ceueHre Ha KOHCTPYKIUATa — Mozen M1 (kodpaxHa cxema)

Marepuan 3a KOHCTPYKIIMHTE:
3a pemenusra e npuet: kiac 6eron C25/30 — 3a KOHCTPYKTUBHH €IEMEHTH.

OCHOBHH pa3zMepU Ha CHbOPHKEHUSITA.
e paauyc Ha cTeHara Rcyl =7,75m;

* [MIMHIPUYHHUTE CTEHH ca ¢ nedennna J,, =18cm ;
e Kymomute (KOHHYEH u cepryen) ca c aeGenuna 8, =(14+8)cm;

® TOpHHUTE OIIOPHU NPBCTEHH ca ¢ pasmepu b, /h, =35/50cm;
/h

® IPBCTEHOBUIHUS (YHIAMEHT € C IIUPOYUHA: 8,4 =200/h

=36/60cm;
=40cm;

® TpBCTEH-yneOeIeHNeTo 10 BUCOYNHA Ha cTeHata — b, /N .,

found.

e JBLHHATA IUIo4a e nebemna 25 cm.

-
!
)
W

durypa 2. Jleraiin ,,cTeHa-QpyHAaMEHTHA KOHCTPYKLIUSA
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e qmmiotutre ca ¢ auameTsp 30 CM u abmkuHAa 6 M, o0mo 25 Opos MHIOTH,
Pa3IoJIOKEHH Mpe3 4 M Mo KOHTypa Ha ABHOTO, KAKTO U IO TJIABHUTE KOOPAMHATHU
ocu mpe3 2,90 m:

- - 4 |

|
i
|
|
!

|
| |
'

-

ul

®@urypa 3. [1nan Ha TUIOTUTE — CHUMKA OT IPOrpaMHUS MPOAYKT (Mozaen M6)

e _CKpUTH" KOJIOHM B KOHTypa Ha cTeHaTa — ¢ pa3mepu 18/18 cm, pasmpeneneHu mnpes
3,50 m mo muIMHIpPHYHATA CTEHA,;

e I[IEHTpaJiHa KPbIia KoJoHA - tuaMeTbp 30 CM, ¢ TOpPEeH U JOJIEH KauTelu, C TUaMeTbp
90 cm (B rutan) u aebenuHa 15 ¢M (O0TaEIHO OT ABHHATA IJI0YA).

JlaHHu 3a ceXpaHsgBaHus QYU
® BHCOYMHATA HA CTAI[MOHAPHOTO BojHO HUBO H, =4,80m;

e CBeTHI pajauyc Ha Bojarta R, =7,66m.

i

_ 5

n
u

aron

“h

430

M1, (M2), M5
®urypa 4. Hanpeunu npoduiin Ha CTEHUTE

Pasrnenanure rpynu  MOJenH, NPEACTaBIsABAT: HW3UYUCIUTEIHHM MOJAEIU C
MPBCTCHOBUIHM (PyHIAaMEHTH (IO CTCHUTE) U MOJIEIIU C JbHHA IUI0Ya — C TTUJIOTH.
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Taoéauna 1. Onmcanue Ha MOIeUTe

M1 C OIIOPEH NPBHCTEH (B rOPEH Kpail cTeHa)

M2 C ONOPEH MPBCTEH (B rOpeH Kpail creHa) — chepryueH Kynoi

M3 C IPOMEHJINBA Jie0e/IMHa Ha CTEHATa U C OIIOPEH NPbCTEH

M4 noj00eH Ha Mozen M1 ¢ (onopeH ropeH npbCTeH), HO U MPBCTEH-YACOCICHUE 110
BHCOYMHA HA CTEHATa

M5 ChC ,,CKPUTHU* KOJIOHU B KOHTYpa Ha CTEHATa

\Y% (i) C J’bHHA IJIOYa U IIMJIOTHU

M7 C IUIOCKA MOKPHMBHA IUI0Ya U ONIOPEH NPBCTEH MO II0YaTa

M8 | c muocka MOKpUBHA IUIOYA U IIEHTPaAIHA KOJIOHA (C JOJICH U TOPEeH KaruTeln) U
J'bHHA TUI0YA C MIJIOTH
Rabenesicka: BcUUKHA H3YUCIUTEITHA MOJICIIN (C HU3KIIFOYCHHUEC Ha M2) Ca C KOHMYCH KYyIOJI.

Monenute ¢ npbCcTeHOBUIHN QyHAaMeHTH (o7 creHute) — M1+MS5S u M7, xakto u ¢
J'bHHA TT04a — ¢ muioTH (M6 1 MS), ca cbc ClleAHUTE XapaKTEPUCTUKHU 3a TI0YBATa:

kstatic loads — 30 MPa / m '

Winkler

kseismic loads _ 70MPa/m' !

Winkler

e CTOWHOCTH Ha BHHKJIEpOBaTa KOHCTaHTA:

° KOG(i)I/IIH/ICHTI/I Ha TMPONOPUHUMOHATIHOCT IO BHCOYMHA Ha MNPBTOBHUTEC CICMCHTH 3a

manoru: K,R,, , (tabm. 2).

Tadauna 2. BbBeneHu mo BUCOUYMHA CTOMHOCTH Ha KOC(l)I/II_[I/ICHTI/ITe Ha IMpONnoOpHIUOHAIIHOCT
34 XapaKTCpHU TOYKH

Kopasuuu
Ne KR1 ; KR2 _ KR3 )
1 7.000e+4 7.000e+4 7.000e+4
2 2.375e+2 5.038e+2 5.938e+2
3 7.125e+2° 1.781e+3’ 1.781e+3
4 1.188e+3 2.960e+3 2.969e+3
5 1.663e+3’ 4.156e+3 4.156e+3
B 2.138e+3’ 5.344e+3 5.344e+3
7 2.613e+3’ 6.531e+3 6.531e+3
8 3.088e+3 7.719e+3 7.710e+3
9 3.563e+3 8.906e+3’ 8.906e+3
10 4.038e+3 1.009e+4’ 1.009e+4
11 4.513e+3 1.128e+4’ 1.128e+4
12 4.988e+3 1.247e+4’ 1.247e+4
13 5.463e+3’ 1.366e+4’ 1.366e+4
14 5.938e+3 1.484e+4’ 1.484e+4
15 6.413e+3 1.603e+4 1.603e+4
16 6.888e+3 1.722e+4 1.722e+4.
17 7.363e+3 1.841e+4’ 1.841e+4’
18 7.838e+3 1.959e+4’ 1.950e+4
19 8.313e+3’ 2.078e+4 2.078e+4
20 8.788e+3 2.197e+4’ 2.197e+4’
21 9.263e+3 2.316e+4 2.316e+4
22 9.738e+3 2.43de+d 2.434e+d’
23 1.021e+4 2.553e+4 2.553e+d
24 1.069e+4 2.672e+4’ 2672e+4’
25 1.116e+4’ 2.791e+4 2791e+d

[Ipuetn ca TOCTOSHHUM BB3ACUCTBUA BBPXY CTEHaTa OT: COOCTBEHO TErIIO,
XUAPOU30JIalUs U JBYCTpaHHA 3aMa3Ka, 36MEH HATHCK M CHAT. XUIPOCTaTUYHUS HATUCK €
OCHOBEH, Pa3NpeeiIeH 10 TPUBI'BIIHUKOB 3aKOH.

0). KOMIIIOTHPHO MOJIeJIMPaHe

3a MojenuTe HE ca BBBEXKJAHU T. Hap. ,,0€3KpallHO KOpaBH 30HU B CTCHHTE, B
o0JylacTuTe TPU TOPHUTE OMOPHU MpPBCTEHH. Pasriemana € KOMOMHAIMATA NPH ITBJIEH 0
MaKCHUMAaJIHO CTallHOHAPHO BOJHO HUBO PE3EpPBOAP.

282



XXII MEXXOYHAPOOHA HAYYHA KOH®EPEHLIUA BCY’2022
XXII INTERNATIONAL SCIENTIFIC CONFERENCE VSU'2022

B). aHAJIM3U
Pemenusita ca U3BBPIIEHU C MPOrpaMeH MPOAYKT Tower 7, 6asupan Ha paboTa 1o
Mertoa Ha KpailHUTE elleMeHTH. PasmepuTe Ha KpaltHUTE eleMeHTH ca rpueTta 20/20 cm.

CratnueH ananu3: Bwb3peilicTBusita ca: MOCTOSSHHM (COOCTBEHO TErjo, 3aMasKw,
M30JIalliK, 3€MEH HATHCK), MPOMEHJMBHU (CHSAT) M EKCIUIOATAlMOHHO — XUJIPOCTATUYEH
HaTHCK.

CraTHuHUAT aHAJIN3 € M3pa3eH upe3 komOuHanusta ULS.

CeunsMuyeH aHanu3: AHaJIM3UTE ca CIEKTPAIHHU C MPEIBApPUTENIEH MOJAJIECH aHalu3.
N3cnenBanusita ca M3BbpIIEHH 3a mouBa Tun B (cwrimacno EBpokon 8) m pedepeHTHO
yCKOpeHne a, =0,23.g 3a MECTOIOJNIOXCHHE Ha 00eKTa Ha TepuTopusaTa Ha bbirapus cbe

Crnextsp Bun 1. Koedpunumenture Ha: 3HauMMOCT Yy, U moBeaeHue ( — 3a ¢uiynn (3a

UMITYJICUBHA U KOHBEKTHBHA KOMIIOHEHTH) U KOHCTPYKIIMS, ca npueTu: 1. Meroaonorusra e
OasupaHa chriacHo Teopusta Ha Housner (¢wur. 5) u HeroBust MexaHO-MaTeMaTHYEH MOJISN 3a
paszensHe Ha BoJaTa MPU CEM3MUYHO BB3JICHCTBHE HA JBE XHUJPOJMHAMUYHH CHCTABSIIU —
UMITYJICUBHA M KOHBEKTHBHA MacH. He e BkitoueH koeduuuenta n=1,41.

Cemsmuunata koMOmHanmss ALS  BximrouBa  BB3AEHCTBUATA:  IIOCTOSHHH,
XUAPOCTATUYECH U XUJAPOJUHAMUYEH HATHUCK, BKJI. CEM3MUYHOTO. JIlMHAMUYEH 36MEH HATHUCK
HE € OTYETEH, 3apajJid JIMIICa Ha HSAKOW JIAHHM 3a MOoYBaTa M IPOOJIEM IPH MPETOBAPBAHETO
WJIM pa3TOBapBaHETO HA KOHCTPYKIMATA B ChOTBETHATa KOMOMHATOPHKA.

W3cnenBaHe Ha JUHAMEKA, HA CTPOUTETHA KOHCTPYKITUS MOKe 1a ce Buau B [3].

G ins

a). Hansiranusi B Harmpe4Ho ceueHue 0). EkBHBaJIeHTHH UMITYJICHBHU H
KOHBEKTHBHH Bb3/I€UCTBUS 3a CTEHATa
®urypa 5. XuapouHaAMUYHHA TOBApH — ,,TpaHC(HOPMUPAHU OT MACUTE M U M

I/IMHYJ'ICI/IBHI/I 1 KOHBEKTHUBHH BLSI[CI‘/’ICTBI/ISI:
0 e0p =11, 5kN/m? 0., =2L,1kN/m® «~h_,=2,11m

Qi e =45 KN/M? 0,,=16,6 KN/m*«—h_=2,69m

3. YucjeHM pe3yJaTaTH
B Tab:x. 3 ca cuctemMaTtu3upaHu CTOWHOCTUTE HA HAOIOJABAaHUTE YCHITHUSI.
MepoiaBHUAT CIydail Ha HATOBapBaHE € JIOTHYHO SICEH, CICICHU Ca CTONHOCTHTE Ha
YCHJIUATA OT ChCTOSHHS:
v 1. IIbJ€eH ¥ He3aCuNaH;
v’ 2. IIpaseH u 3acumas;
v' 3. [IbsieH u 3acurial pe3epBoap,
3a aBere komOuHanuu (ULS u ALS), 3a otnenaure mogenu (M1+MS).
C uepeen yssam ca 03HA4eHU MAKCUMATHUME CIOUHOCMU.
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Taoauua 3. [Toxyuenu pesynraru - Ny, [KN/m’]

M1 M2 M3 M4 M5 M6 M7 M8

TOpEeH Kpaii 695 516 681 692 695 695 0 0
ULS cpena 233 234 240 356 232 212 229 234
JIOJIeH Kpait 1774 | 1774 | 253 172 174 -4 175 177

TOpEeH Kpaii 579,5 | 461 584 581 580 584 0 0
ALS cpena 557 557 483 813 559 559 548 553
JIOJIeH Kpait -427 | -431,7| 128 | -418 | -431 | -143 | -461 | -442

Ha ¢wur. 6 ca mokazanu rpadukuTe Ha U3MEHEHHE — ,,pa3rpbhllaHe” Ha YCHIHATA
(cbri. Tab:a. 3) B pa3IMYHUTE MOJIENH, IIPH U3CIICIBAHUTE KOMOWHAIINH .

x

1
1
: \ :
M1 M2 /.-{ M4 M5 M6 M7 M8
1
i : 1 1
1
1
1
1
1
T TR T

. SRR AV

!\.In M2 M3 M4 M5 ;\.Il‘s M7 MS M1 M2 M3 M4 M35 Ms MT MS

a). TOpeH Kpai 0). cpena B). JIOJIEH Kpail
yepBeHa JuHust — ULS
cuHs guausa — ALS Juiaasa guausa — ULS cuBa quaua — ALS

®durypa 6. ['paduano npencrassuae Ha Ny 110 MogemH

[IpeneOpersanero Ha XUAPOCTATUYHHUS HATHCK NpU 3allbBAaHETO HA CTEHaTa M
dbyHaameHTa, MoOXKe Ja KOMIpoMeTHpa jeraitna Ttam. OOpartHO: ako ce pasriena
XUJIPOJIMHAMUYHMS HATHCK, KOWTO JelcTBa KaTo HajlsiraHe M € B KOMOHMHauus c
XUAPOCTAaTUYHMSI — TO HAJISITAHETO NIPU CEM3MUYHO BB3JCICTBHE, Ch3/JjaBa B CTEHATa OITbHHU
ycuius B HelHaTa cpeHa yacT. ToBa OT cBOs CTpaHa € MPEeANnocTaBKa 3a CMIHA Ha HOCEIUTE
apMUPOBKU B MPBHCTEHOBUIHO HAmpaBjieHUE (B CpaBHEHHE C TOPHUS M CPEIHHUS Y4acThK) U
KOHCTPYUpPAHETO UM 0e3 MpoMsIHA TIpH cpenata u AonHus kpail. KomOnnammsara ALS mokassa
MaKCHUMAaJIHU CTOMHOCTH Ha YCUJIMSTA, C KOUTO TpsiOBa BCHIUIHOCT Jla CE apMHpa yepylKara.
Bcenuko ToBa ce Bmxkaa u oT Tabia. 3. [Ipu u3uucnuTelHn MOJACIH, C PeaTu3UpPaHO 3aITbBaHE
MEXy CTeHa M (QyHJaMEeHT, ce HaluroJlaBa ,,kauBaHe Ha MAaKCUMyMHTE IO BUCOYMHA Ha
crenata ipu ULS — xomOuHamms. ChIo Taka, 3aKOpaBsSBaHUS, KaTO HAIPUMEpP: MPHCTCHH
(onmopHM WM (QyHAaMEHTH) B MHOTO Clydyaud OOpbBIIAT JUAarpaMUTe Ha yCHUJIUATa B CBOATA
obnact. J[MHaMUYHMAT 3eMEH HAaTUCK B KOMOMHAIMS € XUAPOJAWHAMUYHMS UMa rojsMma
BEPOSTHOCT J1a TO HaMaJii MpU BKOMAH pe3epBoap — TOBA SIBJICHUE € OJaronpusTHO, CAMO aKo
[OoYBaTa UMa Ta3u CIOCOOHOCT UJIH Ca MPEANPHETH KOHCTPYKTUBHH MEPKH 32 TOBA.

BaxHo e nma ce orOenexu, ye MpU aHAIU3 HAa ApPMHUPOBKUTE B HPBCTCHOBUIHO
HarpaBJieHue, ce paboTu ¢ ,,00BUBHU' TUATPaMH 3a MOJIOKUTEIHUTE CTOMHOCTH Ha yCHIIMATA
(cb3maBariy OIMbH B CTEHATA).
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H3Boan

3a ropeH Kpail u cpefja Ha CbOPBKEHUATA, AUArPAMUTE HA IPBCTEHOBUIHUTE YCHIINSA
ca TeH/ICHLIMO3HO €HAKBU IO BUJ, C U3KJIIOUYEHHUE 3a JIOJICH Kpaii mpu moaen M3, npu KoiTo
ce HabmogaBa ombH. [Ipu npyrute Monenu, B 10JIHUS Kpai, ce HaOIr01aBa HATUCK.

3a mogenu: M1 u M3:
[Tpu ULS: B ropeH kpaii ycuinusTa HaMaisiBaT, HO B CpejiaTa U JI0JIeH Kpaii ce yBennJasar.
[Tpu ALS: B ropeH kpaii ycunusita ce yBelIuyaBaT, B cpeiaTa — HaMassBar.

3a Mmozxenu: M1, M3 u M4:
[Tpu ULS: MmakcumanHUTE yCHIIMA ca B cpefaTa, KaTo B IOJHUS Kpail HamallsBar.
[Tpu ALS: MakcuMamHUTE YCHIIUS Ca B CpeaaTa.

IIpu mojzen 3S:
Habumonasa ce nogoOue B ycumnusTa, KakTo pu Mmoaen M1.

3a monen M6:
Ot ULS ce Habmo1aBaT MUHUMAITHU YCUJIUS B Cpeara.

3a mogenu: M7 u M8:
Ot ULS u ALS ce nabmrogaBat HyJIeBH YCHIIUS B TOPEH Kpail, KAKTO ¥ HATUCKOBHU YCHJIHS B
JIOJICH Kpaii ot ALS.

Ilpu maxa nonyuenu ,,kapmuuu'® HA NPLCMEHOBUOHUME YCUNUA, MoO2am O0d ce
CMPYKmMypupam oCHOSHUmMe 08a 6bnpoca:

Brnpoc 1. Kak Biausie BHABT HAa TNOKPHBHATA KOHCTPYKIHMS BBPXY YCHJIHATA B
HMJIMHAPUYHATA CTeHa?

B Tabn. 4 ca mpencrtaBeHd pPA3NUKUTE B yCUIUATA KAaTO €AMHUIIM BEIMYHMHU U B
MPOLICHTH:

Tadauua 4. Pexanurynanus 3a Ny, [kKN/m’] — 3a cpenara

M1 M7 M8
max 3a ULS 233 229 234
pazauxa, A 1 5
max 3a ALS 557 548 553
paziuka, A 9 (1,62%) 4

Ha ¢ur. 7 ca npencraBenn quarpaMu, 9pe3 U30JIMHUHU, HA yCuinusaTa 3a mojaenu M1 u
MBS, karo ce Buxa, ue npu ULS xomOnHanmuuTe MakcCUMyMHTe ca Mpu ABHOTO, a mpu ALS —
kbM cpenmata. Hemo mosewe: mpu ULS ce HaOmromaBa ,,uBHYECTO™ (paBHOMEPHO
pasmnpezenieHo) pasmnpeseneHre Ha u3oauHuuTe, a npu ALS — | nmerHucto (Ha otraenHH

MecTa).

~ =
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N [KN /)
0.0

85.5
171.0
256.5
3.9
4274
512.9
598.4
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Nx [kN/m]

33

67
100
134
167
201
234

0). 3a mogen M8 ot ULS
®urypa 7. 3onuHum OT pa3nuyHuTe KOMOMHALIUN

Bwkna ce, ye pasiukara € NpeHeOpeKMMa, OT KOETO CJIE/Ba, Y€ 3a M3CIEIBAHOTO
CbOPBKEHUE, BHALT HA MOKPMBHATA KOHCTPYKLHUS He BJIMsie YYBCTBUTEIHO BBPXY
CTOMHOCTHTE Ha IPHCTEHOBUHUTE YCUIIHMS B CTEHATA.

Ako obaue ce pasraenar moaean M1 u M2, ce BIXKa TojsMa pasjinKa 3a YCUIMATa B
ropuus Kpaii Ha crenure, a umenno npu ULS: A=25,76% u npu ALS: A=20,45%. Tosa

€ IIpUYMHa Ja ce TBbPAM, Ye IIPU KaTeropuuHa cMsiHa Ha ['aycoBara KpuBHHA Ha 4yepyliKara,
IIPU 3alla3eHd HavyaJHU F€OMETPUYHU YCIIOBHUS, YCUJIUATA B ONOPHATA IWJIMHPUYHA CTEHA B
rOopHUA 1 Kpall ca mo-rojieMu Ipu KOHUYEH KYNOJ U ChOTBETHO — MO-MAJIKU Ipu cepuueH,
KOETO € OCHOBaHWE IpH AAJCHHs MOJEIN, J1a C€ TBHPIU, 4e CHEpUUHHS KYIMOJ BOIH [0
U3BECTHU MKOHOMHUM IIpH apMHMpaHe Ha cTeHaTa (M3KJI4Ba ce obaye TPyJOEeMKOCTTa MpHU
CaMOTO MY CTPOUTEJICTBO). 3aTOBA BUJA MOKPHUBHA KOHCTPYKLIMS BJIMse BbPXY CTOMHOCTUTE
Ha NIPbCTEHOBUIHUTE YCHIIUS B CTEHATA.

Bernpoc 2. Kak KOHCTpPYKHHUSITA HAa caMaTa LUJIMHIPUYHA CTEHA BJHUse BBPXY
CTOIHOCTUTE HA NPbCTEHOBUAHUTE YCUIUA B Hest?

Ot mozenu: M1, M3, M4, M5 u M6, Haii-TrojeMuTe CTOMHOCTH Ha yCUIIMSTA ca MPHU
M4, 3a ULS u ALS (¢ur. 8):

Nx [kN/m]

0
117
235
352
469
586
704
821

e
. i I
®durypa 8. Uzommuun 3a mogen M4 ot ALS

[Tpu peraiiieH nperie/], € yCTAaHOBSBA, Y€ MMa 3HAYNTETHH PA3JIMKK Tpu Moaenu: M1 u
M3, a uMeHHO:
A=2,01%—ropen kpaii
e 3a ULS: pasnuku: P P , Karo B nojeH kpaii - A=29,88% e 3a
A =2,92% —cpena
M3.
A=0,77% —ropeH kpait .
e 3a ALS: paziuku: , KaTo B JIOJICH Kpail ce HaOIrogaBa OmbH
A =13,29% —cpena
or 128 kN/m’ 3a monen M3.
ToBa o3HauaBa, 4e MO-TOJEeMH ca 3a Moaea M3.

3a ULS, npu moxenu: M1 u M5, ce HabmronaBat mpuOJM3UTEIIHO €THAKBA CTOWHOCTH,
KakTo U mpu Mozaen M6 (3a ropeH kpait u cpena). 3a ALS moxen M5 noka3Ba cXOIHU NaHHU
B pe3yJTatuTe ¢ moaen M1.
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ToBa e ocHOBaHME J]a ce TBBPIM, Y€ BUABT Ha KOHCTPYKLUATA HAa camara CTEHa BJHUse
BBPXY CTOMHOCTUTE (KaTO 3HAK U rojieMUHA) HAa IPBCTEHOBUIHUTE YCHIINS B Hesl. JIOKaHUAT
HOPBCTEH OT MoJesl M4, neiicTBall KaTo XOpU30HTAJIEH MUIACThp, yBenndyaBa Ny u TpsOBa aa
c€ IOMMCIIHU IIPU KOHCTPYUPAHETO U JeTainupaHeTo. ChlLIo Taka IpOMEHJINBATa J1e0enHa,
Yype3 yBEJIUYEHU CTOMHOCTU Ha HAIPEYHWUTE CHJIM, BOAM 10 MakCUMaiIHM ycuius. CKpuTute
KOJIOHM B camara CT€Ha 5 ,,3aKOpaBsiBaT M HAMAT OCOOEH HEraTHBEH HPHUHOC (BBPXY
YCUJIMATA), KAKTO M JbHHATA IJI0YA.

4. 3aki04eHune

[Ipy Beue HaMEpeHM M JIOKAIM3MPAHU CTOMHOCTUTE HA NPBCTCHOBUIHUTE YCUIIHA,
aHaJU3bT Ha APMUPOBKUTE B TOBA HAIIPABJIEHUE, CE OCHOBaBa Ha ()OPMYJIUTE IPU HAIPErHATO
CBCTOSIHHE ,,9UCT" OI'bH, 32 MAaKCUMAJTHO MPBCTCHOBUIHO YCHIIME B OIpeJesieHa IUPOYNHA
Ha u3cienBaHara uBuua. OTHOBO 3a Mojen M4, 1o W34YHMCIeHMs, ce MOoJdydaBa, ye ooOuara
IUIOIl Ha MPBCTCHOBUAHATA apMUPOBKAa (TP H3MOJI3BaH KJIac apMHUPOBBYHA CTOMAaHa
B500B):
A, o = N, _813 _ 18,69cm?/m"

fo 435
Pa36upa ce, mpu n300p Ha pa3CcTOSTHUE MEKIY MPBTUTE, PECIIEKTUBHO U OpOM, c€ YCTaHOBSABA
U JMameTbpa UM, Ha 06a3a HeoOxoaumara Ijonl. MUHMMaIHHUAT MPOLIEHT HAa apMHUpaHE 3a
yepyniku € 0,2%, Karo ce B3eMe IMpeABUI, Y€ pPE3epPBOAPUTE Ca XUAPOTEXHHUUYECKHU
ChOPBXKEHUS U CHOOpPA3W KOHCTPYHUPAHETO € IyKHAaTHMHOOOpa3zyBaHETO. ApPMHMPOBKHTE ca
JBYCTpaHHU M CUMETPHYHH, 3apaay paboTara UM B Tpyla M XapaKTephbT HA CEM3MHYHOTO
Bb37elicTBUE. [Ipu ronemMu cTOMHOCTH Ha MPBCTEHOBUIHHUTE YCUIIMS, IPU Bpb3KaTa ,,CTCHA-
dbyHIaMeHT", € yIayHo J1a ce peanusupar T.Hap. ,,ByTU® (CKocsiBaHus mon 45°), apMupanu c
KOHCTPYKTMBHA MEpUIMAaHHA U IO M3YMUCICHUE MPBCTEHOBUAHA apMHUpOBKH. Ilpu romemu
CTOWHOCTH Ha YCWJIHMATAa B TNPBCTEHA, HETOBOTO HANPEYHO CEUEHHE C€ H3ITBJIHSIBA KaTO
CJIO’KHO, Half-4ecTo ChC CKOCSBAaHE OT BBHIIHATA CTpaHa, CPEIlyNoJIokHA Ha BojaTa. Ilpu
KOHCTPYHUpPAHETO Cc€ BHHMaBa C AapamXMpaHETO Ha CTpEeMeHara U BJaraHeTo Ha
JIOIIBJIHUTENTHATa apMUPOBKAa 3a o¢opMsiHE Ha HOBMs reoMeTpudeH mnpodmi. Makap u
YCIIO)KHEHO KOHCTPYKTHBHO, TOBA PEIIEHHE € TEXHOJIOrMYHO yiecHeHo. Pa3Oupa ce, HOBH —
JOIIBJIHUTENTHN MPBCTEHU, MOTaT Jia ObJaT KOHCTPYHpPAHU IMpPH NpEABapUTETHO HAIpsraHe,
KOTaTO HAUMHUTE 32 TIOEMaHe Ha YCHIIUATA 0€3 HEero ca n3uepriaHu WM HEMKOHOMHUYHH.
[Tokazanure pa3paboTeHN TPUMEPHU, WIIOCTPUPAT BH3MOKHU BUI0BE KOHCTPYKIIUHU HA

pe3epBoapuTe (B KOHTEKCT Ha MapaMeTPUYHU aHaju3u), NpU KOUTO MOXe Ja Obae
,,KOHTPOJINPAHO* YCHJIMETO — Karo CTOMHOCT M MECTOIIOJIOKEHUE II0 BHCOYMHA Ha
IWIMHAPUYHATa CTeHa. Buwkaa ce, ye XUIPOJAWHAMMUYHOTO HAJATaHE BOJAU J0 3HAUUTEITHO
yBeIIMYaBaHE HA yCWIMATAa B CEM3MHYHATa KOMOWHAIMS W TPEHEOPErBaHETO WM, MOXKE Ja
JIOBEJie /10 ,,pa3TOBapBaHe, a OT TaM M JO KOJAlC — IPH HEOCHUTYPEeHH 3a INHKOBUTE
BBH3MOKHU BB3JICHCTBHS, OT JIUTICA HA ADMHUPOBKHU KaTO T'CTOTA U AUAMETH.

Karto nombiaHenue... Bbrnpeku BUIOBOTO MHOrooOpasue, OTHOCHO MaTepual Ha
pe3epBOapUTE 3a BOJA: HEPBKJIAEMa CTOMaHa, CTHKJIOIJIACTH U IOJUETHIIEH, 3a MOJA3EMHU
KOHCTPYKIIUU CTOMaHOOETOHBT € JI0Ka3aH ChC CBOSITA ABJITOBEYHOCT U PEMOHTONPUTOAHOCT,
Makap Ja ca HalMIle BUCOKM €KCIUIOATallMOHHM pas3xoau. Ilpum nomyckaHeTto Ha
HEXUTMEHUYHH YCIIOBHSI, CE€ Pa3BUBAT MATOT€HW — MUKPOOPraHU3MHM W YTAWKH, BIUSCLIU
3acTpallaBalo BbpXY )KMBOTA Ha XOpaTa.

[To-Hagomny ca moka3aHu JiBa puMepa — J00bp U JIOUI ChIIECTBYBAIM BApUAHTH.

IMpumep 1. Tazu roguna (2022 r.) moceTuxMme ¢ rpynara CTyACHTH OT MaruCThbPCKUs
kypc ,,CCC*-,,CK*, B yueOHa mpakTuka 1o ,,CreruaTHil CTOMAaHOOETOHHU KOHCTPYKITHH ,
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npevrcTBaTeIHaTa cTanius 3a ormnanuu Boau — [ICOB ,JIEKO KO* B rp. Pagomup (kB.
»BBp0a“). ChopbKeHHATAa B CTAHLUATA OTrOBapsAT Ha M3HCKBAaHMATA M TPOBEPKUTE, a
npepaboTeHaTa Boja € ¢ 1o0pu mokaszarenu (KaTo MUTelHa) OT BBHHIIHU Ja00paTOPHU OJUTH.
KoHcTpyknuaTa Ha pe3epBOApUTE € MPAKTUICCKH
HEe3aCerHara, BbIPEKH: MO-TOISIMOTO OOEMHO TETJI0 Ha
3aMbpCeHaTa BOJA, BHCOKHTE IOJIOYBCHU BOIM H
CIIYYMJIUTE C€ 3eMeTpeceHus Ipe3 roaunHute. TpsoOBa
na ce orOenexu (akra, 4e pagualHUTE yTauTeIH H
o6uobaceiinuTe (BUXK CH. 1) paboTAT mpu HEMPEKbCHAT
U JUHAMUYCH PEXUM C TEXHUTE CHCTEMU H TIPH

MOCTOSTHHO ChIIPUKOCHOBEHHUE C BOJIATA. Cunmka 1. Ceopbxenne ot [ICOB
(yiuuen apxuB Cr. L{BeTKOB)

C’I)Op’I))KeHI/ISITa CC MoaaAbpIKaT, OCHOBHHU KOHCTPYKTHBHH PEMOHTH HEC Ca ITPABCHU.

IIpumep 2. [Ipu paskpuBaHe (IpeMaxBaHEe Ha roJiIMa 4acT OT HACUIIA) HA 3aCUIIaHUS
pe3epBoap B MPOMHUIILIEHATa 30HA Ha rp. PagoMup (mpeau HIKOJIKO TOAWHM), CE€ YCTaHOBSIBA,
Yye CT€HaTa Ha ChOPBKEHHETO HE MPUTEKaBa MOYTH HUKAKBA HOCEIIA apMHPOBKA B JIBETE
HalpaBJIeHUs] — MEPUMAHHA U NIPbCTEHOBU/IHA, IPUYMHA M 32 MHOKECTBOTO: HEAOIMYCTUMO
HIMPOKU MYKHATHHU, TEUOBE U aBAPUITHO CHCTOSIHUE — CH. 2.

3 '{ﬁ;
a). U3rJe/l KbM HApYIIEHOTO ChOPHKEHUE 0). morjen KbM cTeHaTa
Cuumka 2. PesepBoap B paifona rp. Panomup (inuen apxus Ct. L{BeTkoB)

TakuBa CbOPBIKCHUS, C JIUIICA HAa aACKBATHO IMPOCKTHUPAHC U CTPOUTECICTBO, KAKTO U
TPHIKU 3a KOHCTPYKIUATA B IPOUEC Ha CKCILJI0OAaTalus — BEAHAra, B KbC IIEpUOA OT BpEME Ca B
CbCTOSAHHUEC HA OTKAa3.

BaaronapHocTtu
Hoknanst e punancupan or BCY ,JI. Kapasenos* — Codus, no Ilpoekt 3a HayuHu
nscnensanusi, curd. 04/2022 — ,,AHan13 Ha CTIEIIMATHA CTOMAaHOOETOHHU KOHCTPYKITHUHN .
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BPB3KA MEKAY IPOI'PAMUTE MS EXCEL 1 AUTOCAD 3A AHAJIN3 1
KOHCTPYUPAHE HA CTOMAHOBETOHHHU KOHCTPYKTUBHU CTEHMU,
CBI'JIACHO EBPOKO/ 8

Cranuciaas HBeTKOBl, Xaaum A)(Mezl2

Bucwe cmpoumenno yuunuwe ,,Jlroben Kapasenos“ - Cogus

CONNECTION BETWEEN MS EXCEL AND AUTOCAD PROGRAMS FOR
ANALYSIS AND CONSTRUCTION OF R.C. STRUCTURAL SHEAR WALLS
ACCORDING TO EUROCODE 8

Stanislav Tsvetkov', Halim Ahmed?

University of Structural Engineering and Architecture (VSU) "Lyuben Karavelov" —
Sofia

Abstract: The report examines engineering design of R.C. structural shear walls in two
interrelated aspects: on the one hand - automated solutions with pre-programmed
formulas (checks) for load-bearing reinforcements and on the other hand - quick
transition (as a link) to a drawing. The task of civil engineers is to establish both the
methodology in the analysis algorithms and their interaction with a real (for work)
reinforcement plan. The capabilities of MS Excel are used for the calculations, and
those of AutoCAD for the graphic part.

Key words: R.C. structural shear wall, MS Excel, AutoCAD, programming, Eurocode 8

1. BbBenenne

C naBnuzaHeto Ha EBpokosioBeTe — omie ot npeau okoJio 10 roawHu, ce yCTaHOBH, 4e
TAXHATA UJIes € MIPEXOJ KbM ,,BEpUra‘ OT aHaJIM3U U HAUMHBT 3a CIIpaBsSHE C HEJleKara 3a/1a4ya
€ IPEeMHHABAHETO KbM aBTOMATH3UPAHU pElICHHs. B HaCTOSAIIMS JOKIIA] € TTIOKa3aHo €THA OT
HAl-TPyIOEMKUTE 3a/aydl: aHAIW3 W KOHCTPYHMpaHE apMHPOBKHUTE HAa CTOMAaHOOETOHHA
KOHCTPYKTHBHA CTeHa, chriacHo EBpokos 8, HUBO Ha npoekTtupane — cpeano (DCM) [1], [2].
Besika enHa ,,9acT® Ha cTeHaTa Mmoema pa3jNyHU Pa3pe3HH YCUIUS M HEWHUTE apMUPOBKHU
CJIeJIBAT Pa3IMYHU KOHCTPYKTHBHH OCOOCHOCTH M m3uckBaHWs. Okas3Ba ce, 4e TMOHSKOra 3a
M3UepTaBaHETO Ha €JHA CTeHA, ChIIIACHO BCHYKHM M3UCKBAHUs, € HEOOXOIMMO JIBJITO BpeMe,

! Crammcmas I{Berko, mom. na-p mmk., CrpoureneH ¢akynrer kareapa ,,CTPOHTENHH KOHCTPYKIUH,
BCY ,JI. Kapagenos” - Codus, yiu. ,,Cyxomosncka” Ne 175, e-mail: st.cvetkov@vsu.bg; Stanislav Tsvetkov,
Assoc. Prof. dr., University of Structural Engineering and Architecture (VSU) “Lyuben Karavelov” — Sofia,
Faculty of Construction, Department “Building Structures”, 1373 Sofia, 175 Suhodolska str.,
e-mail: st.cvetkov@vsu.bg

2 XamuMm Axmen, Maructep wuEXK., 3aBspmmn BCY  JI. Kapasenos“, e-mail: halim.ahmed@abv.bg;
Halim Ahmed, Master, eng., graduated from VSU “L. Karavelov” — Sofia, e-mail: halim.ahmed@abv.bg
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0e3 13001110 1a ce KOMEHTUPA U3roTBAHETO Ha 3D-Mozena, OT KOMTO ce n3BaX1aT pa3pe3HUTe
YCUIIHSL.

2. O0um cBeieHUsl 32 MPOrpamMuTe

UsBectHo e, ue Microsoft Excel [3] ¢ mporpama 3a eleKTpOHHH TaOJHIM, YacT OT
nakera MS Office, karo BugbT copryep e cumynarop Ha paboTHU JUcTOBE. Hanocnedwk, ece
no-yecmo ce U3NO0N36a OM NpoeKmanmume-KoHcmpykmopu.. Tabruynusm xapaxmep 3a
paboma ¢ knemkume e yooben 3a usnonzeaue, Hanuye ca Help u ungopmayuonen danon.
AutoCAD [4] e mporpama 3a IBYM3MEPHO W TPHH3MEPHO KOMIIIOTBPHO MPOEKTHPAHE MU
yepraHe, Ha kommanusta Autodesk. Cmpoumennume undicenepu uznonzeam pasiudHu OnYuu
Ha npozpamama. Aemomamuzupanomo wepmate e y0oocmeo npu paboma, HACMpouKume ca
onpocmenu, naruye ca Help u komanoen ped. Bendko mocoueHo A0TYyK, Boau a0 (akTa, ue
MOOTNIEITHO COPTYEepUTE ca 3aBBPIICHH BCEKU B CBOSITA O0JIACT HA MPHIIOKCHHE — aHAIIU3U H
YepTaHe.

Ho «kakBo craBa, KOraro [aBeTe
nporpamMm ce ,cbeauHar“? IlomyuyaBa ce
suUcoKoKauecmeer npooyKkm 3a 00EKT, KOUTO € He
caMO IpPaBUJIHO pelleH U HauepTaH (¢ur. 1), HO
UMa M Bb3MOXKHOCT KaKTO 3a ONTHUMH3AIIUs, TaKa
U 3a MpujlaraHe KbM MPOEKTHATa JOKYMEHTAIIHs
Ha CTPOEXa BHB BUJ Ha U3YKCICHHUS U YCPTCK.
Pa3paboTeHusT mporpaMeH MpoayKT € HapeueH OT
apropute CAKKC (codryep 3a aHamm3 W
KOHCTpYUpaHEe Ha KOHCTPYKTUBHU CTEHH).

3. Peanu3npaH u34uCINTETHO-4ePTOXKEH coPpTyepeH NPOAYKT

W3uucnutenHuTe Npoleaypu 3a CTOMaHOOETOHHU KOHCTPYKTUBHU CTE€HU, aHATTU3UPaHH
no EBpokon 8, ca mpeactaBeHHW OT IbATU (POPMYIH, C PA3IUYHH YCIOBHUS W TPOBEPKH.
CreHuTe ca ¢ KpailHM YCWJICHU 30HU M cTeOJa, ¥ 3apaJu MpOCTpaHCTBEHaTa cH paboTa, U
MOCTUTAHE Ha HEMPEKHCHATOCT Ha KOHCTPYKIUSTA, € HAJUIIE MTOCTOSIHHA B3aUMOCBBHP3aHOCT
Mexay uzpazutre. Kakro € HM3BECTHO, IMOHSKOra C€ MPaBIT OTYETH OT pa3IMYHU MecCTa:
codryep no MKE (3a pa3pe3nu ycwins, AMHAMUYHU XapaKTEpUCTUKHU, Aepopmaluu U T.H.),
PBKOBOJICTBA-cripaBouHuIld, CTaHgapTd (3a oT4YMTaHEe Ha KoeuIMeHTH U u300p Ha
apMHPOBKH, 32 KOHCTPYKTUBHU M3UCKBAHUS U JIp.), JOPHU “mini”’-Iporpamu 3a onpezessHe Ha
HOCEIIIN CIIOCOOHOCTH (0T MHTEPAKIIMOHHH JHarpamMu) u T.H. [1]

3a enMMUHUpaAHE 10 MHUHHUMYM Ha BEPOATHOCTTA OT TPEMIKH (C TOJSM TIPOIEHT
MIOCTUTAaHE, MPEABU] MOA3BAHETO HAa MHOTO U BCSKAKBU M3TOUYHHIIM, BKIIOUYUTEIHO U TaKUBa
oT VHTEpHET — ¢ HEeJOoKa3aH MPOM3XOJl MOHSKOTa WJIM OT THMA , XBbhpUaIlN 3aMucKu, 0e3
aBTop miu wusparenctBo), apropute Ha CAKKC, ca umanu wuzges u 1en, B ChCTaBEHUS
codTyep, Ja ca BrpaJicHl BCHIKA HEOOXOIUMHU aJITOPUTMHU, KAKTO U BB3MOXKHOCT 3a U300p OT
notpebutens. ['eHepaHO Ka3aHO, TOBA € M3BeCTHA_ABTOMAaTH3anusa Ha PrkoBoacTBoTO [1].

Ha 0Gaza ,xnacuueckara® Teopus, KakTO U TO: KOHCTPYKTHMBHM AHTHUCEM3MUYHU U
CTPOUTEITHO-TEXHOJIOTUYHU NIPaBUIIa, OTACIHUTE KIETKU Ca TPOrpaMUpPaHH B PEKHUM 3a JIECHA
pabora.

3.1. CTtpykrypa Ha nporpamara [3]
e ByToHM M maganm MeHIOTa
B CAKKC ca u3non3Banu OyToHu (BHK. GUT. 2 ¥ 3) ¥ COUCHLM C MaJaly MEHIOTa, 3a
yno0cTBO mpu paboTa W KOMIpPECHpaHe Ha BHAMNMOTO TPOCTPAHCTBO, O€3 W3IUIIHA
uHpopmanuss U 1BeToBO ((hoHOBO) odopmieHue. Upe3 OyTOHUTE ce€ OCBHUIECTBSABA
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HaBUTHUPAHE MEXIY OTICIHUTE YacTH OT aJTOPUTHhMA 3a M3UUCIIIBaHE HA KOHCTPYKTHBHUS
eneMeHT. 3a Bceku OyToH ca 3ammcanu VBA Makpocu, ¢ KOUTO ce MOCTHra HeoOxoauMara

onepanus (Pur. 3).

®urypa 2. Expan (dacr)

®durypa 3. byronu

VBA wmakpocure (¢ur. 4) ce u3M0a3BaT 3a; HABUTHPAHE MEKIY OTACTHUTE YaCTH OT
QITOPUThMa 32 W3YMCISBAHE HA KOHCTPYKTHBHMS €JIEMEHT, HaMasiBAaHE Ha BPEMETO 3a
U34HCIsBaHe Ha ¢opmynuTe, 3a ohopMsiHE Ha OOSCHUTETHATA 3alKCcKa M BPb3Ka MEXIY

porpaMuTe.

Upe3 MakpocuTe ce MOCTUIa U ChKpallaBaHe
Ha BPEMETO 3a M34YaKBaHE IPU HANpPaBEHU MPOMEHU
Ha CTOMHOCTUTE OT Kierkute. Ilpm camoro
W3UYUCIISIBAHE HA CTOMHOCTUTE B KIETKUTE HE ca
U3IMOJI3BAaHU MAaKpOCH, a CaMOKOMaHJU (oIepanun)
Ha Excel.

CrnenoBarenHO: MaKpOCUTE HE M3YMCIABAT
(cayxar 3a NPUIBMXKBAHE MEXKIY pas3leluTe ,4pe3
OyTonuTe), u3uncissa Excel.

e @opMy.,H H yCJIOBHUA
Ha ¢wur. 5 e nokaszana ¢opmyrnara B KOMaHAEH
pea 3a Wu3YHCIABaHE Ha (PU3MKO-MEXaHUYHHUSA
KoeQuIMEeHT Ha apMupane. [Ipunonsme, ye rpynure
(bamMunmu) acuMOTOTH ca B CJIOXHA BpbB3Ka 110
Mexy cu. biiokoBeTe ca BbBEIEHU 3a IpsIKa Bpb3Ka
MEX]ly pelIeHUATA.

®urypa 4. VBA macro

®urypa 5. OnpeensHe Ha My,

Ha ¢ur. 6 ca nokazanu ¢popMmynute, B KOMaHJCH pell, 3a KalaluTHBHA KOPEKLUs Ha
OrbBalllMsi MOMEHT (Ype3 MPaBUIIOTO HA MOJAOOHHUTE TPUBI'BIHUIM), T.€. HE € HEOOXOAUMO

PBUYHO TpapUUHO MOCTPOCHHUE.

®urypa 6. Onpenemﬁé Ha Mc‘ag,
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e Makpoc (Koa) — U3IIOI3BAaHM Ca 32 BPb3Ka e e

Mmexay aBere mporpamu Excel u AutoCAD

(pur. 7).

CBolicTBaTa Ha MaKpoca ca:
a). MPUCBOSIBaHE Ha XapaKTEPUCTUKH,

6). mposepka manmu AUtoCAD e otBopeH (1 ako He Ein

€ — Io OTBapsi);

B). W3Mpalla KoMaHga OT KieTtkute B EXcel mo

komauaaus pea B AUtoOCAD.

®durypa 8. Komannen pex B CAD 3a
U3YepTaBaHe Ha J1a/ICHA JINHUS

®durypa 7. Makpoc

3a um3uepTaBaHETO Cce€ pabOTH ce ¢
komanga POLYLINE (monununus) upe3
HanMcBaHe Ha “‘pline” m ce BBBEKIAT
CTOMHOCTHTE (KoopanHATUTE) Ha
TOYKHUTE 3a  OIpeaelieHaTa  JIMHUS.
[locnenoBarerHOCT Ha  OmNEpaIUsiTa,
kosiTo € Brpajgena B CAKKC, e nokazana
Ha ¢ur. 8.

Ha c¢ur. 9 ca nokazaHu MUHUMH3UPAHM YacT OT MPO3OPIMTE, OT MPOTPAMHHUS

anroputsm Ha CAKKC, camo 3a enHo HUBO.

by
i
1

i ]

i

-
] '

|
A

0 (SRIRANRRRNRAAN

]‘ il

—~—————

I s .

|
|

Il

®urypa 9. [Iporpamupanu KJIETKH 3a elrccirfoﬂphT?CADi— mporpamMara

Bwxkna ce, ye TreHepHpaHETO Ha €IWH TaKbB MPOAYKT € JbJIra W TpPyJIHA 3a
pa3paboTBaHe 3a7a4a, C MHOTO YCJIOBHUS M TECTBAHHMS.

