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Presentation of samples of basic experimental data from research of spatial work of large-scale
(scale 1: 4) reinforced concrete model of cross-ribbed span structure of the bridge and separate beams
similar in structure to model beams, as well as methodological features and results of their analysis.
During the tests, the model and separate (reference) beams were loaded with concentrated force, alter-
nately at the intersections of the longitudinal and transverse ribs of the model. Deflections in the same
nodes and support reactions of longitudinal beams were measured. A new methodological feature of this
research was the determination of experimental bending moments in the model beams by direct com-
parison of the deflections of the model beams with similar deflections of separate (reference) beams. De-
pending on the location of the external load and the stiffness ratio, the load on the beams of the model is

different. Taking into account an elastic-plastic stage of their work, the method of calculation of the

maximum bending moments in the most loaded beams is offered in this paper.
Keywords: Span Structure, Large-scale Reinforced Concrete Model, Tests, Elastic-Plastic Work,
Load Distribution, Deformations.

Introduction

Reinforced concrete cross-ribbed systems have been widely used in the construction industry due to
the rational concentration of material (concrete and rebar) in the most stressful areas. In addition to span
structures of bridges, where these systems are used traditionally and most often (Gorbachevskaya et al.,
2017; Kvasha et al., 2002; 2008; 2015; Yao et al., 2021), there is a large group of various structurally dif-
ferent floors and coatings in buildings and structures for various purposes, ribbed foundation slabs, and
others. From the point of view of structural mechanics, they are complex, repeatedly statically indetermi-
nate systems, the stress state of sections of which determines three components of forces and three compo-
nents of bending moments, and their deformations — three components of linear and three components of
angular displacements (Artemov et al., 2012; Gorbachevskaya et al., 2017; lvanyk et al., 2019; State Build-
ing Norms of Ukraine B.2.3-6: 2009). This solution, taking into account all components of efforts and
movements, is considered exact; however, it is rather difficult, and depending on constructive schemes and
quantity of the factors considered in calculations, it is not even always possible. In particular, for rein-
forced concrete elements in the presence of cracks, nonlinear elastic-plastic deformation of concrete, par-
tial loss of adhesion of reinforcement, the problem of theoretical calculation is physically and geometrical-
ly nonlinear. (Artemov et al., 2012; Wisniewski et al., 2013; Castaldo et al., 2019)

Therefore, to solve one of the main problems of calculation-patterns of distribution of external loads
between the rods of the system and the resulting forces, as well as other related problems resort to their
experimental researches, which, in particular in the study of span structures, are carried out on large rein-
forced concrete models, which is made of materials that physico-mechanical and functional characteristics
correspond to the “original” (real constructions) (Artemov et al., 2012; Gorbachevskaya et al., 2017; State

Building Norms of Ukraine B.2.3-22: 2009; Kvasha et al., 2002; 2008; 2015; Radomski et al., 2017; Ta-
rozzi et al., 2022).
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Subject to certain rules of modeling, in particular its foundations — the theory of similarity and di-
mensions (Melnyk et al., 2018; Jin et al., 2020) (geometric similarity of shape and physical similarity of
materials) theoretical calculation of the studied model is described by the same mathematical relations as
the modelled structure without any adjustment.

Experimental researches of large-scale reinforced concrete models of cross-ribbed span structures
are described in the publication (Ivanyk, 2000), so the purpose of this work is to present a sample of the
main experimental data of these researches, as well as to present the methodological features and results of
their analysis.

Materials and Methods

The experimental structure DK-1 reinforced concrete cross-ribbed model was designed on the prin-
ciple of complete geometric physical similarity as a model in a scale 1:4 of the thin-walled hall concrete
beams diaphragm span structure with welded frame fittings for Typical Project Issue 56 with an estimated
span of 16.2 m and a width between the axes of the boundary beams 1.4 * 5 = 7.0 m. (Kvasha et al., 2015)
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Fig. 1. Geometric dimensions of the model DK-1 (a) and a separate beam DK-0 (b)

A new methodological feature of this research was the additional testing of separate beams, similar
in structure and materials to the beams of the model (DK-0). According to the results of these tests, by
comparing the deflections of a separate beam and its analogue in the model, the experiments revealed static
uncertainty of cross-ribbed span structure. The tests studied the distribution between beams of external
load, bending moments and transverse forces, determined the actual stiffness characteristics with different
load intensities, and the presence of cracks. (Kvasha et al., 2008; Sukhorukov et al., 2012)

For the manufacture of models and beams, we used fine-grained concrete mixture of factory prepa-
ration composition of C: S: CS-1: 1,32: 3,65. For W/ C = 0.41... 0.5; crushed stone fraction 5... 15 mm,
medium quartz sand, Portland cement (consumption 382 kg per 1 m3 of concrete) design class of concrete
— B25 (Ivanyk, 2000).

Separate beams DK-0 in the quantity of 3 pieces were tested on a test setup, equipped with a hydrau-
lic jack and load control devices. The load on the beams in the form of concentrated force was applied in
steps alternately in 1/2, 1/3, 1/6 span; that is, in cross sections of longitudinal and transverse edges of the
model.

The experimental model DK-1 was tested on a test bench, which provided a load of concentrated
force at any point of the model, and also had support parts equipped with exemplary dynamometers to
measure the support response of longitudinal beams during loading of the model (Gorbachevskaya et al.,
2017; State Building Norms of Ukraine B.2.3-6: 2009; State Building Norms of Ukraine B.2.3-22: 2009;
Ivanyk, 2000). The models were loaded with concentrated force alternately in each node of the intersection
of longitudinal and transverse ribs in steps, bringing its value to the conditional normative 0.65...0.7 times
of the ultimate load, which corresponded to the maximum crack opening of 0.25...0.3 mm.

The vertical displacements of the nodal sections of the model and individual beams were measured,
which allowed to estimate the spatial work of the model and the degree of load on the beams in different
schemes of application of nodal concentrated force.
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Results and discussion

In general, tests of these beams did not reveal any features in their operation at different load levels.
The first normal cracks in the zone of maximum bending moments occurred at a load within 0.2... 0.3
times of the destructive load. Their occurrence was accompanied by an increase in deflections and, conse-
quently, a decrease in stiffness. The failure of the beams came from the yield of the longitudinal working
reinforcement at the maximum achieved load (bending moment) P, (M,) = 28.45 kN (kNm) (average of the
three tested beams).

Table 1
Deflections of a separate beam in the studied sections
1-1 2-2 3-3

P, kN

M;, KNm f;