3.2. UuTepuop (uaTepdeiic) Ha mporpamara [1], [2]
CAKKC ¢ cncraBen ot crneanute Sheets: Omnwmcanue; JlaHHM 3a KOHCTPYKIIUSATA,
O6um; Husa (eraxkn); Kpaiinu pesynraru; Hacrpoiiku 3a AutoCAD.
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B paznen ,,Onucanue” ca nocoyeHu
HSKOU 0COOCHOCTH Ha aTOPUTHMA, KOUTO
ca crneuu(uyuHU 3a HEroBaTa cpeia, KaTro
HampuMmep  paboTa  CbC:  CTOMHOCTH
(BBIPEKH TIPEIIOKEHUTE) — H300p OT
noTpeOUTENs; H3MOJI3BAaHE HA  PaaHo-
Oyronu/mpekbcBaunn u Jp. Codryepbt
ChIBPKA  aBTOPCKH  pa3paboTKu U
IOopabOTKU  (B3aMMCTBaHH OT  JAPYTH
nporpaMu u Haarpanesu) - ¢ur. 10.

®urypa 10. OcHoBHHU onepanuu
B pazgen ,,JlaHHM 32 KOHCTPYKHHUATA® Cc€ 3aJaBaT: M3IMOJ3BAHUTE MaTEpUAIU

(k;macoBe OETOH M apMHPOBBYHA CTOMaHa); T€OMETPHs Ha KOHCTPYKLUSATA; H3IOJI3BaHU
KOC(UIIMEHTH 32 U3UUCICHUATA, OSTOHHH OKPUTUS U pa3pe3nu ycuius (dur. 11).

i
1w
m
b 1w
o 5 s . 5.7
15 s T " 35% o ' o 5 M N
= — Koedmumenti: BETOHHM NOKPHTHA:
6 fpe W [—— — a; = 085 cymepest Cmn” = 35cm
o T st | mmsoikne | oty -
- ik e om= 10 ek Cmn = 2em
= Wem Cympen| b8 i ay= 10 ACgy= Tcm
- F Eharwa s ne= M Bl %0 o ve= 15
e e L= e 0 5 ys= 1,15
: _L_ 4 el 20 % 2= 0,08
m DL PyAMET Ny = BIC Erm X4 5 - 10
| - Eime t e = R PaspesHin yoanis:
N E— s 1 — = m2= 10 Meg[sWm] | Wea W] | ey [ef]
f —= | = 10 CyTapai
m= 10 EtaK 1
o o= 1,0 Evax 3
! b as= 10 Emx 3
g o= 15 Evax 4
PrTAT, v =08 [
[ =S Mospu
b Tilel = 05
Tels]= 0,55

®urypa 11. Paznen — ,,JlanHu 32 KOHCTpyKIHsITA*

B pasznmen ,,O0mm“, anropuTbMbT € NpOrpaMupaH Ja reHepupa OOsSICHUTeNIHaTa
3aIucKa, C ONMcaTeNHa JacT, Ha 0a3a BXOJ: oT ,,JlaHHM 3a KoHCTpyKImsTa* (¢pur. 12).

144 Ha CTOMKOCH 32 1. W NPOBePKa Ha YENOBKS

1.4.1. Koedouunentn

— KOBDWNEHT, OTUITAWL [ TOBPENEHHITE SbeKTH SHPRY SKOCTTA Ha HaTHCK W HeBaronpusTHN echermi

NIOPOAEHM OT HAYHHa HA NPUNAraHE Ha HATOBABAHETO
o= 0,85
- KOBMLMENT, OTYMTAl TBNTOBPENEHHITE ejeKTH BBPXY AKOCTTA OMbH W HeDNIarONPHATHN eqexTh

NOPOASHM OT Ha4MHa Ha NPHNAraHe Ha HATOBAPEAHETO WS KN-m ]
1y 2 Ha YCNOBHA ] Ha CTEHATa
=10 12522, 1 w-m |/ - MHHHMATIHO OTHOLLIEHHE H2 PAIVEDHTE
— KOBCMIEHT, OTHATAL HANPETHATOTO CHETORHHE B HATHEKOBHA NORC i .' ‘
_ MOETT RN M -t oy
ey =10 ! b,
. ¢ i
— yacTen KoedueHT 32 GETOH 33 KPaHHA IPHIIHI CHCTORHMS kit i o
e F r ! L
Ye =15 | e I = —— = 267> 4 Verwaneno E yaosneracpeno
| -] 3
— 42CTEN KOEHUUMERT 33 DMUDOBBUKA CTOMAHA 33 KPAHHI TPIHHUHI CHCTORNMHA 18000 ki m -, by 0
o — MaKcManHa anva a cTonanoBeToNNaTa CTena
Ys= 1,18 18000 kN-m | "
e maxky, = by
— KOECDLIEHT, 33BHCEI OT YCHIORUSITA Ha CLETTIEHME W T NOMNGKEHWETO Ha NPHTA 110 BPeNE Ha I5
GeTonmpane 18000 kNm [
=10 |/ manly = 35 -by= 3530 = 1050cm > 800cm =, — Yonoaweto E yioeneTeopeso
' 100 kN L i - umnanta geflenna wa crebnaTo

— KOBKDMLHEHT, SABMCEUL OT HAMETHPA Ha APMMPOBHYHME TPBT -
— -
m=10 (M) by i = Dy

®@urypa 12. Paznen — O0mwm (ghpaemenmu), aHamm3 3a OnIus ¥ KOPae cyTepes
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B pasnen ,,HuBa“ e npeacraBeH ChIIMHCKUAT aHAIM3 HA KOHCTPYKTUBHATA CTEHA, IO
etaxu (Brk dur. 13 — nmposopuu ot Ne 1 1o Ne 33, eranroct): |. [IpoBepku Ha apMHPOBKUTE
Ha: KpaiinuTe ycuieHd 30HM (KY3) — BepTHMKa/HA HAIbKHA apMUPOBKa (paboma na
HeyenmpuueH Hamuck cvc cumempuuno apmupane); Il IlpoBepka Ha crebnoto —
XOPH30HTAJIHA apMHPOBKaA (paboma mna cpsaszeane), lll. TlpoBepka Ha BepTHKAJIHATA
apMHpoOBKa 0T crTeda0oTo M crpemeHa Ha KVY3 (dokazeamelnposepka na noxanna
OVKMUIHOC HA CMEHAma).

Kakro ce Buxa ot mo-Haouny, ,,cbo0meHusITa 1 rpa@uaHOTO 0POpMsIHE (ChC CXEMH

U noJpe1da Ha METOI0JIOTUATA), ca IPUOPUTET Ha UHTEpdeiica.

4. AHanus no HuBa
4.2, Erax 1
~ Ha4arHN CTOMHOCTM Ha Pa3peHNTE YCUNUA
~ HEY2NHK CTOAHOCTH Ha PAIPEHATE YCHITHA

Meg =18 000,0 kN'm

Ngg=|-5 000,25 kN
Veg= 180036 KN — MHHWMANHA WHPHHE HA KPaRHATA YCHNEHa 30Ha
— KaNALMTHBHO KOPUTHPAHK CTORHOCTH Ha HWTE YCUMURA ] 1
uy pUrHpal PaspesHuTe y - Lz2b, | NEE
Mesp = 18 000,0 KN-m Lzoz-l, | h,
Neg= -5 000,25 kN T o
Vono=|Veg-£= 1800,36- 1,5 = 270054 kN (T > 60em = 2-30 = 2-b,,
'cap ~| VEd be i t l.=120cm D -
| < 160em = 0,2-800 = 02-1,
- IBAKMHE HA KPARHATA YCUMEHE 30HE l,<2-1, 1 25¢em
- npu > “Lb — max t
12 |y 1,<02- 1y J h |
15
015-1,= 0,15-800 = 120cm
| e B
o i = MAX L EEEEE | = 120cm Yenos.
15-b,=|15-30 = |45em — By e = MEX h 205 H Domin=| 2060m < | 30em =p,=b, — E
,l = = 286cm YADEMN.
0 10
Npueto: | |,= 120em > 40cm = | 5, — YcnosueTo E ynoBneTEopSHO
- WIuMCIHTENHA
— GHAMETLP W PAICTORHWA MEKTY NPLTHTE Ha BEPTHKANHATA APMMPOBKA 33 YAOBNETEOPABAHE HA Nzl | -5000,25 |
) Ha = -~ 0147 < 04 —vgy,, — Yerosuero € ygomnetsapeso
1 By - fa 30800 - 1,417
N 6 /max 9cm N| 12 /max 37,5 cm N 18 /max 84,5 cm N 25/ max 163,56 cm

N/ 8/ max 16,5 cm N 14 /max 51 cm N 20 / max 104,5 cm
N| 10/ max 26 cm N 16|/ max 67 cm N/ 22 [ max 126,5 cm
~ MHHHMANEH QHAMETBP HA NPLTHTE HA BEPTHKANHATA APMMPOBKA B cTebnoTo

N 28/ max 205 cm

Oy min = 6MM |— MpueTo: gy, = 10mm

— 0COBO PA3CTOAHME MENEY NPLTHTE Ha BEPTHRANHATA 3PMHPOBKA B CTeDNOTO

3By = 330 = 90cm
Symax = TN i Symex — H0Cm — TIpUeTo” 5 = 25cm
f 27 ¢ 25 . 2% H
e H; H A
=] .
- Ha APMHPIHE HA BEPTHKANHATE A
2 A 20785 00021 > 0,002 =pymn  — Yonoeneto E yIoEneTEOpEHD "L 120 :!‘
p=—2 = =0
S, Do 2530 0,04 =pymax | — YeroBueTo E yoBneTaopeHo
~ MEX3HWYEH KOEMUINEHT Ha BEPTHIANIHNATA APMHPOBKA ~ MEX3HHEH KOBIHUKEHT Ha apuiupate
40 dy=05-1;= 05-120 = 80cm
W=p v pogpr 22 pose :
ts 1417 h=l,,= 800 cm

- Nnow Ha BEPTHKANHATA APMHPOBKa B cTebnoTo
5= 2bcm
A= 2-m-A,,= 2:22.0785 = 3454cmE

—n,= 226p.

- pasnonarase Ha BepTHKaNHaTa apMUpOBKa B cTebnoTo

G0 o £
h 800
M 18000 100
Mgg=——2— = ——————— = 0066 |
facby LF 1417308000
|| preem | W= 0,025
Nes -5000,25
Nes= —— - o7
o byl 1,417 30 800
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- ofiija HeoGXOANMA MNOL HA HAATLHHATA APMAPOBKS

- fea 30800 - 1417
Aspt Wt otk _ g5 = 19,55 om? ,
fyaL
- HeoBX0JMMa NNOLL KA HANNTLHHATA APMUPOBKA B efHa KY3
A 19,554
Ag 1=Ag o = ———— = 9717 em*
> 2 2

— ANAMETBD Ha HATLEHUTE NPLTH

do = 12mm = 12 mm = dg_rin — YcnoemeTo E ynoeneTeopero
— BAPHaHTH 33 KOHCTPYMPaHE Ha HAATLHKHATE IPLTH

Bapuanm
(@) Bas ewniken npaT i e weokamen npeT

7.

— BIOKEHA NNOLY HA HAANBKHATA apPMKPOBKA
Aot prow = Ny i 1= 1671131 = 18095cm® | > 9TT7 e’ =Ag 4 — Yeroawero E yassneTope

— KOE(MUMEHT Ha apMUPaHe Ha HAAMBKHATa apMUpoBEka B KY3

Aslprow 18,096 = 0,005 = pLpin — Ycnosmeto E ynosneteopeto
= ==V
Ig = by, 12030 <004 = p sk — Yenosueto E yaoaneTsopexo
— WHTEDAKLIMOHHA AWarpama

Asz =10,89 cm®

Asy = 18,096 cm?
L1 1
d. = 213,33 cm
ds = 400 cm
dy = 385,67 cm
ds = 740 cm
ke = 800 cm

9.

Orueteno, Mgy= 26 MBE1ENmM > 180000kN-m =M., — YcnoeweTo E ynoeneTsopeno

~ BB Ha HATHCKOBHA BHAroHan !
h= -400cm < 286cm =h,| — KpuTiuKa 3oHa — 6= 38

= MAKCHMANHA HOCEWA CNOCOBHOCT Ha HATHCKOBHA AWaroHan

o~ B 7 Vg b 1-30-640- 061417

Y coige +1igf - -

TO1948kN > 2T70054kN = V,
coig(38) + 1g(38) ' ! wr

l

YecnoaueTo E yaosneTeopeno

Rdmax =

= MHHUMANEH QHAMETDP HA NDBTHTE Ha BEPTUEANHATA aPMHPOBKE B cTebnoTo
Oy in = | 6MmM
- 0COBO PAasCTOAHWE MEX[Y NPLTUTE HA BEDTHKANHATA JPMKPOBKA B cTebnoTo

3-byy = 3-30 = %0om

min 40 cm

Snmax F— Shmax
40cm

- NOW Ha XOPHIOH

_ Vesp _
= Z- gy - CoRB

|

2700,54
640 - 40 - c0ig(38)

= 0,082 cmifem'

11.

~ HOCHMOCTIOCOBHOCT Ha XOPHIOHTANHATA APMHPOBKA

Vc):r

u
0,09-640 40 coig(38) = 294893kN > 270054kN

!

YenoeueTo E yooBneTBopeHo

2+ fgpn-cogl | =
prov .

- KOBCIMLIMEHT HA APMUDAHE HA XOPHIOHTAIHATA APMHKPOBKA

2Ry 2-1131 0003 > 0001 =p, ., — Yenoeweto E yaceneTeopeto
pp=———=———— =10
Sp, by, 2530 < 0,04 |=pp g — YNOBKETO E Y0OBNETEOPSHO
— AWAMETLP Ha HANPEYHaTa APMHPOBKE
6mm
Oy = 12mm  — dy, = 8mm .
Ay i = MaX [ 0 b t—— Mpueto: gy, = 8mm
GL = i = 3mm
4 4

13.
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~ HEODX LM GpoR ApLTA
Palt 5777
Mo = = ——— = 3647,

1131

Aois

Heofwaniw Gpoi MpLTH 56 YADENETBOPRBEHS H3 YCROBIATE 38 MBKCHATHD

—rin, =|140p.
06080 P i MHMETH CEETTO MRy MTHTE req st

MpweTa: | ey, = 1650,

~ OCOEN W CBETNH DAICTORHMA MEHLY HALALENATE RPLTH

bbb b
L L] L L] L .
ﬁ - L ik
- L L L] L <
a & a3 &
by < bpgy— b= 1Mmm<X0mm -p ., — Yonoaweto E yaoenerscpeso
by £ bpay —* by= 17T8mm<H0Imm =bp,, — YonoaweTo E yaoeneTaopeno
3 2 3me — &= 142mm>30mm =8y, — Yonoswero E yaoenetaopeno
A 2 A —F By= 166 MM > 5 MM = By — YereaweTo E yacenaTeopeds

8.

s’
i

T

0030

T il

00 -3000 | 20800 20000_| 000 40400

E

b
L]

- T Ha

025-p, = 0,25- 00021 = 0,0005

Prmin = Max :._. P 0,001
0,001 |
~ GMAMETLP  PISCTORHNA MEXY NPLTHTE HA XOPHIOHTAIIHATA APMHPOBIA 32 YAOBNETBOPABIHE HA
y E] b Ka W loeMane Ha CHIH
N 6|/ max 6,5cm N 12 ymax 27,5cm N 18 ymax N 25 ymax 119,5cm
N 8 fmax 12cm N 14 ymax 37,5cm N 20 ymax N 28 jmax 150 cm
N 10 ymax 19 cm N 16 ;max 4% cm N 22 ymax

yr, = 12mm
25¢m

> | 6mm =dyp, 5, | — YenoBueTO E YOOBNETBOPEHO
MpneTo: Dhys YA Pe

8= < 40cm =s, .., — YCNoRKeTO E Y/0RNETEOPEHO.

— BIIOKEH3 NNOLY Ha XOPHIOHTANHATA APMHPOBKA
dyy 12 1202
2. 2-m-[——
2 2
S 25

12.

= |0,09 cm¥/cm’

- WHPOYMHA Ha OTPIHHHEHOTO ATpO

By =Dy -2-Cpol +0py= | 30-2-55+08 = 198cm
~ ObIKAKE Ha OTPIHHYEHOTO RAPD
lo=lo-2-Crod +Upy= | 120-2-55+08 = 1098cm

— OCOBO PA3CTOAHHE MEKTY OrPaHHYABAWMTE CTPEMEHD B JOHATA Ha CHawaaHe
8 dy= 812 = 95em |

{ m
. 30
S =Min D: - 7Hem et = T5em TpHeTe: 5, = 7,5cm
10em J
= OCOBO0 PACTOAHWE MEKTY OrPAHHYABAWMTE CTPEMEHA NO BHCOYHHAE HA CTEHATa
8-dy = 3-12 = g6cm
n
wscneme
T
| b 188
S, =min | ——=—"— = ggem 5, = %6em Mpueto: s, = 95em
2 2
17,5cm

14,
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- BAPHAHT Ha KOHCTPYMPaKe Ha HanpeyHaTa apuuposka & KY3

OBTKRHA KA KynTel o= 10 -dg,= 1008 = 8om  — Tpweror lppp = 8cm
- ocoso pamommeworpaﬂmamumccﬁpeuena N0 BHCONMHA Ha CTEHaTa mMameTLp Haorbaake; | dn= 4 -dy,= 4 08 = 32cm — [Mpwera: d,= 32cm
20 .dy =20-12 = Mam ] _
ALIKHKA Ha NPABKA YYaCTLK Ha KykuTe: B cm | > max 5 -Upm= 508 = 4cm
| w Jem
5, =min || b,=30cm ;&, Sy = 24cm - Mpuetor 5, = 24cm
240m = - -p\@ = gz Vi IR R
R — [ ] | .
12 gy =12-12 = 144cm !
7 laa S S-S - — —a/g
| ne
Syz=min | 0§ b= 05 30 — 18em Lo e L. L 120 ]
A+ &l
2em - CYMa OT QLNKHHHTE Ha HaNPeyHaTa apMuposka 8 KY3 (no 0coBHTe NHHWH)
J l= 1285,12cm

— BAPHAHT HA KOHETPYWPAHE HA HANPEYHATa apunposka B KY3
[DBIDKHHA HA KYKHTE! | lpocy = |10 - gy = 10- 08 = 8cm  — Mpuere:| ooy = Bem
ouameTsp Haoreeakel dp= 4 -dy,= 4 - 08 = 32em — Mowero dy= 32em

- NAOW Ha EAKH KNOH 0T HANPEYHATA APMMPOBKE B 30HATA HA CHIKAAHE HA HALTEKHHTE NELTH
d " 12 4348 .

o e g 1288 e < 0 = Aga,
50ty 50 40

[LITKMHE HA NPEBMA YYaCTHK HA KyknTe: S6cm | > max‘ 9= 5-08 = 4cm !

cm

YenoaueTo E yaoeneTeopeno

15. 16.

~ CyMa OT FBMKUKMTE Ha HanpeuaTa apuwposia & KY3 [no ocosue munum]
Tl= 128512¢cm
— (NI0L} Ha €K KITOK OT HANPEUHAT APUWPOBKE B JOHATA Ha CHAKJIAHE Ha HATTLKHATE NPBTH

d, v 12 4348
Ay =5y far | _ g5 2 B4

e

0248 e | < 0503 car Astoror
50 | | 50 | 40 e

l

YenceneTo E yaosneTeOpeHO

- ofiem Ha orpatiueHua BETOH B AAPOTO
)| Bug T 2 T4 |srnrawmata V,=bg-ly-5,=| 19,8-1098-95 = 2065338cm®

o 1 i [] ~ ofiem Ha OTPAHANABALMTE CTPEMEND

T :E ]32 - : V=7 Son” m= 2 28 s - eseror

4
T I T T - abemen T Ha orpal Te CTPEMEHE
645,97 _i= 0883 > 0,08 =g — \fcroafe'oE
L 2066338 1417 YRGENETEOPEHO

- ~ CyMa K2 PAICTORHMATA MEXTY BOEKH B2 NILTA, NOCNEAOBATENHO OBXBIHATH B OIbEKA Ha CTpEME

i 1 3 WK HANPEYHA BPb3Ka

[ Shi=n b+ byt= | 14179672+ 217,8% = 5153,06 am®

17. 18.

- - i 18000 055 Y
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=1 ———— = 1.————— = 0§05
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o =1- S AR M - M PO . i o1
21y 2-bp 21098 2-198
JE—— oenen T K2 orpa — IPAHWIKa CTORHOCT Ha NZPAMETHPA Ty
a-w,g= 0434-0,883 = 0383 (= 30 i - 8+ vg) -1 By 003=
—KGQ@MMVIEHT Ha QYKTHANHOCT NO KPHEWHA B NNACTHYHHTE CTAEH ° D.:)
v
M
2.0y —= 4 npu- T, = T
Mn | = 30-4,809 - (0,059 + 0,147} - 0,00217 | oes= 0 < 03 =a-u, yeosacro B
g = —Ti= 05 > 055=Tc — o T 108 | ‘ ' | |ymeanccpero
-
2 E Mc:: J[T:J'ﬂ ﬂp“ T, < T, = BUCOYMHA HA HATHCKOBATA 30HA
o — — 1 cff
Mag T, / Ly By 8030
R y + va) - b _ (0,059 +0,147) 7‘(‘& = 2487em
v
= =24 Meap 4=2 13 18000 4= a6 - rpaHHYKa AehopMaLMA Ha orpatiyeH BeToH
Mgq 26679,81 ' £0,20=0,0035+0,1 - (x- W)= | 0,0035+01-0,383 = 00418

19. 20.

- e ODMILIN 13 BEPTARIANTTS pwApoasa i eTona

Tr]

b= 18030

N N W H

£
- HeobxogHMa SbNKMHA Ha KPAHHATA YCHNEHE 30HA
1 1o a2 287 | 1 00055 2288 120 |
n =Xy 1 = 28 - Bom | > oM =l ey
e cor fne 00418 e prow
l
¥cnoeueto HE E ynosneTeopero
_—
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£,5= -0,0821 < -D,0678 =g, — YenoeuweTo HE E ynoBneTeopeHo

— HaNPEKEHWE B NPLTHTE OT HAATLKHATE APMHPOBKA
Og=fa = 43,48 kNicm?
- OCHOBH SbIKHHA Ha 33KOTEAHE

12 4348

O O

lora= = 4831 cm
Lty 4 0.27
- MUHUMANH3 [TLITKKHA Ha CHAKAGHE |
03 0z lyy= 03 154831 = 21,74cm

lomin =MaX | 15.d, = 15-12 = 18em [T lomn = | 21,74 cm
20em

- HEoDXOHMA ThITKMHA HA CHAKGAHE

lop =Qy- @z Q3+ Qs g lpmg= | 1-1-1-1-15-4831 | = T24Tom

Mpuero: loe=T75em > 21,74om = gy, | — YCTOBMETO E YHOBNETBOPEHO

23.

= MHHHMANHA TbNKWHE Ha 33KOTBAHE
030 lpg= 03154444 = 20cm
= 15cm

lomin =max | [15-dy,= | 15-1 1= lgmin= 20cm

20 cm
~ HeoGX0HMA TRITKWHA Ha SIKOTESHE
1-1-1-1-4424 = 4444 cm

b= oy - 0z - w3~ A5 -y g =

MpHeTo! log,=45em > a444em = lymn

25.

* BEPTHHANHA |HALTh#KL| 3PNMPOBKA

— Yenosueto E yaceneTeopexo

NESEN € A

217.

* BEOTHELNKES (HARMEXHE) JPMIDIERD g yea j

mMameTpHAOTLEANE: On= 4 dg,= 4 - 1 4em — Mpwero: d,= 4cm

Qno= 4 0p= 4 0

0cm  — Mpwero: dy e =0cm

10 em
creven mormara 15.0m
Femame == vymara 150m

onameTep k3 oresake. d,= 4 dp= 4 - 12 = dBom — leesro d,= 48om

3L

cannsze o~

-XOHCTPYHPaHE Ha HANPeUHa JpMMPOBK: B CTeBNOTO

waxwarho - |
waxwarno -2

| I =800 cm |

+
AMaMeTeD va Swe: | B mm

DLMKHHA HA KYRATE! | e = 10/~ by, = 10 08 = Bcm  — Mpueto:| lpyy = Bem

32.

- B npuTHTE OT W XapH3OH
0=y =fan= 40,0 kN/cm®
- OCHOBHE [THITKAKA Ha 3AKOTESAHE
Oy, [ 1 40
|b~c:*—m = - = 37,04cm
4 fog 4 027

— MMHMMANIHE JbIUKHHE HA CHIWgaHE

03 g lpwa— 03 15 3704 = 1657cm |
lmin =max [ 15.g,,= 15-1 = 15cm }— Iy o= 20€m
20cm

- HeoliXoJHMa TuITKHHA Ha CHAKAAHE
loy =00y - 0tz 0z 05 - 05 Iy = 1-1-1-1-156-37,04 = 5556cm

Mpweto: | loy=60em > 20em — YenosueTo E ynoeneTeopexo

=l
S —

G| G| 12 &
4| (4| | a0

b s

— KOHCTRYHPEHE Ha apmipoakata B KY3

Lo

* diyrone

g

OLIHEHG H3 HyHaTa. 30 om
412/ = 48om —~

26.

JMEMETHD HE Orbaske | do= 4 iy = Moero dy= 48em

— e
sdyeone [|onrd -
focd o
ObTHAHE Ha KYeaTa. 20am
OeaMETHP HA ObEate. dy= 4 -dy= 4|1 = 4 Mowerz: dy= 4om

28.

—HORCTHAPEHE 43 TOKIOHTANNATS ARMAPISKTTS

OMEEATH UG j

®urypa 13. Pa3nen ,,Hupa*
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B paznen ,,Kpaiinu pesyararu® ce odpopms noapo6Ho o T T | g
OIIMCAaHHMC Ha IOJIYYCHHUTEC apMHMPOBKH, IO 30HH OT CTCHATa S [ e
(ur. 14). Bapuanture 3a cnenudukanus (C: IUAMETPU,  |[oreee] o2 [zaanio | aasvic [ vz [

IBIDKMHU U KWJIOTPaMM) ca TPU: MO HUBa/eTaxu (moapobHa, Purypa 14. Pexanurynanus
10 TO3WIIMHK); 3a IsIaTa CTeHa — MOApoOHa W 0000IIeHA.

JIO'BITHUTETHO Cce HAacTpoHBaT M M300pa3sBaT: 3a0eJeKKU

KbM YepTexka (Ha 6a3a BXOJHHU JaHHHU) U criecupUKAIUATa Ha

apMUPOBKHUTE.

B paznen ,,Hactpoiiku 3a AUtoOCAD® ca mocoueHu HACTpPOWKHUTE 3a: CIOU, LBSIT U
nebenuHa Ha TMHUUTE 32 yepTaHe. Mimmnantupan e 6yTroH ¢ ume: ,,AutoCAD” u upe3 makpoc
3a Bph3Ka KbM aBTOMATUYHOTO M3UepTaBaHe Ha cTeHaTa (10 HUBA C pa3pe3d U U3BEXIaHe Ha
MO3UIMKTE W HAJIITHCUTE), CE peali3upa KaTo B KOMaHJCH pejl ce ,,Paste”(-Ba) aaropursma 3a
obekTa — cTeHa (C KOOpJAMHATA HA MPOTPAMHPAHUTE JIMHUA U TEOMETPUYHO MSCTO B
MPOCTPAHCTBOTO), BIXK (ur. 15.

®urypa 15. I'otoB ueprex

H3Boan

CAKKC e: user-friendly npu pabGora u karo uHTepdeiic, crecrsBail] Bpeme, a u
chyeTaBall JIBe ONIMHU (aHaIM3 M uepTaHe) 3aeaHo. PopMmynuTe ca ,,0oTBOPEHU , 3a Obaema
kopekius Ha @amunusata Koncrpyktusau EBpokonose npe3 6mnuskute ronuHu. Moxe na ce
kaxe, ue CAKKC ce ,,0001uocasa* no naesra 3za BIM, makap na e B 2D.

4. 3akjaoueHue

Pazpaborena e meromosnormss — Ha 0a3a MporpamMupaHe, B aBTOMATH3HPAHO CBBHP3aH
IpolLIeC, ¢ KOMTO Ype3 HaCTPOHKHU OT MOTpeduTens, nporpaMeH npoaykt MS Excel nzsbprisa
aHAJIM3HUTE U € BBB Bph3ka ¢ AUtOCAD, koiito nzuepraBa ooektute. C TOBa ce MEIH TOYHOCT
u Obp3MHA B Mpoleca.

Ilpoyedypama we 6voe npedocmasena na cmyoenmume om BCY | JI. Kapasenos* 3a
NPo6epKa HA KYypCosume um npoeKmul i npu U320mesiHe Ha mexuHume OUnIOMHU pabomu.

JIUTEPATYPA

[1] Teoprues T'., IiBetkoB Ct., MeToanYecKO PBHKOBOACTBO 3a pa3paboTBaHEe Ha KypCOB
npoekT no CtoMaHOOeTOHHHM KOHCTpyKuuu no EBpokon, wact 1, rmaBa 2 — Cen3sMUYHO
MIPOEKTUPAHE HAa CTOMaHOOETOHHM cTeHHH KoHCTpyKiun, BCY, C.,2013

[2] LiBetkoB C1., CTOMAaHOOETOHHUTE KOHCTPYKTUBHU CTEHH — AHTHCEU3MUYHUTE ,,IIalion",
BCY, C., 2020

[3] Excel — Help.

[4] AutoCAD — Help.
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ITPOBEPKA HA PA3PE3HUTE YCUWINA HA CTOMAHOBETOHEH
PE3EPBOAP 3A BO/JIA, IIPU KOHCTPYUPAHE HA IOKPUBHA KO3UPKA

1 2
HWBan Hukoaos™, Ctanuciaas llBeTkoB

Bucwe cmpoumenno yuunuwe ,,Jlrooen Kapasenos* - Coghus

CHECKING THE INTERNAL FORCES OF A R.C. WATER TANK WHEN
CONSTRUCTING A ROOF APRON (CIRCULAR PLATE)

Ivan Nikolov?, Stanislav Tsvetkov?

University of Structural Engineering and Architecture (VSU) "Lyuben Karavelov" —
Sofia

Abstract: The report shows analysis of water storage tanks with solutions - shapes by
place for apron (cyrcular plate) included. The aim is to verify internal forces and
displacements in the parametric analyses. With the calculation procedures shown, it is
aimed to follow the way of the regulation and control of the internal forces and
displacements values in cylindrical tanks with a peripheral (circumferential) apron.

Key words: R.C. water tank, apron, internal forces, displacements

1. BnBeaenue

KoHcTpykinnTe Ha Ha3eMHUTE CTOMAHOOETOHHHM pe3epBOapu 3a Boja, 03 TMOKPUB,
MoraT Ja OBbAaT pelieHd mo pa3IudHu HaunHu. HTepec mpeicTaBisaBaT KO3UPKUTE, KOUTO ca
KpBIJM IUI0YW. B Jokmanma, Mmo-Hamoiy € pasriefaHo H3CieIBaHe, IENAIo MpoBepKa
MECTOIOJIOKEHHETO Ha Te3W KO3UPKU (JIeHCTBAIIN KaTO BUJI 3aKOpaBsBaIlld, HO HATOBapBAIU
OTIOPHH MPBCTEHHN ), OTHOCHO BJIMSHUETO BbPXY YCUIIUATA U JeopMalliUTe Ha CTeHATa.

2. Bxoanu manum 3a anausute [1]

B nacrosius noknaa ca pasriefany 2 rpynu (Ciaydad Ha MOJIOKEHHE Ha KO3HMpKaTa) ¢
1o 3 Tuma pe3epBoapy, peallM3upaHy ¢ 3 BUJAa OTIOPHH YCIIOBHUS: CHOTBETHO 3a 2 KOMOWHAINN
Ha Bw3aelcTBuATa (ULS — mo KpaifHO TIpaHMYHO CBCTOSIHME M S€iSMIC — ceu3MHu4Ha
U3YHCIIUTENHA cuTyarus) — ¢ur. 1. AHanu3uTe ca U3BBPILCHHU C POrpaMeH MPOAYKT TOwer
7, 6a3upaH Ha pabota mo MeTo/1a Ha KpaliHUTE €IIEMEHTH.

! Mpan Huxonos, maructbp umx., 3apspumn BCY ,JI. Kapasenos®, e-mail: ivan_na@abv.bg; Ivan Nikolov,
Master, eng., graduated from VSU “L. Karavelov” — Sofia, e-mail: ivan_na@abv.bg

CranucnaB llBetkoB, mom. a-p wmHk., CrpouteneH Qakynrer karteapa ,,CTPOWTETHH KOHCTPYKIUHU,
BCY ,JI. Kapagenos” - Codus, yiu. ,,Cyxomosncka” Ne 175, e-mail: st.cvetkov@vsu.bg; Stanislav Tsvetkov,
Assoc. Prof. dr., University of Structural Engineering and Architecture (VSU) “Lyuben Karavelov” — Sofia,
Faculty of Construction, Department “Building Structures”, 1373 Sofia, 175 Suhodolska str.,
e-mail: st.cvetkov@vsu.bg
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JlaHHY 32 M3YHCIUTEITHUTE MOJICIIH
e iac 6eToH 3a KoHCcTpykuuTe — C25/30;
e JebenvHa Ha MUIUHApPUYHATA cTeHa — 20 cm;
e jebenuHa Ha Ko3upkaTa — 15 cm;

= e — ﬁ —_ b
% : R .:_ow g | R Jﬂm ! EJ | R '2_0159 i
. S .
: R | L 3
Lo ,/.?.W%’/f I | O
(1]
a). 3aIrbHAT 0). C IPbCTEHOBUJICH B). ¢ QyHIaMEeHTHA TUI09a
byHIaMeHT
1 e ] 1 . ] [= -
40 ".| C
100
T). 3aITbHAT ). C IPBCTEHOBUIEH €). ¢ pyHIaMEeHTHa II04a

byHaaMeHT
®urypa 1. Koppaxkuu cxemu: a), 6) u B) —3a Ciyudaii 1; 1), 1) u e) — 3a Ciyyaii 2.

e Cilyyad Ha MOJIOYKEHHE Ha KO3UPKATa:
v' Caywuaii 1: ,,Kozupka — rope“ (¢ur. 2)

a). HUCBK pe3epBoap 0). cpeeH pe3epBoap B). BUCOK pe3epBoap
®urypa 2. 3D-monenu — Cnyyaii 1.

v Cuayuaii 2: ,Ko3zupka — mo cpena“ (¢ur .3)

a). HUCBK pe3epBoap 0). cpeeH pe3epBoap B). BUCOK pe€3epBoap
®urypa 3. 3D-monenu — Cnyyaii 2.
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® TIpW €IWH U ChIIM ChXpaHSIBaH 00eM BOJA, ChOPHKCHHUATA ca KOHPUTYpUPAHU KaTO
718 00): 1o

v' uucwK pesepsoap - H, /R, =0,5;
v' cpeneH pesepsoap - H,, /R, =1;
v' BHCOK pesepBoap - H /R, =2.
ToBa npreMane BOJIH JI0 CJIEJAHUTE TEOMETPHU:

HUCBK CpCACH BHCOK
H,=315m H,=5m H,=7,95m
R, =6,30m R, =5m R, =4m

® HAJI MAaKCHUMAJIHOTO CTAllMOHAPHO BOJHO HHBO MMa | M CBOOOJHO MPOCTPAHCTBO 3a
BBJIIHOOOpa3yBaHe 10 BpeMe Ha CEM3MUYHO Bb3JICHCTBUE,
® OIIOPHU YCIIOBUS:
v’ 3ambHar (B OCHOBATA);
v’ C IpbCTEHOBHUJIEH QYHIAMEHT (BBPXY €71aCTUYHA OCHOBA);
v’ ¢ (pyHmamenTHa 11049a (BbPXY €7aCTHYHA OCHOBA).
BunknepoBara koHcTanTa € npueta: Ky, =60000kPa/m’

® BL3ICHUCTBUI:
v’ cOOCTBEHO TETJIO - ;

pw min = O
v XHMApPOCTATHYEH HATUCK - | :
pW,maX = YW 'HW
phd max ~ 0' 25’YWHW
v XHAPOJAUHAMHYEH HATHCK - ’
Pha.min =0
e KOMOMHAILIUM HA BBH3/ACICTBUSITA;
g pw phd
ULS 1,35 1,2 0
Seismic 1 1 1

e pa3Mep Ha KpallHUTE €JIEMEHTH OT JIUCKpeTu3aimonHaTa Mpexa — 40/40 cm.

[Ipu ananu3 ¢ Apyr mporpameH MpOJYyKT, MOraT U Jla ce MpPOBEpSIT U MEXaHU3MHU Ha
paspytienue [2], ako MOJETHPaHETO Ce U3BBPIIU C TPHTOBH MOJIEITH.

KoncTpykiuurte Ha moo0eH TUIT KO3UPKU HE CIIy)KaT camo 3a OIlopa Ha MOKPUBUTE U 3a
3aceHYBaHe, a MoraT Jga ObJaT 4acT OT (POTOBOJITAMYHU CHCTEMH, MOKa3aHWU B [3] uim 3a
OCHOBa Ha MU3MepBaTeIHa TEXHUKA (IaTYUIM 3a KIMMAaTUYHH XapaKTEPUCTHKH).

3. Pe3yJaraTu oT aHAIU3HUTE

Ha ¢wur. 4 ca nmoka3zanu CTOWHOCTUTE HAa TOMYYEHHUTE MPBHCTCHOBUIHH YCHIHS (32
Crny4aii 1), upes onmusra ,,CedeHne’ Ha MPOTPaMHHUS POTYKT.

B 1abn. 1 ca cucremaTu3upaHy CTOMHOCTUTE HA MOJYYEHUTE NMPBbCTCHOBUIHU YCHUIIHS
(3a Ciyuqaii 1).
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a). HUCBK, 3anbHat, ULS

€). BUCOK, 3aIrbHaT, Seismic

R g T T s e e ST P

] e e

3). cpeneH, mp. ¢-1, ULS u). BUCOK, mip. ¢-T, ULS
®urypa 4. [luarpamu Ha Ny — ycunuero 3a Ciyyaii 1,
[Tum pesepBoap, onopHO yciioBUE, KOMOUHAIIHS].

X). HUCBK, TIp. ¢-T, ULS
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it). HUCBK, np. -1, Seismic

H). cpezeH, ¢yun. ., ULS

). HUCBK, QYHII. IUL., p). cpeneH, GyHm. ML, C). BUCOK, (yH]I. I,
Seismic Seismic Seismic
®urypa 4. [luarpamu Ha Ny — ycunuero 3a Ciyuaii 1,
[Tum pesepBoap, onopHO yciroBUE, KOMOUHAIHS].
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Ta6auuna 1. [IpscrenoBunnu yeunus Ny, [kKN/m’] — Cayyaii 1

OIIOPHHU YCJIOBUA

PesepBoap ¢

PesepBoap ¢

3ambHaT pesepBoap Hp(”lf)»;;};(;f;z;en (byHIaMeHTHA TI0ua

KoMBUHAYUA ULS Seismic ULS Seismic ULS Seismic
HHCBK pe3epBOAp 94,95 105,95 111,19 117,17 111,04 114,40
CPEIEH pe3epBoap 199,35 189,66 212,51 197,82 210,66 193,95
BHCOK pe3epBoap 318,26 283,66 326,70 289,27 326,22 287,02

mun KOHCmpYKyusi

Ha ¢ur. 5 ca mokazaHu CTOMHOCTUTE Ha TMOJYyYECHUTE NMPBCTCHOBHUIHU yCHIUS (32

Cayuaii 2), upe3 onuusra ,,CeueHre  Ha MPOrpaMHUs IPOIYKT.

B 1abn. 2 ca CUCTEMATHU3HUPAHU CTOMHOCTHUTE Ha TIOJTYUYCHHUTE MMPBCTCHOBUIHN YCUIINA

(3a Cniyuait 2).

T). HUCBK, 3aIrpHar, Seismic

). CpelieH, 3ampHar, Seismic
®urypa 5. luarpamu Ha Ny — ycunuero 3a Ciydaii 2,
[Tum pesepBoap, omopHO ycnoBue, KoMOUHALUS].
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k). HUCBK, 1p. G-T, ULS 3). cpeneH, mp. ¢-1, ULS

). HUCBK, mp. ¢-T, Seismic 7). BUCOK, 1Ip. -1, SeismiC

M). HUCBK, pyH. ., ULS 0). BUCOK, pyH. 1., ULS

25.18

). HUCBK, QyH. T, p)- cpeneH, pyHu. ., C). BHCOK, (yH/. T,
Seismic Seismic Seismic
®urypa 5. [luarpamu Ha Ny — ycunuero 3a Ciyuaii 2,

[Tum pesepBoap, onopHO yciioBUe, KOMOUHAIHS].
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Tabauua 2. [IpscreHoBuaan yeumus Ny, [kKN/m’] — Cryqaii 2

OIIOpHU YCJIOBUA

PeszepBoap ¢ PesepBoan ¢
3ampHAT pe3epBoap MPBCTCHOBHUICH pBoap
byHIAMEET (yHIaMeHTHa TUI0Ya
KoMOUHAYUA ULS Seismic ULS Seismic ULS Seismic
HUCBK pe3epBoap 78,65 86,96 79,70 88,19 80,31 88,04
CPEICH pe3epBOaAp 153,50 141,09 175,35 160,72 173,90 155,42
BHCOK pe3epBoap 321,00 286,85 330,58 292,73 330,75 290,88

mun KOHCmpYKyusi

B T1abn. 3 ca mpeicTaBeHHW MPOICHTHUTE PA3JIMKH MEXKIy JBaTa BapHaHTa Ha pPEIICHUE
(cmyuam), cbra. Tabm. 1 u Tabmn. 2.

Ta6mauna 3. [TpscTeHoBuanu ycunus Ny — pasiuku, [%0]

OIIOPHU YCJIOBUS
PesepBoap ¢ PesenBodn ¢
3ambHAT pe3epBoap NPBCTEHOBUIEH ppoap
dbyHaMenT (hyHIaMeHTHa TUI04a
KOMOUHayUsL ULS Seismic ULS Seismic ULS Seismic
HHUCBK pe3epBOap 17,17 17,92 28,32 24,73 27,67 23,04
CPEAEH pe3epBoap 23,00 25,61 17,49 18,75 17,45 19,87
BHCOK pe3epBOap 0,85 1,11 1,17 1,18 1,37 1,33
mun KOHCmMpyKyus

3a H3CIICABAHUTC CBHOPBKCHHA, Ca MOJYUYCHU CIACTUYHUTC IMPEMECTBAHUA, IMPEACTABCHU B

Tali. 4, OT KOATO CTaBa sCHO, 4ye: A, , = (q=1).A, ca B rpaHHIMTE HA NOIYCTUMHTE —
A, =H/250.

lim

Ta6auna 4. CroiiHOCTH Ha enacTHUHUTE Aedopmannu

THI KOMOUHAIHS ciyyait peMecTBaHe A, , [mm] JIOKAJIN3aLHUs
BHCOK Seismic 1 0,31 BBB BbpXa
BUCOK Seismic 2 0,20 I10]] KO3MPKaTa

N3Boan

e 3a Cayyaii 1:

1. Ceumsmuynata komOwHarus (SeiSMIC) e MepogaBHAa 3a HHCKHTE pe3epBOapH, a
n3unciutennara ULS — 3a cpeHUTE M BUCOKH pe3epBOapH;

2. MakcUMaaHOTO MPBCTEHOBUIHO YCHIIME CE TOJydaBa MpPU BHCOK pe3epBoap ¢
npbcreHoBuaeH GyHnameHnt ot ULS (Ny =326,70 kN/m’), a MUHUMAaIHO — IPU HUCHK
3ambHAT pesepBoap oT ULS (Nx =94,95 kN/m’);

3. TengeHnusTa €: HapacTBaHE Ha YCHIIUATA TPH MPEXOJ] OT TPYIUTE: HUCHK, CPEICH U
Bucok, u komOmuarmure (ULS m Seismic), kakTto u OT: 3ambHAT, B pe3epBoap C
NPBCTCHOBUICH (YHAAMEHT, ChIO TaKa U HapacTBAaHE HA YCHUJIMATA OT 3allbHAT KbM
pesepBoap ¢ dyHmameHnTHa Ttiova. Ilpm Mozema ¢ (QyHIaMEHTHa ILI0Ya,
NPBCTCHOBUIHUTE YCHJIHMS ca C TIO-MaJKH CTOHHOCTH OT TE€3HM B MOJAeNa C
NPBCTCHOBHUICH (YH/IaMEHT;
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[Ipu HUCKUTE pe3epBoapH: IO Tpynu (3ambHAT, C NMPBCTEHOBUIEH (YHAAMEHT U

(yHIaMEeHTHa IUI04a), pa3iiMKaTa B yCHIIMATA € KakTo cieasa, Mmexxay ULS u Seismic:

10,38%; 5,10% u 2,94%.

Haii-ronemu ycwins uMa Mojena ¢ NpbCTEHOBUAEH (pyHnameHt. Pasnukure Mexmay

YCUJIMATA TaM W JPYTUTE MOJENH, ca KakTo ciensa: 2,58% - 3a 3ambHATHS BUCOK;

0,15% - 3a Bucokus pesepBoap ¢ ¢pyHIaMeHTHa 1uio4da; 6,19% - 3a cpenHus 3ambHAT

pesepBoap; 0,87% - 3a cpenuus pezepoap ¢ pyHnameHTHa 1ioua; 2,36% - 3a HUCKUS

pe3epBoap ¢ pyHaamenTHa mwioda; 9,58% - 3a HUCKUS 3albHAT Pe3epBoap.

BbB BCHUKM TOpHM CTpaHHU Ha CTeHUTE (IIPH KO3UpKaTa), ce HaOlto/laBa OMbH IpU

pa3nuyHUTEe KOMOMHAIMM, TOBa HE € ONarompusaTHO (3a apMHPOBKHTE), HO €

HEBB3MOXKHO Ja ce enuMuHupa. CTOWHOCTHTE HAa TOBAa ONBHHO MNPHCTEHOBUIHO

YCHJIHE Ca KaKTO CJIC/BA:

- 21,68 kKN/m’ (MuHMUMallHa CTOMHOCT) MpH BUCOKHUS pe3epBoap ¢ (pyHIaMeHTHa
mwioda ot Seismic (tam makcumyma e 287,02 kN/m’);

- 22,11 kKN/m’ npu HUCBK pe3epBoap ¢ MPbCTEHOBUICH QyHAaMEHT OT Seismic (Tam
makcumyma € 117,17 kN/m’), nmarpamara Ha Ny HMa mpeMHHaBaHEe B 3HAK ,,-";

- 25,15 kN/m’ npu HHCBHK pe3epBoap ¢ (pyHIamMeHTHa Iuioda OT SeisSmic (Tam
makcumyma € 114,40 kN/m’), nmarpamara Ha Ny HMa mpeMHHaBaHE B 3HAK ,,-*;

- 37,59 kN/m’ mpu Hucwhk 3ampHaT pesepBoap ot ULS (tam makcumyma e
94,95 kN/m’);

- 41,12 kN/m’ npu BHCOK pe3epBoap ¢ mpbcreHoBuAeH (yHaameHT or ULS (Tam
Makcumyma € 326,70 kN/m’);

- 41,72 kN/m’ (MakcuMaiaHa CTOMHOCT) IpPU CpelieH pe3epBoap ¢ (yHIaMeHTHa
rtoda ot ULS (tam makcumyma e 210,66 kN/m’);

BbB BcHUKHM JONHM OMOPHHU 30HU (JI0JIEH Kpail Ha cTeHHTE), ce Halyto/laBa HATUCK,

KOETO € OJIarONpHUsTHO 32 APMHPOBKHTE.

He e eqHO3HAaYHO NPUIIOKEHUETO Ha pe3epBOApUTE MO THUIM (HUCHK, CPEACH WM

BUCOK), 3apajyl rojisiMara pa3iiika B CTOHHOCTHTE Ha IIOJyYCHHTE MaKCHUMAaJTHH

NPBCTEHOBUAHU ycuinusi — MHoro Haj 50%. Pe3oHHO e obaue mpuiiaraHeTo Ha

pe3epBoapuTe Ja cTaBa Ha 0aza M300p OMOPHO yCIIOBHE (3ambHAT; C MPHCTCHOBHUJICH

dbyHnameHT u pyHIaMEHTHA TJ104a), IO TUI pe3epBoap B HEroBaTa rpyia.

3a Haii-romsimoto yemiue Nyx=326,70 kN/m’, nmpu mpuer xirac apMHpOBbYHA CTOMaHa

B500B, 3a mnmueen merbp ce momydaBaT: (2x6N10)/20cm, koero e cbBceM B

HOpPMAJTHUTE TPaHUIM (TP MACOBO CTPOUTENICTBO), KATO JUAMETHP.

3a Cayuyaii 2:
CensMuyHata KOMOWHAIMS SeiSMIC e MepojgaBHa 3a HHCKHTE pe3epBOapH, a

m3uucnurennara ULS — 3a cpenHuTe M BUCOKH pE3epBOaAPH;

MakcumaHUTe YCUIIUS C€ TOJTy4daBaT: HaJl KO3UPKaTa — MPH HUCKUTE PE3EPBOAPH U
MoJ KO3WpKaTa — NPHU CPEJHUTE U BUCOKHUTE pe3epBoapu. ToBa BakM 3a BCHUKHU
MOJIENId Ha KOHCTPYKIIMHUTE, 0€3 3HAa4YeHHE OT OMOPHHUTE YCIOBUS. MaKCHMaTHOTO
MPBCTEHOBUIHO YCUIIUE CE TIONyyaBa MPU BUCOK pe3epBoap ¢ (pyHAaMEeHTHA II04Ya OT
ULS (Nx =330,75 kN/m’), a MUHUMaJIHO — MPH HUCHK 3ambHAT pe3epBoap ot ULS
(Nx =78,65 kN/m’);

TenaeHnusATa €: HapaCTBaHE HA YCHJIMSATA B J1aJIecHa KOMOWHAIUS, IPY MPEXO0J1 OT THIT
B TUN. Hali-HUCKHU CTOMHOCTHU Ha YCUJIMATA Ca MPU 3alIbHATUTE MOJENH, JOKATO TE3U C
NpPBCTCHOBUACH (DyHAaAMEHT W (yHJAAMEHTHA IIoYa ca C MPUOTU3UTEITHO €THAKBHU
yCUIIHSL.

[Ipu mMomenupaHoTO ,,TOHMKaBaHe, ce HabMtoMaBa obavye cMsHA Ha MaKCUMaJTHUTE
yCWJIMSI, B CPAaBHEHUE C KO3UpPKA — rOpe, a UMEHHO: MPU BCHUYKU BUCOKHU pE3epBOAPHU
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IpU KO3HpKa — MO Cpela, NPbCTEHOBUIHUTE YCHIIUSA Ca MO-TOJEMH OT MOJEIUTE C
KO3UpKa — rope, karo pasnukute ca ot 0,85% no 1,33%. Moxe na ce u3ThbkHe, 4ye
KaTo IS0 — MPU HUCKHUTE U CPETHU PEe3epBOapH 3a JBETe KOMOWHAIUU, PA3IUKHUTE
MEXIy yCWIMSATa OT MECTONOJIOKEHHETO Ha KO3UpKara, ca B HOpsAIbKa
(17,17+28,32)%, wnaii-ronsiMata pas3jivKka € 3a HHUCBK pe3epBoap C MPbCTEHOBUACH
dbyngamenT, ot komOunarms ULS.

5. Bmxna ce, ye ciayyas Ha KOHCTpyHMpaHE, BOAM JO HaMajsiBaHE CTOMHOCTUTE Ha
yCWIMSTA 32 HHUCKUTE W CPEJAHHM PE3EpBOApPH, MPEABUI BUCOKHUTE PA3JIMKH KaTo
npoueHTH. MajKkuTe pasziuKd ca MpeHeOpeKHMMH 3a BHCOKHTE pPE3epBOapH, KOETO
03Ha4yaBa, Y€ METOIbT HA KOHCTPYUPAHE € MPUIIOKUM U TIPHU THAX.

B nmpeacraBenus J0KIaa, KO3UPKHTE IPEIACTABISABAT XOPHU3OHTAIHM IUIOYHA —
MPBCTEHOBUIHU, KOHCTPYHPAHU OT BBHIIHATA CTpaHA Ha pe3epBoapuTe (CPeuryrnoyiokHa Ha
BojaTa). ['a0apuTHUTE UM pa3MepHu ce OINPENesIT OT YCIOBUATAa 3a Ne(OPMATHBHOCT U
HOCeIlla CIIOCOOHOCT.

[Ipu T.HAp. ,IOBAMIHATH pe3epBoapu’, M0J00HU O —
€JIEMEHTH C€ W3NBJIHABAT OT CTpaHaTa Ha BoJara — 3a e
oOciy’)kBaHe OT mnepcoHaia. ChlIecTBYBaT W pPELICHMs, NpPU '

KOUTO KO3MpPKHUTE ca IOJ HakJIOH M OQOpPMIT KOHHMYHA
KOHCTPYKIIMSI, 4acT OT T.Hap. ,,CIIOKEH " Bb3el, cbriiacHo [1], j ]
BUXK (ur. 6.

—

®urypa 6. CiioxxeH Bb3en

4. 3akiawouyeHue

C mnoka3zaHuTe penieHusi, ce ILeNU MPOCIeNsBaHE HAYMHBT 3a ,,pErYJIUPAHETO U
KOHTPOJI" CTOMHOCTHTE Ha YyCWIMATAa B UWIMHAPUYHU pe3epBoapu c TnepudepHa
(OKOJIOBPBCTHA) KO3HMPKA, Ype3 MPOBEpPKa MECTOMOJIOKEHUETO i (B TOpeH Kpail cTeHa, KaTo
MOKPUBHA U ,,[TOHMKEHA — Ha TI0-7I0JIHO HUBO). OKa3Ba ce, ue Mpu €INH U ChIIU 00eM BO/Ia,
HO TpU pas3nuyHa (Gopma MO THUI KOHCTPYKIHMsS, c€ HaOIroJaBaT ouyakBaHW paznuku. [Ipu
KOHCTPYKTMBHA BB3MOXKHOCT 3a JIOKQJIM3alMs Ha KO3WpKaTa, MOraT Jla C€ ONTHUMU3UpaT
pEeIIeHHUsATa, KaTo ce ThPCAT €PeKTH Ha HKOHOMUS OT apMHUPOBKU — MIPU MHUHHMAITHO yCUJIHE.
AKO TIperieHKaTa € Ko3upKara jJa ce ,,[IOHMKHU', B TOPHUS U CBOOOJIEH Kpail € HeoOXO0aHno
KOHCTPYHMPAHETO Ha CKPUT ONOPEH NMPBCTEH, CPEILY ,,pa3TBApsHE  HA YyepyIKarta.
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EBOJIIOIUA HA MOJAEJIUPAHETO HA CEUBMNYHOTO HATOBAPBAHE
3A HEJIUTE HA JTUHAMWYHUSA AHAJIN3 HA CTPOUTEJIHU
KOHCTPYKIMU

Tp. HBeTKOBal, M. KyreBa-I' eHveBa’

VACT, kam. AUT

EVOLUTION OF SEISMIC LOAD MODELLING FOR DYNAMIC ANALYSIS
OF STRUCTURES

Tr. Tsvetkova®!, M. Kouteva-Guentcheva?

UACEG, Dep.CAE

Abstract: Bulgarian building stock is subjected to diverse and irregular seismic impacts
from earthquakes that occur both in our own and in the territory of neighbouring
countries. Given the age of the building stock in our country, the question of how the
regulations for design in earthquake-prone areas in our country have changed
concerning seismic impact modelling and seismic load quantification is of serious
engineering interest. This report discusses the changes in the seismic action evolution
definition including the ground conditions’ classifications, and the seismic hazard maps
of the country. A brief comparative analysis of the changes in the different numerical
estimations of the seismic loading set out within the various legislation rules for design
and construction in seismic regions relevant to the major regional administrative
centres in Bulgaria is presented. The analysis has shown an introduction of increasingly
higher requirements for earthquake-resistant design and construction due to the
gradual increase in seismic action. Brief comments on the current challenges in
bringing the built environment in line with the criteria of the modern regulatory
framework for design and construction in seismic areas are also provided.

Key words: Seismic action definition, earthquakes, regulations, development

1. BbBeaenue
Teputopusita Ha bbarapus, karo 4act AJMo-XHUMalalCKUs CEU3MUYEH TOsIC M

KOHTHMHEHTAJHaTa rpaHuna Ha EBpasus, ce XapakTepusupa ¢ BUCOKO HHMBO Ha CEM3MUYHA
aKTHBHOCT. B HagasoTo Ha XXB. TYK ca PErHCTPpUPAHU HAJ IIECT CHJIHH JI0 Pa3pyIIUTEITHU
3emMeTpeceHusi ¢ MarHutya My >6,0, BKIIOYNTETHO Hal-CHIIHOTO 3eMeTpecenne B EBpoma —
Kpecna, 1904, Mr=7,4. [locneanoro cunHo 3emerpecenne ¢ My~6,0 e perucrpupaso mpes

! Tpasina I{BeTkoBa, ac. nmx., kareapa AUT, Ctpourenct pakyrrer, YACT, tr.tsvetkova_fce@uacg.bg,
Trayana Tsvetkova, Ass. Eng., Department. “Computer-Aided Engineering”, Faculty of Structural Engineering,
UACEG, e-mail: tr.tsvetkova_fce@uacg.bg

? Muxaena Kyresa-I'erdesa, nom. 1-p nmx., karenpa AWT, Crpontenen dakyirer, YACT, kouteva_fce@uacg.bg,
Mihaela Kouteva-Guentcheva, Assoc. Prof. PhD. Eng., Department “Computer Aided Engineering”, Faculty of
Structural Engineering, UACEG, e-mail: kouteva_fce@uacg.bg
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2012 r. B okomHOocTUTe Ha [lepuuk [1, 2]. 3emeTpecenusTa, Bb3HUKBAIIM Ha TEPUTOPHUATA HA
CTpaHaTa HH, ca IJTUTKO KOPOBH ¢ AbjibounHa 10 60 — 70 kKm u mexxauaaO-pokycHu 10 100 —
200 km B paitona Ha Bpanua u XeneHckara apka.

Cen3MHUYHOCTTa Ha TEPUTOpPUATA Ha CTpaHaTa HU Hajara HEOOXOJUMOCTTa OT
HAJCKIHA OIICHKA HAa CEM3MHUYHOTO BB3JICHCTBHE U JOOPO MO3HABAHE HA METOJMKHUTE 32
W3YHUCIICHNE Ha CTPOUTEIIHUTE KOHCTPYKIIMH MIPU CEM3MUYHO BB3JCHCTBHUE, perjaMeHTHpPaHU
B ChOTBETHATa HOpMaTHWBHA ypenba. HopmaruHara 6a3a 3a MpOCKTHPAHE W CTPOUTEIICTBO B
CEM3MUYHHM pailloHH B bbirapus npeTbprsiBa ChIIECTBEHO pPAa3BUTHE BBB BPEMETO KaTo
MOCTaBs BCE II0-BUCOKM W3HCKBAHUS KbM OCHUTYPSBAaHETO Ha 3E€METPBHCHO-YCTONYMBA
3acTpoeHa cpea. [loBeuero OT KUIMIHUTE CIpaj gy Y HAC ca IMOCTPOCHH MPe3 MUHAIUS BEK,
¢ur. 1 6). 3a CbOPBHKEHHUS U €TEMEHTH Ha KPUTUYHATA HHPPACTPYKTYpa MoJ00HA CTATHCTUKA
HE € MyOJIMYHO JOCTBITHA, HO TOJISIMA YacCT OT TSX CHILO ca MPOEKTUPAHU U MIOCTPOSHH IPeIu
2012 r. IlpemBun BB3pacTTa Ha CrpaaHus (OHI, CEPUO3CH WHKEHEPEH WHTEpEC
MpEe/CTaBIsIBAa M3MEHEHHWETO Ha HOPMATHBHHUTE YPEIOM 3a MPOEKTHpaHE B 3E€METPHCHU
palioHM y HAac MO OTHOIICHHME Ha MOJEIUPAHETO Ha CEU3MHYHOTO BB3JCHCTBHE W
KOJIMUECTBEHATa OI[EHKa Ha CEU3MUYHOTO HATOBapBaHE.

PasnpeaeneHue no Bupa Ha CTpouTeNHaTa cMcTema PasnpegeneHue no roguHaTa Ha NOCTpoABaHe

TYXAIEHH CTEHM W

®urypa 1. /[110B0 paznpeneneHue Ha MoJjae3HaTa IO}
Ha OOUTaBaHUTE KWIUIHY crpaau [3]:
a) pa3mpeieNIeHO 10 BHUJIa Ha CTPOUTENTHATA CUCTEMA
0) pasmpeeNneHy Mo rouHaTa Ha MOCTPOsIBaHE

Hacrosmusar gokiaa npociessBa pa3BUTHETO Ha HOPMATUBHUTE ypeaOu y Hac (Tadi.1)
MO0 OTHOIICHHE Ha W3YHUCICHHUETO Ha CEU3MUYHHUTE CHJIHM, WHXEHEPHO-TEOJI0KKaTa
KiIacu(pUKaMs Ha 3eMHATa OCHOBAa M KapTUTE HAa CEM3MHYHATA OrnacHocT. [IpoBemeHUsT
CpPaBHHUTENICH aHATU3 Ha PA3MKUTE B JEHCTBAIUTE M3UCKBAHHUS KBbM IMPOCKTHPAHETO Ha
CTPaJINTEe M CHOPHKCHHSTA € IbpBaTa HEOOXO0JIMMa CTHITKA KAaKTO 3a HaJICXkHA OICHKa Ha
MOBE/ICHUETO HA CTPAIUTE MPU CEU3MHUYHU BBH3JICHCTBUS KbM MOMEHTA Ha MPOESKTUPAHE, TaKa
M 3a OIlEHKAa Ha HEOOXOJAMMOCTTA OT CICIHATU3NPAHN WH)KCHEPHH aHAJM3HM M MPOBEpKa Ha
CHOTBETCTBUETO HA pEarupaHeTo Ha CTPOUTEITHUTE KOHCTPYKIIMH C HW3HCKBAaHUSATA Ha
HACTOsIIIaTa HOpMaTHBHA ypenoa.

Tadauua 1. XpoHosoTHs Ha pa3BUTHETO HA HAallMOHAJTHATA HOPMAaTUBHA ypeaoa 3a
MPOSKTUPAHE U CTPOUTEIICTBO B CCM3MHYHH paiioHu B bwirapus [5,6]

Ne| Tonmna Ha HaumeHoBaHue Ha HOpMAaTHBHATA ypenda
u3laBaHe
1 30 anpun [IpaBuIIHHK 32 IPOEKTUPAHE U CTPOEK Ha CIPaIu U UHKEHEPHU
1947r. CBOPBKEHUS B 36METPBbCHUTE pallOHU Ha bbirapus
2 13 aBryct [IpaBuiHUK 3a IPOEKTUPAHE U CTPOEK HA CTPaU U
1957r. WH)XEHEPHU ChOPBHKEHUS B 3eMeTphCHUTE pailonn Ha HPb
3 | 29 centemBpu | I[IpaBHIHUK 32 aHTUCEM3MHYHO CTPOUTEIICTBO
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1961r.
4 1965r. [IpaBWIHUK 32 CTPOUTEIICTBO B 3eMETPHCHU pailoHu-1964r.,
IONpaBKa
5 1 oxtomBpu | YKa3aHMs 32 IPOEKTUPAHE U U3IbJIHEHHUE HA IPOMMIIUIEHHU U
1977r. CEJICKOCTOIAHCKH CTPAJId U ChbOPBKEHUSI B 3€METPBCHU paliOHU
6 1 snyapu Vka3zaHus 3a IPOEKTUPAHE U U3IIBJIHEHUE Ha KWINIIHU U
1978r. 0OLIECTBEHU CIPaJy B 3€METPBCHU PaliOHU
7 19871 Hopwmu 3a NPOEKTHPAHE Ha CrPAZH 1 ChOPBIKEHHA
B 36METPHCHU pailoHU
8 2007 Hopwmu 3a NPOEKTHPAHE Ha CrPAjH 1 ChOPBKEHHA
B 36METPHCHU pailoHu
9 2012 Hopmu 3a NPOEKTHPAHE Ha CTPAZH U ChOPBIKEHHA
B 36METPHCHU pailoHU

2. EBoJioniusi Ha HOPpMAaTHUBHATA ypeada 3a NPOeKTHPaHe U CTPOUTEJICTBO HA
CrPajii ¥ CbOPbKeHUs B CCU3MUYHU paiionu B Bbarapus

2.1. CpaBHMTe/IeH aHAJU3 HA IPOMEHUTE BbB (JOpPMYJINTE 32 H3YHCJIEHHe Ha
HATOBAPBAaHETO OT CEM3MMYHH Bb31eHCTBUSA

[TbpBaTa HOpMaTHBHA ypenda 3a MPOSKTUPAHE HA CTPaTd U ChbOPBKEHUS OT €PEKTUTE
OT CEM3MHUYHU BB3JICHCTBH € myOnrKyBaHa Ha 30-Tu anpwit 1947r. B [IbpikaBeH BeCTHUK [7].
B Hes HaroBapBaHETO OT CEU3MUYHHUTE BB3JCUCTBHUA CE€ MOJAEIUpPA KAaTO CTaTHUYHU
XOpPU3OHTAJIHU CHJIM, OLIEHEHU KaTo IPOLEHT OT BEPTUKAIHOTO HATOBapBaHE (COOCTBEHO
TErJ0 Ha KOHCTPYKTHBHHS €JIEMEHT U MNPUJIIOKEHHUTE BBPXY HEro BEPTUKAIHU TOBapu),
NPWIOKEHN B LIEHTbpa HAa TEKECTTa HAa KOHCTPYKTUBHHS eneMeHT. He ce yTouHsiBa kou
BEPTUKAJIHU TOBapU CE€ OTYUTAT IIPU IPECMIATAHETO HAa HaToBapBaHeTo. [IpoumeHTHT OT
BEPTUKAJIHOTO HAaTOBapBaHe C€ IpUeMa B 3aBUCHUMOCT OT paiioHa, B KOWTO THonaja
KOHCTPYKTUBHUSAT €JIEMEHT, ChIVIACHO KapTaTa 3a CEM3MUYHO pallOHNpaHe Ha TEPUTOPHUATA Ha
bearapus. Ilpu paitonn ot IX cremeH, cbriacHo ckajaTa 3a MHTEH3UBHOCT Ha Popein-
Mepkanu [7] ce npuemar croitHocTr 1/10 OT HaTOBapBaHETO, OMKMCAHO TO-TOPE, IPHU CTEICH
VIII — 1/20, a npu cterien VII — 1/40 ot HaroBapBaneTo. B IlpaBuiHuka 3a nmpoekTupane u
CTPOEX Ha CrpaJy U MHXECHEPHU CHhOPBKEHHUS B 3eMeTpbcHUTE paiioHu Ha HPDB, nsmanen
JIeCeT TOJUHU MO-KbCHO, CHJINUTE, MOPOJAEHH OT CEM3MHUYHHU BB3JCHCTBHS, CE€ U3YUCIABAT
ChINIacHO (hopmyIara:

1) Z=K.aQ,

KBAETO: Z € XOpPHU30HTallHA CHJla, KOATO Ce IMOopaxkJa OT CEM3MUYHO Bb3zelcTBue; K e
cem3MHUeH KOSPUIMEHT 3a pailoHa, a Q € COOCTBEHOTO TErJio Ha eJIeMEHTa U BEePTHKATHUTE
TOBapH, MPUIOKEHU BbpXy Hero [8]. Tasm HopmatuBHa ypenda oOBBp3Ba CEU3MHUYHHS
koedpunueHT K ¢ 0mycTUMOTO NMOYBEHO HaTOBapBaHe. MakcuManHata CTOMHOCT MpU palloHU
ot IX crenen (ckanara Ha mHTeH3UBHOCT Ha Popen-Mepkanu) e 1/8 oT coOCTBEHOTO TEro u
BEPTHKAITHOTO HATOBapBaHe TMpU JOMYCTUMO TMOYBeHO HaroBapBane 1,0- 2,9 kglcm?.
CroifHOCTHTE, MEXIy KOUTO Baprupa CEM3MUYHATA CHIIa TIpu paiionu ot I1X cremnew, ca ot 1/20
no 1/8 or cobctBeHOTO Ternio, JAehUHUPAHU Ca M CTOMHOCTH Ha JOMYCTUMO ITOYBEHO
HATOBapBaHe, IPH KOETO He ce Tomycka cTpoex — 10 1,0 kg/cm?. B Tasu HopMatiBHa ypenda
ce OrpaHMy4aBa M TOpHATa TPaHMIIA HA MEPHO/a Ha COOCTBEHH TPENTEHUS | B 3aBUCUMOCT OT
BHCOUMHATA Ha Crpajara W pailoHa, B KOWTO MOMaja, ChIVIACHO KapTaTa Ha CEU3MHYHOTO
paiionupane. [TpaBuiaauiute ot 1947 r. u 1957 r. [7, 8] maBar mpemnucanusi 3a Opos Ha
eTaXuTe W ollaTa BHCOYMHA HA Crpajara B 3aBUCHMOCT OT KOHCTpyKmmsTa /oT 1947 r.
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Crpajud CbC CTOMAHEHa WIM CTOMaHOOETOHHA KOHCTPYKLHMs B pailoH oT cremeH |X ce
orpaHvuaBa J0 7 eTaka ¥ MakCUMaJlHa BUCOuMHa 22 M, 3a paiionu ot crened VIl u VIII ¢
TakaBa KOHCTPYKIHS €Ta)XHOCTTA M BUCOYHMHATA HA Crpajiata He ce orpaHnyvaBar/.

B npaBuiiHMKa 332 aHTHCEU3MUYHO CTPOUTENCTBO OT 1961 T. [9] uHepumroHHHUTE CHITH,
HOPOJICHU OT CEM3MHUYHOTO BB3JCHCTBHE, Ce M3UMCIIABAT IO JBa METOAA: cTaTHyeH (2) u
quHamuueH (3). CpriaacHo cTaTUyHUS MeToA (2) cem3MUyHaTa cuja B pasriiexkJaaHara TOuKa
Zy 3aBHUCU OT COOCTBEHO TEIJIO Ha €JIEMEHTa U HaTOBapBaHETO BbpXY Hero, Qy, KoepuuUeHT
0., 3aBUCEIIl OT CHCTEMAaTa U BUCOYMHATA Ha Crpajara, i ceu3MuuHus koeduuueHt K.

(2) Zk :a.KC.Qk,

Cem3MuYHUAT KoePuIMEHT K; 3aBHCH OT MH)KEHEPHOTO-TCOJIOXKKATa KiacupuKarms
Ha 3eMHAaTa OCHOBAa — pa3rpaHMyYaBaT C€ MIECT TPYNH, OT TBBPAAa KOMIIO3UTHA CKaja [0
POXKaB ISICHK U NMechwinBa riauHa. CTOHHOCTUTE Ha KoeuIlmeHTa o ce u3MeHar ot 0,67 mo
1,3. [Ipy KOMHUHH, MaYTH, BOJHU KYJIA KOSHUIIMEHTHT CE M3YMCIABA MO JUHAMUYCH METOJI.
[Tpu MacuBHa crpajia A0 TpU €Taka C HOCEIU CTEHH, TOCTPOCHA BBPXY CpElleH CPEeAHOCOUT
MACHK B palioH, choTBeTcTBaIl Ha MHTeH3UBHOCT |ll cTenen, croiinocrra Ha Ke.ar = 0,1729-¢
3HAYUTENHO IO0-BUCOKA OT MaKCHUMallHaTa CTOMHOCT B MpeIuIIHAaTa HOpMaTHUBHA yperaoda.
[IpaBUTHUKBT HaJlara W KaTErOpU3alus Ha CTPaJUTe U CHOPBHKEHUATA B YETUPU KATETOPUU
(A — T'). 3a crpagu ot kateropus A, Hamp. MOHYMEHTAHU CTpagl U CHOPHKEHUS OT
OOIIIOHAIIMOHAIIHO 3HAYEHUE, W3YHUCIUTEITHUTE CTOMHOCTH HAa CEM3MHYHOTO HATOBapBaHE 3a
paiionu ot creneH |l ce yBennuasar ¢ 50%. B npaBunnunka ot 1961r. ce yka3Ba u oT4uTaHe
Ha BB3JICHCTBUETO HA BEPTHKAIHA CEM3MUYHA CUJIa BEPXY OaTKOHU M KO3UPKH, MET IMBTHU T0-
rojisiMa OT CTOMHOCTTa Ha XOPU30HTaJIHAaTa CEM3MUYHA CUJIA.

CensMUYHUTE CHIIH 110 TMHAMUYEH METOI [9] ce m3uncisaBaT ChIIACHO:

3) Zy = BNk K. Qx

JIMHAMUYHUAT METO/T C€ U3IOJI3BA TIPH M3YHCIIIBaHE HA CCM3MUIHOTO HATOBapBaHE 3a
KOMHUHH, MauTH U CTPaju ChC CKEJIETHA KOHCTPYKIIMS C OTHOIICHHWE Ha BHUCOUYMHAaTa H KbM
mmpounHara L e mo-rosissmo ot 5 (H/L > 5). Cem3Mu4yHUTE CHIIH C€ U3YUCIIABAT 1O GopMyia
(3), kpaeTo P e AMHAMHUYEH KOePHIIMEeHT, 3aBUCEI] OT Meproia Ha COOCTBEHU TPENTEHUsI Ha
crpamata, orpannden B mutepBana (0,6 — 3), Nk e xoeduimeHt, 3aBucenr or Gopmara Ha
nedopMupaHaTa oc Ha CbOPBKEHUETO WIH Crpajara Mpu CBOOOTHUTE UM TPETITCHUS.

Tpu TOOWHHM TMO-KBCHO, B TMPABUIHUKA 3a CTPOMTEICTBO B 3EMETPHCHH PAHOHH,
usnaneH npe3 1964r. [10] u B monpaBkara, u3gajieHa €Ha TOJMHA MO-KbCHO, (OPMYIIUTE 3a
WU3YUCIICHWEe HAa XOPHW3OHTAJIHATa WHEPIMOHHA CEHM3MHUYHA CHJIa Ca CBIIECTBEHO
aKTyaJIM3UpaHU C OTYUTAHE HAa 3aTMXBAHETO HAa KOHCTPYKITUSATA!

4) Sk =¢.B-M- K. Q

KBACTO: 1 € KOSPUIMEHT, OTYHUTAIl 3aTHXBAHETO Ha KOHCTPYKIHUATA CBC CTOWHOCTH,
u3mensnm ce B uHTepBaia (1,0 — 1,5). B To3u mpaBuiIHUK HaTOBapBaHETO Q) € moapoOHO
OIKCAHO — BKJIFOYEHU ca COOCTBEHOTO TETJI0 HAa KOHCTPYKIMATA, HATOBAPBAHETO HA MOJIOBHUTE
KOHCTPYKLIMHU, OTYETCHH ¢ KOE(HUIIMEHTH Ha NIpeToBapBaHe (HaIp., HATOBApPBAHETO OT CHAT ce
npuema ¢ koepunument 0,8). KoedhuuueHTHT Ha 3HAUYUMOCT, C KOWTO C€ YMHOXKaBar
CEM3MUYHHUTE CHJIM, 3a CrpaauTe, KaT. A, momagamu B paiion ot crtened IX, e 1,3. Ilpu
U3YHCICHUETO Ha OAJKOHM M KO3UPKH, HEMPEICTaBIIsABAIM E€JIEMEHTH OT HoOcemara
KOHCTPYKLUS, C€ OTYNTA U BB3ACHCTBUETO Ha BEPTUKAIHA CEM3MUYHA CHIIa, paBHa Ha K. Qy,
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NPUJIOKEHA B IICHTHhPA Ha TEKECTTa HA KOHCTPYKTUBHHA eJleMeHT. EpkepHuTe n31aBaHus ce
M3YMCIIABAT C HATOBapBaHE OT BEpTHKaIHA KOHUeHTpHupaHa cuna K. Q. Koepunumentst K,
ce mpueMa B 3aBHCHMOCT OT XapaKTEPUCTHKHTE HA 3eMHAaTa OCHOBa, 000cOOCHa B YETHUPHU
Ipylny, U OT CTENEeHTa Ha pailOHa, CHIVIACHO KapTaTa Ha CEU3MHUYHOTO pailoOHHpaHe, KaTo
CTOMHOCTUTE MY Ce 3ama3BaT B CpaBHEHHE C IpeaxonHara Hapenda. CpaBHUTEITHUAT aHATN3
mexny ¢dopm. (3) u (4) mokasBa 10 30% yBenMYEeHHWE HAa CTOMHOCTTa HAa CEU3MHYHOTO
HAaTOBapBaHE.

B VYkazanusra 3a mpoeKTHpaHe M M3IBIHEHUE HA MPOMUIIJICHU U CEJIICKOCTOMAHCKU
crpamu ot 1977 r.[11] u chopBKeHHs B 3eMETPBCHH pailoHU popMmyriaTta 3a U3YHCICHUE Ha Sy
ce 3ama3Ba, KaTo ce MPOMEHSAT I'paHUIMTE Ha MHTEpBajia, B KOHTO Bapupa KOe(HUIUEHTHT [
(0,8 — 2,4). 3a nmppB BT B HOpMATHBHA ypeabda ce MpernopbyuBa OrpaHMYABAHETO HA
XOPHU30HTAIHOTO TIPEMECTBaHE BBB BBpPXa Ha MHOTOCTaXHUTE crpagum a0 1/500 or
BUCOYHMHATA HA CTpajata, a 3a otaenaute eraxu 1/300 ot eraxxnara Bucounna. J{omycka ce
MaKCHMaJIeH eKCIICHTPUIITET Ha pe3yJITaHTHATa CHJIa B OCHOBHATA TNIOCKOCT Ha (hyH/JAaMeHTa
1o 1/3 ot gpIKUHATA 10 HApaBlieHUE Ha eKCIICHTpUIUTeTa. B ciienBanius npaBmiHuk (1978
I.) Ce TPernopbyuBa OrPAaHMYABAHETO HA XOPU3OHTATHOTO IPEMECTBAHE HA BbPXa HA CTPAJUTE
na He Haaumana 1/600 ot BucounHara Ha crpajara npu ckeneTu u 1/750 npu Ge3ckeneTHH
crpagu. [Ipu BomoHacuTeHHM MOYBM OT rpyna 4 W JHICAa HAa JAHHU 33 MHUKPO-CEU3MHYHO
paiioHupaHne, B HopMaTuBHaTa ypeada e yka3zaHo yBenudaBaHe Ha K¢ ¢ 33%.

BbB BpeMeHHHTE HOPMH 33 NPOEKTUPAaHE Ha Crpagdl U ChOPBKEHUS B 3eMETPHCHU
paitonu (1987r.) [12] ce u3nmon3Ba cieaHara Gopmyiia 3a ONPEACISHETO Ha U3YMCIUTEITHATA
CeM3MHUHa Ccuja:

(4) Eix = C.R.Bi. Nk K¢. Qx

KbAETO: R e Koe(puIMeHT Ha pearupaHe Ha KOHCTPYKLHMATA HAa CEU3MUYHU Bb3JIEHCTBUS,
C e xoe(UIMEeHT Ha 3HAYMMOCT Ha crpaaute U cbhopbikenusta (1,0 —1,5), K¢ e censmuuen
KOC(QUIMEHT, MPEJCTaBAl] OTHOUIEHHETO Ha TMPHETOTO 3a BCSIKAa CEU3MUYHA CTeleH
M3YHCIUTEIHO YCKOPEHHE Ha 10YBaTa KbM 36MHOTO yckopeHue. CtoiiHocTuTe Ha R Bapupar
B 3aBHCHMOCT OT BHJa Ha KOHCTpyKIuuTe U R mpuema croitnoctu B naTepsana (0,20 — 0,50).
CroitHocTTa Ha KoedwuieHTta [ ce M3uuciasIBaT cbriaacHo ¢opm. (5, 6, 7) ¢ oTyuTaHe Ha
XapaKTEepUCTUKHUTE Ha 3eMHaTa OCHOBA - (ur.2. opMynuTe 3a U3UUCIEHHE Ha CEU3MUYHOTO
BB3/ICHCTBHUE 32 NMPBB BT OTYUTAT TUIacTHGHUIIMpaHeTO upe3 R.

0,9
(5) 08<B= T = 2,5 3a rpyma no4sH I,
1,2
(6) 08<pB= - < 2,5 —3arpyna nousu ll,
1,6
(7) 1<B=- <25 —3arpynanousnu |l
3
2 ¥
o
1
0
o o o o o o o o o o o o o o
o o < (o] o0 o (o] < \o) o] o o~ < Vo)
o o o o o 9+ < — - 4 « N &N
T
= [pyna noysu | lpyna noyswu Il Ipyna noyswu IlI
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®urypa 2. CToiHOCTH Ha TUHAMUYHHS KOSPHUIMEHT [ B 3aBUCUMOCT
OT XapaKTePUCTUKUTE HA 3eMHATa OCHOBA.

Te3un HOpMHU HajaraT OTYMTAHETO Ha edeKTuTe OT BTOpH pen - P-menrta edekra. 3a
OpbB IBT MPOBEpPKATa 3a XOPH3OHTAIHUTE NPEMECTBAHUS HE € TPENOpbUYUTENHA, a
3agbipkuTenHa. Ilpu  egHoerakHu crpaagm  oT  Kareropus b enacTMUHUTE  eTaXKHU
IPEMECTBAHUS, ONPEENICHH OT U3UUCIUTEIHUTE CEU3MUYHU CHIIM, HE TPsAOBA /1a Ha/[BUIIIaBAT
1/180 ot eTakHaTa BUCOYMHA. B npaBunnuka ot 1987r. ce pomycka MOACIMPAHETO HA
CEeM3MHYHOTO BB3ICHCTBUE Ype3 peaHd WIM TEOPETHYHO H3YMCICHU (CHHTETHYHH WIH
U3KYCTBCHHU) aKCEJIEpPOrpaMHu.

B Hapenda Ne 2 OT 23.07.2007r. [14] wu3uuciuTenHaTa CeM3MHYHA CHJIA TIPU
pPaBHUHEH HM3YUCIHUTENIEH MOJeNl ce ompenens mo ¢opmyia (4), a npu H3MOA3BaHE Ha
OpAMHATATa OT U3YHCIUTEIHUS CIICKThP Ha YCKOPEHUSTA:

(8)  Eix = C.Sy(T). my.njy

KkbJeT0: C ¢ KoeUIIMEHT Ha 3HAYUMOCT Ha CTPAJIUTE U ChopbxkeHuT, S,(T;) € opauHarara ot
W3YUCINUTEIHMS CIIEKThP HA pearupaHe Ha YCKOpPEHHsTa, OTYETeHa 3a mepuoja [, U my €
Mmacara, KOATO C€ JBIJKM 10 HalpaBJICHHWE Ha CTEMEeH Ha cBoOoxa ¢ Homep K, a 1y e
KOe(UIIUEHT Ha pa3npe/ieICHHe Ha CCH3MUYHOTO HaToBapBaHe mipu (Gopma .

B Hapenbara Ne PJ[-02-20-2 ot 2012 r. [15] u3unciuTenHarta CCM3MHUYHUTE CHITH CE€
OTIPENIETIAT MOOTACIHO 32 BCAKA €IHA OT TPUTE KOMIIOHEHTH Ha CEM3MUYHOTO BB3CHCTBUE
nootaenHo. Ilpu neiicTBMe Ha eAMHCTBEHAa KOMIIOHEHTa IO HalpaBiieHHe Ha oc X,
MIPEJICTABEHO ChC CHEKTHP Sy ce m3uncisaBa o popmysa (8) 6e3 oTuntaHeTo Ha Koe(hUIUeHTa
Ha 3HAYMMOCT Ha CTPaJUTe U ChOPHKEHUSATA.

B oo6xBata Ha BJIC EN 1998-1:2005/NA:2012 [16] cem3MUYHOTO BB3ICHCTBHE B
JajJieHa TOYKa Ha 3eMHaTa MOBBPXHOCT C€ MOJENHpa MOCPEICTBOM €IacTHYeH CHEKThpP Ha
pearupane. XOPH30HTAIHOTO CEM3MHUYHO BB3JCHCTBHE CE€ OMNMUCBA OT JBa HE3aBUCUMU
OpPTOTOHAIHU KOMIIOHEHTa, MPEJCTaBEeHU uUpe3 €IWH M ChIl CHEKThp Ha pearupane. [lpu
HEOOXOUMOCT OT MOJICJIMpaHe Ha TPUKOMIIOHCHTHO CEHM3MHUYHOTO BB3JICHCTBHE MOTAT Ja
ObJaT MPHUETH €HAa WM IOBEYE alTEPHATUBHMU CIEKTPH HA peardpaHe B 3aBUCHUMOCT OT
CEU3MUYHUTE WU3TOYHUIIM M MATHUTYJIUTE HAa 3€METPECCHHUATa, TreHepupaHu ot TsaX. Korarto
3eMETPECCHHSITA, 3acsATallly JAaJeHO MsICTO, Ca TeHEpUpPaHU OT MHOTO Pa3IHMYHU CEUM3MUYHU
W3TOYHUIIU, TPSOBaA 1a c€ OOMUCIIM Bh3MOXKHOCTTA 3a M3MOJI3BaHE HA MOBEYE OT eaHa Gopma
Ha CIEKTPH Ha pearupane, ¢ Iell PEATUCTUYHO MOJENUpaHe Ha MPOEKTHOTO CEU3MHYHO
BB3jeiicTBUE. [Ipu TakuBa 00CTOATEICTBA OOMKHOBEHO C€ M3WUCKBAT PA3JIMYHH CTOMHOCTH Ha
dg 32 BCEKU THII CHEKTHDP U 3eMETpECEeHHE. YKa3aHO € IPHU KOU Crpagu U ChOPBKEHUs TpsiOBa
Ja ce oTuuTtar u Tonorpadcku edextu. B Te3u MomepHn HOpMHU ca pazmucaHu HOpPMYIH 3a
CIEKTPHUTE Ha peardpaHe Ha YCKOpEHHE 3a XOPH30HTallHA W BEpTHUKAllHA KOMIIOHEHTa Ha
CEU3MHUYHOTO BB3JIeHCTBUE B HHTepBaa 1T = 0 — 4 S B 3aBUCUMOCT OT 3 KOHTPOJIHU ITEPUOJIA.
B 3aBucumocT OT pasmoNOKEHHETO Ha CTPOUTENHATA IUIONIAJIKa HAa TEPUTOPHUSITA Ha
bearapus ce w3mon3BaT CHEKTpaTHW KpuBH OT BHJ 1 wiau BuUJ 3 (CIIEKTpATHH KPHBH Ha
pearupane 3a MOJEIHpaHe Ha CEM3MUYHOTO BB3ACHUCTBHE OT CEM3MUYEH M3TOYHHK BpaHua)
[17]. B BJAC EN 1998-1:2005/NA:2012 ca pasmmcanu u (HOpMyaH 3a MOJCIHpPAHE Ha
CIEKTPH HA pearupaHe Ha MPEeMECTBAHUATA 32 CHIIHS HHTEPBAI HA TIEPUOANTE U CHOTBETHUTE
KOHTpoJiHU mepuonu. W3cnenpane [18] Ha CEM3MMYHOTO peardpaHe Ha CTOMAaHOOETOHHH
KOHCTPYKIIMM JOKa3Ba YyBEIWYCHHE HA Pa3pe3HUTE YCHIIHS, MOPOJACHU OT CEH3MHUYHO
BB3JICHCTBUE, C 7% 3a BuCOKa TyKTHIHOCT Ha EBpoxox cnipsmo Hapenba 2.

2.2. IlpomsiHaTa B KAPTUTE HA CEM3MUYHOTO pPaiiOHMPaHe HA TEPUTOPHUATA HA
bbarapus
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B kxaptute Ha ceM3MUYHOTO pailoHupaHe B mpaBuiHuMTe OT 1947 1. u 1957 r. Ha
TEepUTOpHUATa Ha bbirapus e pasfencHa Ha paliOHM C pa3IMyHa CTENeH Ha OYyakKBaHa
WHTEH3UBHOCT B 3aBUCHMOCT OT CKajaTa MO HWHTeH3uBHOCT Ha Popen-Mepkamu. B
NpaBUIHMKA 32 aHTUCEU3MUYHO paiioHupane [9] TeputopusiTa Ha CTpaHaTa HU € pa3/eiicHa Ha
paiionu cbe cremenu I, 11 u Il (pur. 3, a), HeoOBBpP3aHU CHC CKaja 10 MHTEH3UBHOCT, 3a
pa3iMkKa OT MpaBWJIHUKA, BBBEIACH 3 TOIWHHM IO-KbCHO, KOWTO Mpujara ckajgaTra IIo
uHTeH3uBHOCT Ha Measenes-I1Inonxoep-Kapuuk, (dur. 3, 6) [10].

Kaprute 3a cen3smMnuHo pailoHupaHe B yka3zaHuUsATa 3a ipoektupatne ot 1977 u 1978r. ca
nokazanu Ha ¢wur. 4 a) u 4 0). Pailonupanero e pa3paboreHo Ha 0a3a Ha OmMUTa OT BEYE
BB3HUKHAJIM 3eMeTpecenusTa. Kaprara 3a censmMuuHo pailonupane B Hopmute ot 1987 r. uma
MPOTHOCTUYEH XapakTep 3a WHTEH3WBHOCT HA CEM3MUYHHUTE BB3JACHCTBHS MpHU MEPUOJA HA
nosTapsieMoct oT 1000 r.
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®durypa 3. Kaptu Ha ceu3MUYHOTO palloHUpaHe Ha TepuTopuATa Ha beirapus:
a) [IpaBUITHKK 32 aHTUCEN3MUYHO paiionupane (1961 r.)
6) IIpaBUIHUK 32 CTPOUTENICTBO B 3eMeTPbCcHU paiionu (1964 r.)
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®urypa 4. Kaptu Ha cen3MUUYHOTO palilOHMpaHe Ha TepUTOpUsATa Ha bearapus:
a) Yka3aHus 3a IpOEKTUPAHE U U3ITbIHEHNE
Ha )KWJIUIIHA U OOIIIECTBEHH CTpajyl B 3eMeTphcHU paiionu (1978 r.)
0) Hopmu 3a mpoekTupaHe Ha Crpajid U ChOPBHKEHUS B 3eMeTpbCcHU paiionu (1987 T.)

[IpomsiHaTta Ha cTemeHTa Ha WHTEH3UBHOCT, cbhriacHo [TAC-64 r., YkazaHusra oT
1978 r. u HIICC3P-87 r. e npencraBena B Tadi. 2.
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Ta6auna 2. [IpoMsiHa B CTENIEHUTE HA HHTCH3UBHOCT U CHOTBETHATA YacT OT TEPUTOPUSTA HA
ctpanara (%) B KapTHTE Ha CCU3MUYHOTO PallOHUpaHEe ChITIACHO
ITAC-64 r., Ykazanusara ot 1978 r. u HIICC3P-87 r.

CTeHeH HA CEU3MHUYHA UHTCH3UBHOCT
HopmaTusen MIIK-64
AOKyMEHT VIL% | VIL% | VIIL% | IX,% | VI, VI, IX, %
MAC-64 7861 | 196 1,76 0,03 21,4
Yka3zanus ot 1978r. 56,7 40 2,8 0,5 43,3
HIICC3P-87r 11 44 32 22 98

Ta6amuma 3. [IpoMsiHa B CTENEHTa 110 HHTEH3UBHOCT B OCHOBHH I'pajioBe B bbirapus
cwriacHo [TAC-64 r., Ykazanuara ot 1978 r. u HIICC3P-87 r.

Dopea -Mepkayu ‘ MUK
CeM3MO-CTATHYEeH MPUHIUII NPOTrHOCTHYEH X-P
1947 1957 1961 1965 1987 | 2007 | 2012
ITouBute ca ITouBute ca
* knacupuIUpann | KiacupuIMpaHu kel
B 6 rpynu B 6 rpynu
Codus VI VI I Vi IX IX IX
Inosaus | VI VI /111 VIl IX IX IX
Bapna VII VII <I <VII VIl | VI | VI
Bemmko 1y 1 vy I Vil VIIL | VIl | v
TbpHOBO

* PeflyipaHa KbM CTPOMTENIHA [0YBA C JOMYCTHMO HaToBapBaHe 10 3,9 kg/cm®
** Tlepnon na mostapsiemoct 1000 r. Censmuunusar koed. K, 3aBucu camo oT ceM3MUYHUS
paiioH, a IuH. KOS(UIMEHT 3 3aBUCH OT XapaKTEPUCTUKUTE HA 3€MHATa OCHOBA

2.3. UH:KeHepHO-Te0J107KKa KJIacu(puKkanusi HAa 3eMHAaTa OCHOBA

[TpomenuTe B K1acu@uKanusaTa Ha 3eMHaTa OCHOBA OTpa3siBaT HATPYIIBAHETO HA OIUT,
MO3HAHUS, CTPOUTENHA KYITypa. BbB BCsika akTyanu3anusi Ha HOpPMUTE XapaKTePUCTHKUTE Ha
3eMHaTa OCHOBA Ca KOHKPETU3UPAHH C BCE MO-SICHU YHCIIEHU MapaMeTpu.

B mpaBunmnuka ot 1947 r. [7] 3emHara ocHoBa € kiacuduuupana B 11 rpynu B
3aBHCUMOCT OT 0O€MHOTO TErJo, IKOCTTa Ha TPUEHE U bI'bja HA €CTECTBEHUS OTKOC. brbiabT
Ha €CTECTBEHUS OTKOC C€ HaMalsiBa ¢ HApaCTBAaHETO HA MAKPOCEM3MUYHATA MHTEH3UBHOCT — B
paitorn ot VII u VIII crenen ¢ 3°, a B paitonu ot IX cremen c¢ 6°. Jlebunupanu ca #
XapaKTEepUCTUKUTE Ha 3eMHATa OCHOBA Ha CTPOMTEHATA IUIOIIAJIKA, IIPU KOUTO TpAOBa aa ce
W3BBPIIBAT CHCLUUATHN JNEWHOCTU IpU 3alo4yBaHe Ha CTPOeXk (3a0JaTeHW IOYBH, IMOYBH,
U3JI0KEHH Ha CpyTBaHe, NP HAKIOHM MO-cTpbMHHU OT 1:3). [Ipu oTuMTaHE HA CEU3MHUYHOTO
BB3/ICHCTBUE CE NMPENOpPbYBA 3aBHUIIABAHE HA JOIYCTUMOTO IOYBEHO HaToBapBaHe ¢ 50% 3a
ckana u ¢ 25% 3a egpp MACHK.

[MpaBuaaukbT oT 1957 1. [8] 3a mpBB MBT 00BBP3Ba CEM3MHUYHHS KOEPHUIMEHT C
JIOITyCTUMOTO MOYBEHO HaToBapBaHe. Tyk mouyBUTe ca Kilacu(uIUpaHu B 6 Tpynu OCHOBA B
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3aBHCHMOCT OT Ha3BaHHWE, ILTHTHOCT, BJIAXXHOCT M KOHCHUCTeHIMS chrimacHo BJIAC 676-57.
3aBUIIaBaHETO HA JOMYCTUMOTO MTOYBEHO HATOBAPBAHE C OMUCAHUTE TO-TOPE KOSPHUIIUEHTH €
3a]IbJDKUTEITHO.

B Hopmure ot 1957T1.[8] wm 1961r.[9] ce 3ama3Bar wM3HMCKBaHHATA 3a
XapaKTEPUCTUKUTE HA 3€MHATa OCHOBA, KAKTO M HAMAaJSIBAHETO HA BI'bJIa HA CCTECTBCHHUS
otkoc. B ykaszanmsara or 1964 r. um mnompaBkara ot 1965 r. [10] 3emnHara ocHoBa ¢
KkiIacuuIupaHa B YETHPH OCHOBHH TPYNH B 3aBUCHMOCT OT HA3BaHUETO, IUTBTHOCTTA W
KoHcucTeHnuATa. [Ipu opa3mepsiBaHe Ha OCHOBHATA IUIOCKOCT C OTYMTAHE HA CEU3MUYHHTE
BB3JICHCTBUS, CE MPEIOPHYUBA YBEIMYaBaHE HA M3UMCIIUTEIIHOTO TIOYBCHO HATOBapBaHe C 110 4
nbpTU. DyHIAMEHTUTE Cce Opa3MepsiBaT C yBEJIHMUEHATa OYBEHA PEAKIIHAL.

B nopmute ot 1987 r. [13] ca nedunupanu tpu ocuosu rpymu (I-111) 3emHa ocHoBa B
3aBHCUMOCT OT HAUMEHOBAHUETO UM M CHOTBETCTBAIUTE UM XapPaKTEPUCTUKH (ILTHTHOCT, VS
— CKOpPOCT Ha pa3lNpoCTPAaHCHHWE Ha HANPEYHUTE CEH3MHYHH BBIHM). CEU3MUYHUSAT
KOe(QHIMEHT He € OOBbP3aH C XapaKTEePUCTHKHUTE HAa 3eMHATa OCHOBA, KAKTO B MPEIUIITHUTE
HOPMATUBHU ypea0u, Ype3 JOMyCTUMOTO TIOYBCHO HAaTOBapBaHe. [JMHAMUYHUAT KOCUIIMCHT
3aBUCH OT XapaKTEPUCTUKUTE HA 3eMHaTa OCHOBa (¢wur. 2).

B Hapenbara ot 2012r.[15] 3emHaTa ocHOBa € kiacuduiupana B net rpynu (A-E) B
3aBHCUMOCT OT Vs 30-CPETHOTE)KECTHATA CTOMHOCT HA CKOPOCTTA HA HAIIPEYHHUTE CEU3MHYHU
BBJIHY B TopHUTE 30 M OT 3eMHaTa ocHOBa, M/S, Nsy: — OpOSAT Ha ymapuTe 3a IPOHUKBAaHE Ha
BbpXa Ha CTaHAAPTHHUA JAMHAMUYEH IEHETPOMETHpP B mMoyBara Ha abiadoumHa 30 cm, C, —
HEeJpEeHUpPaHa KOCT Ha cpsizBaHe Ha mouBata cbhriiacHo bJIC EN 1997-2.

HampaBenust mnperien ycraHoBH, 4e: a) OposT Ha HEOOXOJUMHUTE IPOBEPKU Ha
3eMHaTa OCHOBA; 0) M3MCKBaHMATA MPU U3UUCIECHUATA U Opa3MEpsIBaHETO HA (PyHAAMEHTHUTE
MIOCTETNICHHO C€ yBENMYaBaT C Pa3BUTHETO HA HOpMATWBHATa ypeaba; B) TPYyNMUTE 3eMHA
OCHOBA IMOCTENEeHHO ce okpymHsBar oT 11 rpynu [7] mo 3 rpynu [13] mpe3 1987 r., a mpe3
2012r. oxoHyaTtenmHo ce KiaacMUUIMUpAaT B TET TPYNH CHIJACHO OIMHUCAHUTE I0-TOpe
napaMeTpH.

3. luckycHusi M 3aKJIHYUTETHH KOMEHTapHu

HopmatuBHata 0a3a 3a TpOEKTHpaHE U CTPOUTEICTBO B CEM3MHUYHH pPAOHU B
boearapusi mpeTwprsiBa ChIIECTBEHO PAa3BUTHE BHB BPEMETO KaTO TMOCTaBsl BCE IMO-BHUCOKH
M3UCKBAaHMS KbM OCUTYPSIBAHETO HAa 3€METPBCHO-YCTOWUYMBA 3acTpoeHa cpena. [Ipomenure B
KapTUTE Ha CEU3MHYHOTO pallOHUpaHE I[IOKa3BaT pa3lIUpsBaHE Ha TEPUTOPUUTE C
makpocen3smuuHa nHTeH3UBHOCT VI, VIII u 1X [12] ¢ 54% [13]. [Iperyieast Ha pa3BUTHETO
Ha (GopMyIUTE 3a HU3YUCIEHHE Ha CEM3MUYHOTO HATOBapBaHE IIOKa3Ba YBEJIUYEHHE Ha
cemsmuunata cuna [9, 10] ¢ mo 30% [16]. CpuiecTBEeHUTE pa3IMKH MEKAY ChBpEeMEHHArTa
HOpPMaTHUBHA ypeada W TMPEAXOJHUTE TIOKOJICHHS TPAaBUIHUIM 3a TMPOEKTUpPAHE U
CTPOUTEIICTBO B CEM3MUYHHU PallOHM Ca OCHOBATEJIHA MPUYMHA 32 MPOBEXKJAHE HA IIEJIEBU
WHXEHEpHU aHaJIM3U 3a NpOBEpKa Ha pearupaHeTo Ha ChIIECTBYBALM CTapu Crpaau u
ChOPBKEHHUS TOJJIOKEHH Ha CEM3MHUYHO BB3JCWCTBUE, NEeDUHUPAHO CHIIACHO TMOCIEIHO
nercrBamuTe HopMH. [To-manko ot 10% ot xununrHUTE crpaay B EBporia, BKIIOYUTETHO U B
bovarapus, ca nocrpoenu cien 2010 r. [19]. Ocrananure 90%, npoexkTupaHu U U3TPaJCHU
CBIJIACHO CTapHy IMOKOJIEHUS HOPMAaTHMBHU M3UCKBAaHUS, Ca YCTOSUIM Ha Pa3M4YHHU 1O CHJIa
3emeTpecenus. ETo 3amio olleHkara Ha KamaluTeTa Ha 3acTpoeHaTa cpefa Ja ycTosBa Ha
CEM3MUYHHU BB3ACHCTHA € CEpPUO3HO MPEIU3BUKATENICTBO TMpeJ WHXKEHEpHaTa KOJerus.
Bb3MoxkHOCTTa 3a MojenupaHe Ha CEM3MHYHOTO HATOBApBaHE Ype3 €Ha WU Cepus
MOCIIEIOBATEIHU aKceJIeporpaMu € eaHa no0pa BB3MOXKHOCT 3a AMHAMHMYEH aHalu3 Ha
CBIIECTBYBAIIUTE CTPail U CHOPBKEHUA C OTUYUTAHE HA HUCTOPUSITA HA CEU3MUUYHHUTE
BB3JICHCTBUS B IEPUO/a HA €KCIUIOATAINs Ha ChOTBETHHUS CTPOEIK.
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METOIMH 3A YIIPABJIEHUE HA TOCTABKHUTE B CTPOUTEJICTBOTO

Becesmuna YKesizkoa

Yuueepcumem no apxumexmypa cmpoumencmeo u ceooesus
Kameopa ,, Opeanusayus u uxonomuxa Ha cmpoumencmeomo”

METHODS OF SUPPLY MANAGEMENT IN CONSTRUCTION
Veselina Zhelyazkova®

University of Architecture, Civil Engineering and Geodesy
Departments ”Construction Management and Economics”™

Abstract: Supply management in construction is no easy task. Their inefficient
management had led to delays in construction and also to an increase in costs, both
direct, due to the inactivity of production facilities, mechanization and labor, and
indirect, expressed in the loss of market positions, due to poor service (penalties from
non-compliance with the construction deadline). The aim of this paper is to systematize
the advantages of existing methods of supply management in construction as a tool for
their application in crisis situations.

Key words: construction supply management, construction management, construction
organization

1. BbBeaenue

CTpOUTENCTBOTO, KATO MPOM3BOICTBEH OTPACh, CE HY)KIae OT pa3jIMyHHU PECYPCH, U 110
BUJI, U MO KOJMYECTBO. 3a 00e3MeyaBaHe Ha CTPOUTEIIHOTO IMPOU3BOJICTBO C HEOOXOIUMHTE
pecypcu € HeoOXOAMMO H3ITOI3BAHETO HA HAJCKIHM CHCTEMH 3a YIpaBJIeHHUE Ha JOCTABKUTE
B CTPOWTEJICTBOTO, Taka 4Ye Ja HE Ce CTUra Jo TpeKbCBaHE W/WiM 3a0aBsHE Ha
NPOM3BOJICTBEHUTE JeWHOCTH. [0 Ta3W mNpHYMHA YOPaBACHHETO HA JIOCTaBKHTE B
CTPOMTEJICTBOTO 3a€Ma BCE MO-IIEHTPAITHO MSICTO B 00J1aCTTa HA YIPABICHUETO HA MPOCKTH.

['oBOpe#ikM 3a yIpaBieHWE Ha JOCTABKUTE, BCHITHOCT TpsiOBa Jga TOBOPUM 3a
yIpaBJICHUE Ha BEpUTa 33 JOCTABKU B CTPOUTEIICTBOTO.

B crpoutenHara MHAyCTpHs Bepurara 3a JOCTaBKH MPEJCTaB/sABa JBWKCHHETO Ha
MaTepHuaiu, HHPOPMaIUs, YCIYTH, MPOIYKTH U CPEACTBA MEXY BB3JIOKUTEIH, TIPOCKTAHTH,
U3MBJIHATETN W JOCTaBUMIM, JOKATO VIPABICHHETO Ha BepHUrara 3a JOCTaBKH B
CTPOMTEJICTBOTO € HHTErpaiys Ha BCUYKH MPOTHYAIIM MPOIECH, OT H3UCKBAHUATA HA
BB3JIOKUTEJIS, TIPOCKTAHTH M CTPOUTEIH KbM BCUYKH OCTAHAJIM yYaCTHHIIM BbB Bepurata 3a
JIOCTaBKH B CTPOUTEICTBOTO [1].

! Becenuna Kensaskopa , TILac. JI-p WHX., kKaT. OpraHm3anus U UKOHOMHKAa Ha cTpouTtenctBoto, YACT,
Oy, Xpucro Cmuprencku* Nel, 1046 Codusi, e-mail: veselina2001@abv.bg
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Vrijhoef u Koskela [2] onpenensar poisita Ha Bepurara 3a JOCTaBKA B CTPOUTEICTBOTO
KaTo JKU3HECHO BaXKHA.

2. XapaKTepHCTHKHU HA BEPHUIaTa 3a J0CTABKH B CTPOUTEJICTBOTO

Bepurara 3a 1ocTaBKH B CTPOMTEIICTBOTO MOXeE J1a Ob1ie MHOTO abira [3] u cioxHa [4],
KOETO € €/IHAa OT OCHOBHUTE M XapaKTEPUCTHKH. TOBa Ce MPOsBSBA MPH TOJIEMH CTPOUTEITHU
IPOEKTH, IIPH KOUTO MMa roJIIMO Pa3HOOOpa3ue Ha YYaCTHUIIN, CTPOUTEIHN MaTEepUAIIH U JIp.
Bepurara moxke Ja craHe IO-CIOKHA, KOrato B Hes Ce BKJIIOYAT IIOBEYe Xopa —
PBKOBOJUTEIH, TIPOCKTAHTH, KOHCYITAHTH, JOCTABYUIIM OT IIbPBO, BTOPO U CJICABAINU HUBA,
U3IBJIHUATENH, TOAM3IIBIHATENIN U T.H. ChIIO Taka MMa BPb3Ka MEXKIY YBEINYaBAaHETO Ha
oOxBara Ha IPOEKTa U CIOXXHOCTTA HA BepHUrara 3a JOCTaBKH, ThH KaTro ca HEOOXOIMMH
HOBEYE pecypcH - pabOTHA CUiIa, MEXaHH3alUs U MaTepHUald, 32 M3IIBJIHCHUE HA MPOCKTA.
ToBa u3KckBa cepuo3eH oOeM paboTa MO IUIAHUPAHE, OPTaHU3HPAaHE U CHTPYIHHYCCTBO
MEX1y TapTHBOPUTE [0 BepHUraTa 3a JOCTaBKH, KOETO BOJAU JI0 Ta3H CIOKHOCT. CI0XKHOCTTA
Ha BEPHUIHTE 32 JJOCTABKH U yIPABICHUETO UM HJBA M OT TOBA, Y€ HIKOU OT OPraHH3aLHHTE
MOTar Jia ca €THOBPEMEHHO YacT OT HSAKOJIKO BEPUTH 3a TOCTABKA.

Jlpyra XapakTepuUCTHKa Ha BepUrara 3a JOCTaBKH B CTPOUTEICTBOTO € HeiHara
YHUKIHOCT [5] ¥ HenoBTOpHMOCT. 3a YJIOBJIETBOPSIBAHE HAa M3HMCKBAaHHMATA HA KpaiHUS
KJIMEHT — Bb3i0okuTens1, ce opranu3upa Bepura 3a JOCTaBKa 32 KOHKPETHUS IPOSKT, KOWTO €
€IMHCTBEH U YHHUKAJICH, T.€. KIMCHTHTE CTUMYJIUPAT Ch3/1aBAHETO .

VHUKAITHOCTTa OT CBOsI CTpaHa BOJAM BPEMCHHHs XapaKTep Ha Bepurara 3a JOCTaBKU
[2]. Cnen mpukimrouBaHe Ha MPOCKTa Ta3W yHUKAIHA M 1O TOPBYKA Ch3/IajeHA BepuUra
IpeKpaTsBa CBOSATA JEWHOCT.

Crnenpama XapakTepuUCTHKa € (pparMeHTUpAaHOCT Ha Bepurara 3a JOCTaBKH  —
CTPOUTETHH MpPEATPUEMadH, JOCTABYHUIIM U IPYTH YYACTHUIM Ca aKTHBHU B Pa3IMYHH €TallH,
U PasIpe/IeTICHUETO Ha OTTOBOPHOCTHUTE M MPABOMOIIHUATA, MEXK/Y TAX C€ MPOMEHS M0 BpeMe
Ha nipoekTta[2].

Cox u lIreland [6] npemnarar TunoBa cxema (¢ur. 1) Ha Bepura 3a JOCTaBKH B
CTPOUTEJICTBOTO, Ha KOSITO Ca MOKAa3aHW OCBEH YYaCTHHIIUTE, a CBIO U PECYPCHUTE MOTOLHU
NPOTUYAIINA MEXIy Pa3TUYHUTE YYaCTHUIM. Te3HM MOTOIM ChINO € HeoOXOAUMO Ja ObaaT
yIIPaBIIsSBAHH.
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@ur. 1 Tunosa cxema Ha Bepura 3a qoctaBku B crpoutenctBoro (Cox, Ireland,2001)

Ha ¢ur. 2 ca mpencraBeHHM B MalKO MO-TOJsMa MOAPOOHOCT YYaCTHUIIUTE B €IHA
TakaBa BEpPUTa 3a JOCTABKH.
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OBLIA BEPUT'A HA TOCTABKHUTE B CTPOUTEJICTBOTO

JIBH)XCHHE HA PECYPCH — CTPOUTEIIHH MaTepHalIH, oy paOpuKkaTi, H3aeius,
MexaHu3anus, obopyaBaHe, paboTHa pbka

Ve N ™\ JlocraBunnu HA
BTOPO, TPETO U T.
Crpourenna CTPOUTEJICTBO

IJI0MAIKA

TTPOEKTHPAHE

KOHCVIITAHT

BB3JIOXKHUTEIL ]\ [ ITPOEKTAHTH ] /

~—

TJTABEH
M3ITBJIHUTEJT

®ur. 2 Pa3u11/1peHa CXEMa Ha Bepura 3a 10CTaBKH B CTPOUTCIICTBOTO

3. CucremMHu 3a ynpasJieHHEe HA JOCTABKHTE B CTPOMTEJICTBOTO

Cnopen Vrijhoef u Koskela [2] ympaBieHneTo Ha JOCTaBKUTE B CTPOMTEICTBOTO CE
pasmpesiernsi B UeTHPU OCHOBHHU HalpaBleHUs, TU(EPSHIIMPAHU Bb3 OCHOBA Ha BH/Ia/HHTEpeca
Ha MPEANPUATHETO, KATO HAMA 3HAYCHHE Jajli CTaBa BBIIPOC 3a IsIaTa BEPUTa Ha JIOCTABKH,
CTpPOMTEITHATA TUIOIAIKA HJIH U JBETE, KAKTO € MOKa3aHo Ha ¢wur. 3.

Hampasnenue 1: ®okxycupane BbpXy B3aMMOOTHOIICHUSTA MEXK/y YIIPABJICHUETO Ha
JOCTaBKUTE U CTPOUTENIHATA IUIOIIAIKA

|

Bepura 3a octaskn —Crpolirena niomaxa

1
1
[}
' Bepura 3a nocraBku CrpounTtenHa miomanxa
1
1

Hampasnenue 3: @oxycupaHe BbpXy IPEXBBPIISHETO HAa AEMHOCTH OT CTPOUTEIHATA
IUIOLIA/IKa KbM BEpUTIaTa 3a JOCTaBKU

Bepura 3a noctaBku CrpoutenHa IIomaaka
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Hamnpagnenue 4: @okycupane BbpXy HHTErpallMsaTa HA BEpUTaTa 3a JIOCTaBKU U
CTPOUTEIIHATA IUIOIIAIKA

®ur. 3 Posst Ha Bepurara 3a joctaBku B ctpoutesictBoro (Vrijhoef and Kosksela, 2000)

be3 3HaueHne KbM KOE HAIlpaBlICHHE € HacOueH (hOKyca, yIpaBIEHUETO HA BEpUTaTa 3a
JIOCTaBKM OT MaTepHallHu pPecypcu € OOBBpP3aHO C HEOOXOJUMOCTTa OT PalMOHAIHO U
ONTUMATHO M3MOJ3BaHE HA MPOU3BOJICTBEHUTE MOIIHOCTU. be3 ympaBiieHHe Ha BEpUTHUTE 3a
JIOCTaBKM, KOMIIAHUHUTE ca MPUHYICHH Ja IUJIaHUpPAT MPOU3BOJICTBEHU JIEHHOCTH, upe3
3aJlaraHe Ha 3HAYUTENHU Oy(pepHM WHTEpBaM, ThH KaTO IMPOILECHTE HA JOCTaBKa HE ca
CUHXPOHM3UPAHU, KAKTO C JOCTABYHUIUTE, TaKa U C MOTPEOUTEINTE HA ChOTBETHUTE PECYPCH.

Cucremu 3a ymnpaBJICHHE Ha JIOCTaBKHTE OT MaTCpUAHU PECYpPCH c€ pa3JeisT Hai-
001110 Ha JBa TUMA — ,,Ha Oytane* (push) u ,,ua appmane* (pull) (dur. 4).

Ha Oyrane (push)

Cucremu 3a YIpaBJICHUC Ha
AOCTABKUTEC OT MarcpruaJIHU

pecypcu

Ha qpprane (pull)

@ur. 4 CucreMu 3a yrpaBjieHHE Ha JOCTaBKUTE

[Tpu cucremure ,,Ha OyTaHe“ ynpaBJIEHUETO Ha JOCTaBKUTE OT MaTEPUAIIHU PECYPCH CE
OCHOBaBa Ha MPOTHO3a MO OTHOIIEHHE ThPCEHETO Ha ChOTBETHUTE pecypcH. [[BUKeHHETO Ha
MaTCpHUAIIHUTE TIIOTOOM CC€ OCBIICCTBABA I10 MPCABAPHUTCIHO HU3IOTBCH rpa(i)m(, KaTo
MaTepUaTHHUAT MOTOK ce ,,u30yTBa™ OT €IHOTO 3BEHO Ha BepHUraTa KbM clie[BamoTo. Taka ce
dbopmupa 3amac TOTOB Jla MOeMe KbM CIIEIBAIOTO 3BEHO OT Bepurara. Taka, Tpu Ta3u
CHUCTeMa Ha OpraHu3allds Ha TMPHUIBIKBaHE HA MAaTepUANHMS IOTOK Cce€ TpeHedperna
JNEHHOCTTa Ha CJIEABAIIOTO 3BEHO — TO MOXKE Ja HM3IIBIHSABA JIpyra ONepamus WId OYaKBa
Jpyra foctaBka. B pe3ynrar ce mosiydaBaT 3amacu, KO€TO € HEJJOCTaThbK Ha TO3U cucteMa. Ot
Jpyra cTpaHa, IpeJUMCTBOTO TYK €, Y€ Ha BCUYKH Y4acTBAlLIM CTPaHU (KaTO IPOU3BOJUTENH,
CIEJUTOPU U THPTOBIM U MOTPEOUTENH) ce JaBa JAOCTAThYHO BpeMe Ja IUIAaHUPAT CBOUTE
HYXXIX W pa3Xxogu 3a CYpOBHHH M TPAHCIOPT, MICTO 3a CbXpPaHEHHE U T.H, NPEIHA Ja €
Bb3HUKHAJIA HY)K]JIaTa OT U3I0JI3BAHE.

[Ipu cucremurte ,,Ha AbpHAHE* yIPaBICHUETO HA JOCTABKUTE OT CTPOUTEIHHU PECYPCH
C€ OCHOBaBa Ha HalpaBEHa 3asBKa WJM IMOPbUYKA CHOTBETHOTO 3BEHO IO BEpUraTta KbM
npeamecTamoTo. T.e. claeaBamoTo 3BEHO ,,M3IbPIBa‘ OT MPEIUITHOTO HEOOXOJAUMHUTE MY
KOJIMYECTBA MAaTEPUATHH PECYpPCH, B HEOOXoauMoTo My Bpeme. [logaBaHeTo Ha MOPHUKH 3a
MION'BJIBAHE HA 3allaCUTe€ OT MAaTEPHUATHU PECYpPCH CTaBa, KOTAaTO TAXHOTO KOJUYECTBO
JOCTUTHE JI0 KpUTHYEH MUHUMYM. IIpeaumrHoTo 3BeHO u3mpaima odpaboTeHaTa OT HEro U
3asiB€Ha MPOAYKILIMs TOraBa M CaMoO TOraBa, KOraro € IMOJy4yuio 3asiBka 3a ToBa. [lo To3m
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Ha4YMH HE€ CC€ HATpYyIBaT 3allacu, KOETO € IMPCAUMCTBOTO Ha TO3HU CHUCTEMA. Or Jpyra CrpaHa
JIMIICAaTa Ha 3aracyu MOXKE J1a JOBCAC N0 Xa0C IO BE€puUrara, KoOC€To I'bK CC ABABa HCAOCTATHK.

3.1. Meroau 3a ynpaBjieHHe Ha MAaTepHAJHHTe MOTOUM NPH CHCTEMHUTE ,HA
Oyrane*

» Ilnanupane Ha mnorpedHocture ot Marepumaym (Material Requirements
Planning - MRP)

CpmHOCTTa Ha TO3M METOA € B TOYHOTO ONpeAeisHe Ha MOTPEOHOCTUTE U
KOJIMYECTBaTa Ha BCHUYKM BHUAOBE MaTepuaid, CYpOBHUHHM, KOMIUIGKTOBAaHHM JETailiu,
HEOOXOMMH 3a MPOM3BOJICTBOTO HA BCSKAa CTOKA/E€IEMEHT OT OCHOBHHUS Trpaduk U
MoJIaBaHe Ha ChOTBETHUTE MOPBUYKU 3a JOCTABKA.

O6mara cxema Ha paboTa Ha TO3U METO/I € CIIe/IHATA:

Crbnka 1 M3roTsine Ha pecypcHH rpaduiy KbM OCHOBHHUS IpaduK ;

Crpnka 2 U3rorBsHe Ha cnienudukanus (BEIOMOCT) Ha CTPOUTEIHUTE MaTepHalH,
CYpOBHUHH, JeTailnu, nonydaOpukaTH, HEOOXOAMMH 3a CHOTBETHOTO MPOU3BOJACTBOTO,
OTPENIETIAT Ce KonuecTBaTa UM (OpyTHaA MOTPEOHOCT OT MaTepUain);

Crbnka 3 IlpoBepka Ha €BEHTYAIHH HAJIMYHOCTU OT MaTepHald KbM HACTOSIIUS
MOMEHT B CKJIQJIOBETE U OIPE/eIITHE Ha YUCTaTa MOTPEOHOCT OT MaTEpUAIIH;

Crbnka 4 OnpezensiHe Ha BpeMETO 3a [0/1aBaHe Ha 3asBKaTa 3a MaTepHAIIU.

ITpu n3non3BaneTo Ha Merona MRP HHBOTO Ha 3amacu € HUCKO M C€ YBEJIM4aBa caMo
HEMOCPEICTBEHO MPeaH U3IIbIHEHUETO HA KIIMEHTCKATa OopbUKa.

» 3anmacu, ynpaBasBanu otr aoctaBuminure (Vendor Managed Inventori -
VMI)

ToBa e Mmeroj 3a ympaBlieHHE Ha JOCTAaBKMTE OT MaTepUalHU pPEeCcypcH, KOHTO ce
OCHOBaBa Ha OTrOBOpHOCTTa Ha jaoctaBuunure. Ha Oa3ara Ha Tekyma uHdopmanus 3a
NOTPEOHOCTUTE U 3allaCUTE B CJIEIBALIOTO 3BEHO MO BEpUraTa, MpeaX0JAHOTO 3BE€HO OIpenes
CPOKOBETE M KOJIMYEeCTBAaTa 3a JOCTAaBKa.

3.2. Metoau 3a ymnpapjieHHe HAa MaTepHAJTHUTE MOTOUM NPH CUCTEMHTE ,Ha

AbpHnaHe
» Touno na Bpeme (Just In Time — JIT)

MetonsT ,,TouHO Ha BpeMe* ce OCHOBaBa Ha CHHXpPOHA MEXIy o0eMa M KaueCTBOTO Ha
JIOCTaBKUTE, B CHOTBETCTBUE C AKTYaJIHUTE TMOTPEOHOCTH HAa CTPOUTEHOTO MPOU3BOJICTBO.
KniouoB MOMEHT Tyk € HaBpeMeHHaTa U CbhbBMeCTHa o00paboTka Ha uHpoOpmanusra,
OpoTHYAIlla MEXAy OTJIENHUTE 3BeHa IO Bepurara, (parMeHTHpaHe Ha JOCTAaBKHTE,
CHHXPOHHM3UPAHE MEXKTy TPOU3BOJICTBATA.

> B Touna nocaenoBateanoct (Just In Sequence - JIS)

To3u MeTon € pa3mupeHne Ha MPEAXOTHUS M Ce ChCTOM B TOBA, Y€ OCBEH Ha BpeMe,
JIOCTaBKUTE OT MAaTEpUAIHU PECypcH € HeoOXOAMMO Ja Ce€ OCBIIECTBSIBAT U B TOYHO
orpezieNieHa MoCIeI0BaTeIHOCT, TPEIBAPUTEIIHO 3a/1a/IcHA.

» Kanban

Tyk moTpeOHOCTUTE OT MaTepUaHU PECcypcH ce OINpeAensT Ha 0a3a (aKkTUYeCKH
NoTpeOHOCTH Ha BCAKO pabOTHO MSCTO, a HE Ha MJealieH IJIaH 3a MPOM3BOJACTBO. ToBa € Haii-
W3BECTHHSI JBPIIAI] METO]] 32 yIpaBIICHUE HA MaTEPHUAITHUTE MOTOIM, KOMTO ce MpHiiara BbB
BCUYKH WHAYCTPHAITHU NPOU3BOCTBA.

B ciacaBaiiaTra Ta6n1/1ua 1 ca CUCTCMATU3UPAHU TPEANMCTBATA U HCAOCTATHLUUTC HA

MCTOJHUTEC 3a YIIPaBJICHUC HA TOCTABKHUTC B CTPOUTCIICTBO, KATO € IMOCOYCHO U B KaKBU ClIydaun
Cca NMoAXOoJA1IHM 3a U3II0JI3BaHC.
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Taouauna 1. [lpeaumcTBa U HEAOCTATHIM HA METOM 32 YIIPABJIEeHHE HA
AOCTABKHTE B CTPOUTEJCTBOTO

Mertonu 3a ynpaBieHHE Ha
JIOCTaBKUTE B CTPOUTEJICTBOTO

IIpenumcrBa

Henocrarsiu

[Inanupane Ha MOTPEOHOCTHUTE
ot marepuanu - MRP

PaboTu o mpenBapuTeneH
rpauK, KOETO TapaHTHpa
BUHArW HaJIMYEH pecypc

Heob6xonumoct ot 06paboTka Ha
rosiM o0eM HHpOopManys CBbp3aHa
ChC crielUUIMPAHETO U
TUITAHUPAHETO Ha JJOCTaBKUTE OT
MaTepualiHi Pecypcu

OtcheTBHE HA 3a0aBSIHMS,
MPUYIMHEHH OT JIMIICA Ha
MaTepHuaIn

Heob6xonumoct ot mobpe
OpraHu3upaHa CUcTeMa 3a
yIpaBiCHUE HA 3aMACUTE

HamansBane Ha Opost Ha
CIEIIHUTE TIOPBHUKU

Majka rpBKaBOCT M HEBB3MOXKHOCT 32
OBp3a peakys, Ipyu IPOMEHHU B
obeMuTe ¥ BUa Ha MaTepUaINTe

3amac, yrnpasisBaHHU OT
nocrasuuiute - VMI

CUCTEMU "HA BYTAHE" (PUSH)

Bucoxka edexTuBHOCT pH
BCSIKAKBB BUJI CTPOUTEITHO
MPOU3BOJICTBO

W3nckBa CHHXpOHM3ALUSI MEXKAY
CHCTEMUTE 3a YIpaBICHUE HA
JIOCTaBKUTE OT MaTepHaIHU PECYPCH
Ha KJINEHTUTE U JOCTaBUUIIUTE

He ce narpynsar 3anacu ot
MaTepualiHi pecypcu

N3uckBa kBammpHUIMpaH epcoHal B
obJyacTTa Ha CTPOUTEITHOTO
MIPOM3BOJICTBO OT CTPaHa Ha
JIOCTaBYHKa C L[]l T0Jy4aBaHe Ha
JIOBEPUETO Ha KJIMEHTa

Touno Ha Bpeme - JIT

BucokoedexTrBeH meTos npu
CTPOUTETHN OOEKTH C JIUIICa WIH
MHUHUMAJIHO MSICTO 32
OpTraHHM3MpaHe Ha CKIAI0BH
TUIOIH

BB3M0XKHY TTOSIBU HA 3a6aB$IH€,
Iopajau JvIICa Ha 3alacu

OTCBHCTBHE Ha 3aI1acH, BOJCIIO
IO ChKpaIlaBaHe Ha Pa3XOJHTe
CBBP3aHU C TAX

Hecmoco6onoct 3a CIIpaBsHE C
HEOpEeABUANMHU obOcTosTencTBa

B Ttounara IOCJICA0OBATCIIHOCT -

Bucoxka edextuBHOCT Ipn

BB3M0XKHY 1TOSIBU HA 3a6aBHH€, npu

CUCTEMU "HA JBPITAHE" (PULL)

JIS cHa0O1sIBaHe HAa 00EKTH ChC IPEUIKU B JOCTaBSHUTE €IEMEHTH
Crio0sieMH KOHCTPYKIIUU

KANBAN Pabota ¢ KoHKpeTHHU U akTyanHu | HempekbCcHATO akTyanu3upaHe Ha
JIaHHH 32 HEOOXOIUMOTO JIAHHWTE I10 OTHOLIEHWE Ha
KOJINYECTBO MaTepHAITH HEOOXHUMHTE CTPOUTEIIHU MaTEPUAIN

N3Boan

N300pbT Ha KOHKPETEH METO/ 32 yIpaBlIeHNE Ha IOCTABKUTE B CTPOUTENICTBOTO 3aBUCH
OT KOHKPETHHs 00EKT, OT KOHKPETHUTE YYaCTHHUIIM B caMaTa BEpHUra 3a JOCTABKH U TEXHUTE
KOHKPETHH YIPaBJIEHCKU Bb3MOKHOCTH.

W3BeneHnTe NpeauMCTBAa M HENOCTAaThLUM Ha Pa3IMUHUTE METOAM 3a YNPABICHHE HA
JIOCTaBKUTE, MOraT Jia IOCIY)KaT KaTO MHCTPYMEHT 3a M3MOJI3BAaHETO MM B OINPEAEICHU
KPU3UCHU OOCTOSITENICTBA U Ja C€ ThPCH BB3MOXKHOCT 3a M30SrBaHe HAa HEJOCTAaThLUTE OT
IJIeZIHAa TOYKA Ha 3a0aBsIHUATA HA JOCTABKUTE.
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JloOpe opranusupaHaTta u yrnpabiisiBaHa BeEpura 3a JIOCTaBKU B CTPOUTEJICTBOTO, TpsiOBa
na:
» T0CTUTra ONTHMAIHOCT 110 OTHOILICHUE HA 3allaCUTE OT CTPOUTEIHU MAaTePUAIIH -
aKo 3aracure ca B IOBeYe, 1lIe Ce TeHepHupaT 3aryou oT OJIOKUpPAH KamuTall, ako
ca M0-MaJIKko, OTHOBO L€ CE€ FEHEpUpPAT 3aryOu OT IIPECTOU U HEU3IbJIHEHHUE HA B
CPOK;
» JolpuHAacs 3a Clia3BaHe Ha CPOKOBETE, KAUeCTBOTO M OKO/DKETA Ha MPOCKTA.
[Ipuemanero Ha KOHKpETHa IOCOKa Ha YIpaBlIeHUE Ie JOBele A0 MHOKECTBO
€KOJIOTUYHHU, COLMAIHA W HMKOHOMHUYECKH €(EeKTH, KaTo CBhKpallaBaHe Ha BpPEMETO 3a
MpEeMHHAaBaHE HAa CTOKUTE IO BEpUra, ChKpallaBaHe Ha TEXKHUS (PUINYECKH Tpyd MpHU
00paboTKa Ha TOBapH, HAMAJIIBaHE HA TPAHCIIOPTHUTE Pa3XOau U IPYTH.

baarognapnaocTu
Hacrosimusar marepuain € moakpeneH GuHaHCOBO OT LIeHThp 3a HAyYHH W3CIICABAHUS U
npoektupane npu YACI cerimacuo nqorosop bBH-262/22.
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PAKTOPH BJUAEIIU BbPXY YIIPABJIEHUETO HA TOCTABKUTE B
CTPOUTEJICTBOTO

Becennna YKesizkoBa *

Yuueepcumem no apxumexmypa cmpoumencmeo u eeooe3us
Kameopa ,, Opeanuzayus u ukonomuka Ha cmpoumencmeomo”

FACTORS AFFECTING SUPPLY MANAGEMENT IN CONSTRUCTION
Veselina Zhelyazkova®

University of Architecture, Civil Engineering and Geodesy
Departments ”Construction Management and Economics”™

Abstract: Construction supply management is part of the management of the investment
construction project, and is essential to the achievement of the project's objectives.
Finding a rational solution to achieve the desired result is related to the influence of
many factors of a different nature. Some factors affecting supply management in
construction are examined.

Key words: construction supply management, construction management, construction
organization

1. BbBenenue
YHpaBiaeHUETO Ha JOCTaBKHTE B CTPOUTEICTBOTO MIpae >KU3HEHO BakHa pois [1] 3a
MOCTUTAHE Ha IIEJIUTe HAa WHBECTHIIMOHHHS CTPOWTEIEH MPOEKT W BKIIIOYBA TPOIECUTE IO
3aKymyBaHe W/WiKM CHabJsBaHEe C HEOOXOJUMHUTE CTPOUTETHH MaTepHalu, nonydadpukaru,
u3Ienus, o0opyaBaHE, YCIYTH W JPYTH HEOOXOJMMH 3a YCHEIIHOTO OCBHINECTBSIBaHE Ha
WHBECTUIIMOHHOTO HaMepeHune Ha Bb3noxurens.
VYrpaBiaeHHETO Ha JTOCTaBKHUTE € YacT OT 00JIACTHTE Ha 3HaHWATA [2] ¥ BKIIIOYBA YECTHPHU
npoiieca Ha ynpasienue (dur.1):
— TUTaHUpaHE Ha JIOCTAaBKUTE;
— JIOTOBapsiHE Ha JTOCTABKUTE;
— ympaBiieHHe (KOHTPOJI) Ha JOCTABKUTE;
— TIPUKIIOYBAHE HA IOCTABKUTE.

! Becenuna Kensaskopa , TILac. JI-p WHX., kKaT. OpraHm3anus U UKOHOMHKAa Ha cTpouTtenctBoto, YACT,
Oy, Xpucro Cmuprencku* Nel, 1046 Codusi, e-mail: veselina2001@abv.bg
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YipaBJI€HUE
IUTAaHAPAHE Ha JIOroBapsHE Ha (KOH OJ'I) =6 TIPEKIIFOYBAHE Ha
JOCTAaBKHTEC JOCTABKHI'C P JOCTAaBKHTEC
JOCTABKHUTC
IInan 3a YHpaBJIC€HUE HOFOBOpI/I 3a HpI/I HCOGXO)II/IMOCT OTyHuTaHe Ha
Ha TJOCTAaBKHUTC B JIOCTaBKH B AKTyaJIM3UPaHEC HA IInana 3a WU3IIBbJIHEHUETO
CTPOUTEICTBOTO CTPOUTEIICTBOTO YIIpaBJICHHAEC HA JOCTABKUTC B
CTPOHUTEIICTBOTO

¢ur.1 Obma cxema Ha ynpaBlieHUE HAa JOCTABKUTE CTPOUTEICTBOTO

B crtpouTenctBoTo, B MOBEUETO Ciy4yaW, C€  U3MOJ3BAa  BBHIIHA TMOJKpena 3a
M3MBJIHEHUE Ha JOCTABKUTE OT HEOOXOAMMH PECYpPCH U TOTraBa IMPOIECUTE OT IIAHUPAHETO
JI0 TIPUKJII0YBAHE Ha JOCTABKUTE C€ U3BBPILBAT 32 BCAKA €JHA MO3UIIMS 32 IPUA00HBAHE.

2. @akTopu BJAUsIENN HA IJAHUPAHETO HA JOCTABKUTE

[Ipu nnanupane Ha TOCTAaBKUTE CE€ JOKYMEHTHUPAT PEIICHHSTA CBHP3aHU C JOCTABKUTE
[0 TMPOEKTa, OIMUCBa IMOAXO0Ja Ha paboTa, OMpPENeNiaT ce KOHKPETHHTE MOTPeOHOCTH,
UACHTH(DHUIHPAT CE TOTCHIUATHUTE JOCTABYHIIH.

[Ipu nmanupaHe Ha AOCTaBKUTE TpsAOBa Ja ce OTroBopu Ha 7 Opos BbmOpocu [3], a
MMEHHO:

— KakBO JIa ce JOCTaBU — HEOOX0AMMa € TIPaBUIIHA U JIeTalIHA crielupUKaAIsI Ha
KOHKPETHHUTE MOTPEOHOCTH OT PECYPCH HY)KHHU 32 U3IBIIHEHUE Ha CTPOUTEITHUTE
M  MOHT@XHM pabOTH 3a WUBMNBIHEHHE Ha O0EKTa WIH CTPOUTEIHOTO
MIPOU3BOJICTBO;

— KOJIKO KOJIMYECTBO — HEoOXoJuMa OT KOHKPETHa W TO4YHa HHQopManus 3a
KOJIMYeCTBaTa Ha MOTPEOHOCTHTE;

— Kora Ja ce JOCTaBU — HEOOXOJMMO € JeTailiHO 0OBbp3BaHe ¢ Tpaduka Ha
mpoekTa W uHpOpManMs Jald JOCTaBKaTa BeaHara 1€ CE€ BIOXH B
MPOU3BOJICTBEHHUS MpoLeC (CTPOUTENCTBO) WM 1€ € HeoOXoauMo na Obnae
ChXpaHsIBaHA;

— KbJI€ Ja C€ JOCTaBH — KOHKPETHU3MpPaHE Ha MICTOTO Ha JOCTaBKa WU JaJId
JIOCTaBKa BE/JHAara Ie ce BIOXKU B MPOU3BOJACTBEHHUS Mpollec (CTPOUTEICTBO)
WIH 1€ € HeoOXoauMo Ja ObJe ChXpaHsBaHA, T.€. OPraHU3MpaHE Ha CKJIaJ0BO
CTONAaHCTBO;

— Kak Jia ce JIOCTaBU — OMpeIeNsiHe Ha HAaYMHA Ha TPAHCTIOPTHUPAHE J0 MICTOTO Ha
JIOCTaBSIHE;

— KakBO KaueCTBO — OINpEENsIHE Ha M3MCKBAaHUA 32 KAU€CTBEHHU IOKAa3aTelu Ha
JIOCTaBKaTa

— KakBa Ja OBJ€ CTOMHOCTTa Ha JOCTaBKAaTa — HW3WCKBAHHWS 3a MHUHHUMAaJTHA
CTOMHOCT.

W3uckBanusiTa, CBbp3aHu C rpaduka Ha MPOEKTa, MOTaT Ja MOBIHSAT B 3HAUMTETHA
CTETNEH Ha CTpaTerusaTa Mo BpeMe Ha Ipolieca Ha IUIaHUpaHe JOoCTaBkuTe. M3uckBaHusTa 3a
CTOMHOCTTA Ha JIOCTaBKaTa IIe OKa)xaT BIUsSHUE Ha OI0/)KeTa Ha 00eKTa.

Pemenusita, B3eTH mpu pa3pabOTBaHETO Ha TUIaHA 3a YIpaBJICHHE HA JIOCTaBKUTE, IIE
OKa)kaT BIMSHUE B 3HAYUTEIIHA CTENeH Ha rpaduka Ha TpOeKTa, OroKeTa W T.H. U Cce
MHTETPUPAT C IPOLIECUTE 1O U3TOTBAHE Ha Tpaduka, 010/ KeTa, BpeMETPACHETO U ONpeelisiHe
Ha HEOOXOAMMHTE PECYPCH 3a U3ITBIHEHHE Ha BUIOBETE CTPOUTEIHN M MOHTaXXHH PabOTH.

Pe3yntarsT OT TO3H Mpoliec € ChbCTaBSIHE Ha IJIaH 3a yIpaBJiIeHHE Ha JOCTaBKUTE.
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3. dakTopH BJIHMsEIH HA J0TOBAPSIHETO HA JOCTABKHUTE

[lpu noroBapsiHe Ha JOCTABKUTE, MOTEHIMAIHUTE JOCTABYMIM HM3MpaniaT odepTH 3a
U3IBIHEHHE Ha TO-TOpE 33JaJeHNUTEe 7 BBIIPOCA, & CKUITBT 3aHMMaBAlll ce€ C yIpaBJICHUE Ha
JOCTaBKUTE, IO MPEIBAPUTEIHO JAeHUHUPAHN KPUTEPUH 3a U300p, Mmoadupa MOAXOISIIN
JIOCTABYHIIH.

N360pbT HAa JOCTABYKK € KIFOYOB MOMEHT B IpOLIECa HA ONPE/CIsIHE Ha M3TOYHHIIU 32
3aKyllyBaHE€ M JIOCTaBSHE Ha MAaTEePUATHO-TEXHUYECKUTE PECypCH, HEOOXOIUMH 32
U3IBJIHCHHE HAa CTPOMTEIIHUTE U MOHTaXH paboTH Mo peanu3anusaTa Ha odekra. [Tpu nzbopa
Ha JIOCTaBYMK € HEOOXOAMMO J1a Ce B3eME CTPATErHYeCKOTO PEIICHHE OT KOJIKO JIOCTaBYMKA
e Cce 3aKyIMyBaT/IOCTAaBIT HEOOXOAMMHTE PECYPCH, a ChINO Taka W Jand Ja ce paboTu
JIMPEKTHO C TIPOM3BOAUTEINS HIIH Ype3 AUCTPUOYTOpa Ha ChOTBETHUTE pecypu[4].

BriusiHMe mpu OroBapsHETO HA JIOCTABKUTE, MOTAT Jla OKaKaT M M3MCKBAHUATA 32
cepTu(UKaTH ¥ MAapKUPOBKH (AKO JOCTaBKaTa € 4yOWHa), reorpad)ckoTo MECTOIOIOKEHUE
00CKTa M BB3MOXKHOCTHTE 3a JOCTBII J0 HEro, KOETO OT CBOS CTpaHa BIIMsC HAa HAYMHA HA
TpaHCIIOPTHPAHE, BU/A, pa3Xxo/ia U BPEMETO 3a TPAHCIOPT.

[pu ronemu 00EKTH M CHOTBETHO MOPBYKH 1M IPOLEC 110 3alUTBAaHE, ChOUpaHe Ha
oeptn M oOlmEeHKaTa MM MOXE Ja C€ TOBTOPHU, HIKOJKO IBTH O YAOBICTBOPSBaHE Ha
U3UCKBaHUATA. Bb3 OCHOBa Ha TMpENBAPUTEIHH MPEIUIOKCHUS, MOXKE Ja ObJe ChCTaBEH
KpaThK CIUCHK C MOTEHLIUATHH AocTaBuuIy. [1o-moapoOHa orjeHKa MOXKe J1a ce HalpaBH Ha
0a3ara Ha JOKyMEHT C NO-CIeHU(PHUYHN U JACTANIHN OKAa3aTeM Ha PeJIMETa Ha I0OCTaBKaTa,
U3UCKBaHU OT JOCTaBYMIIUTE OT KpPaTKHs CIHCHK. B pe3ynaratr or aelHOCTTa Ha TO3U
YIPaBICHCKH TMPOIEC C€ ONpPEACisT JOCTABYMIMTE, HAa HEOOXOIUMHUTE CTPOUTEITHH
Marepuaiy, monyhadpuKkaTy, U3Aenus WU YCIyrd U Jp. 32 HW3MBJIHEHUE Ha JAEHHOCTHTE
CBBp3aHH C H3II'BIHCHUETO HA CTPOMTEIHUTE M MOHTaXHH pPabOTH IO pealu3upaHe Ha
WHBECTHIIMOHHUS MTPOCKT.

MHoro € BeposiITHO AOrOBOPHUTE Ja ObJIAT moBeye Ha Opoil, KaTo ce MMa B MPEIBUL
royiemust Opoii (KaTo HOMEHKJIAaTypa) Ha PeCypCcHuTe, KOUTO Ca HEOOXOMMH 3a M3ITBJIHEHNE Ha
CTPOUTEITHUTE U MOHTaXXHHU pabOTH.

3. ®aKTopH BJIMsELIH HA HA0II0eHHEeTO M KOHTPOJIA HA JOCTABKHUTE

HaGnroneHneTo U KOHTPOIBT Ha JIOCTaBKHUTE MPEJICTaBIIsABA BCHIIHOCT yIpaBlIeHUE Ha
B3aMMOOTHOIICHUATA MEXIYy YYaCTHUIM B JOTOBOPHUTE 3a JOCTaBKH, KOHTPOJ TIO
U3IIBJIIHEHUETO Ha JIOTOBOPUTE U OCBIIECTBABAaHE Ha TPOMEHHM U KOPEKLUUU MpU
HEOOXOIMMOCT.

C mporeca no HaOM0/IeHNE U KOHTPOJ Ha JIOCTaBKUTE Ce rapaHTHpa, uye padoraTa Ha
JOCTaBYMITUTE OTTOBAPS HA W3UCKBAHUATA, Y€ JOCTABKUTE C€ M3IBIHIBAT B CHOTBETCTBUE C
yCIIOBHATA HA JIOTOBOPUTE.

Tyk BIMsIHHE MOXE J1a OKa)Xe aIMHHHCTPHPAHETO Ha HIKOJIKOTO Ha Opoil JoroBopa M
CBHOTBETHO KOMYHUKALIUATA U B3aUMOOTHOIICHUATA MEX/Y PA3TUUHUTE JOCTABUUIIH.

HaGnroeHneTo M KOHTPOIBT Ha JOCTABKUTE MOKE J1a ObJIE TIOBJIHMSIHO U OT €BEHTYAIHU
OPOMEHM B NPOEKTHUTE YacTH, a OT TaM M IPOMEHM M aKTyalHu3allld IO OTHOILICHHE
BUJIOBETE, KOJIMYECTBATa, KayecTBaTa Ha ONpEACIICHUTE BeUe MOTPEOHOCTH OT CTPOUTEITHH
Mmarepuainy, nonydpaOpukatu MW uzgenus. ToBa IBK OT CBOS CTpaHa OM MOBJIHIO HA
ISUTOCTHOTO M3ITBJIHEHHE Ha WHBECTHIIMOHHHUS TMPOEKT M MOXE Ja ce HaJoXKH Ja Objae
aKTyalqM3MpaHa Lssara 6a3oBa paMka Ha rpaduka.

4. @akTopu BJMsENIU HA MPUKJIIOYBAHEe HA T0CTABKUTE

[Ipu mnpukiouYBaHE Ha JIOCTABKUTE C€ OCBIIECTBABAT JACHHOCTH CBBP3aHU C
buHANMM3NpaHe Ha aIMUHUCTPUPAHETO HA JOTOBOPUTE 3a JIOCTAaBKM B CTPOHUTEICTBO,
€BEHTYAJTHO aKTyaJM3MpaHe Ha 3aracH.
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Ha To3u eran ce ¢puHaIU3UpaT U €BEHTYAJHO BBb3HUKHAIM U HEYPEIEHU NPETECHLHH.
BB3MOXHO € HeypeaeHHMTE NpeTeHIMM Ja ObJaT IpeaMeT Ha CbhAeOeH crop ciefq
IPUKIIIOYBAHE HA JOCTaBKUTE.

dakTopuTe BIUSACIIA BBPXY MPOLIECUTE MO YIIPABJICHHUE HA JIOCTABKUTE MOraT Ja ObJaaT
KJIacu(UIMPAaHU ¥ KaTO BHHIIHU M BHTPEIIHU 32 YIIPaBJIsBaIllaTa CUCTEMA.
BoeHmHuTe hakTopu Morart na Obaar:

» TpaBHU U HOPMATHUBHU ACHEKTH — M3UCKBAHHS 332 CEPTUPHUKATH, MUTHUYCCKU
W3HUCKBaHUS | JIP.;

» WKOHOMHYECKH ¥ (pMHAHCOBH;

»  TOJIMTHYECKH;

» TpUPOAHHU OCICTBHS U AHOMAJIHH.

BwrpemnuTe gakropu Morar jga Obaar:

» BpEeMETO — 3a MOJaBaHe M M3IBJIHCHHUE HA MOPHYKHUTE, 33 TPAHCIIOPTHUPAHE Ha
JIOCTaBKHUTE, 3a TOBAPO-PA3TOBAPHHU M MPETOBAPHU JECHHOCTH IO JOCTABKHUTE H
np.;

» CBTPYIHUYECTBOTO M KOMYHHKAIUATA MEXAY pPA3JIMYHUTE YYACTHHUIU BBHB
BEpHrara 3a JIOCTaBKU B CTPOUTEIICTBOTO;

» YIpPaBICHCKHTE CTPYKTYpH Ha pa3IMYHUTE YYaCTHUIM BBB Bepurara 3a
JIOCTaBKH B CTPOUTEIICTBOTO;

» KOHTPOJI [0 OTHOILICHHE HA 3aITaCUTE MPH BCEKH OT YYaCTHUIIUTE.

HN3Boau

Pasrnenanurte Qgaxkropu Morar jga MOANOMOTIHAT PBKOBOJUTEIUTE IO YIpaBIEHUE HA
JIOCTaBKUTE NIPU OCBHUIECTBSIBAHE Ha TMPOLECUTE IO YIpaBJI€HWE Ha JOCTaBKUTE B
cTpoutenctBoto. [lo To3u HaumH MoraT Aa ObAaT MPOrHO3UPAHU U OTCTPAHEHU €BEHTYaJIHO
MOSIBUJIM C€ TIPEYKU U MPENATCTBUS M0 BEpUrara 3a JOCTaBKH B CTPOUTEICTBOTO.

[Ipuemanero Ha NPAaKTUKH, HACOUEHH KbM HACHTU(UIMpAHE Ha JAEHHOCTH H/MIIH
IpoLecu ¢ He J100aBeHa CTOMHOCT M MOCTENEHHOTO MM MpeKpaTsiBaHe (OTCTpaHsBaHE), Il
no00pu AEHHOCTUTE CBBP3aHU C YIPABICHUETO Ha JOCTABKUTE B CTPOUTEIICTBOTO.

BaaropapHocTun
Hacrosimusat marepuan e mogakpeneH GuHaHCOBO OT LIeHTHp 3a HAyYHU W3CIEABAHUS U
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FIRE RISK ASSESSMENT OF GENERAL HOSPITAL IN REPUBLIC OF
NORTH MACEDONIA

Almir Rushiti', Meri Cvetkovska?

1Faculty of Civil Engineering and Architecture, University Mother Teresa, Skopje,
Republic of North Macedonia

?Faculty of Civil Engineering, University Ss. Cyril and Methodius, Skopje, Republic of
North Macedonia

Abstract: In this paper, a fire risk assessment of General Hospital — Main building in
Kumanovo, North Macedonia, was conducted. The level of fire risk was defined by
using qualitative and quantitative methods and depending on the defined level of risk,
adequate measures for risk reduction are proposed. The elementary approach of Five
Steps and the Matrix method were applied as qualitative methods for fire risk analysis
and the Euro-alarm method was used as a quantitative method for fire risk analysis.
The analysis showed that the main building of general hospital does not meet the fire
safety measures and this is due to a number of factors: lack of appropriate fire
protection measures, lack of alarm for fire detection, lack of trained staff, lack of fire
department, lack of fire stairs and doors, lack of adequate number of exit routes. Based
on the results of the performed analysis, qualitative risk assessment method can be
applied for rapid and initial fire risk assessment, but for a more detailed analysis, the
use of quantitative methods is more effective and provides more specific results.

Key words: Euro-alarm Method, Five Step Method, Matrix Method, fire, hazard, risk,

risk assessment, risk management

1. Introduction
Fire, as a term, is defined as uncontrolled combustion, either of a part of a structure or

of a flammable material in its vicinity, which can cause injury to people and material damage.
In order to prevent the occurrence of fire and if it happens to guarantee the safety of tenants,
employees, customers, as well as the building itself and the material goods in it, appropriate
measures should be taken. The measures depend on the level of risk of fire. For reliable fire
risk assessment, it is necessary to conduct an appropriate analysis. The defined risk level
directly influences the risk management measures that should be taken to prevent fire or
reduce consequences.

According the definition given in the ISO 31000:2018 standard, risk management

includes risk assessment and management. Fire risk management is a process of developing
risk control measures, improving possible existing measures and proper implementation of the

!Almir Rushiti, MsC/Teaching Assistant, Faculty of Civil Engineering and Architecture, University Mother
Teresa, Skopje, Address, almir.rushiti@unt.edu.mk

Meri Cvetkovska, PhD/Professor, Department of Mechanics and Materials, Faculty of Civil Engineering,
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337


mailto:almir.rushiti@unt.edu.mk
mailto:cvetkovska@gf.ukim.edu.mk

XXII MEXXOYHAPOOHA HAYYHA KOH®EPEHLIUA BCY’2022
XXII INTERNATIONAL SCIENTIFIC CONFERENCE VSU'2022

envisaged measures, all in order to reduce or eliminate the risk itself. Therefore, fire risk
analysis is only one part of the fire risk management process and serves as a basis for deciding
whether to take risk mitigation measures or to select appropriate measures to deal with it.

To be able to ascertain the level of risk and either quantify/qualify its impact, a number
of methods and approaches can be undertaken.

The assessment methods that are currently available can be divided into three categories:

e Qualitative Methods for Risk Analysis;

e Semi-Quantitative Methods for Risk Analysis and

e Quantitative Methods for Risk Analysis [1, 2].

Quantitative Risk Analysis uses available relevant and verifiable data to produce a
numerical value which is then used to predict the probability (and hence, acceptability) of a
risk event outcome. Qualitative and Semi-quantitative Risk Analysis, on the other hand,
applies a subjective assessment of risk occurrence likelihood (probability) against the
potential severity of the risk outcomes (impact) to determine the overall severity of a risk.

Within this research, a fire risk assessment was conducted for elementary General
Hospital — Main building in city Kumanovo, North Macedonia. As first step ,,in situ“ survey
was conducted, acording to Elementary method for fire risk assessment, where the number of
steps was expanded to seven, namely:

e Step 1 — Fire Hazards Identification: potential sources of ignition, fuel and oxygen;
Step 2 — Identification of People at Risk;

Step 3 — Evaluate, Remove, Reduce and Protect from Risk Occurrence;
Step 4 — Review of existing fire safety provisions;

Step 4 — Record the findings;

Step 4 — Prepare an emergencyplan;

Step 7 — Review.

Based on the data collected by observation and in combination with the Matrix Method,
the fire risk was defined. As second step, the Euro-alarm, as Quantitative method for fire risk
assessment, was applied. The fire protection measures are considered from the aspect of
whether they exist and, if they exist, whether they are adequate and sufficient for the fire
hazard management or whether they should be improved. Based on the results obtained from
the both analysis, additional fire protection measures are recommended.

2. Fire risk assessment of General Hospital — Main Building

2.1. Basic data on the General Hospital — Main Building

Based on the ,,in situ“ survey, it was found out that the analysed building of the General
Hospital — Main building is a reinforced concrete structure. The building consists of four
floors. Gynecology and Obstetrics are located on the first floor, Surgical diseases with
urology, orthopedics and anesthesia are located on the second floor, Children’s diseases are
located on the third floor and Internal diseases are located on the fourth floor.The rooms are
separated from each other by brick walls (d=20cm), the floor structure is made of reinforced
concrete and the roof is wooden structure. In the interior of the building, there are various
materials, such as: wooden materials, paper, plastic, etc., which influence the spread of the
fire and/or cause the fire to occur.They also contribute to the appearance of smoke and/or the
release of toxic products, which would be harmful to the health of those present in the
building, as a result of inadequate ventilation. The number of occupants in each floor is
variable, from 400 to 700, depending on the number of employees, how many sick people
enter/leave the hospital etc.
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Figure 1. Floor plan of the General Hospital — Main Building

The fire risk analysis was conducted by using both, ,,5x5 Matrix method* and ,,Euro-
alarm‘ method.

2.2. Qualitative fire risk assessment
The matrix method for fire risk assessment is carried out in such a way that the fire
hazard is defined as probability that a fire will occur, while the damage that would occur from
that hazard is defined as fire risk (impact) [1,2,4,5]. According to this method the risk value is
obtained as product between the probability and the impact.
Value of the fire risk = fire hazard (probability) x fire risk (impact)

The numerical value of the fire risk is defined according to Table 1, while the Matrix
method is presented in Figure 2. According to the ,,in situ® observation and the questionnaires
filled by the occupants it was found out that fireis Probable (4) event, [5]. The poor condition
of the building ensures rapid spread of the fire, due to the presence of flammable materials
inside the building, lack of devices for protection against fire, lack of an alarm system for
detection of fire and lack of trained personnel. This means that the fire will be followed by
enormous consequences, especially from the aspect of losing human's lives. The fire risk
(impact) is High (4) and finally the value of the fire risk is 16, [5]. According to Figure 2 the
fire risk belongs to category High.

Table 1. Relationship between fire hazard (probability) and fire risk (impact)

Fire risk (impact) Value Fire hazard (probability)
Very Low 1 Rare
Low 2 Unlikely
Medium 3 Possible
High 4 Probable
Very High 5 Highly probable
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Fire Risk Risk Category
5 4 3 2 1 Low
5 15 10 5 Medium
Fire Hazard
3 15 12 9 6 3
2 10 8 6 4 2
1 5 4 3 2 1

Figure 2. 5x5 Matrix method for defining the numerical value of the fire risk

2.3. Fire risk assessment by quantitative “Euro-alarm” method

The ,,Euro-alarm‘ method, as a quantitative method, is the basis for making decision
about installation of an automatic stationary system for fire extinguishing as well as taking of
additional measures for protection against fire. The “Euro-alarm” method is based on the fire
risk of the building (Eq 1) and the fire risk of the building content (people, furniture, etc.) (Eq
2), as two highly related components [4].

_ ((PoxC)+Pk)*B*LxS
- W=Ri

(1) Ro

where:

Ro — fire risk of the building;

Po — coefficient of fire load of the building content;

C — coefficient of combustibility of the contents in the building;

Py — coefficient of fire load of materials installed in the construction of the building;
B — coefficient of size and position of the fire sector;

L — coefficient of delay in the start of extinguishing;

S — coefficient of a width of the fire sector;

W — coefficient of fire resistance of the load-bearing structure of the building;

Ri— fire risk reduction coefficient.

The fire load has been adopted in accordance with the standard MKS. U.J.1.030 [3]
and for hospital areas it's value is g=335(MJ/m?).The coefficient of fire load of the building
content (Po) is determined according to Table 2.

The coefficient of combustion of the contents in the building (C) depends on the class
of fire danger and is given in Table 3. The coefficient of fire load of materials built in the
structure of the building (PK) is obtained based on the calorific value of all combustible
materials in the building (Table 4). For RC structure has no caloric value, and Py=0. The
coefficient of size and position of the fire compartment (B) depends on the size of the fire
compartment’s floor area, the height of the premises and the number of floors and is given in
Table 5.

The coefficient of delay in the start of the intervention (L) depends on the type and
equipment of the fire brigade, its distance from the building and the condition of the roads
(Table 6). The fire compartment width coefficient (S) is determined based on the fire
compartment width (Table 7). The coefficient of fire resistance of the load-bearing structure
of the building (W) is determined depending on the elements from which the building is
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constructed. In this case the RC structure has fire resistance that is usually higher than 90
minutes (Table 8).

Fire risk can be reduced by using the fire risk reduction coefficient (Ri), in regard to
the type of combustible materials, combustion rate, storage method and other factors. In this
case the flammability is very high, fast speed of fire spreading is expected and in the process
of functioning, there is a great number of possible fire outbreaks. The value is Ri=1.

Table 2. Coefficient of fire load of the building content (P,)

Fire load 0+251 252502 | 503+1004 | 10052009 | 20104019
q (MJ/m?)
Po 1 2 3 4 5
Table3. Coefficient of combustibility of the content in the building (C)
Category of fire resistance VI v Y, " I |
Combustibility coefficient C 1 1 1 1.2 1.4 1.6

Table 4. Coefficient of fire load due to materials built-in the structure of the building (Pk)

MJ/m?

0-419

435-837

845-1675

1691-4187

4203-8373

Pk

0

0.2

0.4

0.6

0.8

Table5. Coefficient of size and position of fire sector B

Characteristics of the structure

Coefficient B

Fire sector of up to 1500 m?

Height of premises of up to 10 m

Three storeys at the most

Fire sector 1500-3000 m?

4 to 8 storeys

Height of premises 10-25 m

One basement storey

1.3

Fire sector 3000-10000 m?

More than 8 storeys

Height of premises of more than 25m

More than two levels at the basement

1.6

Fire sector of over 10000 m?
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Table6. Coefficient of delay in the start of the intervention (L)

. . N T . up to 10to 20to over
Time until beginning of extinguishing (min) 10 20 30 30
Distance (km) 1 lto6 | 6toll Oﬁe '

Prgfessmnal industrial firefighting 1 11 13 15
unit
Voluntary industrial firefighting unit 1.1 1.2 1.4 1.6
Type of Fire orial Fire Fighti .
Fighting Territorial Fire Fighting Unit 1 11 1.2 1.4
Unit Terrl_torlal voluntary firefighting unit 11 19 13 15
that is permanently on duty
Terrl_torlal voluntary firefighting unit 13 14 16 18
that is not permanently on duty
Table 7. Coefficient of the width of the fire compartment (S)
The least width of the fire sector (m) S
up to 20 1
20-40 1.1
40 -60 1.2
over 60 1.3
Table 8. Coefficient of fire resistance of bearing structure (W)
Fire resistance in (min) | upto 30 30 60 90 120 180 240
w 1 1.3 1.5 1.6 1.8 1.9 2

By incorporating the defined parameters into Eq. 1, the value of fire risk becomes:
Ro,=1.3.In case R, =1 - 1.6, the structure should be protected byupgrading the previously
mentioned measures of protection with a corresponding system for detection,
information and alarm.

The fire risk of the building content is defined by Eq.2.

(2) Ry=H-D-F,

where:

H is coefficient of danger to humans;
D is asset risk ratio;

F is coefficient of smoke action.

The risk factor for people (H) depends on the possibility of timely evacuation of people
from the facility. In case when there is danger for the people (disabled people, sick people, old
people, children, employees) and evacuation is aggravated (high smokiness, large number of
present people, fast spreading of fire, multi-storey structure), the value is H=3.
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The asset risk ratio (D) depends on whether the destroyed property can be recovered and
the extent of material losses. In case when the contents of the structure are not of high value
and have a low tendency to destruction the value is D=1.The appearance of a larger amount of
smoke increases the threat to people and property, which is taken into account through the
coefficient of action of smoke (F). In case when more than 20% of the total weight of all
flammable materials cause smokiness, or release poisonous products from combustion the
value is F=1.5 [4].For the analysed building, the final value of Rs is: Rs=4.5.

The obtained values for these two components are plotted on the ordinate and abscissa
of the Fire risk decision diagram (Figure 3). Each combination of building fire risk and fire
risk of the contents of the building corresponds to a particular point on the diagram. The
position of the point can be used to decide whether it is justified to take additional fire
protection measures. In this case zone 3 means that the installation of a fire alarm will be
required, the automatic fire extinguishing installation does not respond to the risk - it is
not necessary.

Fire risk of building contents
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Figure 3 - Fire risk decision diagram
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Conclusion

In accordance with the conducted research, it can be concluded that the General
Hospital — Main Building is in bad condition and does not fulfil all the necessary measures for
protection against fire. This is due to a number of factors: lack of fire protection system, lack
of adequate signalisation, lack of proper exit routes, lack of adequate number of extinguishers,
lack of trained staff and presence of flammable materials.

Based on the results of the performed analysis, qualitative risk assessment method, as
are the Matrix Method and the Elementary Five Step Method, can be applied for rapid and
initial fire risk assessment, but for a more detailed analysis, the use of quantitative methods,
as is the Euro-alarm Method, is more effective and provides more specific results.
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Abstract: Fire, as a term, is defined as uncontrolled combustion, either of a part of a
structure or of a flammable material in its vicinity, which can cause injury to people and
material damage.In order to prevent the occurrence of fire and if it happens to
guarantee the safety of tenants, employees, customers, as well as the building itself and
the material goods in it, appropriate measures should be taken. The measures depend
on the level of risk of fire. For reliable fire risk assessment, it is necessary to conduct an
appropriate analysis. The defined risk level directly influences the risk management
measures that should be taken to prevent fire or reduce consequences.According the
definition given in the I1SO 31000:2018 standard, risk management includes risk
assessment and management.Fire risk management is a process of developing risk
control measures, improving possible existing measures and proper implementation of
the envisaged measures, all in order to reduce or eliminate the risk itself. Therefore, fire
risk analysis is only one part of the fire risk management process and serves as a basis
for deciding whether to take risk mitigation measures or to select appropriate measures
to deal with it. Within this research, a fire risk assessment was conducted for Faculty of
Business Administration in Kumanovo, North Macedonia.The Euro-alarm, as
quantitative method for fire risk assessment was applied. Pathfinder, as a simulator
programme, was applied to calculate the evacuation time from the building. Based on
the results obtained from the analysis, the risk is quantified with numerical data.
Appropriate fire protection measures are determined depending on numerically
obtained data.
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1. Introduction

The subject of the research presented in this paper is an assessment of risk pertaining to
fire outbreak for the Faculty of Business Administration in Kumanovo, North Macedonia.
Measures for protection against fire have been the subject of research, namely, whether they
exist and, if they exist, whether they are appropriate and sufficient for the management of
hazards causing fires, or whether they should be improved.

The main objective of the investigations presented in the paper has been the definition
of the reasons for the occurrence of fire in the school and the damage it will cause. Using
these data, an assessment has been made as to whether the structure satisfies some or all
necessary conditions for protection against fire and whether corresponding measures are taken
to avoid fire outbreak.

Assessment of the risk pertaining to a fire outbreak in the structure has been made by
means of a prepared and realized poll based on the Elementary Method for assessment of the
risk pertaining to a fire outbreak. In combination with the Matrix Method for risk assessment,
classification of structures according to their associated risk related to fire outbreak is made
[1, 2].

The final task of this method is to define the range of risk values corresponding to three
risk categories.

For more detailed analysis, the quantitative method “Euro-alarm” has been used as the
basis for decision making about establishment of an automatic stationary system for fire
extinguishing as well as making decisions about additional measures for protection against
fire. The justification for the installation of a fire extinguishing system has been defined based
on a more detailed analysis and application of the “Euro-alarm” Method, which is the basis
for making decision about installation of an automatic stationary system for fire extinguishing
as well as taking of additional measures for protection against fire.

2. Fire risk assessment of General Hospital — Main Building

2.1. Basic data on the Faculty of Business Administration

Based on the ,,in situ“ survey, it was found out that the analysed building of the Faculty
of Business Administration is a reinforced concrete structure. The building consists of three
floors and basement. The ground floor is used for students, and the first and second floor are
used for the academic staff. The heating system is located in the basement, taken care of by
the housemaster.The rooms are separated from each other by brick walls (d=20cm), the floor
structure is made of reinforced concrete and the roof is wooden structure. In the interior of the
building, there are various materials, such as: wooden materials, paper, plastic, etc., which
influence the spread of the fire and/or cause the fire to occur. They also contribute to the
appearance of smoke and/or the release of toxic products, which would be harmful to the
health of those present in the building, as a result of inadequate ventilation. The maximum
number of occupants is 130.
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Figure 1. Floor plan of Faculty of Business Administration

The fire risk analysis was conducted by using both, ,,5x5 Matrix method* and “Euro-
alarm‘ method.

2.2. Quality assessment of Risk Pertaining to Fire Outbreak

From the poll conducted at Faculty of Business Administration in city Kumanovo,
North Macedonia, it has been concluded that the structure is in very good conditions from the
aspect of conditions related to protection against fire.

The probability for fire outbreak in this building is Unlikely (2), [6]. This is due to the
good-quality interior structure, presence devices for protection against fire, presence of an
alarm system for detection of fire, efficient signalling and a sufficient number of exit routes.

The fire risk (impact) is Very Low (1), [6].

According to Matrix Method, the risk value is obtained as product between the
probability and the impact:

Value of the fire risk = fire hazard (probability) x fire risk (impact)

The numerical value of the fire risk is defined according to Table 1, while the Matrix
method is presented in Figure 2.

Based on the obtained results, the value of the risk is 2 and the fire risk belongs to
category Low, presented in Table 2.

Table 1. Relationship between fire hazard (probability) and fire risk (impact)

Fire Risk Very Low Low Medium High Very High
Fire Hazard Rare Unlikely Possible Probable Highly Probable
Value 1 2 3 4 5
Fire Risk Risk Category
5 4 3 2 1 Low
5 15 10 5 Medium
Fire Hazard 4 12 8 4 _l
3 15 12 9 6 3
2 10 8 6 4 2
1 5 4 3 2 1

Figure 2. 5x5 Matrix method for defining the numerical value of the fire risk
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Table2.Category of risk to which Faculty of Business Administration is exposed

Fire Hazard | Fire Risk Risk value _
Structure — — - —— Risk Category
Description | Description | Fire Hazard xFire Risk
Faculty of
- . Very
Business Unlikely (2) Low (1) 2 Low

Administration

2.3. Quantitative Assessment of Risk Pertaining to Fire Outbreak

The quantitative ,,Euro-alarm® method is based on the fire risk of the building (Eq 1)
and the fire risk of the building content (people, furniture, etc.) (Eq 2), as two highly related
components [4]. The risk related to fire outbreak for the structure depends on the possible
intensity and duration of fire due to structural characteristics, i.e., bearing elements of the
structure (resistance of the structure to high temperatures) and is computed

__ ((PoxC)+Pk)*BxLxS
- WxRi

(1) Ro

where:

Ro — fire risk of the building;

Po — coefficient of fire load of the building content;

C — coefficient of combustibility of the contents in the building;

Pk — coefficient of fire load of materials installed in the construction of the building;
B — coefficient of size and position of the fire sector;

L — coefficient of delay in the start of extinguishing;

S — coefficient of a width of the fire sector;

W — coefficient of fire resistance of the load-bearing structure of the building;

Ri— fire risk reduction coefficient.

The fire load has been adopted in accordance with the standard MKS. U.J.1.030 [3]
and for classrooms it's value is q=251(MJ/m?).The coefficient of fire load of the building
content (P,) is determined according to Table 3.

The coefficient of combustion of the contents in the building (C) depends on the class
of fire danger and is given in Table 4. The coefficient of fire load of materials built in the
structure of the building (Px) is obtained based on the calorific value of all combustible
materials in the building (Table 5). For RC structure has no caloric value, and Px=0. The
coefficient of size and position of the fire compartment (B) depends on the size of the fire
compartment’s floor area, the height of the premises and the number of floors. For four to
eight storey building with fire sector from 1500 to 3000 m?, height of premises from 10m to
25 m and one basement storey, this coefficient is B=1.3.The coefficient of delay in the start of
the intervention (L) depends on the type and equipment of the fire brigade, its distance from
the building and the condition of the roads. For territorial firefighting unit where the distance
between the fire station and Faculty of Business Administration is 950 m, this coefficient is
L=1. The fire compartment width coefficient (S) is determined based on the fire compartment
width (Table 6). The coefficient of fire resistance of the load-bearing structure of the building
(W) is determined depending on the elements from which the building is constructed. In this
case the RC structure has fire resistance that is usually higher than 90 minutes (Table 7).

Fire risk can be reduced by using the fire risk reduction coefficient (Ri), in regard to
the type of combustible materials, combustion rate, storage method and other factors. In this
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case the flammability is not particularly high, normal speed of fire spreading is expected and
in the process of functioning, there are normal sources of ignition. The value is Ri=1.3.

Table 3. Coefficient of fire load of the building content (P,)

qFERiJ';’;% 0-251 | 252-502 | 503-1004 | 1005-2009 | 2010-4019
Po 1 2 3 4 5

Table4. Coefficient of combustibility of the content in the building (C)

Category of fire resistance VI \ v Il I I

Combustibility coefficient C 1 1 1 1.2 1.4 1.6

Table 5. Coefficient of fire load due to materials built-in the structure of the building (Px)

MJ/m? 0-419 435-837 845-1675 1691-4187 4203-8373

Pk 0 0.2 0.4 0.6 0.8

Table 6. Coefficient of the width of the fire compartment (S)

The least width of the fire compartment (m) up to 20 20-40 40-60 Over 60

S 1 11 1.2 13

Table 7. Coefficient of fire resistance of bearing structure (W)

Fire resistance in (min) | upto 30 30 60 90 120 180 240

W 1 1.3 1.5 1.6 1.8 1.9 2

By incorporating the defined parameters into Eq. 1, the value of fire risk becomes:
Ro,=0.54.In case R, <1, the structure should be manual extinguishers as are portable and
vehicle mounted extinguishers. This criterion is satisfied.

The risk related to fire outbreak to which the contents of the structure (danger for the

people, the equipment and alike) are exposed is indicated byRs and is defined by Eq.2.
(2) Ry=H-D-F,
where:
H is coefficient of danger to humans;
D is asset risk ratio;
F is coefficient of smoke action.

The risk factor for people (H) depends on the possibility of timely evacuation of people
from the facility and is given in Table 8. The asset risk ratio (D) depends on whether the
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destroyed property can be recovered and the extent of material losses and is given in Table
9The appearance of a larger amount of smoke increases the threat to people and property,
which is taken into account through the coefficient of action of smoke (F) and is given in
Table 10[4]. For the analysed building, the final value of Rs is: Rs=2.

Table8. Danger to which people are exposed H

Level of endangerment Coefficient H
There is no danger for the people in the structure 1
There is danger for the people in the structure, but they can save 2

themselves
There is danger for the people and evacuation is aggravated (high
smokiness, large number of present persons, fast spreading of fire, multi-

storey structure, presence of disabled persons — sick persons, old people, 3
children)

Table 9. Coefficient of risk for the devices D

Concentration of values Coefficient D

The contents of the structure are not of high value and have a low 1
tendency to destruction
The contents of the structure have value and tendency to destruction 2
The destruction of the value is final and the losses are irreparable
(cultural goods and alike), or with their destruction, the existence of the 3
inhabitants is directly endangered.

Table 10. Smoke efficiency F

Factors leading to occurrence of smoke Coefficient F

There is no particular danger for occurrence of smoke and corrosion 1

More than 20% of the total weight of all flammable materials cause

: : . 1.5
smokiness, or release poisonous products from combustion
More than 50% of the total weight of all flammable materials cause 9
smokiness or release of poisonous products from combustion
More than 20% of the total weight of all flammable materials consist of 9

materials that release highly corrosive matters.

The obtained values for these two components are plotted on the ordinate and abscissa
of the Fire risk decision diagram (Figure 3). Each combination of building fire risk and fire
risk of the contents of the building corresponds to a particular point on the diagram. The
position of the point can be used to decide whether it is justified to take additional fire
protection measures. In this case zone 1 means that the risk is very low, so preventive
measures are sufficient.
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Figure 3. Fire risk decision diagram

2.4. Evacuation time from Faculty

Time of evacuation of school building was calculated by using the program
»Pathfinder [5]. The building floor plan is presented in Figure 1. The maximum number of
employees and students that can be present in the building is N = 130.The farthest room from
the evacuation exit from the building is L = 20 m. The width of the exit door which leads
directly to a safe place is 1.0 m and is located in the main hall. The total time of evacuation is
sum of times for leaving the rooms, moving through the halls and stairs and arriving at the
safe place. For example, Figure 4 presents the time of evacuation when occupants are in
different rooms.
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Number of Occupants in Selected Rooms

Number of Occupants

0.0 10.00 20.00 30.00 40.00 50.00 §0.00 70.00 B0.00 90.00
Time in Seconds

Figure 4.Evacuation time from different rooms

According to the calculations, the total time of evacuation is t=1.38 min. This time is shorter
than the time for the fire brigade to arrive and start extinguishing the fire.

Conclusion

In accordance with the conducted research, it can be concluded that the Faculty of
Business Administration is in very good condition and already fulfil all the necessary
measures for protection against fire.

Based on the results obtained, it is recommended to make an evacuation plan in each
floor and also to reduce into minimum the flammable materials located in the basement.

The analysis has shown that, for fast and initial, but still sufficiently accurate
assessment of the risk pertaining to fire outbreak, one can use quality methods as are the
Matrix Method and the Elementary Five-Step Method.

In accordance with the conducted research, compared to these methods, it can be
concluded that the application of quantitative methods, as the “Euro-alarm” Method, is more
effective and these methods are used for more detailed analyses in assessing the risk related to
fire outbreak in a specific structure.
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HU3MEPBAHE HA ITOJIBUTE OT YCTOMYNUB CTPOUTEJIEH ITPOEKT
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BENEFITS EVALUATION OF SUSTAINABLE CONSTRUCTION
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Abstract: Sustainable construction in the context of increasing the economic value of
assets, reducing the negative impact on the environment, and improving the operational
conditions of projects is explored in this report. The benefits of applying sustainable
practices in construction projects are systematized to increase their applicability in
practice. The report analyses the financial, environmental, and social benefits of a
sustainable construction project and proposes methods for calculating some of them.

Key words: sustainability, benefits, construction project

1. BwbBenenmue

Crpaaute, B KOMUTO XopaTa mnpekapBaT okojio 80% oOT BpeMeTo CH, JONpHUHACAT 3a
npubmmzuTenHo 40% oT rTnobamHUTE eMHCHMM Ha TapHUKOBU ra3zoBe. Edekture ot
IJI00aTHOTO 3aTOIJITHE C€ YCeIaT YYBCTBUTEIHO BBHB BCsKa Toyka Ha (CBeTa M TAXHOTO
OBJIaJIBaHE € OT KPUTHUYHO BaXHO 3HAUYEHHE 3a MPOCIHEpUTETa Ha IbpPKABUTE M TEXHUTE
xutenu. 3apaBHara kpusa Besenctsue Ha KOBU/I-19 u enepruiinara, u pecypcHa Kpusa oT
BOWHATa B YKpailHa JOI'bJIHUTEIHO BIUSAT HETATUBHO BHPXY CBETOBHATA NKOHOMHUKA. B TO31
KOHTEKCT YCTOMYMBOTO CTPOMUTEJICTBO II€JIM Jla HaMald KOHCyMallUsiTa Ha EHeprus,
M3pa3Xx0JIBAHETO Ha PECYPCHU U BB3JIEHCTBUETO BHPXY OKOJHATa Cpelia, KaTo ChIIEBPEMEHHO
nooopsiBa 31paBeTo, KoMpopTa U TPOAYKTUBHOCTTA HA OOUTATEINTE HA CTPAJANTE, HAMAJISIBA
eKCIJI0aTallMOHHUTE UM Pa3Xo/iy U yYBeJIN4aBa fa3apHaTa UM CTOMHOCT. JloknaabT pasriexaa
pa3IMYHUTE AOMBIHUTETHH (PUHAHCOBU, €KOJIOTMYHU W COIMAHU TOJ3M HAa YCTOWYMBUTE
Crpajau, KaTo cCUCTeMaTU31pa U Mpejsiara Ha4YlMHY 3a U3MEpBaHe Ha HAKOHM OT TE3H IMOJI3H.

2. JlombJHUTETHH (PMHAHCOBHU MOJI3H

Cpen OCHOBHMTE L€IM Ha YCTOMYMBOTO CTPOMTEICTBO Ca Ja C€ IOBHILIHU
€Heproe(eKTUBHOCTTa Ha Crpajara, KaTo CBIIEBPEMEHHO C€ IMOA00pH KayecTBOTO U
JIBJITOTPAMHOCTTA U, a CBIIO TaKa U BBTPEIIHATA i1 cpena. Te3n XxapakTepucTUKU HEMUHYEMO
BOJIAT A0 (MHAHCOBH IOJI3M, M3pa3siBallld C€ B INO-HUCKM EKCIUIOATAllMOHHM pa3Xxoau WU
pa3xo/u 3a MOAIPHKKA, U TI0-BHCOKA Ma3apHa CTOMHOCT Ha akTuBa [1-4].

2.1. EHeproegexTHBHOCT

[To-nobGpata eHeproeeKTUBHOCT Ha YCTOWYMBHTE Crpajd CIPSIMO CTaHIApTHHUTE
TaKMBa C€ U3pa3siBa B IMpPHJIAraHeTo Ha I0-KayecTBEHA CrpajHa OOBHMBKa C IO-100pH
CHEePTrUiHN XapaKTEPUCTHKHA W B MHTETPUPAHETO HAa BH300HOBAEMH €HEPIMHHHM M3TOYHHIIH.
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Te3u enmeMeHTH cnoMaraT 3a MaKCHMAaJIHO IIeCTeHE Ha CHCprus, KOCTO BOAMU OO0 ITO-HHUCKH
CKCIUIOATAIUOHHHA Pa3x0oJu U PasxodH 3a IMOAAPbiKKaA.

A) Crpaagna o0BMBKa

XapakTepuCTUKUTE Ha CrpajgHata OOBMBKAaTa MMAT CBIIECTBEHO BIUSHUE BBPXY
NOTPEOJICHUETO HA EHEPTUsl B CIPaUTe, KOSTO CE M3pa3sBa B HaMallIBaHEe Ha HEOOXoIuMaTa
EHeprus 3a OTOIUICHHE Ipe3 3uMaTa U 3a oxJaxjaaHe npes jsaroto. CienoBaTenHo TpsOBa Aa
Cce OT4UeTarT JBa acIleKTa: IMECTeHE Ha BBIJIMIIHA EHEprus Npe3 3uMara U IMEeCTeHEe Ha
KJIMMaTHU4Ha €HEPTrus Mpe3 JSATOTO:

e Uxonomus Ha 8venuwHa enepeus npe3 3umama

UkoHomusTa Ha eHeprus AE; m Ha Bbrmmma AQS BcnencTsue Ha Mo-e()eKTHBHATA

crpajiHa OOBUBKA Ha yCTOWYHMBATa Crpajia Mpe3 3MMHUS OTOIIUTENIEH NEpUo1 Morar 1a obaat

W3YHUCIICHHU IO CIICTHUTE (HOPMYIIH:
_ (HLIs—HLIG)XAXZ

(1) AE; = Eers ,[kWh/year]
2 AQeC _ (HLIs—HLIG)XAXZ [kg/year]
EeffXH

Kbnero uHAekchT Ha TtomamHHM 3aryou (heath loss index — HLI, [kW/m2]) Ha
CranpaprtHata crpajga € HLIs, a HLI na Ycroitunara crpana € HLIg, ororusemara miion e
A[m2], Ecfr ¢ KOChHUIUEHTHT HA TIOJIE3HO JCHCTBHE HA OTOILUIUTEIHATA MHCTANIAIMS, THATE Ha
ororuieHHe ca Z, TorumHHara croiHocT (heat value) Ha cranmapTHO W3rapsiHe Ha BBIJIMINA €
H (kJ/kg) [3].

o UKoHomus Ha KIUMAMUYHA eHepausl npe3 JSmomo

KonnuecTBOTO criecTeHa CHEprus 3a OXJakKJAaHe Ha YCTOWYHMBATA Crpaja CIpSIMO

cTaHaapTHa TakaBa, AE, Moxe j1a Obie u3uncieHa mo dpopmyna (3):

(3) AE, = % XY™ q; X Ay X hy X D; , [kWh/year]

KblieTo TOIMHHMAT MHACKC Ha 1-TaTa CTasl, OXJaXK/laHa Mpe3 JISITOTO € (j, TUIOIITa Ha i-
TaTta cras € Aj, THUTE Ha U3IMOJI3BaHE HA KIMMATHK Mpe3 JIAToTo ca Dj, cpeqHuTe yacoBe Ha
M3MOJ3BaHe Ha KJIMMAaTHU3alusl Ha 1-TaTta cTas BCEKH JieH ca hj, KoeUIIUMEeHTHT Ha IMOJIE3HO
nerictBue Ha kiaumatudyHata wuHcTamanus (Coefficient of Performance) e COP, ag e
Koe(uIUEeHTHT Ha eHepruiina edekTuBHOCT (energy efficiency ratio) Ha ycToifunBara crpaza,
a as - KOe(DUIMEHTHT Ha eHepruiiHa e()eKTUBHOCT Ha CTaHmapTHarta crpana [3].

b) Unrterpupane Ha Bo3oOHoBsiemu Enepruiinu U3Toununu

[Ipe3 nmocneaHuTe TOJUHKU ce HAaOII0/aBa CHUIECTBEHO Pa3BUTHE B Pa3pabOTBAHETO Ha
pasnuyau Bp3oOHoBsieMu Enepruitin M3TOYHMIM, NPUIOKUMU MPH Pa3lIudHU ycloBHs. B
elHa crpaja ToBa MoraTr JAa ObJaT reoTepMajiHa €HEeprus, BSITbPHU MEJIHMIIM, COJApHU
(OTOBOATANYHU TAHETH U COJAPHU OONIEpH.

e FEnepeocnecmssane om conapnu bounepu

CrnecTsiBaHETO Ha €HEPrus OT IMPWJIATaHETO Ha COJAPHU BOJOHArPEBATEIHU CUCTEMH

AE; Moxe 1a 0bie M3YUCIICHO 110 CIIETHUTE (HOPMYITH:

(4) AQuw = Qw X ¢y X (teng — t) X f, [K]]
(5) AEy =2 [kWh/year]

Kbnero Qy € romumHoTO 00mo0 moTpebieHne Ha Boga (Kr); Cy MpeACTaBiIsBa
crienuUYCeH TOITMHEH KalalUTeT Ha BOJATa MPHU MOCTOSIHHO HAJsraHe (CTOHHOCTTa My €
4,1868 kl/(kgeC)); teng © KpaiiHaTa TeMmeparypa Ha BojaTa B pe3epBoapa (°C); tj € HayaHaTa
temneparypa Ha Bojaara (°C); f orpassBa cTemeHTa Ha OCUTypsiBaHE Ha CIIbHYEBA €HEPTUS,
YUATO CTOMHOCT oOumkHOBeHO ¢ wMmexay 0,3-0,8; A mpencraBisiBa KoeUIIMEHT 3a
npeoOpa3yBaHe Ha MOIIHOCT B eHeprus u ¢ paBeH Ha 3600 kJ/kWh [3].

e Enepeocnecmseare om conapHu (pomosormaudHy cucmemu
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CriecTsiBaHETO Ha €HEPrHs OT MpHUJIAraHeTo Ha colapHH (oToBonTamyHu cucremu AE,
MOYE JIa C€ U3YHCIIH 10 CIeTHUTE HOpMYIH:

(6) AQug =Jr X Ac X1
(7) AE, = A(;LE, [kWh/year]

KBAETO JT TpeAcTaBisBa TOAMIIHOTO KOJMYECTBO ciabHYeBa paauanus (kJ/m2) B
obmactra; Ac € IUIOIITa Ha OCTbHYABaHE HA cHcTeMara oT ¢oroBoaTauuu (m2); m
npejacTaBisiBa nmpeobdpaszyBarennara uMm edektuBHOCT (conversion efficiency of photovoltaic
array); A mpezcraisiBa KOe(UIIMEHT 3a Ipeodpa3yBaHe Ha MOIHOCT B CHEPIHs M € PAaBCH Ha

3600 kJ/KWh [3].

B) O61u mos131 0T eHeproe(peKTUBHOCT:

OO61I0TO TOIUIITHOTO KOJIMYECTBO CIIECTEHA CHEPrUsl B yCTOWYMBATA CTpaja MOXeE Ja ce
u3uuciu 1o Gopmysna (8):
(8) AQE = AE, + AE, + +AE; + AE,, [kWh/year],

O6muTe TONBIHATENHN GUHAHCOBH MOM3U ABE OT ropuimHaTa MKOHOMHS HAa €HEprus
Ha yCTOMYMBaTa crpajia Morar /1a c€ U34HCIIAT:
(9) ABE = AQE x PE,[€/year]

Knaero AQS e xommuecTBoTo criectena eneprus, a PE e nenara Ha enexktpoeHeprusrta
KbM KpailHUs OTpeOUTEI.

2.2. BopoepeKTHBHOCT

HO-HI/ICKaTa KOHCYM&HI/IH Ha BOJa HECCBMHCHO BOJIHW OO ITO-HHUCKHU CKCIIOATAIITMOHHU
pa3xomu. ChlnecTByBaT JBa METOJAa 32 OCUTYpsiIBaHE Ha MaKCHMalHAa BOJOC(PEKTUBHOCT B
e/Ha crpaja:

A) U3noJi3BaHe HAa AITEPHATHBHHU BOJAOU3TOYHHUIIH

Toa morat aa 6bIaT Mpen3noia3BaHa IbKI0BHA BOJIAa U OTNaAbuHa BojAa. [ImkI0BHATA
BOJIaTa MOKe /1a ObJie ChOMpaHa B IIMCTEPHU U PE3EPBOAPH | JIa CE U3ITOJI3BA 3a HAIOsBAaHE Ha
3eJIEHUTE TUIOMIM MpU HeoOxoaumocT. [Ipensmnon3BaneTo Ha OTMAAbUYHUTE BOJU CE€ CHCTOU B
yIIaBSIHETO Ha CHBaTa Boja (M3IOJI3BaHATA BOJA OT MHUBKH, TYIIOBE, TICPATHH, CYIIHIHU) U
MpUJIaraHeTo W 3a HAmosIBaHE WJIM 3a YepHa Boja (TOANeTHH YHMHHH, MHsUTHH). OcTaHanmaTta
OTHaJbyHa BOJAa MOXKE Ja ce MpeoOpa3yBa B MPEUHCTeHa (pPElUKIMpaHa) BOoAa M Ja Ce
npepasnpenens KbM pPa3IUYHUTE CTpagd M ChOPBKECHHS 32 HEMUTEHHU HYXKAH, KaTo
O3elieHsIBaHe, 3eMejieNiie, MOYUCTBaHe Ha YIHIM, TPOM3BOJCTBO Ha OETOH, OXJIaXKIaHe Ha
eJIeKTpoleHTpanuTe u mp. [1, 2].

b) HamansBane Ha norpe0JjieHNETO HA BO/ia

YCTONYMBOTO MPOCKTUPAHE TIPEABMKAA M3MOJ3BAHETO HAa MKOHOMHUYHU U €(DEKTUBHU
TEXHOJIOTHH 32 BOJIOCHAO/sIBaHE, KaTO HUCKO-IEOMTHH aBTOMATUYHH KPAaHOBE H JpP., KOUTO
MOTaT aa ocUrypsT okoio 20% mo-Hucko moTpediaeHue Ha Boaa. Chio Taka Morat 1a ObaaT
MpEeIBUICHN CYXH KOMIIOCTHU TOAJEeTHH, HEHM3MON3BAllld BOJA, KOMUTO MOTraT Ja HaMajsT
KOHCyMaIMsATa Ha BOJA B €JHO JOMAakKUHCTBO ¢ okojio 30%. Te ca decTo MpHIIOKUMHU U B
oOmiecTBeHn crpaad. ToBa ca TOaleTHH, KOUTO OOpabOTBAT UYOBEMIKUTE OTMAIbIH Upe3
OMOJIOTHYEH Tpollec, HapedeH Kommoctupane. To3u mpomec BoAM A0 pasjiaraHe Ha
OPTaHMYHUTE BEIIECTBA W MPEBPHIIA YOBEIIKUTE OTMAABIIM B TOPOMOJOOCH Marepual.
KoMmoctupaneTo ce u3BBpIIBA OT MHKPOOPTaHM3MHU (TJaBHO OakTepuu U THOU) TpH
KOHTPOJIMPaHH acpoOHHU ycioBus [1].

OO0muTe MOMBIHUTENHNM (PUHAHCOBU MOJ3M OT TOJUIIHATA MKOHOMHS Ha BOJa Ha
ycToitunBara crpaga ABY morar na ce mzunciar no gopmyna (10):
(10) ABY = AQW™ x PV, [€/year]
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KBJIETO KONMYECTBOTO CIIECTEHAa BoAa B ycToiumsara crpaga € AQY, a uemara ma
BOJaTa KbM Kpaiinus notpeduren e P,

2.3. Ilo-Bucoka ma3apHa CTOIHOCT

Bcuuky TOMBIHUTENHN TOJI3M HAa YCTOWYMBATa Crpaja, KaTo MO-HUCKH ONEPAaTHBHU H
eKCIUIOATAllMOHHU PAa3XOJH, MO-BUCOKO Ka4eCTBO M ABITOTPAHOCT, MO-A00pa BBTpELIHA
cpena, s MpaBsT MO-KOHKYPEHTOCIOCOOHA, ChOTBETHO M C IO-BHCOKA Ma3apHa CTOHHOCT B
CpaBHEHHE C IM0I00HAa KOHBEHIMOHATHA crpaja. IIpoyuBanusi paskpuBar, 4e IO-BHCOKATa
IIeHa Ha 3eJIeHaTa Crpaja ce yBelndyaBa ¢ HUBOTO Ha cepruduuupane (mexay 2-5% 3a mo-
HUCBHK Kimac 10 10-16% 3a waii-Bucok kiac) [1]. M3crneaBanu ca JOMBIHUTEIHUTE Pa3Xxoiau
CIIpsIMO HUBOTO Ha cepTuduumpane 3a 10 pasnmuynu o0exTa, COpea KOsATO 3a NO-HUCKU HHUBA
Ha CepTHU(UIMPAHE IOIBIHUTEIHUTE pa3xoau ca mexnay 1-4%, a 3a Hall-BHCOKM HUBA —
mexay 6 u 10% [4]. ToBa moka3Ba, 4e MO-BHCOKHUTE LICHU WM HAEMH Ha 3€JICHUTE CTpajid
OOMKHOBEHO HAJBHUIIABAT JOMBIHUTEIHUTE MHBECTHUIIMOHHHU Pa3XOIH 3a IMpearnpueMadunTe,
KOETO MOTBBPKJaBa PEHTAOMIHOCTTA HM.

Onenkara Ha JONBJIHUTEIHUTE TOJI3U OT MO-BUCOKAaTa Ma3apHa CTOWHOCT Ha crpajara
ce M3BBPIIIBA Ype3 U3TOTBSHE Ha Ma3zapHa oreHka cropen CpaBHurenHus mMeron. CpaBHABAT
Ce CXOJHH IO MECTONOJOKECHWE M XapaKTEPUCTHKH HWMOTH CHOpe] OQUIMATHH Ma3apHU
naHHU. JlombJIHUTENHWTE (UHAHCOBM TION3M OT TI0-BHCOKAaTa I1a3apHa CTOMHOCT Ha
ycToitunBara crpagata AB# MOrart a ce H34HCIIAT:

(11) AB# = P¢ — PS,[€]
KbJ1eTo nasapHaTa olleHKa Ha CTaHAapTHaTa crpaja e PS, a Ha ycroitunpara - PC.

2.4. Ilo-Bucoko Thpcene u ['oToBHOCT 32 [L1amane

JIObIHUTETHUTE TOJ3M HAa YCTOMYMBHUTE Crpajyd TI'M IMpPaBsT MO-TIPUBJIEKATEHU 3a
MOTEHIMATHA HaeMaTell Wi KynyBaud. Bce moBeue ¢upmm 3amarat B moprdoiuara cu
U3MCKBaHE MPOM3BOJICTBEHUTE UM aKTHUBH Jla ca cepTU(HUIMpaHu 1o KoHKpeTeH CepTtudukar
3a ycroWuymBocT. [IpoyuBanmsi, (GOKyCHMpaHU BBPXY IKHJIUIIHHUS I1a3ap, MOKa3BaT, de
KITMEHTHTE UMAT mo-Brcoka I'otosHocT 3a [Tnamane (Willingness To Pay) 3a 3eenu crpau,
KOATO Bapupa Mexay 3%-8% crpsiMo HUBOTO Ha cepTuduirpane. KbM HacTOSAIUS MOMEHT
T€3U TOJ3U Cca TPYIHO W3MEPHMHU B KOJIMYECTBEHO OTHOILIEHHE, HO MOXKE Ja C€ MpPEeCMETHAT
KaTo Ce MPHIJIOKU KaueCcTBeHa oreHka [1, 4].

2.5. TTo-HUCKO TEKY4eCcTBO

[Topanu mo-Bucokata KOHKYPEHTOCIIOCOOHOCT M ThPCEHE Ha 3€JIEHUTE CIPajH, T€ ChIIO0
Taka OTYMTAT TO-BHUCOKA 3a€TOCT, IMO-HUCKO TEKYYECTBO M T0-0aBHA aMOpPTHU3aIMs C IIO-
HHUCKH pa3xoju 3a noiapbxkka [4]. [IpoydBaHus Ha cepTUPHUKATHT 32 KAYECTBEHA BHTpEIIHA
cpena Ha crpaaute The WELL Certificate couar, ue Hsixon ¢pupmu koncratupat 27% mo-
HUCKO TEKY4YeCTBO Ha CIY)KMUTENM Ha roauiiHa 0aza, upasssamio ce B 132,500€ cnectenu
pa3Xo/u ciel KaTo ca MOJACPHHU3HPAII TEXHUTE crpaau. KbM HACTOSIIMS MOMEHT TE3H IOJI3H
ca TPYIHO NPOTHO3MPYEMHU B KOJMUYECTBEHO OTHOIICHHME M TpsiOBa na ObaaT oOcieaBaHU
WHINBUIYATHO 38 BCEKH TIPOEKT [5].

2.6. baHKOBH ¥ TaHBYHU 00/IeKYEHUS

[Ton3ute OT OAaHKOBM W JAHBYHU OOJICKYCHHS B PA3IIMYHUTE IBPXKABU 3aBUCAT OT
HNOJUTUKUTE UM CIPSIMO Pa3BUTHUETO Ha YCTOHYMBOTO CTPOMTENICTBO Ha JIOKAIHO HHBO. B
CAIll n Haxou ctpanu ot EBponelickus Cbro3, MHBECTUTOPBT MOXKE Jia CE BB3M0JI3Ba OT I0-
HUCKH JAaHBIM, OOHYCH 3a NMPEU3NO0I3BaHe Ha TPaJICKU TEPEHU, YCKOPEH MPOLEC 33 U3AaBaHe
Ha pa3pelieHue 3a CTPOeXK, MO-T00pH KPEIUTHHU YCIOBHUS, a MOTPEOUTENUTE IUIAIaT Io-
HHUCKH JIaHBLHM 32 UMOTUTE cH. OTUUTAHETO HA TE3U IOJ3U 3aBUCU OT PETHOHA, B KOWTO ce

HaMHUpa ChOTBETHATA CrPpajia U €CTECTBOTO Ha MpoekTa [1].
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3. JlombJHHMTEJHH MOJI3H 32 OKOJIHATA cpe/a

YCTOMYMBOTO CTPOUTENCTBO Mrpae KiroudoBa poiist B Llenure 3a YceroiuuBo Passurue
(IIYP) ma OOH, Tpii Kkaro eaHa OT OCHOBHHUTE MYy 3aJayd € MHHUMH3HpPAHE Ha
OTPUIATEIIHOTO BBH3/ICHCTBUE HA TO3W OpaHI, U CBHP3aHUTE C HETO MHIAYCTPUU U IPOILIECH,
BBPXY OKOJIHATa Cpe/la, U OMa3BaHETO Ha OMOpa3HOOOpaszuero. 3eleHUTE Crpaiu MMaT I0-
HUCBK BBIJIEPOJEH OTMEUYATHK, TOMPHUHACIT 32 MO-MAJIKO €MHCHUM Ha MapHUKOBU Ta30BeE,
HaMaJIIBaT U3pPa3Xxo0[BaHETO HA 3eMHUTE PECypCH U OTHaabLuTe. IKOHOMUYECKUTE TOJI3U OT
Te3u e(heKTH MOTaT Jla Ce M3UUCIISIT C MOMOINTa Ha PA3IUYHA METOJU 3a OICHKA Ha TEXHHUTE
L(CHU B CSHKa’.

CehlecTByBaT pa3inyHU METOJM 3a OLEHKA Ha IICHAaTa B CSHKA Ha JaJieH €PEeKT Wiu
yciyra. Morar Jia ce cucTeMaTH3Upar B CIEIHUTE TPYIIU:

A) ITazapuun MeToamn

» [IlazapHuTe meHm morar jaa ObJaT W3IMOJI3BAHM 32 OLEHKA HA CTOWHOCTTAa HA JAJCHU
CYpOBHMHHU WJIM yCIyr'HW Ha 0a3ara Ha ma3apHaTa MM CTOWHOCT, HAlpUMEp I1a3apHara
IICHa Ha JbpBecHHaTa. BB3MOXHO € Ja ce HaJloKH MoAu(UIIMpaHe Ha TE3W IICHU TPU
HaJIMYME Ha Ma3apHUA U3KPUBSIBAHMS, KATO CyOCHINU H TIP.

* IIpenorBparsBanusT MOIXOA OTYUTA IICHATA, KOSATO OMXa IUIATWUIIA NOTPEOUTENIHTE, 32
na u30erHaT eKOJOTHMYHH DPa3XOId W € TACHO CBBP3aH C Pa3XOAUTE 3a IMOAMSHA.
Hampumep pasxoaurte 3a MPEYUCTBAHE HA BOJATa MOTaT Ja 3aMeCTAT CTOHHOCTTa Ha
HIETUTE OT 3aMbPCSBaHE HA BOJIATA.

* MeToabT Ha pa3xoaWTe 3a MBTYBaHE M3IMOJ3BA Il€HATa, KOATO IUIAIIAT JIKIIA,
OpeINpueNd IMbTYBaHE JO MsCTO 3a OTAMX (pa3Xomu 3a WBT, BXOJHH TaKCH,
aJITepHAaTHUBHATA I[eHa HAa BPEMETO), 3a 3aMECTUTE] Ha pa3BiIeKaTelHaTa CTOMHOCT Ha
TOBA MSCTO.

b) Counannu meroamn

 Ilpu moxxogwre 3a JEKJIApHpaHW TPEANOYUTAHUS CE€ TPABAT BHUMATEIHO
CTPYKTYPUPAaHU BBIPOCHUIM HA CHELHATHO MOAOPAaHU YYaCTHHMIIM, KOMTO pa3KpHBaT
NPENOYUTAHITA UM 32 J]aJIeHa MPOMSHA B OTIPE/ICTICH €KOJIOTHYEH aKTHB.

* Tlonxoaure 3a cyOEKTHBHO 0J1aroChbCTOSTHUE U3ION3BAT CIEUM(UYHN IPOYUYBAHUS C LIET
Ja Jajar siCHa OIGHKa Ha BIMSAHUETO HAa TMPOMSHATa BBPXY CYOEKTHBHOTO
6nmarocbcTosHue. TakuBa OLEHKU MOTarT Jia ce peodpa3yBar B MApHUUYHU CTOMHOCTH.

B) Pa3xoanu MeToau

* MeroabsT Ha pa3xoaute oT Bpeau (damage COStS), kouto Ouxa OMIM NPUYMHEHU TPU
JWIICa Ha JaJeHa YCIIyTa, OleHsIBa HeWHaTa CTOWHOCT. TO3W METOJ € TPUIIOKHUM IIPH
yCIyTH KaTto (pUuATpUpaHe Ha Bb3AyXa, HAMAJIsIBaHE Ha IIIyMa M Jp.

* Mertox Ha pa3xoaWTe 3a 3aMsHA OTYHTA Pa3XOIUTE 3a OCUTYpsBaHE Ha YCIyra WM
WH)KEHEPHO pellleHue, M3MBJIHABAIIO (YHKIMSA, MOJ00HAa HAa Ta3W Ha pasIriiexjaHaTa
ycnyra. Hampumep ModypuIiara, OCUTYpsiBallld 3amluTa OT HABOJAHEHHWS, MOTaT aa
ObJaT OIEHEHU Ha 0a3a pa3xoJuTe 3a M3TpakIaHe Ha Oapuepu Cpelly HaBOJHEHHS C
no100Ha e(heKTUBHOCT.

* MeToabT Ha aNTepHATMBHUTE pa3XOAM OTYMTA IPOITyCHATaTa CTOMHOCT 3a 3alluTa,
no00psiBaHEe WIIM Ch3JaBaHE Ha OMpe/esieH eKoJorHueH akThB. Hampumep, ako m1aneHa
3eMs ce 3ama3d KaTo ropa, ce ryO0sT MpOIMyCHATUTE MOJI3U (aITepHATUBHUTE Pa3XOJIH)
OT CEJICKOCTOIIAaHCKO MPOU3BOCTBO [6].

OneHsBaHEeTO Ha IleHaTa B CsSHKAa Ha HeMa3apHUTE CKOJOTHYHU e(eKTH € OT
CBIIECTBEHO 3HAYEHHWE IIPU aHAIM3a W B3EMaHETO HA CTPATETHYECKH PEIICHUS, KOETO
HaMaJsiBa pUCKa OT 3aryOu 3a 0JIarOChCTOSIHUETO U OJIaronoy4ueTo Ha HaceleHueTo [7].

3.1. CnecraiBaHe HA BBIVIMIIA
Enextpoeneprusita 3a OMTOBH HYXIU B bbiarapus ujaBa NpeIuMHO OT U3rapsHETO Ha
Bprmina. Cnopen Joknan na TEL] Mapuna Igggmc 2 xpM Komucusita 3a Enepruiino u Bogno
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perynmupane ot FOum 2020r., cpennusaT paszxon Ha Bbrimma 3a 2018t e 1,59xr/kWh, koero
o3Ha4aBa, 4e 1,59 kr crammaptHu Bwrammia Morar jaa npousBenar 1 kWh eneprus [8].
Pa3smepbT Ha crecTsBaHMSTa Ha BBIVIMILA, BCICACTBHE HAa HHTETPUPAHETO HA YCTONYHMBHU
NPaKTHKH MOXeE Jia ce U34uciu 1o gpopmysa (12):

(12) AQS = AQS + k x (AE, + AE; + AE,), [kg]

Kbneto k e cpennusat pasxon Ha Bprimimna 3a KWh. O0mure H0MbIHUTEIHN MOJI3U 3a
OKOJIHATA Cpejia OT FOAMIIHATA HKOHOMHS Ha BBIVIMINA Ha ycToituuBaTa crpaga ABS morar na
ce n3uuciAT no gopmyna (13):

(13) ABS = AQS /1000 x P¢,[€/year]

Knaero AQS e 061m0To KOIUYECTBO CIIECTEHH BBIVIMIIA, H3UHCIeHo 1o popmyna (12), a

I1a3apHATA LIeHA Ha CTAHIAPTHHTE BHIIMIA B paiiona e PC [3].

3.2. HamaJisiBaHe HA eMHCHHTE HA MAPHUKOBHU ra3oBe

WsrapsHeTo Ha BBIVIMIA CTaHAAPTHO OTAeas BwriaepogeH auokcua (CO,), ceper
mokenn (SO2), azotau okcunu (NOx) U ap. Beexu 3ambpenTen npuTekaBa KOehUIIUEHT Ha
u3NycKaHe TpHU craHgapTHo ropene Ha Bbruuima (discharge coefficient of standard coal
combustion) (;) u 1ena 3a usnmyckane, aajaenu B Tabmuna 1:

Tabnuya 1: Koedhuyuenmu na usnyckane Ha NApHUKo8U 2a3ose U yYenu

IlapuukoB ras Koepunuent Ha u3nyckane | Ilena 3a uznyckane ($/t)
Bwriepoaen auokcun (CO,) | 2,493 23,46

Cepen auokcus (SO;) 0,033 2932,55

Azoran okcuau (NOy) 0,0038 92,61

Jlumen npax 0,0096 40,35

Karo ymMHOXHUM clecTeHUTe KOJMYeCTBAa M3TOPEHHM BBITHUINA BCSAKA TOIMHA TIO
KOCQUIIUESHTUTE HA OTACITHUTE NAPHUKOBH Ta30Be, IIE MOJIYYHMM OOMIOTO CIIECTEHO
KOJIMYECTBO €MHCHM Ha TAapHUKOBM Ta3oBe Ha YCTOWYMBaTa Crpajga oOT TO-BHUCOKa
eHeproe(eKTUBHOCT Ha ToauHa 1o Gopmyna (14):

(14) AQY = AQy X, [kg/year]

Ksaeto AQ]-G € HAMAJICHUETO Ha j-TUs APHUKOB I'a3 IPU M3rapsHe Ha BBIUIMING, & X; €
KOe(DUIIMEHTHT Ha H3MyCKaHe Ha |-THS TApHUKOB Tra30B. JIOMBIHUTEIHUTE TIOJ3M Ha
yCTOHYHMBATA CIpajia 3a OKOJTHATA cpejia OT HAaMaJIIBAHETO Ha EMUCUUTE Ha MTAPHUKOBHU T'a30BE
ABS wmorat na 6B1at u3unciaenu mo gopmyna (15):

(15) ABJ = Y, AQ] x Pf,[€/year]

Ksaero PjG € LIeHaTa Ha M3ITyCKaHe Ha j-THs MapHUKOB Ta3 [3].

3.3. BpriiepojeH oTne4aTbK

Cbhl1IeCTBEH KOMIIOHEHT Ha YCTOMYMBOTO CTPOUTEJICTBO € M3IMOI3BAHETO HA YCTOMUHUBU
MaTepHai ¢ HUCHK BBIVIEPOJICH oTieuaThK. HeoOxoaumara eHeprus 3a mporu3BOACTBOTO Ha
U3MOJI3BAaHUTE CTPOUTEITHU MaTepuaiu aonpuHacs okono 15%-20% ot obmara n3mona3BaHa
eHeprusi oT crpamara 3a nepuon ot 50 romaumuu [1]. CtpouTenHuTe AEHHOCTH MO CBETa
KOHCYMHUpaT MUJIMApAN TOHOBE CYpOBHMHHU BCAKA T'OJMHA, 3aTOBA CTaBa BCE MO-HAJIOKUTEIHO
Ja ce M3IOJI3BAT 3€J€HU CTPOUTEIHM MaTepHald W MPOAYKTH, KaTo MO TO3M HAYUH Ce
MOMOTHE 32 OMa3BaHETO HAa HAMAJISIBAIIMTE HEBH30OHOBSEMHU peCypcH B TTI00aJICH IJIaH.

[TonxonaumsaT U300p Ha CTPOUTENHU MaTepuaiu TpsAOBa Ja B3eMe MPEABHUA peaulia
dakTopu, KaTo BH3ACHCTBHETO BBHPXY OKOJHATA Cpela Mpe3 LENHs UM XKU3HEH IMUKBI (0T
U3BJIMYAHETO Ha CYPOBMHMUTE Mpe3 HU3MOJ3BAHETO MM U JO0 MOBTOpHAaTa WM ymoTpeoa,
pEeIUKINpaHe WM U3XBBPIsSHE). 3a 1menTa ce u3BbpiiBa OneHkara Ha xu3HeHus ukba (Life
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Cycle Assessment - LCA) na MarepuajiuTe M Ha Isjgara crpaga. Pasrieximar ce
XapaKTEPUCTHKH, KaTO:
* Heobxoauma eneprusi 3a J0OMB, MPOU3BOACTBO U TPAHCIIOPT;
* UzuepnBaHe Ha NPUPOAHUTE PECYpPCH; 3aMbpCSABAHE Ha BB3AyXa M BOJATA;
U3XBBPJISHE HA ONTACHU U TBHPJIU OTIAIbIIN;

*  PenuximpyemMocT U TPauHOCT U JIp.

W3non3BaneTo Ha yCTOMYMBHU MaTepuaid ChOTBETHO BOJIU 1O MO-HUCKU €MHCHM Ha
NapHUKOBH Ta30Be U MO-HUCKA KOHCYMaIlUs Ha €HEPrHsl OT MHIyCTpuATa. JombiHuTEIHUTE
MOJI3M Ha yCTOMYMBATa Crpaja 3a OKOJIHATa cpefa OT MO-HUCKHS M BBIVIEPOJCH OTIEeYaThK
ABY morart na 6baat u3uucnenu no gopmyna (16):

(16) AB)' = ¥ AQY x Pf + AQy x PE, [€]

Ksaero AQ}V’ € HAMaJCHHETO Ha EMHCHHM Ha IAapPHUKOBU Ta30BE BCJIEICTBHE Ha
BJIAraHETO Ha YCTOWYMBH MaTepHaH, PjG e IeHaTa Ha j-TMS HApHUKOB Ta3, AQL e
HAMAJICHUETO Ha KOHCyMAaIusiTa Ha EHEprusi BCJIEACTBHE Ha BIIAraHETO HA YCTONYMBH
marepuanu, a PE e nenara na eneprusra.

3.4. Ona3paHe Ha BOJHUTE pecypcu

B koHTekcTa Ha HaMasBAIIMTE MPUPOJIHU 3aIlack HAa MUTEHHA BOAA MpPE3 MOCIEIHUTE
JECETUIICTUS, OTPaHMYaBaHETO Ha HeWHaTa KOHCyMalus B crpajaTa HE caMO HaMaisiBa
eKCIUIOATAllMOHHUTE i Pa3Xolu, HO M CIioMara 3a ONa3BaHETO Ha BOJAHHUTE PECYPCH, KOETO
HOCH T0JI3H 32 O0IIECTBOTO M OKOJHATA CPe/a.

[Ty6im9HO MOCTBIHM JOKYMEHTH 3a OIEHKA, HAUIMYHH B TUIAHOBETE 32 YIPaBJICHUE Ha
BOJIHUTE PECYPCH Ha BOJOCHAOAUTEIHUTE JIpYKEeCTBA B AHIIINA U Y €JIC, OTYUTAT NPEeTHUTE
pa3xonu (M3BECTHU CHINO KATO "CpeHU JOMBIHUTENIHN COLMAIHU Pa3Xoau') 3a OCUTypsiBaHe
Ha JION'BJIHUTETHO KOJMYECTBO BOjAA. Te3M pa3xoqu Morar jJa ciayXaT 3a 3aMeCcTHTeN Ha
MKOHOMHYECKaTa CTOWHOCT Ha BOAHUTE pecypcu. CpemHUTe 3a OTpachia IOMBIHUTECITHH
COLIMAJIHU Pa3XOJM 332 OCUTypsiBaHE Ha JIONBJIHUTENIEH MIJIMOH JIUTPa Ha JieH ca okoyio 1,5
MuTHOHa mayHaa, umi Py = 1,5 £/£/day. Tasu cToitHOCT Moke 2 ObJIe IpHeTa 3a IIeHaTa B
csHKa Ha Bojata kato 3emeH pecypc [9]. Ilo To3um HaumH Morar jaa ce HU3YUCIAT
JIOIBITHUTETHUTE TI0NI31 38 OKOJIHATA Cpejia OT CIecTABaHeTo Ha Boaa AByY no gpopmymna (17):
(17) ABY = AQY x P}V X 365, [€/year]

Kbaero AQW e 06moTO KONHUECTBO ClieCTEHAa BOJAA B yCTOWUYMBATa Crpajaa, a P“,’V €
XeJIOHWYHATa IIeHa Ha BO/aTa.

3.5. Ona3pane Ha Janamadra

3aMbpceHa OT MPOMHIUICHH JICHHOCTH 3eMs MOXE Jia JIOBEAC 0 HWKOHOMHYECKH
COILIMATTHU pa3xoau 3a o01ecTBOoT0. CHOTBETHO MHTEPBEHIIMH, TPETUPALIH TE3U MPOOIEeMHU,
MoOraT Ja MMaT IOJI3U 3a KUTEJIUTE, MOCETUTENINTE, OM3HeCa 1 MKOHOMHKATa Kato msuio. OT
JIpyra CcTpaHa, OMa3BaHETO Ha JaHamadra MoXKe Ja JONpHUHECe 3a IOJI3H, CBBHP3aHU C
OCHTYpsIBaHE Ha pa3BIICKAaTEITHH JICWHOCTH, KaTO HAOJIIOJICHWE Ha MpHUpojara (HampuMep Ha
OTHIIN), TYpU3bM, Xy0aBu miieAku U otaux [9]. Becuuku pernameHTH 3a cepTuduIipaHe Ha
YCTOMYMBH CTpaJu OOPBIIAT 0COOEHO BHUMAaHHUE Ha XapaKTEPUCTUKHUTE HA MPOCKTA, CBhP3aHU
C Oma3BaHETO Ha JMaHAmadTa U 3eMHUTE MacH U MouBU. KbM HACTOSIIMS MOMEHT TOJ3HUTE,
CB'BpSaHI/I C TE3U CJIICMCHTHU Ca pr,Z[HO I/ISMepI/IMI/I B KOJIMYCCTBCHO OTHOHNICHUC U 3aBUCIT B
roJisiMa CTETICH OT XapaKTEPUCTUKUTE HA MTPOCKTA.

3.6. Ona3BaHe Ha OMOpPa3HOOOpa3ueTO

buopasnoobpa3uero e euH OT KIFOYOBUTE KOMIIOHEHTH Ha MPUPOIHUS KalUTal, KOSTO
noanomMara npeaoCTaBsIHCTO Ha CKOJIOTMYHM CTOKHM W YCIYIrd Ha Xopara. YcroituuBoTo
CTPOMTEJCTBO IEJM Ja HMa MHHHUMAJIHO  OTPHIATETHO  BB3JCHCTBHE  BBHPXY
OMopa3zHo00pPa3NETO HA U OKOJIO OOCKTA HOCp??%[(IZTBOMZ
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* OrpaHMYaBaHE HA 3aMbpPCIBAHETO HA TOBBPXHOCTHHTE W TOJIIOYBCHHU BOJIH,
1oYBaTa M Bb3AyXa,;
*  OCHTYpsIBAHE Ha HEMPEKbCHATOCT HA €KOJOTHYHHUTE KOPUIOPHU
*  3aIIMTa Ha PACTUTEIHUTE U KUBOTUHCKH BHJIOBE Ha U OKOJO 0OekTa (oma3BaHe Ha
KOpPEHH, THE3/1a, pAa3MHOXHUTEIHA Cpe/ia U T.H.)
* OrpaHWYaBaHEC W YIPABICHHEC HA OTHAABLUTE MpPe3 IEeNHus >KU3HCH IHKBI Ha
crpanara [1, 2]
OCTOWHOCTSIBAHETO Ha OMOPa3HOOOPA3METO OOMKHOBEHO CE M3YMCIISBA HA XEKTAap WIH
Ha JIOMaKWHCTBO, KaTO C€ W3IOJ3BaT COLMAIHUW METOAM C TOJXOAW Ha JCKJIapHpaHH
npearnoynTanus. 3a aa ce u30erHe ABOWHO OTYMTaHE, OMOpPa3HOOOpA3MeTO cienBa Ja ce
OILICHSIBA CaMO KOTaTo OKa3Ba TNPSKO BB3JCHCTBUE BBPXY OJIATOCHCTOSIHHETO HA XOopara U
KOTaTo € JOMbJIHEHUE KbM ApyrH moisH [9]. KbM HacTOSIIMS MOMEHT TE3H TOJI3U ca TPYIHO
U3MEPUMH B KOJIMYECTBEHO OTHOIICHUE M 3aBUCST B roJisiMa CTEIICH OT XapaKTEePUCTHKHUTE Ha
IPOEKTA.

3.7. HamaasiBaHe HA OTHAIbLMTE U U3MOJ3BAHE HA PeLMKJINPYEeMH MaTepUAIH

JlefiHOCTH KaTO JACTMOHMpAHE HAa OTMHAAbLIM, JOOMB Ha TOJIE3HUW HM3KOMAEMU U JIPYTU
pecypcu JONPHUHACAT 32 COLUMAIHU Pa3XOAM KaTo IIyM, IPETOBAPEHOCT, Mpax, MUPU3MU U IIp.
Te3u edexTn Morar J1a Hapymar OOIIECTBEHOTO OJIATOCHCTOSIHAE HA JaJIeH PaiioH W Ja uMaT
HEraTUBHO BB3/IEHCTBUE BbPXY 3/IPABETO.

Cnen karo egHa yCTOMYMBA Crpaja M3MOJ3Ba PEUUKIMPAHU W PEUUKIUPYEMU
MaTepuall BMECTO KOHBEHIIMOHAJIHU TaKWBa, TO TS HaMajsiBa KOJUYECTBOTO OTMAIBLU IO
BpEME Ha CTPOMUTEJIICTBOTO M M MO BPEME HA M3BEXKIAHETO Ml OT ekcruioaranus. [Ipunaraiiku
pa3xogHUS METOJ|, IIeHaTa B CSHKA Ha CTPOUTEIHUTE OTMAIbIIM MOXe Ja Oble mpuera 3a
paBHa Ha pa3xoJuTe 3a JOOWB HA PECYpCUTE, OT KOUTO Ca U3TPAJACHH TE3W MaTepuald U
TOJ3UTE 3a OKOJHATA Cpefia BCIEACTBHE HaMalsBaHe Ha oTHaxbuute AB{ morar ma 6baar
u3uucienu no popmymna (18):

(18) ABf = Y11 AQf x C{', [€]

Kbaero AQlA Ca KOJIMYECTBATa CIIECTEHW OTNAAbIHA OT MHPUJIAraHeTO HA Pa3IuyHU
PEUMKIIMPAaHH U PELUKINPYEMU MAaTEpHAIIH, a CiA ca pa3xoJuTe 3a TOOUB HA PECYPCHUTE UM.

Hanpumep 1ieHaTa B CsiHKa Ha MPEU3IMOI3BAHETO HA OETOHOBH OTHAABIIM 1€ € paBHA Ha
cymara OT pa3xoJMTe 3a T0OMB Ha IIMMEHTA, MSIChKa U YaKbJjia, M3MI0JI3BAHU 32 HAlpaBaTa My.

4. JIombJIHUTEJTHH COLMATHU MOJI3H
Enna or menute Ha YCTOMYMBOTO MPOEKTHpPAHE € Ja OCUTYpH IM0-I00po 31apase,
KOM(OPT ¥ MPOIYKTUBHOCT HA OOUTATEITUTE.

4.1. KauectBo Ha BbrTpemnara Cpena

A) Ilo-BHCOKa IPOM3BOAUTEHOCT

[TpoyuBaHMs TOKa3BaT, 4e MO-TOOPHAT TepMajeH KOM(OPT M Ka4ecTBO Ha BB3AyXa
MOTaT J1a yBelIW4yaT MPOU3BOAUTEIHOCTTA HA CIyXHTenuTe cpeano ¢ 11-25% roaumiHo, a
yaeHuruTe Hamnpenasar ¢ 15-20% mo-06bp30, Korato uMat a00pa BBTpEIIHA cpela U 100pu
rneaku [1, 4, 5, 11]. JlokaTo cOOCTBEHHKBT Ha €/IHA YCTOWYHMBA Crpajia MOXKE Ja He ycella
JTUPEKTHH (PHHAHCOBH TIOJI3U OT MOBUIIICHATA IIPOU3BOUTEITHOCT HA OOUTATEITUTE, TOBA MOXKE
Jla UMa MHAUPEKTHU TOJI3H 1Mo (opMara Ha yBelWYeHA Ma3apHa CTOWHOCT, MO-BUCOKH HUBA
Ha 3a€TOCT U MO-HHUCKO TeKydecTBO. [Ipyro npoyuBaHe o0OcienBa crpajaa, cepTuduupana mno
The WELL Certificate, u koHcTaTupa, 4e 1ieHaTa B CSTHKa Ha yBEJIMYEHATa MPOU3BOIUTEIHOCT
Ha einH YoBek ¢ 21% ce paBusBa Ha 19,1008 Ha roauna [10].

. Ilpunaraiiku pa3xogHHUs METOJ, I[eHaTa B CSIHKA Ha IMOBUIICHATAa MPOIYKTHUBHOCT
MOKe Ja ObJe MpHeTa 3a paBHA Ha HaMaJleHUTE pa3XoJW 3a 3alljlaTH Ha CIYXHUTEIUTE.
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JIObIHUTETHUTE COLMAIHU TOJ3U OT IMO-BHCOKAaTa MPOU3BOJUTEIHOCT Ha CIY>KUTEIUTE B
eIHa yCTOHYHBa CcTpajia ABSp Morar ja ObaaT u3uuciieHu mno gopmyina (19):
(19) ABY = Y7, pf x Rf ,[€/year]

KpaeTo pf e HOBMIIEHATA MPOM3BOAMTENHOCT HA i-THsA CIYXKHTEN B YCTOMUYMBATA
crpaza (KoATo MOXe Jia € pa3JinyHa B 3aBHCHUMOCT OT €CTECTBOTO Ha padoTa Ha OTJCITHUTE
cinyxurenn) [%], a Ris ca roJIMIIHUTE Pa3Xxo/Iy 3a 3aIulaTa Ha 1-THUsl CIYKUTEIL.

b) KayecTBo Ha BB31yXa

Berpemnara cpega Ha ycToW4yMBaTa Crpajia ChINO Taka TMOBHINABa Komdopra Ha
oOuTaTeNUTe W HaMallgBa €MHUCHUUTE HA BPEIHU U TOKCHYHU BEIECTBAa HA TepUTOpHUATA i
(namnp. JletnuBu Oprannunu Covenunenus (JIOC)). IlpoyuBanus Ha Amepuxanckus Komex
1o Alepruu nokassar, ye npuonu3utenHo 50% oT BCHUKH 3a00JIsiBaHUs C€ BIOIIABAT WIIH ca
MPUYMHEHU OT 3aMbPCEH BB3yX B MMOMEIICHUATA, a CIIydauTe Ha 3a00JsIBaHUs CBbP3aHU ChC
CrpauTe ¥ CHHAPOM Ha GonHata crpaga’ (CBC) npoabikasar 1a Hapactsar [1].

JlomoTo KkadecTBO Ha BB3AyXa B IOMEIIEHUATA € TPUYUHEHO OOMKHOBEHO OT
U3TOYHHUIIM, KOUTO OTHENAT Tra3oBe WM YacTUIM BBB BB3JyXa, HAMpPHUMEp BIOKEHUTE
cTpoutelHn Matepuanu, karo PVC, texkn meranu, 6ou um jenmwia u ap. Hepocrarpunata
BEHTWJIALIUS HAi-4ecTo € MPUYMHA 32 HATpyMBaHE Ha TE3W 3aMbpPCUTENIM KaTo HE BKapBa
JIOCTaThYHO BHHIIICH BB3/IyX 32 PA3peKIaHEe HA EMHUCHHUTE OT BHTPEIITHH U3TOYHHUIU U/WIIH J1a
HE M3KapBa 3aMbPCUTEIUTE HABBH.

3a OLleHKa Ha MOJI3UTE OT MO-KaYECTBEH Bb3yX B 3aTBOPEHUTE MTOMEILIEHUS MOXE J1a Ce
U3MO0JI3Ba METOIBT HA pa3xoAuTe oT Bpeau (damage costs), KOUTO ce U3UMCIABAT HA TOIUIITHA
6a3a. Pasxoaure oT Bpeau oOTpa3sBaT OTPUIIATETHOTO BB3JIEHCTBUE HA 3aMbpPCUTENIUTE 3a
BCEKH TOH eMUCHH. Te3u CTOHHOCTH OIEeHSBAT TOAUIIIHUTE OOIIECTBEHH Pa3XOaU BCIEICTBUE
Ha EMHUCHHUTE Ha 3aMbPCHUTENIU Ha Bb3ayXa. Pasriexnar ce 5 3aMbpcuTeNs: a30THU OKCHUIU
(NOx) mpaxoBu yactuuu (PM2.5), cepen muokcua (SO2) neTaMBU OpraHUYHU ChEAMHEHHUS
(JIOC) (Volatile Organic Compounds (VOC)) u amonsax (NH3). B Tabnuma 2 ca naaeHu
pa3XoTe OT BPEIU Ha pa3indHuTe 3ambpeuten [9, 12]:

Tabruya 2: Pazxoou om epedu Ha paziudnume 3amvpcument

3ambpcuTe Pa3xoau ot Bpeau (£/t)
NOXx 6 385

SO2 13 206

NH3 7.923

VOC 102

PM2.5 73 403

JlombJIHUTETHUTE COLMATHU TOJI3M Ha yCTOMuYMBaTa crpaja OT HaMalsiBaHETO Ha
eMHCHHUTE Ha 3aMBbPCHTENTH BbB BBTpENIHATa cpeia Ha crpagata ABE morar nma 6mmar
u3uncieHu no ¢popmyna (20):

(20) ABS = Y AQ¢ x PP, [€/year]

Ksaeto AQ}J € HaMaJeHOTO KOJIMYECTBO €MHUCHUU Ha j-THS 3aMBbpPCUTE B YCTOMUYMBATA
crpaja cmpsMo MojoOHA CTaHIApTHA TakaBa, a PjP € IleHaTa Ha U3IyCKaHe Ha j-THUS
3aMbpCUTE.

B) lllymoBo 3aMbpcsiBaHe

[lIymbT w BuOpanmuure oT wu3TouHUIM, karo OBK cucremun, mnommu, Ttpaduk,
CTPOUTEINICTBO, MPOMUIIJICHOCT U T.H., Y€CTO MOXE J]a PEIU3BUKA JUCKOM(POPT, pa3CesTHOCT,
MOHI)KEHA NPOAYKTUBHOCT, O€3ChbHUE, pa3zapa3sHEHHE M JOpU TEKKH CHMIITOMH, KaTo
XHUIICPTOHUS, YBpEXKIaHE Ha Clyxa M TNPHUMAIbUU Tpu mHo-moaaTimBu xopa [1]. Tesm
BB3CUCTBUA UMAT COIMajHa IieHa. B Ta6n%3 ca JaJieHU TOAUIIHUTE MPEICTHU Pa3X0oau
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3a eKCIIO3MLMS Ha IIYyM OT I'bTEH, JKEIE30IbTEH M BB3AYIICH TPAHCIOPT 32 JOMAaKHHCTBO
npe3 JICHs U Mpe3 HOIITa, KOUTO MOTaT Ja ObJIaT MPHETH 3a LICHH B CIHKa Ha Te3u edektu [9]:

Tabnuya 3: Ipedennu 200uwiHy pasxoou 3a npoMsaHa Ha cmounocmma na wym ¢ 1 dB

Ilpe3 nens

[Ipomsina B Tpancnopr

Jeruoenu IIeTen KeneszonbvreHn | Bw3nymen
45 | 46 £ 11,28 £ 3,90 £ 15,61
55 | 56 £ 51,22 £ 16,98 £ 49,01
65 | 66 £ 103,96 £ 46,34 £ 7982
75 | 76 £ 175,04 £ 9331 £ 114,75

IIpe3 HomiTa

[Ipomsna B Tpauncnopr

Jeruoenu IIeTen KeneszonbreHn | Bw3nymen
45 | 46 £ 2920 £ 13,59 £ 3793
55 | 56 £ 5791 £ 2825 £ 66,56
65 | 66 £ 86,62 £ 4292 £ 9519
75 | 76 £ 86,62 £ 42092 £ 9519

VYcroilunBaTa crpaga mnpepiara 1o-go0pa  IIyMOM30JalMs —CHpSIMO IOJ00Ha
CTaH/apTHA Takapa. JIOMbIHUTETHUTE COLMANHY HOJI3H OT MO-100paTa mymousosamus ABY
MOTar Jia ce M3UUCIAT o ¢opmyna (21):

(21) AB§ =Y, AQY x PV, [€/year]
Ksnero AQ}V Ca pa3IMKUTE B CTOMHOCTUTE Ha IIyM, a PjN ca TEXHUTE MpENEIHU
TOJIMIIHY Pa3XOou.

4.2. Tlo-HMCKH pa3XxoJu 3a 3paBeona3BaHe U 00JTHUYHHI

[TpoyuBanus B CAILl 10 couar, ue 68% ot paboTHaTa phbKa UMa IMOHE €THO XPOHUYHO
3a0onsBaHe. AKO KbM CIHCHKa ce A00aBU M 3aTIBCTSABAHETO, TO3W MPOIEHT HAapacTBa J0
86%. [IpoyuBaHe mokasBa, 4e xopara ¢ €HO WJIM MOBEYE XPOHUYHH 3a00JIIBaHUS B Mecela
uMaT Mexay 3 u 10 mbpTH TOBede AHHM, B KOUTO HE MOraT Jia U3BBPIIBAT OOWYAHHUTE CU
TPYJAOBH 33JIBJDKEHUS, 3apaJl KOSTO WM B3UMAaT OOJNHWYCH, WJIM HE ca MPOJIYKTHBHH, B
CpaBHEHHME C 4YOBEeK 0Oe3 XpoHWYHHU 3a0omnsBanus. OceMTe Ha-4ecTO CpellaHd XPOHHYHU
3a0onsiBaHus OoTHeMar Ha pabortomarens 44 muu romumHo Ha Bceku 1000 ciayxkurenu. Ha
cienBamiata rpaduka ca OTpa3eHH pe3yATaTuTe OT mpoyuBaHe Ha CBeToBHaTa 31paBHA
Opranuzanus 1 XapBapACKHUs YHUBEPCUTET, pa3riiekAallo Hall-4eCTO CPEIIaHUTE XPOHUYHU
3200JIIBaHMsI U TOAMIIHUTE Pa3Xou 3a €IuH OoliemyBall, Oa3upaHu BHPXY CpellHa TOAUIIHA
3armtara ot 75,000 pomapa [10]:

364



XXII MEXXOYHAPOAHA HAYYHA KOH®EPEHLUA BCY’2022
XXII INTERNATIONAL SCIENTIFIC CONFERENCE VSU'2022

foAMLWHKM pa3xoam 3a eAnH YoBeK
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Queypa 1: T'oouwHu pazxoou 3a eOuH Y08eK ¢ XPOHUUHO 3a0016AHE

AOCEHTeH3MBT ce U3pa3siBa B HESIBSIBAaHE Ha paOOTHOTO MSCTO ITOPAIN YBOKUTEITHH UITU
HEYBa)XHTEIIHA IPUYHMHH, a IPE3CHTEU3MbBT ce JieuHUpa KaTo MPUCHCTBHE Ha paboTa, HO Oe3
Jla C€ TIOCTUTAT ONTHUMATHHUTE PE3yJITaTH Ha paboTHOTO MsicTo. OT pe3yiTaTure M3u3a, 4e
eIMH CIIy’kuTen, Oonenysail oT Aenpecusi (okoio 7% oT paboTHaTa pbKa) Ha rojvMHa TyOn
0K0JI0 36 paObOTHU THU 3apajy MPE3CHTEU3bM, WM O0II0 CTpyBa Ha PabOTONATENSI CH OKOJIO
19,000$ za roguna [10].

Hpyro mpoyuBane Ha Greg Kats ot Capital E ananusupa HacTosimara CTOHHOCT Ha
JOIIBJIHUTEITHUTE TIOJI3U U Pa3xolu Ha 33 3eneHu crpaau, nonyumwin ceprudukar Ha LEED,
3a TepuoJ Ha u3ciensane ot 20 roAMHM, KOETO MOKa3Ba, Y€ MOJIBUTE OT MOJOOPEHUETO Ha
MPOU3BOJUTENIHOCTTa M 3/paBETO Morar jaa mnpeactaBisBar okono 70% oT obmute
CTIECTSABAHUS HA PAa3XO0/IH MMPE3 )KU3HEHHS IUKBJI Ha crpaaara [1]:

Tabnuya 4: Hemnu nonsu 3a k8. m. 3a 20 200uru

Herna nacrosama croiinoct - 20r.
Kareropus $/m2
EneproegexkTHBHOCT 63,8
HamansBane Ha eMucuu 13,2
Bonocnecrtasane 55
OnepaTuBHU CHECTSIBAaHUS 93,5
ITpoyKTHBHOCT U 37paBe 405,9
O01Iu moJ13u 3a KB. M. 32 20 roTuHHA 581,9
CpeTHH TOITBITHHTEITHH Pa3Xx0oIu -33
HeTHu moy13u 3a KB. M. 32 20 roAMHu 548,9

VYcroifunBara crpaja mpejara mno-noopa u kompopTHa BBTpelIHa Cpea, BOACHIO 10
MO-YJIOBJICTBOPEHHU U 3PaBH MOTPEOUTENH, KOETO HA CBOM PEI BOJIU JI0 TIO-HUCKH Pa3XOIH 3a
3/IpaBeornas3BaHe, abCEeHTEU3bM M MpPe3eHTeU3bM. KbM HACTOSIINS MOMEHT HsMa HAIMYHU
KOJMYECTBEHU W3CIICJIBAHUSI OTHOCHO TIIO-HUCKHUTE pa3Xoiu 3a 3JpaBeola3BaHe Ha
yCcTOHYMBATa Crpajia B CpaBHEHHUE C aHAJIOTHYHA CTaHJAapTHA TaKaBa.

4.3. Ilo-100bp KOPHOPATHBEH UMUK

3eleHnTe CTpaay CHIIO Taka Ch3laBaT paOOTHH MECTa KaTo NMPEHACcOYBAT 3a€TOCTTA B
HEBH30OHOBSEMAa EHEPrusi KbM BH30OHOBSEMa EHEPrusi M JAPYrH [SJIOBE Ha 3eleHaTa
npoMHIIIeHOCT. EnuH cranmapteH 3eneH oduc cbh3maaBa mpubausutenHo 1/3 (emHa tpeta)
MOCTOSIHHO pab0THO MSCTO T'OJMIITHO, PaBHABAIIIO CE€ HA CTOMHOCT OT 11 monapa Ha KBaapaTeH
METhp 3a yBeJIHMUaBAHE HA 3a€TOCTTA, B CPABHEHHE C 1M0o100Ha He3eneHa crpaza [1].

OT npyra cTpaHa Mpoy4YBaHUs COYAT, Y€ KOMIIAHUHUTE, IPUOPUTUZUPAILU aHTAKUPAHOCT
KbM CIIY)KUTEJIUTE UM U TAXHOTO OnarocherosiHue, uMaT 10% mo-100pu MOCTHKEHUS OT TE3H,
KOHTO HSIMAT TaKuBa MPHOPUTETH [5].
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3eneHaTta crpajia OCBeH TOBa MOJOOpsSBa KOPHMOPATUBHUS HMMUK HA KOMITAHUUTE,
KOETO MOX€E Ja JAONpHHECE 3a HMHAUPEKTHM IOJI3M M JaBa BB3MOXKHOCT 3a IIO-JIECHO
NPUBJIMYAaHE HA UHBECTHTOPH TPH MO-100pu mazapHu ycious [4]. KbM HACTOSIIUS MOMEHT
JIMIICBA MPSK KOJMYECTBEH aHAJIM3 Ha IOJI3UTE OT NoJ00peHaTa KOpIOpaTUBHA penyTalus,
CBBbp3aHa C MHBECTUIIMUTE B 3€JIEHO CTPOUTEIICTBO.

4.4, HemoneTuzupyemu edekTu

Monetu3anusTa € MporechT Ha MpHAaBaHe Ha MKOHOMHYECKAa MapuyHa CTOHHOCT Ha
naneH edekt, mpeaMeT WU ChOMTHE, KOraro He ChIIEeCTBYBa AMpPEKTHa HHGpOpManus 3a
¢buHaHCOBaTa My CTOMHOCT. JlopH a HE € BH3MOXXHO HSKOH Pa3XOJU WU TMOJI3HM OT JAJCH
MPOEKT Ja ObJaT U3pa3eHu B MAapUYHU CPEICTBA, T€3H ,,HEMOHETU3UpyeMHU e(deKTH' cienBa
Ja ObJAT 3alMcaHyd ¥ IPEJCTABCHHU KAaTO YacT OT OleHKaTa. Korato € Bb3MOXKHO, T€ MOTar Jia
ObJaT OLIEHEHH 10 APYr HA4YMH, KOMTO Aa Jaje MpeicTaBa 3a TIXHATa BeIMUYMHA U BAXKHOCT.

N3Boan

Hacrosimusar mokian pasriexia B JCTalid pa3MyHUTEe (UHAHCOBH, CKOJIOTUYHH U
COIIMAJTHU TIOJI3M OT YCTOWYUBUTE Crpagu. 3a YacT OT TAX ca JeUHUPAHH METOAM 32
W3YHUCIICHHUE, HO CBHIIECTBYBAT TAaKHMBA, 32 KOUTO BCE OMIC HIMA JOCTATHYHO MH(POpPMAIUSI U
uscnenBanus. Jlopy HIkou edeKTH Ja HE Morar ja ObJaT U3MEPSHH W MOHETHU3HMpaHH, OT
CBHIIECTBEHO BA)XHO 3HAYECHHE 3a IMPOlleca Ha B3E€MaHE Ha pEHICHUs € Te Jaa Obaar
UACHTH()DHUIIMPAHU ¥ B3ETH B TIPEABUIL.

OT CBHIIECTBEHO 3HAUCHHUE 3a YCTOWYMBOTO PA3BUTHE HA IUIAHETATa € WHCTHTYIIHMHTE
MaKCHMAJTHO J1a CTUMYJIHPAT BBHBEKJIAHETO Ha 3€JICHU TEXHOJOTHUU M TPAKTHKH HAa BCUYKHU
WKOHOMHYECKHU U OOIIECTBEHN HUBA.

PEYHHUK

1. ToroBHoct 3a [lnmamane (I'3I1) — ToBa € MakcuManHaTa IieHa TPU WK MO KOSTO
HNOTPEOUTENAT ChC CUTYPHOCT 11I€ 3aKyIH J1aJIeH MPOIYKT.

2. llena B csgHKa — TOBa € MapWYHaTa CTOWHOCT HA CTOKA MJIM yCIyra, KOSTO HE ce
THPryBa Ha na3apa. [loi3Ba ce u 3a npen3uncisiBaHe Ha U3BECTHU ITa3apHHU LICHH, 32
Jla ce OTuYeTe HANMYMEeTO Ha W3KPHUBSBAIM I1a3apa HHCTPYMEHTHU (Harpumep
Tapu(u, TaHbLU UIH CYOCUTUN)

3. Cunapom Ha bonnara Crpana (Sick Building Syndrome SBS) ) — ToBa e chcTosiHueE,
Ipy KOETO XOopaTa pa3BUBAaT CHUMITOMH Ha 3a0oisBaHe WM ce€ 3apa3sBaT C
XPOHUYHO 3a00JIsIBaHE OT Crpajara, B KOSITO pabOTAT WU )KUBESIT.
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YCTOMYHUBO CTPOUTEJCTBO 1 HALTTUOHAJTHUS IVIAH 3A
Bb3CTAHOBABAHE U YCTOMUYHUBOCT
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SUSTAINABLE CONSTRUCTION AND THE NATIONAL PLAN FOR
RECOVERY AND SUSTAINABLITY

Yatcho Ivanov!, Ana Yanakieva®

Institute of Mechanics, Bulgarian Academy of Sciences

Abstract: At the beginning of the 21st century, the world was experiencing the demands
of a technical revolution 4, environmental problems and ensuring sustainable
development. This complex situation was caused by the extremely rapid growth of the
human population, for which the predictions are that by 2050 the inhabitants of the
planet Earth will be about 10.9 billion. At the same time, over the past three years,
human life has been marked by the changes brought about by the COVID-19 pandemic.
It has changed people's behaviour and contacts, health care, and condition at work and
slowed down the economic development of countries, becoming a global problem. Its
overcoming is sought through the implementation of Recovery and Sustainability Plans,
i.e., a solution is being sought to restore the economy, but at the same time guarantee
future sustainable development, including compliance with the requirements for a
drastic reduction of CO2 emissions, as well as the rates of use of natural resources.
Attention to the use of recycled materials and secondary products from other branches
of the construction industry has been specially strengthened.

This report deals with the state and tasks facing sustainable construction in the
conditions of implementation of the National Plan for Recovery and Sustainability of
the Republic of Bulgaria.

Key words: COVID-19, sustainable development, sustainable construction, national
plan for recovery and sustainability
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1. BLBenenue

BypHoTo pa3BuTHe Ha MHIYCTpUATA MPE3 MUHAJMS BEK, OENsA3aH KaTO BEeKa Ha HOBHUTE
OTKpUTHSI, KOMIIO3UTHUTE MaTepualidi M HHPOPMALMOHHUTE TEXHOJIOTUH, Hapea ¢
MOJIO)KUTEITHUTE CHU CTPaHM, B Kpasl Ha CTOJETHETO IOCTaBU IPEJ OOIIECTBOTO TPEBOKHUTE
BBIIPOCH 3a KJIMMAaTUYHUTE IPOMEHH U ONAa3BaHETO Ha OKosHaTa cperda. llpes3 mociennute
necermiietus B 20—-Tu Bek ce HaOMI01aBaxa YeCTH €HEPrHiiHU KPU3K M Obp30 HapacTBaHE Ha
HAaCEJIeHUETO Ha IUIaHeTaTa, KOUTO ca HOBUTE IPEJU3BUKATENICTBA Ipe] yoBeuecTBOTO. Ha
JHEBeH pen € HoBara napagurma Ha EC 3a ycToMuMBO pa3BUTHE, KOETO € HayuH Ha
U3I10J13BaHe Ha IPUPOAHUTE PECYPCH, ITPU KOWTO c€ 3aJ0BOJIAT TEKYLIUTE YOBELIKUTE HYXKIU
0e3 na ce MOBIMABA HAa €CTECTBEHMs OallaHC HA OKOJHATA cpela. Y CTOWYMBOTO Pa3BUTHE
o0e/MHsABa /1B OCHOBHM CTpeMeska Ha 00IIeCTBOTO:

® [IOCTHIaHE Ha MKOHOMHMYECKO Pa3BUTHE, OCUTYpSBAI0 HApacTBaHE Ha KU3HEHUS
crangapt (komdopT);
e oOIa3BaHEe U NMOAOOPSABAaHE HA OKOJIHATA cpefa (rprbka 3a ObISIIETO).

CeoriacHo CBeToBHaTa KOMHCHS 3a OKOJHaTa cpeaa u passutuero Ha OOH (UNFCC
COP Report 2004) ycToiunBOCT O3HauaBa ,,[IOCPEIIAHE Ha JHEIIHUTE HYKIU, 03 JoMycKaHe
Ha KOMIPOMHC KBbM IPaBOTO Ha OBbJEHIMTE IeHepalMu Ja MOCpelIHAaT TEXHUTE COOCTBEHU
HYXJIH.

HoBure nmpobiemu mopaxkaaT HOBO OTHOIIEHHE KbM OKOJHATa cpela U ObJeIeTo Ha
YOBEYECTBOTO BbB BCUUKH O0JIACTH HA YOBeLIKaTa JAeHHOCT. CTPOUTEICTBOTO, KaTO YOBELIKA
JNEMHOCT, KOATO KMa CBLIECTBEHO BIIMSHHUE BBPXY JKU3HEHATa cpefa, MKOHOMHKAaTa |
n00pyBaHETO Ha YOBEKa, HE MPaBU M3KIIOUEHUE OT ChbBpeMEHHUTE TeHaeHIu. Hemo noseue,
ollle B I'bPBUSI TPYJ B 00JACTTa HA CTPOUTENICTBOTO — ,,JleceT KHUTH 3a apxuTekTypara (De
Architectura)”, Vitruvius aepuHupa apxXuTekTypaTa Karo ,.Cb3JaBaHe Ha YI00CTBO U
ycToiunBOCT. OTHECEHO KBbM CBBPEMHETO TOBa O3HAuaBa rapaHTHpaHe Ha MPEIHU3HOCT,
YCTOMYMBOCT U KpacoTa. KaTo nombiaHUTENHA XapaKTEPHU YEPTH HA CTPOUTEICTBOTO MOXKE
Ja ce 100aBM M XapMOHHSATA, 4ype3 KOSTO C€ OCHIypsiBa €IMHCTBO MEXIYy crpajara H
OKOJIHATa cpeaa.

B HawamoTo Ha BTOpPOTO JeceTwieTHe Ha 21-BM BEK 3a Hac €BpOIEHIUTE
OCHOBOITOJIArall JOKYMEHT 3a YCTOHUMBOCT M pa3BUTHE Oe cTparerusita ,,EBpoma 20207
KOSITO MpE/BIKAIIIE:

HaMaJIsIBaHE Ha EMUCHMTE HA IApHUKOBHU ra3ose ¢ Haj 20 % crnpsamo 1990 r.
no6usane Ha 20 % oT eHeprus oT Bb300HOBSIEMHU €HEPTUITHU N3TOUHUIIH
yBelM4aBaHe Ha eHepruiiHata epektuBHOCT ¢ 20 %

e u3noi3BaHe Ha MMHUMYM 70 % peunukiupanu Matepuanu [1].

Te3n nenu, cBbp3aHU C KIMMATUYHUTE IIPOMEHU U EHEPIHUs, ca €IHa OT BOJACLIUTE
UHHUIMATHBY — ,,EBpomna 3a eeKTUBHO M3IOJ3BaHE HAa pecypcuTe’, 3a KOSTO BCE OIIe HsAMA
OIlICHKa Ha U3IbJIHEHNETO. OTIpaBHA TOUKA 3a pa3IVIeKIAHETO HA CTPOUTEIHATA UHIYCTPHUS B
KOHTEKCTa Ha YCTOHYMBOTO pa3BUTHE U Ha cTparerusra ,,EBpomna 2020 Ge dakra, ye 3a Hed
BCE OIIE€ € XapakTepHa OTJaJedyeHocTTa OT ycroWumBocTra [2]. Hampumep, 3a
IIPOU3BOJCTBOTO HAa OCHOBHUTE CTPOUTENIHHM MaTepUaIM C€ KOHCYMHpPAa 3HAYUTEIIHO
KOJIMYECTBO E€HEprusi M PEecypcH, MpH KOETO C€ OTAENs TOJSIMO KOJMYECTBO OKCHAU C
HeOmaronpusaTeH edekt crpsmo okoirHata cpefa — COz, NOy u SO

Karo paHHM ycunMs 3a NPOMEHM B CTPOUTEICTBOTO B IIOCOKA Ha YCTOMYMBOTO
CTPOUTEIICTBO O€ MOBUINIABAHETO Ha eHepruitHaTa eekTuBHOCT. Te matupat ot 1960-1980 r.
U ca CBbP3aHU €IMHCTBEHO C TOIUIOM30JMpPAHETO Ha crpaaure. JlHec cMme CBUAETENM 3a
BbBE)KJAHE Ha CTaHJApTU 3@ YCTOMYMBO pAa3BUTHE B CTPOUTEINCTBOTO, B KOUTO
e(EeKTUBHOCTTa HAa CTPOSKUTE (CTpaid M CHOPBKEHHS) Ce pas3riekaa OT EKOJOTMYHH,
MKOHOMHMYECKHU U COLIMAIHU MO3ULHH.
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2. Hsikoii xapaKkTepuCTUKH HA ChbBPEMEHHATA CTPOUTEIHA HHAYycTpusi B EBpona u
bbarapus

CrpoutenHusaT OpaHII € eIuH cpej Ha-—roemute padoronarenu B EBpona. Toli naBa
9,9 % ot BBII u 54,9 % ot bpyrHus ¢uckaneH kanuTai; JaBa npenutranue Ha 14,9 muH.
paboTHUIM, KOoeTo mpezacTaBisiBa 6,4 % ot obmara 3aetoct B EBpona u mouru 29,3 % ot
WH/IyCTpHAJIHATa 3a€TOCT; Ch3/aBa 18 MIIH. IMPEKTHH pabOTHH MecTa; OCBeH ToBa 43,6 MIIH.
pabOTHUIM 3aBUCAT MPSIKO WM KOCBEHO OT CTPOUTENIHUS CEKTOp (€AUH pabOTHUK OT
CTpOUTEIIHATA MHIYCTPHS € PaBeH Ha JBaMa paOOTHUIM OT APYTH CEKTOpH): mma 3,1 MIIH.
paboremn ¢upmu. CTaTUCTHYECKUTE MJaHHM I[IOKa3BaT, 4Ye | eBpo H3pa3xoABaHO B
CTPOMTEJICTBOTO TeHepupa 3 eBpo B oOmiara mkoHomuuecka akTUBHOCT [3]. [locouenute
JAHHY TOKAa3BaT, Y€ CTPOUTEIHUAT OpaHIll € eIMH OT BaKHUTE JBUTaTeIM HA UKOHOMHUKATA B
EC u Toil cienBa fa 3aeMe BaXXHO MACTO M POJISl IPU peasiv3alMsITa Ha MEpOIPUSATHSATA Ha
3eJieHaTa CJelika U BH3CTaHOBSIBAHETO HAa MKOHOMHUKATa W TOCTUTAHETO Ha yCTOMYMBOCT B
EC.

ITo nannn na Kamaparta Ha ctpoutenute B bwarapus (KCb) [4] npe3 mbpBuTe mer
Mecella Ha HacTosIIaTa roJuHa ca MpeKpaTHiiu AelHocTTa cu 7,5% OT cTpouTenHuTe Gupmu,
Brucanu B [Ipodecronanuus peructsp Ha cTpoutenute. [[porno3ure mokassar, 4e ce ouakBa
npe3 ciensammre 2 — 3 mecena ome 500-600 wim (15-17 %) ot crpoutennu ¢upmu na
npekparar aeiiHoctta cu. IlpuumHuTe 3a ToBa HEOIArompusTHO pa3BUTHE Ha OpaHIIa ca:
Hepas3IUIallaHeTo ¢ (UpPMUTE, KAKTO M HaOJIO/aBaHUs OT MOYTH €JHA TOJMHa OTKa3 Ja ce
¢dbuHaHCUpPAT HOBU MPOEKTHU OT OOUIMHMUTE M ObpkaBara. Haii-3acernatu ot cuTyanusra e
ObraT MaikuTe (pUpMHU, KOUTO HE pas3mojarar ¢ (UHAHCOB pecypc. 3aTpyIHEHUs U3NUTBAT
CpeHUTE M TojeMu (UPMH, KOUTO MOJy4aBaT OTKa3 OT OaHKUTE 3a KpeauTH. JlaHHuTe
MOKa3BaT, craj Ha o0sBeHUTE 001eCTBEHH MOPHUKH ¢ 23,9%, a Ha CKIIFOUEHUTE JIOTOBOPH 110
oOmiecTBeHUTE MOPBHUKH ¢ 22,4%.

[To nannm na Hamumonamuus Cratuctuuecku HMuctutyr (HCHU) [5] mpousBenenara
NpoAyKIMsl oT OpaHIa 3a MbpBOTO Tpumeceune Ha 2022 1. e Hamansna ¢ 14,1% wiu B
CTOMHOCTHO u3paxkeHue ¢ 2,68 mupa. nB. Ilpu ToBa, cnaabT Ha MPOAYKLUATA B MH)KEHEPHOTO
ctpoutencto € 16,4 %, a B crpagnoro — 12,4 %. Te3n pe3ynratu mie umMa HETaTUBHO
OTpakeHHE U 11 pedIeKTUpaT BbpXY poJisiTa Ha OpaHIlla KaTo €IUH OT BOJEIIUTE JINJAEPH 32
pa3BUTHETO Ha UKOHOMHUKATA HA CTpaHaTa.

Otuura ce U cmaj Npu JAOCTaBKaTa Ha HOBU MATE€PUAIHU AKTHBH OT CTPOUTEITHHUTE
dupmu — 21,2 %: HabmogaBa ce U TEHACHLUS 3a YBEIMUYEHUE HA Pa3XOJUTE 3a TPYH OT
bupmure c 6, 6 % (402, 5 muH. 1B.), KakTo U yBenuueHue ¢ 10,7% Ha 3amianiaHeTo Ha
yacoBaTa CTaBKa Ha BIJIOKEHHUS TPyX Mpe3 IbpBOTO TpuMeceune Ha 2022 r. B cpaBHEHHE C
cpiioTo TpumMeceune 2021 r., [6].

Hamupaiiku ce B Kpu3ncHa CUTYyalus CTPOUTETHUAT OpaHIl ce MBbUH Ja paboTH U Ipe3
IBPBOTO TpUMeceuue naa oTOensiza W U3BECTHU ycnexu: M3naaeHure paspeuieHus: 3a
CTPOUTEJNICTBO Ha Crpaau ca ¢ pbeT 9,2 %; 3alouyHaToOTO CTPOUTENCTBO HAa HOBM CIpajy - C
pbeT 17,1 %, a BBBEIEHUTE B €KCIJIOATAIIMSI HOBOIIOCTPOCHHU CTpaau — ¢ PbeT 26,7 %. [4].

Wmaiiku mpeaBu, IbpBOHAYATIHUS Heycnex ¢ ojnoOpeHuneTo oT HapomHoto crOpaHue
Ha IPOMEHUTE B 3aKOHA 3a OOIECTBEHUTE MOPHUKU M HETOBOTO 3aKbCHSJIO 0100peHue 4ak
Ha 01.08.22, koero mie 3a0aBU 3HAYMTEIHO WHAEKCALUATA Ha JIOTOBOPHUTE C MyOIMYHHTE
BB3JIOKUTENN MOCTaBs MOJ] BBIPOC CHIUIECTBYBAHETO HA LIEIHs OTpachi. ToBa € maryOHO 3a
MaJIKUTe, CpeAHUTE U rojeMu ¢pupMu u 3a 200—Te Xunsian pabOTHULM B OTpachiia, KOMTO 70
ckopo npoussexaame 10 % ot bBII Ha crpanara [7].

CTpOUTETHUAT CEKTOP € €AUH OT CEKTOPUTE, KOUTO CHJIHO € 3aCETHAT OT IOCKBIIBAHETO
Ha CTPOUTEIIHUTE Marepualu: apMupoBbuHa ctomaHa ¢ 60%; abpBecuHa — ¢ 150%;
M30JIALIMOHHU MaTepuaiy — ¢ okoiio 50%. 3aTpyiHEeHUs MMa U 110 OTHOLIEHHE JOCTaBKUTE Ha
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matepuanu. He sicHo u kora mie ce pa3pa®oTu HapenOaTa 3a MHAEKCALMUS HA CTPOUTEITHUTE
pabotu.

3. ChUIHOCT, KPUTEPHHU U MEPKH 32 TApaHTHPaHe PAa3BUTHETO HA YCTOHYUBOTO
CTPOMTEJICTBO

KbM HacTosIUsS MOMEHT HsIMa OOIIOMPUETO OIMpPENeICHHUE 3a MOHATHETO ,,yCTOHYHBO
ctpoutenctBo. IIpe3 1998 r. MexayHapoIHUAT CHBET 3a CTPOUTENCTBO (cera International
Council for Research and Innovation in Building and Construction — CIB), nedunupa
YCTOHYMBOTO CTPOMUTENCTBO KaToO: ,,... Ch3/IaBaHE U IMOJJIbP’KaHE Ha 3[[PaBOCIOBHA CrpajHa
cpena, OCHOBaHA Ha MPUHIMIKTE Ha e()EeKTUBHO M3IOI3BaHe Ha pecypcu U exosorus.” (CIB
W82) [8]. CaenmBammsar nporpamen gokymeHT — Agenda 21 on Sustainable Construction”
MOBTaps TOBA OIPE/ETICHHE, HO M TO HE Pa3riek1a MKOHOMHUUECKUTE U COLIMATTHUTE BBHIIPOCH.
Bonpeku ToBa CIB mocouBa ciemnHuTe ceaeM NpHUHIMNA (KpUTEpHUsi) 3a YCTOWYUBO
cTpowutenctso [8]:

1. Penyuupane Ha pecypcure 3a CTpOUTENCTBOTO;

2. I[loBTOpHO M3MOI3BaHE HAa PECYPCH;

3. M3non3BaHe Ha pEIUKINPAHA MaTEPHAIIH,

4. Ona3BaHe Ha IpUpOIHATA CPea,;

5. M3kitouBaHe U3IMOI3BAaHETO HA TOKCUYHU MaTepHalIH |
6. l'apanTupana eBTHHA MOAJIPHIKKA;

7. AKLIEHT BBpPXY KaueCTBOTO.

[TocoyenuTe MPUHIMUIIA UMAT OTHOIIIEHUE KbM BCUUKH €TAIH Ha CHIIECTBYBAHE HA €HA
crpaja — TPOEKTHpaHE, CTPOHMTEICTBO, MOAMbpXKAHE (EKCIUIoaTanusi, PEKOHCTPYKLIHUS H
nmpeMaxBaHe/pa3pyliaBane). Te3n TPUHIMIKA ca TPWIOKHMH H CIPSIMO PECypCHUTE,
HEOOXOMMHU 3a CTPOUTEIICTBOTO: TEPEH (3eMs1), MaTepHalli, Boja, EHeprust U ekocucrema [9].
[TpuHIMIIATE Cca BOACINM TPH YIPABICHHETO HA CTPOUTEIHUTE TIPOIECHTE, KOUTO Ce
OCHOBaBaT Ha TOTAJIHOTO yNPaBJIEHUE Ha KAYECTBOTO.

Pa3BuTHETO HA YCTOWYMBOTO CTPOUTEIICTBO Ch3/1aJ¢ HOBU TIOHSATHS KaTO:

®  BHCOKOTEXHOJIOTHMYHHU, 3€JICHU, YCTOMUYMBU U TTAaCHBHH CTPAJIU;
®  BHCOKOTEXHOJIOTMYHHU, 3€JICHU, EHEPTUITHO-e()eKTUBHU U YCTOMYMBH MaTepHalu U
TEXHOJIOTHH.

Te3n TepMHUHM c€ M3IMOJA3BAaT KaTO CHHOHMMU, HO €IUHCTBEHO MOHSITUETO ,,yCTONYUB
ChABPKa B ce0e CH PaBHOMOCTABEHOCT HA €KOJIOTMYHUTE, COIIMAIHUTE U UKOHOMHUYECKUTE
po0JIeMH Ha CTPOSKHUTE B KOHTEKCTa Ha CHBPEMEHHUTE MPUHIIMITH HA YCTOWYUBO Pa3BUTHE
[10]. B Owirapckata cTpouTenHaTa MpakTHKa o0avye TEPMHHBT ,,yCTOHUMB® Ce W3IOJ3Ba B
CMHUCBHJI HAa HEU3MECHYMBOCT Ha Crpajara M CTPOUTSIIHHTE MATePUAIA OT TIXHOTO
B3aMMOJICHICTBHETO C OKOJHATa cpefa. 3a W30sArBaHe Ha JIBYCMHCIEHOCT MpernopbhyBame
U3IMOJI3BAHETO Ha MPWJIAraTelIHOTO HME ,,3€JIeH’, O3HayaBallo IPHU3HAK, KAaueCTBO WJIU
CBOMCTBO TOKAa3Ball0 CHIVIACYBAHOCT C MPUHIMIIUTE W METOAOJIOTHATa Ha YCTOHYHMBOTO
CTPOUTENICTBO. 3ejieHa crpaja MoXe Ja ce JeduHupa KaTo MpPOEKTUpaHa U M3TpajieHa C
eHepruitHo-e()eKTUBHHU M OE30MaCHU PECYpPCH MPU CMa3BaHE HA €KOJOTHYHUTE W3MCKBAHUS,
HO KbM TOBa TpsOBa Ja ce J00aBAT YIOBJICTBOPSBAHE HA ITOBUIICHH W3UCKBAHUATA OT
€KOJIOTHYHO, COLIMATHO ¥ UKOHOMHYECKO €CTECTBO B CPAaBHEHHUE ChC Crpajia M3IMI'bJIIHEHA upe3
KOHBEHIIMOHAJIHATa CTPOUTEIHA MpakTUKa. B 3emeHara crpaga ce OCHIIECTBSBA T. Hap.
whole-building mHTErpupam moaxoj, BKIIOYBAI MECTOIOJIOKEHHE, €HEprusi, MaTepHaH,
KOJIMYECTBO U KaYECTBO Ha Bb3yXa B CrpajiaTa, akyCTUKa, ECTECTBEHUTE PECYPCH U T.H.

AHanM3bT HA HATPYMAHUS TPe3 MOCIEIHUTE TOAMHU OIMUT MOKAa3Ba, Y€ XapaKTePHUTE
0COOEHOCTH Ha T€3U Crpajyl ca:

e Ha MOKpHBA C€ Ch3/aBa rpaauHaTa (3eJieH MOKPUB), KOWTO HE caMO IMPHUAaBa Io-
n00Bp ypOaHUCTHYEH BU HA CTpajara, HO M y4acTBa B HEWHATA TOILJIOM30JIAIIHS;
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e BBB (acagure ce BiaaraT (OTOBOJITAUYHU IIAHEIM U E€JIEMEHTH, KOUTO HAIpaBO
npeoOpa3yBaT CI'lbHUEBaTa E€HEPrus B e€JeKTpudecka (IO TO3M HA4yMH Ce
ocurypsBa Hajg 35 % HamaisBaHe Ha M3MOJ3BaHATa JIOCTAaBEHA CHEPIUs B
CpaBHEHHE C TPAJAULMOHHUTE KWIUILHU CTPALIH);

e oOuTarenure Ha CrpaJUTe Cca OCUTYpEHH C Oorata €cTECTBEHA CBETJIIMHA H
OTJIMYHO Ka4eCTBO Ha Bb3yXa;

e crpazata MoOXe Ja CbOMpa ABXKIOBHATA BOJA B LUCTEPHH, DPA3IOJIOKEHH B
NPU3EMHUTE €TaXH, KOSITO Ce M3IOJI3Ba 32 MOJMBAaHE HAa TPAJUHHUTE Ha TMOKPHBA
KaKTO U KaTO aKyMyJIaTOPH 3a TOIJINHA;

e oTmaaHara Bojga ce 00paboTBa 3a MOBTOpPHA ymOTpebda B OTOIUIMTENHATA |
OXJIQ/INTEITHA CUCTEMH WJIH 33 U3M0JI3BaHe B ToajeTHuTe u ap. [11].

3eleHuTe Crpajy U TEXHUTE KOHCTPYKIMU MMAT ciabo Bb3IEHCTBUE BBPXY OKOJIHATA
cpena, KOEeTO Ce MOCTUra 4Ype3 BilaraHe Ha ,,3€JI€HU CTPOUTEIIHU Matepuaiin’. I'onsiMa 4acT oT
U3I0JI3BaHUTE JTHEC CTPOUTEIHH MaTepualyd He Morar Jja ce KJIacupHUUUpaT Karo ,,3eJeHH".
Hanpumep romumHOTO cBeTOBHO moTpebieHne Ha nuMeHT mpe3 2021 r. e Haxm TOH U
IIOJIOBMHA HA YOBEK OT IU1aHeTaTta. ToBa 03HauaBa, ye Ha €MH YOBEK Ce IaJia MOYTH ChLIOTO
kosmyectBo otaenieH CO.m ot 3Kg 10 10kg ornenmen NO; or muMeHTOBaTa M OETOHOBATa
uHaycTpus. PemeHusra ca B 10COKa MUHUMHU3UPaHe KOJIMYECTBOTO HA U3IMOJI3BAaHUS LIUMEHT,
U3II0JI3BaHE HAa MUHEPAIHU [00aBKH, W3IOJI3BAHETO HAa BHCOKOTEXHOJIOTMYHH OETOHH H
OeToHu ¢ mucrepcHa apmupoBka [12-15]. [Ipyro pelieHue € CBbP3aHO ¢ OMOJI30TBOPSBAaHE Ha
CO; npu mpou3BOJACTBOTO Ha KajnueBo-cuinkarHute numentd (LafargeHolcim, Solida
Technologie). [TepcriekTUBHO pelieHHe € MPUOABIHETO Ha JOOABKU MPU MPOU3BOJCTBOTO HA
KJIMHKEP, C KOETO C€ OTKPUBA BH3MOXXHOCTH 32 HAMAJIIBaHE HAa TEMIIEpaTypHUTE, PECIIEKTUBHO
Ha CO,. Tyk mie oTOenexuM U Bb3MOXKHOCTTA 3a HamaJeHHe Ha Temmeparyparta no (1200—
1350)°C npu mpomsozcTBOTO Ha Cynho — (epoanyMHHATEH IMMEHTOB KiMHKep [16] ¢
no6aska (40%) Ha GOKCUTOB OTNABK KaTO CYpOB MaTepHUall.

CrpouTenHuTe MaTepHalii, CIeBA J1a CE OICHAT KaTO 3€JICHH, aKO YIOBJICTBOPSIBAT WIIH
HaJIBUIIABAT CHIIECTBCHNUTE M3UCKBaHuUs 3a [16]:

®  TpeHeOPEeKUMO U JIOpHU HYJIEBO BIMSHUE BHPXY OKOJHATA CPENIa;

roJIsiMa 3/[paBUHA, TBITOTPAHHOCT U CTAOMITHOCT;

3HAYUTEIHA BJIaro-, BOJAO- U Mpa30yCTOWYHBOCT;

BHCOKA YCTOMYMBOCT Ha BJlara, THUE€HE WM OnopasrpaxjaHe;

0€30IMaCHOCT U HETOKCUYHOCT, BKJI. PaJJHOAKTUBHOCT;

IPOM3BOJICTBO B TOJIEMHU KOJIMYECTBA;

0Bp30 U ePUKACHO MPOU3BEXKTaHE, MOHTUPAHE, a/JalTUPAaHE U PEMOHTHPAHE;
®  BBH3MOXKHOCT 32 IOBTOPHO M3IOJI3BAaHE U IIBJIHO PELUKIMPAHE.

Haii-00110 ,,3e7IeHUTe CTPOUTEIHN MaTepHaIN‘® ce XapaKTepu3upaT ¢ HUCKU €HePTUiHH
pa3xo/au 3a MPOU3BOACTBO, BUCOKA ABITOTPAHHOCT (YCTOMYMBOCT) M HE3HAYUTEITHH Pa3Xxoau
3a moaJpbxKa. Te TpsiOBa na ChIbpKAT U OTHOCUTETHO TOJSIMO KOJIMYECTBO PELUKIMPAHH
MaTepHaly, KaTo U Jla ca MPOU3BEICHHU M0 HAYMH, OCHTYPSBAIIl ITBJIHOTO UM PEIUKIMpaHe 3a
HOBO BJlaraHe M TNpWIOXKEHHe. B HampenHaiuTe CTpaHU Bedye ca HANpPaBEHH 3HAYUTETHU
CTBIIKM 3a pemaBane Ha Te3u mpoosemu. B CAILl max 1/3 ot obmure TBHpAW OTIATBIN,
KOMTO 3aeMaT 3HAa4YMTeJIHa 3€MHa IUIOII, 3aIlIaliBaT IOJABaHETO Ha BOJA W IOBUIIABAT
pa3sXxoAuTe B CTPOUTENICTBOTO MJBAT OT CTPOMUTEICTBOTO, HO Ca MPHUETH 3aKOHH, U3MCKBAILU
TAXHOTO HamansiBaHe U ynpasiaeHue. Ot 2005 r. B SmoHMs ChIIECTBYBAT CTaHAApTH,
OCUTYpSIBAIllM TapaHTUPAHU IIOKA3aTeNM Ha MPOU3BEXKIAHUTE PELMKIUPAHU MaTepUald OT
IpeMaxHaTH CTPOEXKH, KaTo MO TO3M HA4MH ce o0e3nedaBa 0e3mpoOJEMHOTO MM BIIaraHe B
oetonn [17]. M3nom3BaHeTo Ha peUMKIMpPaHa BOAA OT IIPOM3BOACTBO Ha OETOHU W
CTPOMTENIHU Pa3TBOPHU € HOpMaliHa MPAKTHUKA 332 BCEKM OETOHOB IEHTHP, HO BeYe M BOATA,
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[OJIydeHa OT IIPOLIECHM Ha CMECBAaHE, MUEHE M CYIIEHE Ha PEUUKIMPAHU MaTepualid ce
cneunduupa 3a U3N0I3BaHEe HA KOHCTPYKIIMOHHU U MAacCOBU OETOHHU.

4. Ilpenn3BUKAaTEJCTBA NPe/l CTPOUTETHATA UHAYCTPHS 3a u3NbJHeHue Ha [lnana
3a Bb3CTAHOBSIBaHe H YCTOMYMBOCT HA P. bbiarapus

[TnanbT 32 Bb3CTaHOBSBaHE M ycToiunBOCT Ha P. bparapus e ceoeoOpaszeH oTroBop Ha
npuetute U JlaHcupanu oT EC Mepku 3a JIMKBUAMpPAaHE Ha MOCIEAMLUTE OT KpHU3ara,
noponaeHa ot manaemusatTa COVID-19, odbopmenu B IlnanbT 3a BB3CTAaHOBSIBAHE W
ycroitunBocT Ha EC. 3a To3u minan r—ka Ypcyna ¢on aep Jlaiien orbensizpa ,, [Imanst 3a
BB3CTAaHOBSIBAHE MPEBPHILIA B OTPOMHO IIPEAU3BUKATENICTBO, MPE] KOETO CME U3NIPABEHH, BbB
BB3MOKHOCT HE CaAMO 4pe3 OKa3BaHE MOAKPENA 3a Bb3CTAHOBABAHETO, HO U UPE3 UHBECTUPAHE
B Hamero Objaeme: EBpomelickara 3eneHa crenka ¥ UupoBHU3AIMATa IIE CTUMYIHPAT
3a€TOCTTa W pacTeXa, YCTOMUMBOCTTAa Ha HAIIMTE OOIIEeCTBa M JIOOPOTO CBHCTOSIHME Ha
okosnHata cpena. ToBa e yachkT Ha EBpomna. Hamara Bois 3a mpeanpueMaHe Ha JEHCTBHS
TpsiOBa J1a € Ha HUBOTO Ha MPEAU3BUKATEICTBATA, IIPEl KOUTO BCUYKU HUE CME U3IPABEHU .

Ot rnacyBanute 3a u3nbiaHeHuero Ha [lnana ma EC Omomxker 2,018 Tpuinona eBpo,
KOUTO TPsiOBa Ja TapaHTUPAT M3TPAKIAHETO HA €IHA MO—eKOJOTHYHA, MO—IU(ppoBa U TMO—
ycroitunBa EBpona, 3a Haunonannus nan Ha bbearapus ca npeasuaeHu 6,3 munrapaa eBpo.

HaunoHanHuaT HU MUIaH 32 Bb3CTAHOBSIBAHE U YCTOMYUBOCT € CTPYKTYpUpaH B YETHPU
ocHoBHM crwiba [18]: Hunosamusna bwreapus (Mepku B cdepara Ha 00pa30BaHHETO,
JTUTUTATHUTE YMEHUs, HayKaTa, MHOBAIIMUTE, TEXHOJIIOTHUTE U B3aUMOBPB3KaTa MEKIY TAX);
3enena bvaeapus (¢ GoKyc BBPXY YCTOWYMBOTO YIpaBiICHHE Ha MPUPOJHUTE PECypCH);
Cevpsana bvreapusi (KOHKYPEHTOCIIOCOOHOCT M YCTOMYMBO pa3BUTHE HAa PErHOHUTE HA
CTpaHaTa, MOAOOpPSABAaHETO HA TpaHCIOpTHATa u IUdpoBa cBBp3aHoCcT); Cnpaseorusa
bwaeapus (¢ hokyc BbpXy XopaTa ¢ HEPaBHOCTOHHO TIOJIOKEHHE).

CrpoutenHusT OpaHIl UMa OTHOUIEHHE KbM TPH OT YETHPHUTE CTHI0A, HO OCHOBHO
HEroBUTE Ipenu3BUKaTeNCTBaTa ca B 3enena bwacapus, KOWTO MMa CIEIHUTE KOMIIOHEHTH:
Huckpbrieponna ukoHOMEKA; buopazHooOpasue u YCTOWYHMBO CEICKO CTOMAHCTBO.
VYyactuero Ha OpaHIlla € TJIaBHO B KOMIOHEHT HHCKOBbBIIIEpO/IHA MKOHOMUKA, KOWTO MMa 3a
1€ HaMaJIsiIBaHE Ha BBIVIEPOJHUTE €EMUCUU U €HEpruilHaTa MHTEH3MBHOCT Ha MKOHOMUKATa,
KaKTO U MOJIIOMaraHeTo Ha 3€JIEHUs MPEeXo]] Ype3 peaJu3upaHe Ha MEpKH 3a MOBMILIABaHE Ha
eHepruiiHaTa e(EeKTUBHOCT HA KUIHUIIHUTE, MyOIMYHUTE U OM3HEC CrpaJu, KaKTO U upe3
CTUMYJIMpaHe MMPOU3BOJCTBOTO M; M3IOJI3BAHETO HA €HEPIUsl OT Bb30OHOBSEMH M3TOUYHMIIU.
[TpenBunenuTe peopMu U IEUHOCTH B TO3U KOMIIOHEHT Ca CBHP3aHU ChC:

e Cn3naBane Ha HanmonaJsien pon 3a nekapooHu3anusi;

e ViecHsiBaHe W NOBUIIABaHe e(EKTMBHOCTTA HA UHBECTUIIMHM B €HepPruiiHa
eeKTUBHOCT HAa MHOTO(PAMUJIHM KUJIUIIHHA CTPA/IH;

e PaspaGorBane Ha aepuHMIMA M KpuTepuM 3a ''eHepruiiHa OegHoct'" 3a
AOMAKHHCTBATA B 3aKOHA 32 €HEPreTUKara;

e Enepruiina eQeKTUBHOCT B crpajeH (pOHI;

e Ilporpama 3a ¢uHaHCMpaHe HAa eIMHMYHH MEpPKH 3a eHeprust oOT
Bb300HOBSIeMH HW3TOYHMUIM B eJHOGAMMJIHU Crpagd M MHOroGpamMu/JIHU
crpaam;

e Enepruiino edexTMBHM OOIIMHCKHM CHCTEeMH 32 BBHIIHO M3KYCTBEHO
OCBeTJ/ICHHE;

e Mexauu3bM 32 (pUHAHCHMpPaHe HA NMPOEKTH 32 eHepruiiHa e(eKTUBHOCT U
Bb300HOBsIeMH U3TOYHUIIH 32€JTHO CbC CMETKHUTE 32 €HEepPIrus;

e OOciyXBaHE Ha €HO THIIIE;

e CTuMynupaHe Ha IPOU3BOJCTBOTO Ha enekTpoeHeprus or BEU;
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e JlurutanHa TpaHcopmanusi U pa3BUTHE HAa HHPOPMAIMOHHUTE CHUCTEMH H
CUCTEeMHTE peallHO Bpeme Ha EjnekTpoeHepruilHus CHCTEMEH OmepaTop B
YCIIOBUSATA HA HUCKOBBIJIEPOJHA UKOHOMUKA;

e UsrorBsHe u mnpuemaHe Ha Hamumonanmna mbTHa KapTa 3a MOAOOpsABaHE Ha
yCIOBUATA 3a pasrpblllaHe HAa NOTEHLMAla 3a pa3BUTHE Ha BOJOPOIHUTE
TEXHOJIOTUH U MEXaHU3MUTE 3a MPOU3BOACTBO U JIOCTaBKa Ha BOJOPO/I;

e (xema 3a IOANOMaraHe Ha NWJIOTHHU MPOEKTH 3a IPOM3BOJCTBO Ha 3€JIEH BOJIOPOJ
u Omoras;

e JluOepanu3anus HA Ma3apa HA eJIEKTPUYECKA eHepPIrus;

e Pa3BuTHe HA HHCKOBBIJIEPOJHA MKOHOMHMKA U ch3daBaHe Ha Kommucus 3a
eHeprueH mnpexoaq u wu3padorBaHe Ha IIbTHa KapTa KbM KJIMMATH4YHA
HeYTPAJIHOCT;

e JlekapOoHM3alUsA HA eHEPTUHHMS CEKTOP*;

e (Cpb3gaBaHe Ha AbPKABHO MpeanpusTHE ,,KOHBEepCcHs Ha BBITIUIIHU PETUOHH";

e [logoOpsBaHne Ha KOPIOPATHBHOTO YIpaBJIEHWE HA IbPKaBHUTE KOMIIAHUU B
E€HEPTUIHMS CEKTOD;

e (Cxema B mojkpermna Ha usrpaxaanero Ha Muaumym 1.4GW BEU u 6arepuu;

e Pa3BuTHe Ha WUBMNON3BAHETO Ha TreoTepMalHa eHepruss B bbiarapus 3a
MIPOM3BOJICTBO Ha €JIEKTPUYECKa U TOTUIMHHA €HEPIHs;

e Hanwmonamna nadpacTpykTypa 3a CbXpaHEHHE Ha eJeKTpuuecka eneprus ot BEN
(RESTORE).

[TnanbT 32 BB3CTAaHOBSIBaHE U ycToMuuBOCT Ha bbarapus, cnen omobpenne ot EK mie
o0bne ¢uuancupan ot EK ¢ ompenenenure 6,3 Munmapaa eBpo mnoxa ¢opmarta Ha
0e3Bb3ME3/IHN CPEe/CTBA. 3a MOJKpena 3a yCTOMYMBO €HEpruifHO OOHOBSIBAaHE Ha JKWJINIIHUSA
crpaged ¢oua ca npenuaenu 1 189 503 nB. (or MexaHu3bM 3a BB3CTAHOBSIBAHE U
ycroiunBocT — MBY), kakTo u 236 226 nB. (OT HAI[MOHATHO MyOIHYHO Ch(pUHAHCHUpAHE) U
70 618 nB. (oT yacTHO ch(hUHAHCHPaHE) 3a MOJKpena 3a YCTOWIMBO €HEPTUIHHO OOHOBsSIBaHE
Ha HeXWINIIHUS crpafieH (OHJ CpelcTBaTa ca pecrneKTuBHO - 617 656 nB., 123 531 nB., u
235 200 JB.

MPPB mnnanupa, ocseH cpenctsa or EC mo Ilporpamarta 3a BB3CTaHOBSIBaHE W
YCTOWYHUBOCT, J1a rapanTUpa GUHAHCHPaHe 3a ciaeauuTe aeitnoctu [19]:

e  OOuecTBEHU MOPBHUYKH 32 OCHOBEH U TeKyll peMOHT Ha 3000 kM. mbTUIIA.

e [IpoexkTnpaHe M 3amouBaHE HAa CTPOUTEICTBO HAa BTOpU MocT Ha [lyHas ( Pyce
WA TIp.).

e IIpoektHu nmpoyuBanus 3a AM ,,UepHo mope” ¢ TyHen Crapa IUIaHMHA U BTOPH
MOCT YCHOpPEAHO Ha AcCMapyxOBHs MOCT U Jla C€ HampaBH Bpb3Ka ¢ Marucrpaia
Xemyc

e Pasmmpeno uzeitHo npoektupane Ha Obpaemia AM ,,Puna’ (ot P.C.Makenonus’ u
cebp3Bane ¢ AM ,,Crpyma” (ynnuna) — CamokoB — xtuman — AM’ Tpakus” u
npoasbkeHne Ha Cesep 3a cBbp3BaHe ¢ AM ,, Xemuc” — ¢popMupane Ha PUHT.

e Uneen mpoektr 3a ckopocteH mbT wim AM ,,Copuss — MouTaHa” c TyHen
ITetpoxaH n Bpb3Ka ¢ CKOPOCTEH IIbT Buaun — boresrpan.

e Crpoex Ha AM ,,Ctpyma’ — IIvTsa npu Kpecna. Tyk ce ouepraBa 3a0aBsiHe Ha
3anouBaHeTo Thil kato MOCB Ha 01,.08.1.r. peructpupa oTMsiHa Ha BE€4Y€ MPUETO
pelleHne 32 BApUAHT Ha IbTSL.

Otnenno MPPB npenswxkna mo IIporpama ,,Pazsutne Ha peruonnte2021 — 2027 B obmacrra
Ha IBJIOOKOTO caHupane (JiuT15) na ce u3nbiHsaBar aBa npuoputera [20]:
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e [Ipuopurer ,IHTErpupaHo Irpajcko pa3BUTHUE’, KOWTO BKJIIOYBA HAN-TOJEMHTE
obmuuu: Codwus, IlnoBmus, Bapna, byprac, B. TwspuoBo, Ct. 3aropa,
bnaroesrpan u np. [Ipeasmxkna ce punancupane 10 400 MITH.JIB.

e IIpuopurer ,MHTErpMpaHo TEpPUTOPUATHO pa3BUTHE”, KOHUTO oOxBama 40
obmHM, B T.4. Bpara, Monrana, Jlom, Jloeu, TposH, ["abposo, I'. OpsixoBwuiia,
CenmueBo, Pasrpan, Ceumos, Cwmmctpa, [Joopuu, Twprosumie,, [llymen,
Kazannbk, CBriieHTpaa, XapMaHiu U JIp. ¢ IOYTH CHIIOTO (PUHAHCHUPAHE.

OduHaHCcHpaHEeTO € 3a eAHO(aMUIHK Kbl Ha 0azara Ha MOAXof ,,0Taonxy—Harope” Te
TpsiOBa J1a ca OTPa3eHU B TEPUTOPHAIHUTE CTPATETHH 32 PAa3BUTHE HA 6 —T€ MKOHOMHUYECKHU
peruoHa. YCIOBHETO € Te J1a UMaT 00CIie/IBaHe 3a eHepruitHa e(h)eKTUBHOCT.

[IpenBwxaa ce ©W W3rpaxkaaHe W/uiuM pekoHcTpykuus Ha BuK cuctemu wu
MPEYUCTBATEIIHA CTaHIMU 3a aryiomepanuu Mexay 2000 u 10000 xutenu, ¢ puHAHCHpaHE
318 muu.B. Ha 01.08.1.r. MC yBenuuaBa napute 3a 302 oOuuHcku mpoektd 3a B u K,
I'BTUIIA, TEXHUYECKA U colfMaiHa uHppacTpykTypa ot 318 Ha 397,8 MiH.IB.

JloOpa HOBHHA € U CHOOIIEHUETO ,4€ OU3HECHT BeUe MMa JIOCTHII 10 IbPBUTE CPEACTBA
no Ilnana 3a Bb3CTaHOBSIBaHEe W ycTOHUMBOCT [21] - mManmkuTe GUPMHU, B T.4. U 1O OTACITHH
CEKTOpPU M CTPOUTENHU GUPMH, MOraT Ja KaHIUAATCTBAT B MpoeKTH 3a 260 MIiH. je. , ako
OTTOBapsIT Ha ompejaeseHu ycioBusa. [Ipouenypara e HacoueHa KbM (PUPMH OT YETUPHU
UKOHOMHYECKHU cekTopa Ha crpanara: C (mpepabotsaiia npomuiiuicHoct); E (JlocraBsine Ha
BoaM, KaHaiM3auMOHHM YCJIyru, ynpaBjieHHe Ha OTHAABUU M Bb3CTAHOBSIBaHe); J
(Cw3aaBane u pasnpoctpanenue Ha uadopmanusa) u M (IIpodecrnonanta 1eiHOCT U HAYYHH
W3CIIC/IBAHMUS ).

3AKVIIOYEHUE

[MTangemusara COVID-19, pururannarta tpanchopmarus, Ilmanst nHa EC 3a
BB3CTAaHOBSIBaHE U ycToHuMBOCT (B T.4. W HaumAT [IBYP) u mposBsBamara ce ¢gunaHcoBa
KpU3a IOCTaBHUXa OCTPO MpEN CTPOUTEIHMsSI OpaHII, OCBEH BBIpPOCa 3a HU3MBIHEHHE Ha
3a/la4MTe M0 YCTOMYUBO CTPOUTEIICTBO, TaKa CHIO U PEANIIA HOBU U3UCKBAHHUS, CBBP3aHH ChC
CPOYHOTO M3MbJIHEHHE Ha (PMHAHCUpAaHWUTE MpoekTu mno IIporpamarta 3a BB3CTaHOBSIBaHE U
ycroiftunBocT. OTroBOpHOCTTa Ha OpaHIla, KaTo €IUH OT OCHOBHHUTE paloTojaresnu Hu
nBurareny Ha ukoHoMukara Ha EC u ctpanara e MHOTO rossiMa. CTpOUTEHUAT OpaHIll MOXKe
U cJellBa J1a € €IMH OT MOTOpPHUTE 3a U3BeXkaaHe Ha bwirapus ot nepudepusira Ha EBpomna u
TS J]a 3a€Me CBOETO MSCTO BbB BCHUKH LIeHTpasiHu nporiecu Ha EC.

WupycTpusTa 3a CTPOMTEIHM MaTe€pHalld CjlelBa Ja JaJe Ha oTpachia yCTOMYMBU
(3eneHun) MaTepuaiu u perieHus: ¢ HamaneHu emucun Ha CO,  ToBa e 3amava 3a ClieIBaIInuTe
HAKOJKO TroauHu, Tbi karo EC mpenmpue pemMTEeNHM CTHIKM 3a TapaHTUpPAaHE Ha
BOJOpOJHATA CHTYpPHOCT M aHOHCHpa ,,3€leH Naker W ObpBOTO EBporencko
3aKOHOJATEJICTBO 3a KJIMMaTa BKJIIOUM M3MCKBaHUA 3a HamasleHue Ha emucunte Ha COz ¢ 50 u
nopu ¢ 55%. ToBa nsucksane 6e MOTBLpACHO U Ha KoH(pepenuusta Ha OOH B ['masroy.

3a yCHEmHOTO pellaBaHe Ha IMOCOYEHHUTE 3a/Jayd € HeOoOXOJUMO OOeIuHEeHHE Ha
YCUJIMSATA Ha CTPOUTEIHUTE CHEIHATMCTH, OpAaHIIOBUTE OpraHU3al[MH, MPaBUTEICTBOTO U
nyOJIMYHaTa aIMUHHUCTPALIMS OKOJIO HJIesTa 3a mpocnepurera Ha brirapus.
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BUILDING INFORMATION MODELLING (BIM) AUTOMATED CREATION OF
GOTHIC ARCH WINDOWS FROM POINT CLOUDS

Robert EADIE?, Steven CLIFFORD?, Ventsislav STOYANOV?®

Ulster University, Newtownabbey, Northern Ireland,
Visshe Stroitelno Uchilishte VSU "L.Karavelov" Sofia, Bulgaria

Abstract: Building Information Modelling (BIM) has been mandated for construction works
since 2016 in the United Kingdom. Its benefits are well understood and accepted for new
builds but there are unique difficulties in relation to production of as-built BIM models for
historic structures. Ongoing historical projects are being altered and require the production
of BIM models, resulting in issues with complexity and the variety of building elements. In
the context of previous constructed buildings, a survey is carried out with a 3D Laser
Scanner, and this produces a visual representation for the building. However, it lacks
parametric BIM representation which accurately describes the geometric or material
properties of the element. In new builds, this data is added during the design phase but for
existing buildings this data must be manually interrogated from point cloud or other survey
data and manually input into a BIM model. The research further presents novel experimental
means of creating parametric BIM objects of historic buildings from point cloud data for
Gothic Arch structures using both manual and automated Plug-in processes while comparing
their accuracy. The case study uses gothic arch windows above a door in the 17th century St
Columbs Cathedral in the city of Londonderry, Northern Ireland. It produces a workflow for
manual creation of the Gothic Arch families and compares these to two proprietary as-built
plugins: Leica CloudWorx for Revit and Faro As-Built for Revit. Findings indicate that the
manual method is more accurate and is required for the plugins to function correctly.

Keywords: Building information modeling, Automated Family Creation, Gothic Windows,
Historic BIM

1. Background to historic building information modelling (BIM)

Within the United Kingdom, Building Information Modelling (BIM) has been mandated
for construction industry projects since 2016 [1]. However, Eadie et al (2013) [2] showed that
it is not being implemented at all stages of the facility lifecycle to a similar degree. The
operational phase was identified as having the probability of achieving second biggest cost
savings but had the lowest uptake of BIM. Now that ongoing historical projects are being
altered and require BIM models to be produced this paper examines the production of
historical artifacts from point cloud creation for these historical structures. The UK
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Governments BIM mandate [1] requiring level 2 BIM adoption, does not distinquish between
new build BIM and historic BIM and is applicable to all publicly procured projects.
(Andriasyan et al. 2020) [3].

The benefits of BIM model creation for new buildings are well documented, however,
in terms of existing and historic buildings there are still many unanswered questions due to
the complexity and diversity of many historic structures (Antonopoulou and Bryan, 2017) [4].
Historic buildings have many bespoke and non-standard elements not normally used in
modern buildings. Yet, Antonopoulou and Bryan (2017) [4] suggest there are many reasons
for preparing as-built or Historic BIM models including Facilities Management or
Maintenance, Conservation, Refurbishment, Adaptive re-use, or Heritage management. This
means that despite well-established use of BIM for new buildings, a substantial majority of
existing buildings are not managed through BIM processes. (Macher et al. 2017) [5].

This is because the model is not created prior to construction and needs additional
elements in the workflow for creation. For historic buildings, laser scanning is used to
accurately capture complex and unique geometry (Barazzetti et al. 2015) [6]. This produces a
3D point cloud. The point cloud is a series of points with coordinates and Red Green Blue
(RGB) values. As a result, they provide visual but not parametric BIM representation [6].
Point Clouds can be imported into BIM softwares such as Autodesk Revit. Therefore, in order
to meet the requirements of the various uses for historic BIM models it is of utmost
importance that a way of converting point clouds into parametric BIM objects is found [3,6].

1.1.Literature Review of Automation of elements from point clouds

Ochmann et al (2019) [7] state that most automated means of transferring point cloud
data into parametric means fall short of accurate detection or modelling of the object for
historic buildings. Tran et al (2018) [8] show that the standard algorithms used in identifying
and transforming into BIM, rely on exploiting predictable elements of building geometry.
With many historic buildings this is difficult with irregular shapes and surfaces commonplace.
For example, software to carry out the transformation assumes that windows are rectangular
[5]. For historic buildings with Gothic style windows, the automated software as a result
could not automatically recognize these windows as being windows [6].

Parametric intelligence is defined as an object having the ability to be modified by
adjusting parameters e.g. the ability to edit the dimensions of a window or the thickness of a
wall without reproducing the geometry but by merely changing the parameter values.
(Barazzetti et al. 2015). However, manual procedures for production of modelled elements are
time-consuming, laborious, and error prone (Brilakis et al. 2010 [9];Volk et al. 2014 [10]).
Therefore, development of a semi-automated process is desirable.

2. Research method

The project chosen as a case study was the historic St. Columb’s Cathedral in
Londonderry, Northern Ireland constructed in 1633. St Columb's Cathdral was the first
Anglican cathedral constructed in the United Kingdom and Ireland after the Reformation
(Discover Northern IReland, 2022) [11]. It was the first non-Roman Catholic cathedral to be
built in Western Europe [12] and is therefore of historical significance.

A survey was conducted in March 2020 using a Leica RTC360 3D Laser Scanner and
comprised a total of 68 survey station setups. After compilation in the Leica Cyclone software
it produced a point cloud dataset. This comprised a total of 2147.5 million RGB points, 68
High Dynamic range images and 68 RGB images as shown in Figure 1.
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Figure 1 St. Columbs Cathedral Point Cloud

The study aims to create a parametric BIM object of the gothic arched entrance door of
the Cathedral tower in Figure 2 below. The model was imported into the Leica Jetstream
Software to produce the image below.

Figure 2 Laser scanned HDR Image of Tower Entrance door from Leica Jetstream

It can be seen from the geometry in Figure 2 that the window above the entrance door is
arched and fits the description in the earlier literature review of an element that cannot be
easily modelled. A semi -automated manual method of modelling was then compared to the
results from two As-Built Revit plugins: Leica CloudWorx for Revit and Faro As-Built for
Revit.

3. Findings

3.1 Gothic Arch Modelling

Gothic arches such as that in Figure 2 are constructed with the use of regular geometric
relationships between the width, height and radius of the arch. The width of the arch base was
measured from the point cloud and rounded up to the nearest 500mm to be 2500mm and the
height 2000mm. These dimensions were used for the modelling and refined later. Using the
geometric relationship, the centre point of the arch radius can be found by intersecting the
baseline with a line that intersects the arch chord perpendicularly along half its length as
shown in Figure 3 below. This allows the radius of the arch sides to be determined. Using this
geometric relationship provides a basic means of setting out arches which would have been
available historically using simple surveying/setting out tools.
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While the graphical solution works very simply, graphical solutions cannot be directly
parameterised in BIM software and the underlying arithmetic relationships must be found and
input as dimensional parameters into Revit. Accordingly, it is necessary to define these
trigonometric identities as formula as shown in Equation 1 - 5 and Figure 3.

:?%395
_~Mid-point of chord

Height arch = 2000

(

Curve perpendicularly

_— Center of Arch radius — / intercepts baseline

b
Radius of Arch = 2725 :

Radius of arch = 2225 __‘

Width Arch = 2500

Figure 3 Gothic Arch Shape Parameters

Standard trigonometric modelling of these parameters then took place using the
Trigonometric Identity Solutions indicated in Equation 1 to 5 below.

; 2
(1)  0.5x Chord length = 0.5 \/(Wfth) + Height? - Equation 1

- 2
2) R, = J (0.5 x Chord Length)? — (*2) - Equation 2
— oin—1 Ry — o __ _ H
(3) 0, = sin 05 x Chord Length and 6, = 90° — 0, Equation 3
(4) R, = Heizghtx tan 0, - Equation 4
(5) Radius of Arch = Ry + R, QED - Equation 5

Equation 1-5: Trigonometric identity solution for radius of Gothic Arch curve

The trigonometric solutions in Equation 1 to 5 are valid due to the right angled triangle
formed between the half-chord and base of the arch, setting the arches height, width and
radius.

3.2 Gothic Arch Modelling in AutoDesk Revit.

In order to semi-automate the process these arithmetic relationships can then be input as
parameters into a Revit family as shown in Figure 4. Once entered into Revit, these
parameters can then be used to define any arch reference plane and adjust the parametric
dimensions of the arched window to match the dimensions taken from the point cloud. This
allows flexibility to model each Gothic arch needed within the structure.
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Family Types x
Type name: il il
Search parameters Q
Parameter Value Formula | Lock |

Wall Closure By host =

Construction Type =

AngleDl 32.01° = (asin(R1 / ChordHalf)) []

Anglel2 57.99° = 90" - Anglell []

Chord 23585 = ([(Width / 2) * 2 + Height * 2) *~ 0.5 a2

ChordHalf 1179.2 = Chord / 2 -]

Height 2000.0 = (]

R1 625.0 = ((ChordHalf * 2) - (Height /2) ~2) ~ 0.5 [@

R2 1600.0 = (Height / 2) * tan(Angle02) ]

Radius Arch 2225.0 =R1+R2 ]

Width 2500.0 = (]

Rough Width = -]

Rough Height = ]

Analytic Construction =

Define Thermal Properties by =

Visual Light Transmittance =

Solar Heat Gain Coefficient =

Thermal Resistance (R) =

Heat Transfer Coefficient (L) =

Default Sill Height 1800, a2

/ h xlj fE ‘E %Jr iT Manage Lookup Tables

How do I manage family types? oK Cancel Apply

Figure 4 Autodesk Revit insertion of Formula for Arch Family

3.3 Testing the Family in Revit

The initial shape parameters of the Gothic arch as shown in Figure 3 are now in place
within the BIM object, although, these control only the parameters for the structural opening.
The Level of Detail (LOD) needs to be improved by adding framing and glazing elements to
the family. The framing elements are added using sweeps and the profiles used were obtained
by interrogating the point cloud.

E 2
=]
p i
£ B
2 E:
2
n
— ol =
— o
T 5
5 ;
= = &
i = Ral Lewel
G ! Radius Arch = 2267 | H , , , S
o . —1 Ra:iusfd\:h=83?fl-y_|
Radius Arch = 2267 Readius Arch = 6375
Width = 2400 Width = 1500

Figure 5 Revit Gothic arc'h window family with framing and glazing elements
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Figure 5 indicates the testing of the window in the window family. With the glazing and
framing elements in place, testing of the window family needs to show that the defined
parameter variables must be capable of being altered while still observing their parametrically
defined geometric rules. Figure 5 shows this to be the case. Testing of the gothic arch by
changing to a 3.0 m height and 1.5m width was successful. Also tested were 2.4m height and
2m width and 1.5m height by 3m width. This last one performed correctly in producing a
semi-circular result similar to the side windows at St. Columb’s Cathedral.

With the Gothic arch Revit window family passing testing it is then possible to place the
window into the model by fitting it against the point cloud by visual interrogation of the point
cloud as shown in Figure 6. The dimension parameters are iteratively amended until an
acceptable fit to the point cloud is made. Final dimensions measured from the point cloud are
width 2475mm and height 2150mm.

The top window element of the door is now complete and the next stage is to model the
doors using the standard native Revit external double door element within Autodesk Reuvit.
Dimensions can be determined by interrogating the point cloud. Figure 7 (left) shows this and
the completed door assembly is indicated in Figure 7 (right).

Figure 6 Double door Revit family placed in model by manual fitting to point cloud.
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3.4 Testing the method above against the use of Leica CloudWorx for Revit and
Faro As-Built for Revit.

Two proprietary Plugins which are specifically for modelling as-built structures were
used to test to see if they could automatically insert the arched window. It can be seen that
while both were able to model the standard door, that they could not automatically produce
the arch without the previous manual construction of the Arch family. Once the previous
method of manually constructing the Arch family shown in Section 3.1 to 3.3 was in place
both plugins were able to identify and insert the window correctly. Figure 8 shows the initial
modelling in Leica CloudWorx for Revit trying to produce a rectangular window initially
(left) and then allowing correct insertion after having adopted the Arch Family using the
method in Section 3.1 to 3.3.

it it

Figure 7 Leica CloudWorx for Revit result

L L

Figure 9 indicates a similar result was achieved for Faro As-Built for Revit.

Figure 8 Farb As-Built f'or“Revi

This indicates that while the plugins can produce automated results the Arch Family
needs to be created first. This means that although both plugins could produce and fit the
standard door automatically, they had difficulty with the arch shape which confirms previous
literature. Table 1 provides a summary.
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Table 1 Comparison of Results

Manual modelling Leica Faro As-Built for
in Revit CloudWorx for Revit | Revit plugin
Gothic Fully parametric Could not Could not generate
Arch family created from first | generate arch window | arch window from point
window principles, fitted to the | from point cloud but | cloud but was able to
over point cloud using visual | was able to insert | insert Manually created
entrance interrogation Manually created arch | arch window
door window
Entran Native Revit door Native Revit Native Revit door
ce door family, fitted to the | door family, fitted to | family, fitted to the point
point cloud using visual | the point cloud | cloud automatically.
interrogation automatically.
4. Conclusions

This paper presents a mathematical way to semi-automate the formation of AutoDesk

Revit families for Arches from point cloud data for historical BIM projects. It indicates the
shortcomings of proprietary plugins. It proves that it is possible to manually create parametric
BIM objects of complex building elements typical to ecclesiastical conservation buildings,
such as gothic arches. To function, the manual modelling of BIM objects from point cloud
data does require a large degree of operator ability. Automatic modeling of parametric Gothic
Arches is less successful than manual methods. Third party plugins ability to identify window
and door geometry from point clouds are limited to rectangular window and door openings.
However, once a manual family has been created, they can automatically position this.
Further work needs to be carried out on modelling of non-standard elements.
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METOIMH, TIPUJTAT'AHHU ITPU CAMOCTOSATEJIHO U3YYABAHE HA
COPTYEPHHU ITPOAYKTHU

Banno l“eoprlzlelz’1

Bucwe cmpoumenno yuunuwe ,,Jlrooen Kapasenos“ - Coghus

METHODS APPLIED IN SELF STUDYING OF SOFTWARE PRODUCTS
Vanyo Georgiev'

University of Structural Engineering and Architecture “Lyuben Karavelov” — Sofia,
Bulgaria

Abstract: The report describes some of the methods applied in self-study of new or new
versions of software products. Attention is paid to the role of user motivation and goals
in method selection. Ambiguity of purpose when using application software and its
relation to degree of familiarity are commented on. Questions for future research are
suggested.

Key words: Self-study, Software, Methods of learning software.

1. BbBeaenue

[Topanu OBp30TO pa3BUTHE HAa COPTYEpPHUTE TEXHOJOTMM C€ yBelW4yaBa OpoAT Ha
€XKEJIHEBHO TOSABSBAIIUTE c€ HOBH cO(TyepHU MpOAYKTH. ChIO Taka U ChUIECTBYBALIUTE
IOPOAYKTH THPIAT Pa3BUTHE - Ch3JaBaT Ce HOBHM BEpCHH, 0o0OOraTsBaT ce C HOBHM HJIEU U
GbyHKIIMK. YCBOSIBAHETO HAa HauWHAa Ha paboTa ¢ HOBHM (WJIM HOBU BEpPCUHU) COPTYEpHH
IPOAYKTH CTaBa BCE IMO-Hepas3AeiaHa 4yacT OT pabOTHOTO €XEIHEBHE, a KOJKOTO MO-O0bp30
CILY’)KMTEJIUTE C€ CIPaBST C M3MOJ3BAHETO HAa HOBUTE BB3MOXKHOCTH Ha codTyepa, TOJIKOBA
no-e(peKTUBHO CH BHpIIAT €XeJHEeBHATa paboTa.

CrpuiecTByBa HyX/a OT HOB BUJ] 3HAHHE M YMEHME, 3HAHHE 33 TOBA KakK Jla Ce U3y4aBar
O0bp30 U ePEeKTHMBHO HOBU COPTYEpHU MHPOAYKTH U BEPCUH, U YMEHHE 3a yCBOSIBaHE Ha
copryep. Tazu Hyxkaa KMMa MHOrO MPAKTUYEH XapakTep, 3acsra MOYTH BCEKH, 3all0TO
copryep ce u3moi3Ba Ha Bce IMOBedye pabOTHM MecTa M OM OWUJIO aKTyaaHO HEWHOTO
u3Ccie/BaHE C HAyyHU METOau. BbOpochT uMa UHTEPAUCHUILUIMHAPEH XapakTep:
NICUXOJIOTMYECKH, MKOHOMMUYECKH, CTaTHUCTUYECKH, menarormdyecku. C HacToOAmUsA JOKJIAJ
IIPaBUM OIIUT 32 OTPA3sSIBAHE HA €/IMH HETOB acleKT: METOJIUTE, KOUTO BCEKH caM, CIIOHTAaHHO
WIN He, OTKpUBA U U3II0JI3Ba IIPU YCBOsIBaHE Ha paboTara cbC COPTYEPHU MPOAYKTH.

! Baubo T'eoprues, mom. a-p, karempa ,,MlHpopMaTHka, BU3yaslHU M3KYCTBAa W KOMYHUKAIMU', APXHTEKTYPEH
¢akynrer, yn. Cyxomoincka 175, vanyog@vsu.bg

391



XXII MEXXOYHAPOOHA HAYYHA KOH®EPEHLIUA BCY’2022
XXII INTERNATIONAL SCIENTIFIC CONFERENCE VSU'2022

Pasriexaame caMOCTOSTEIIHOTO M3y4aBaHe Ha COPTyep, KOETO Ce MHUIMHUPA OT CaMHs
norpeburen, 63 ydacTre B HIKaKBa opranu3upana (popma Ha 00ydeHue, 3aI0TO TO3U HAYUH
Ha U3y4yaBaHe Ha COPTYCpHH MPOIYKTH U3IJISKAa npeodinagaBa. Beeku morpeduten 3amousa
caM Jia u3y4aBa JiaJicH CopTyep BeHara oM Ce CPEIHE C HEro M ako 00CTOSITEJICTBATa HE TO
U3UCKAT MOXE HUKOTa J1a He Y4acTBa B OPraHU3UPaHO 00yYEeHHUE 3a TO3U coPTyep.

2. Pos1s1 Ha MOTHBALUATA

Heka nma mocounM mbpBO TOBa, 4e € OT TOJISIMO 3HAYCHHE MOTHBALMSATA M IENTa, C
KOMTO C€ IPUCTHIIBA KbM H3ydaBaHe Ha AajeH codryep. EnuH e moaxonbT 3a ydeHe ako
MOTHUBAIMATA € HYX/aTa OT U3I0J3BaHe Ha KOHKPETeH co(Tyep Mpu MOCTaBeHa KOHKPETHA
3ajjaya U CPoK, a ChbBCEM JIPYT - aKO CHIIUAT cOPTyep ce u3yyaBa caM 3a cede cu KaTo TaKbB U
NOTPEOUTENAT C€ MHTEPECYBa OT BBIIPOCH KAaTO: KAaKBU BB3MOXKHOCTHU Tpejsara codryepa,
MOJKE JIM Ja ce M3I0JI3Ba 3a pelllaBaHe Ha €AMH WU IpYyr npolsieM, KakBH ca MpeIuMcTBaTa
My TIpeJ IpYTH IPOIYKTH U T.H.

Kato mbpBM THN MOTMBAUMsl, Ja OINpEIEJIUM MOTHBALMATA, MPOJUKTYBaHA OT
HE0O0XO0IMMOCTTA J]a C€ BBPIIM ONpeieieHa padoTa ¢ IOMOIITa Ha ChOTBETHUS codTyep. To3n
TUI MOTHUBAIMS € 3HAUUTEIHO M0-yecTo cpemad. [Ipu Hero 3agoBossBanuTe NoTpeOUTENNTE
3HAHUATA 32 cOPTyepa ce CBEXKIAT 10 3HAHUS 33 TOBA B PA3JIMYHU CUTYyallud KOM (PyHKIIMK HA
coryepa 1a ce M3MOJI3BAT 3a J1a CE MOJIyYH JKEJIaH Pe3yiTaT U He U3UCKBAT 3albJKUTEITHO
no-1bJ100K0 pa3OupaHe Ha CHIIHOCTTa Ha H3BBpIIEHATa OT codTyepa HHPOPMANMOHHA
oOpaborka. Hamupanero Ha uH(poOpManus Kak Ja ce€ M3MBIHU ONpEIENCHO JeicTBue e
CPaBHUTEIHO JIECHO. J[0CTaThUHO € J1a ce HATyYKaT MOIXOMISIIH JYMH, OTHACSIIHN CE IO TOBA
JieiicTBUE U J1a ce HallpaBH ThpceHe Mo Te3u aymu B MHTepHet. [Toutn curypHo e, de e ce
NOTIaJiHe Ha cTpaHuia B IHTepHeT, BUACO GUIIM, IPE3eHTANNS WK JPYT MaTepHall, ONHCBAII]
HyxHata "penenita". HaTpynanuTe o To3u HaYMH 3HaHUS c€ U3MEPBaT ¢ Opos Ha HaydeHUTE
PELenTH ¥ B MHOTO CIIydau He BKIIOYBAT 3HAHUS 3a rojisiMa 4acT oT (yHKIMHTE Ha codryepa,
KOHMTO HE ce € Hajarajio Ja ObJaT M3I0J3BaHU U 3a KOUTO He € ThpceHa uHpopmarus. Cpen
UMAIUTE TO3W THUIl MOTUBAIIHS CHIIECTBYBa MHEHHE, Y€ J]a HE CE 3HAC 32 CHIIECTBYBAHETO HA
HSKOM BB3MOXKHOCTH Ha TOJIEMH U CIOXXHU CO(PTyepHH MPOAYKTH € HEL0 HOPMAHO MU
nomyctumo. Cunta ce, 4ye eqHH (QYHKIMHM CE OTHACAT 3a €/IHa rpylna CIEIUaUCTH, IPYTH
(GyHKLUY - 32 APYTH CIIEHUATMCTH U BCEKU € JOCTAaThYHO Ja 3HAae U U3I0J3Ba Te3U (YHKIINH,
KOHMTO C€ OTHACST JIO HETOBATa CIIEUAITHOCT.

VYcnemen noaxo, BoJeI 10 Obp30 HaNpeABaHe, yOBISTBOPSBAIIO YUELIUTE IPU TO3H
TUI MOTHBaNmWs € "ydeHe upe3 mHpaBeHe' - TOCTaBSHE W W3IIBJIHSABAHE Ha TOpEIUIa
NPaKTUYECKH KOHKPETHH 3a/1a4H, Upe3 ciie/IBaHe Ha yKa3aHMs OT THMA "CThIIKA 110 CThIKA'.

CeBceM Jpyr, a TO HapedeM BTOPM THI MOTHBALMsl MMaMe, KOoraTo (OKyChT Ha
BHUMAaHHETO HE € BbPXY 3a/1a4uTe, KOUTO MOTAT Jia ce U3MBJIHABAT C AaJieH cOPTyep, a BbpXY
caMuAT coTyep KaTo TakbB. ToraBa CTpEMEXbT € Jja ce€ 00XBaHEe LETUAT Ha0Op OT QYHKIIHNH,
Ha JajieHust copryepeH mpoayKT. BaxHa 3agaya nmpu y4eHETo B TO3U Cy4ail € YyCBOSIBAHETO
Ha CrHenuUYHA TOHATHS W WJAEH, W3MOJ3BAaHH TIPH pPEATH3HpPAHETO Ha IPOIYKTa,
pa3bupaHeTo Ha cjeJBaHaTa JIOTMKA M B3aWMOBPB3KU MEXIy HEroBUTE (DYHKIMH. YUEHETO
HE Ce ChCTOW B MOBTapsiHE, 3allaMeTsIBaHe M aBTOMATU3WPaHE Ha M3ITBIIHEHHETO Ha ONKCaHa
nopenuia oT JEHCTBHSA, a M3MCKBa Bb3NpUEMaHEe HAa aOCTPAaKUUU M PEYHUK OT TEPMHHH,
MUCIIEHE, EKCIIEPUMEHTHPAaHEe. YUYEHETO B TO3M CIy4all IpUjInda Ha U3CiIeIBaHe, ChCTOSIIO Ce
B OTKpPHMBAaHE KAaKTO Ha BB3MOXKHOCTUTE Ha coTyepa Taka M Ha OrpaHUYEHUATa My U
NEPCIEKTUBUTE 3a OBAEII0 HETOBO Pa3BUTHE.

Jlaneu cMe oT uaesTa Jia oLeHsBaMe Te3H JBa THUIIA MOTUBU U J]a U3TbKBAME €IMHUS
npes Apyrus. BeposTHO IbpBUAT TUI MOTUBU MMAT BCUYKH MPO(ECHOHATNCTU B KOHKPETHU
00J1acTH, KOTraTo ca B poJisiTa Ha MOTpeduTenu Ha codTyep, a BTOPUAT TUI MOTHBHM MMAT,
HarnpuMmep, MpernoAaBaTesid IO KOMIIOTBPHU TEXHOIOTHH, COPTYEpHU CIELUAIUCTH,
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pa3MpOCTPaHUTEN HAa COPTYEpHH MPOAYKTH, KOUTO HE TOJKOBA IIOJI3BAT, KOJKOTO
npeacTaBaAT jaaneH codryep. M egHure w apyruTe MMaT HyKIa OT Obp30 M €(EKTUBHO
noOuBaHe Ha 3HAHUS 3a HOBU TPOJYKTH, KOWTO 3HAaHMA Ja CBOTBETCTBAT Ha
npoeCHOHATHUTE UM LIEIH.

3. E¢pekTHBHOCT NpH MOJI3BAHETO HA cOPTyep

Bcekn codryep u3BbpmBa 00paboTBaHe Ha MHMOpPMAIUsA, UMa BXOJ, 3aJ0KEHU B
codTyepa anropuTMu 3a 00paboTKa M U3X0J. Y CIENTHOTO U3IMOI3BaHE HA COPTyep ce ChCToH
B u30HMpaHe OT MOTPeOUTENss W IMpujaraHe B HEOOXOAWM pell Ha 3aJ0KEHU B codTyepa
QITOPUTMH, C IIeJ TOJy4aBaHE Ha M3X0Ja My Ha enaH pesynrtaT. Koraro morpeburenst
u30upa, coPTyephbT Aa M3IBIHH ONPEACICH alrOpUThM, Ka3Bame, 4e MOTPEOUTENAT Mo1aBa
komaHga Ha codryepa. EdextuBHOCTTA Ha TOTpPEOUTENs C€ CHCTOM B HM30MpaHETO Ha
MIOCJICIOBATEIHOCT OT KOMAaH/IH, IMOAPEICHU B TaKbB PEll, Y€ BPEMETO OT MOJy4aBaHETO Ha
uH(pOpMaIATa Ha BXOJa M M3BSXKIAHETO W Ha M3X0Ja Ha codTyepa a ObJe Hal-KpaTKo.
Jamu motpeOuTenaT 3amaBa Ha coTyepa NpeIBapUTEIIHO 3aydeHa IOCIECIOBATEIIHOCT OT
KOMaHIM WM B MOMEHTa choOpassiBa M pemiaBa Kos Aa ObJe cienBaiiara KOMaHIa HsiMa
OTHOIIIEHHE KbM €(EKTUBHOCTTA, HO HMMa OTHOIICHWE KbM CTENEHTa HAa IIO3HABaHE Ha
codryepa.

Ta3u CHIIHO ONPOCTEHA KapTHHA CE€ YCIIOKHSABA OT OOCTOSTEICTBO, KOETO IlIe HapedyeM
HeeTHO3HAYHOCT Ha nerTa. [lomydyeHuaT upe3 M3MON3BaHETO HA AaJeH coPTyep pe3yirTar,
Ja TO HapedeM A, MOoxe na Oblie HepaszIuuuM OT JpPYyr pe3yirat b oT riemHa Todyka Ha
"kiueHTa'", 3a KOWUTO € TpeaHa3zHadeH To3W pesyirtar. Hampumep: Ilpu wusnonsBane Ha
TEKCTOB PEIAKTOP, 32 U3TOTBSHE Ha JOKYMEHT, KOWTO Il C€ WU3I0JI3Ba HAlleuaTaH Ha XapTHs,
HSIMa HUKAKBO 3HAYEHHWE Jalli ToJeMUHaTa Ha OyKBUTE B 3arjlaBHETO MY € 3a/ajicHa, 4pe3
n30KMpaHe Ha CTUJI WK Ype3 TUPEKTHO 3aj1aBaHe Ha ToJIeMUHATa Ha mpudTa, HO TOBa KO OT
HAUMHUTE € U3I0JI3BaH TOBOPH 32 TOBA KOM BB3MOYKHOCTH Ha coTyepa Mmo3HaBa oreparopa,
ChCTaBWII JIOKYMEHTa. B TO3M mpuMep 1enTa Ja ce ChCTaBH, MOAXOJIN 3a M3IOJI3BAaHE Ha
XapTUs JOKYMEHT € MOCTUTHATA, HO TI0 Pa3JIMYHU ITHTUIIA C IPHJIATaHe HA Pa3JInIHU TOHSATHS
0T 00JIaCTTa Ha eJEKTPOHHATa 00pabOTKa Ha JOKYMEHTH. 3a Jla Ce HallPaBH Pa3lInKa MEXIy
pesynTatr A u pesynrat b He e mocraTbyHa TNIeHATA TOYKA HA KPalHUS MOJydaTell Ha Te3U
pe3yiTaTd, Hajara ce HaBliM3aHe B crenuduyHa cUcTeMa OT TMOHATHS W I0-331bJI00YeH
aHaJm3.

4. MeToau 32 CAaMOCTOSITEJTHO U3yYaBaHe Ha codTyep

PasnpocTpaneH MeToJ1 3a CaMOCTOSATENIHO U3y4yaBaHe Ha HOB codTyep € MeToA ''mpoda-
rpemka". [IpoO6Ba ce komaHma, BHXZa C€ pe3yiTaTa, ako TOM € BHUIUMO J00Bp ce
3armaMeTsiBa KOsl KOMaH/a € U3I0JI3BaHa. AKO pe3yJTaThT HE € XKEJIaHUs, CE IPABU HOB OIUT C
npyra komanaa. Cinea MHOTOKpPaTHH HEYCIIEXH CE CTHTa WM J0 OTKa3BaHE OT MOCTUTaHE Ha
VCKaHUs Pe3yTaT UM 10 TBPCEHE Ha IIOMOII.

MetoabT "mpoOa-rpemika" e ysnekareneH. [Ipu pabora ¢ mporpamu, KOUTO HE Ce
OTHACST J0 MHOTO CIIOKHHU TIOHSTHS, MOXKE Jla € M ycreimleH. M3npo6Banero Ha "rpeurHu”
KOMaH/M, JaBa HSAKAaKBa MpeJICTaBa U 3a TAXHOTO JECWCTBUE U IMpelHa3HaueHue, U B KpailHa
CMeTKa METOIBT BOAM JI0 HATPyNBaHE HA EMIIMPUYHO 3HAHME, 32 TOBAa Kak OM MOI'BI Ja ce
U3MO0JI3Ba cOPTyepa B €1HA UK ApYyra CUTyallus 3a IOCTUTaHE Ha JKeJIaH pe3ysTaT. 3HaHUETO
Ce HaTpyIBa B pe3yliTaT Ha JCUCTBUATA HA MOTPEOUTENs, TOBAa My JaBa CAMOUYYBCTBHUE, Ue
MOCTUTa LIEATa CH CaM M 3a ChbXKaJeHHEe, Ch3/1aBa TPEIIHOTO yOexkJIeHue, 4ye TO3U METOA
BBpUIM paboTa BbB BCUUYKHU CITy4aH, IPU BCEKU COPTYEpEH MPOIYKT.

HNHTepeceH MOMEHT TpHW M3IOJI3BaHE HA MeETOoJ 'mpobOa-Tpemka" ca CUTyarluuTe, B
KOHMTO HE Ce MoJlyyaBa xelaHus pezynrar. Habmogasar ce cnennute KpailHu cinydau. Hskxoun
moTpeOuTeTn MHOTO OBP30 pelIaBar jJa MpoOBaT MHTYUTUBHO M30paHa Jpyra KOMaHma, 0e3
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Ja oOpbLIaT MHOIO BHHUMaHHME Ha CIYyYWIOTO c€, a JAPYrM HOTpeOUTENnH pasriexiar
CIIyUYMJIOTO C€, ONUTBAT C€ Ja CHU To OOSACHAT, Aa OTKPHUAT IO HAKAKBB JIOTHYEH BT
IpaBUIHATa KOMaHAa. Beopoc 3a u3cnenBaHe € pa3snpocTpaHEHUETO Ha Te€3U KpalHU Cilydau
U €BEHTYAJIHU MEXJIMHHM TakuBa. Pe3ynratute oT monoOHO u3cieaBane Ouxa OWiM mosie3Hu
3a METO/IMKaTa Ha 00y4yeHHe M0 U3I0JI3BaHe HAa COPTyepHH MPOIYKTH.

Ob6crosTencTBata, BOACIIH 0 yclexa Ha MeToa "mpoba-rpemka” ce KOPEeHST B HAKOH,
OLIEHSIBAaHM KaTO IOJIOKUTEJIHU KadyecTBa (DYHKIMOHATHOCTH Ha COPTYCpHUTE IMPOAYKTH:
UHTYUTUBHUAT UHTEpQEc; SCHUTE, OMHMCATeNIHU HAINUCH; II0/CKA3BAIUTE HAIIHCH;
KOHTEKCTHOTO I10/1aBaHe Ha MOMOILHA UH(opMarus 1 1p. OOpbIIaHETO HA BHUMAHKE Ha TE3U
(GyHKIMOHATHOCTH Ha codTyepa, BOOM 1O MO-YCIEIIHO W OBpP30 HAmpeaBaHE IO METoja
"mpoba-rpemka”’. Bb3moxkeH NpobieM € Hepa3dMpaHETO WM TPEIIHOTO ThIKYBAaHE Ha
BU3yalIU3upaHaTa ot coryepa napopmaius, KoeTo 06e3 U3MoI3BaHe Ha JPYTH U3TOYHHUIN HA
uH(popMalrs, MOXKe /1a IOBEJIE 10 YCBOsIBaHE Ha IPEIHO "3HaHue".

Enno momoOpenue Ha MeTona "mpoOa-Tpemika" € METOd, KOWTO Ie HapeyeM MeTo
"curyanusi-cnpaBka'. Ilpu nocrturane Ha gajgeHa cUTyalusi, BMECTO Ja C€ HalydkBar
KOMaH/JM, CE€ NpaBU CIpaBKa OTHOCHO HauuWHA 3a JOCTUraHE Ha cleJBaliara 1ejl U ce
U3IpoOBaT, ONMUCaHUTE B HaMepeHaTa nHpopmarus komanau. CripaBka MOKe Ja ce HalpaBu:
B cHUCTeMaTa 3a nomoul Ha codryepa, ako Ta3u CUCTEMA UMa (PYHKIIMOHAIHOCT 32 ThPCEHE 110
nymu; B VHTepHET; B KHUT'M OTHOCHO M3IOJ3BaHUS cO(Tyep; upe3 3alUTBAaHE Ha KOJIEra;
3anuTBaHe B MHTepHET GopyM U 1ip. BeIipoc 3a u3cnenBane € KakBU HAUMHU 3a MPaBEHE Ha
CIOpPaBKU c€ II03HABaT OT IOTPEOUTENUTE M KAaKBO € pPa3slNpOCTPAHEHUETO Ha TAXHOTO
npakTUKyBaHe. Pe3yntaTute oT mogo0HO u3cieaBane Ouxa OWUiIM MOJIE3HU HA Ch3/IaTEINTE Ha
copTyepHH NPOIYKTH, 3a Ja HOAHACAT HH(pOpMalMATa 32 CBOUTE MNPOJAYKTH MO Hai-
MHTYUTUBHHUTE 32 IOTPEOUTENUTE HAUMHH.

AKO BpeMeTo, 3a KOETO CE MPaBU U U3II0JI3BA PE3YITATHT OT CIPaBKaTa € MO-KPaTKo OT
BPEMETO 3a U3NpOOBaHE Ha HEMO3HATH KOMAaHIU METOIBT "cuTyalus-cripaBka'" Ou Omi mo-
eeKTUBEH OT MeTo/a "mpoba-rpemika’.

Hpyr meton 3a usydyaBaHe Ha codTyep € 'yeTeHe M ynmpaKHsBaHe MO y4eOHUUH'.
YyeOHUIM 1€ HapuyaMe KHUTM WM €JIEeKTPOHHU U3JJaHUs, BKIIIOYMTEIHO B TEKCTOB,
rpaduuen u Buaeo popMat, KOUTO ce 00sBIBAT KaTO U3TOUHHUIIM 32 3HAHUSA 110 U3I0J3BaHE Ha
pasnnyHu copTyepHU MpoayKTH. HayuyeHOTO OT y4eOHHIM, NPUIPYKEHO OT MPaKTHUECKO
yIOpaXXHsIBaHE Ha OIMCAHUTE B TIX JEHCTBUS € epekTuBHO. B yueOHuMuMTE HE camo ce
ONKCBAT TOTOBU pEILENTH, a ce OOSCHSABAT MOHSATHS, AITOPUTMHU, aHAIU3UPAT CE CUTYaIUH,
00siCHABa ce MpPeIMMCTBOTO Ha €JHA WM Jpyra KOMaHAa B JaJeHa CUTyalus U T.H.
Y4eOHUIMTE, KOraTO ca HAlUCAaHU OT BOJEIIM CIEHHUATUCTH, ChABPXKAT CIOAEICH IIeHEH
OIMT, YCBOSIBAHETO Ha KOWTO W3IUra uuTaTells Ha HMBOTO Ha TO3M ONUT. Bbmpocu 3a
u3cnenBaHe ca: KakBa e pasmpocTpaHeHOCTTa Ha pasiuyHuTe (opMaTH 3a Y4eOHHIIM,
MMOCBETEHU Ha COMTYEpHH MPOAYKTH: XapTUECHH, OHJIaiH, Buaeo? [IpomMeHs 1 ce ¢ BpeMeTo H
c kakBa TeHJeHUus? KakBu ca MNpennoyuTaHusTa Ha MOTPEOUTENUTE KbM pa3IUYHHUTE
dbopMaTu U Aanu ce MPOMEHST Te3U MPEANOYUTaHMs, B KakBa ocoka? J[aHHUTE OT Mo100HU
npoy4yBaHus Ouxa OWJIM TOJIE3HH 3a aBTOPUTE, H3JATENUTE U PA3NPOCTPAHUTETUTE Ha
y4eOHUIH.

W3non3BaHeTo Ha y4eOHHMIIM M3MCKBA OT/ENSHE HA BpeMe 3a YeTEeHE U YNpakKHsABaHE, a
3HAHUATA, KOUTO C€ TOJy4yaBaT HE BHHArW MOraT Jla ce€ IPUJIOKaT BelHara B CUTYallUUTe,
CpellaHu B pabOTHOTO exenHeBue. MeToAbT € MOAXOMAI] 3a IMOCTUraHe Ha JBJITOCPOUYHU
LIeJIM, KaTO HampuMmep: o010 MOBUIIaBaHE HAa KBaTM(UKaLUATA, IOJrOTOBKA 3a MOJIaraHe Ha
U3IUTH, C LIeJ MOBHIIaBaHEe Ha 0Opa30BaHMETO, MOJAraHe Ha TECTOBE 3a MPHA0OMBaHE Ha
cepTU(GUKATH U Ap. 3a JOMbJIBAHE HA 3HAHUATA, HEOOXOAUMOCTTA OT KOUTO Bb3HUKBA TEKYILIO
3a CrpaBsiHE C MPAKTHYECKH 3a]a4d, YUEHETO M0 y4YeOHHIIM MOXKE J1a ce JIOMbJIBa M0 METo/a
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"cuTyarusa-crupaBka" uiau "mpoOa-Tpemnika’, HO B HUKaKbB CIIy4ail HE € MPEnOphYUTEITHO J1a
ObJIc H30CTaBEH U 3aMCHCH C THX.

MetoabT, KOUTO 11Ie HapeyeM MeToa ''m3ciieaBaHe' € MeToJ, Py KOMTO ce chueTaBar,
BCUYKHU OIMHMCAHU METOJH, IIIOC MPOBEXKIaHE Ha CKCIEPUMEHTH Cbe camus codryep. [pu
TO3HM METO/I C€ IMOCTaBAT IEJIH, KON (PYHKIIMOHATHOCTH Ha codTyepa 1a ObaaT MpOyuYeHH U Ce
chOupa mHGOpMAaIHs 3a Te3u PYHKIHOHATHOCTH OT PAa3IUYHUA U3TOYHUIM. Ha mbpBO MsCTO
3a M3TOYHMK Ha HMH(pOpMAIMs CE HM3MOJ3Ba CHUCTEMaTa 3a TOMOIN Ha caMmus cCopTyep H
HEroBaTa JOKyMEHTAlHMs, a Clie]] TOBa MH(MOpMAIMATAa MPEIOCTaBsiHA OT Ch3JaTEUTE Ha
codTyepa, OT TEXHUTE MPEACTABUTENH M Pa3IPOCTPAHUTENH, OT KHUTH, yueOHuUIH, IHTEepHET,
dbopymu u T.H. Besika nHopmanus ce mpoBepsiBa, Upe3 U3MoiI3BaHe Ha codTyepa, OleHsBaA ce
HelfHaTa OCTOBEPHOCT U MbIHOTa. ChOupanara uHpopMalus ce JOKyMEHTHpa C BOJCHE Ha
3anmucku, o0000IaBa, CHUCTEMaTW3Upa W OTpa3sBa B IMPAKTUUYECKH PHKOBOACTBA 3a
W3MBJIHSABAHE HA KOHKPETHU 33J1a4H.

3akiaroveHue

Onucanute METOIU 3a u3y4aBaHe Ha copryep ("mpoba-rpemka", "cutyarms-cripaBka”,
"u3cnenBaHe'") ce OTKPMBAT M MNpPWIAraT OT MOTPEOMTENUTE CHOHTaHHO. Jlopw u mpH
opranu3upanu (opmu Ha oOydeHue, MOpaaAd TOBa, Y€ TMpe3 roiisiMa YacT OT BPEMETO
oOy4aBaHUTE PabOTAT CAMOCTOSITEIIHO, TE3U METOAM CE U3IMOJI3BAT OT THAX.

Oxka3Ba ce TpyAHO OTKPHMBAHETO HAayYHU H3CJIE/BaHUS MO METOJIMKa Ha OoOyueHHue 3a
pabora ¢ mnpunoxkeH codryep. B mybOnmukamuuTe mO MeTOoIMKa Ha OOYYEHHETO I10
uHpopMaTHKa M HMH(POPMALIMOHHU TEXHOJOTHM HE OTKpHMBaME TeMara 3a YCBOSIBaHE Ha
npuioxkeH codryep. TakbB O4EBHJIHO C€ M3MOJ3Ba, HO YCBOSBAHETO MY € OCTAaBEHO Jia Ce
CIIy4Ba CIIOHTaHHO, CHITHTCTBAIIO APYTH OOYUUTETHH LEIH U 3aJJa4H.

KbM 00yueHHeTo 1o KOHKpeTHU COPTYEpHU MPUIIOKEHUS NMa KOMEpPCHAJIEH UHTEPEC -
or ¢upmu c OuzHec B cdepara Ha OOyYEHHETO M OT JUCTPUOYTOpU Ha codTyep.
Pa3paborenuTe u npeiarany MjaaTeHU KypcoBe 3a 00ydeHHE BbpXY KOHKPETHU cO(TyepHU
MPOIYKTHU Ca ONTHUMH3UPAHU CaMoO 3a T€3H MPOJYKTH M HE JIaBaT OOIIM 3HAHUS, MPUIOKUMHU
MIPH IPYTH MPOTYKTH, 3AIIOTO JPYTHTE MIPOIYKTH C€ SBSIBAT KOHKYPSHTHH U HIMa WHTEpEC Ja
Cce pasriexaar.

HansBame ce, ue nmoctaBeHUTE BBIIPOCU Ca MHTEPECHM, 3aCiIyKaBaT BHUMAaHUE U MOTaT
na ObJaT mpeaMeT Ha HaAyYHH MPOEKTH, TOCTABAIIN CH KaTo IeJ1 U3CJeIBaHe Ha Ipolieca Ha
n3y4yaBaHe Ha cO(OTyepHU MPOAYKTH OT MOTPEOWTENNUTE W MOJ00psBaHE HAa METOJUKATa Ha
oOydeHue.
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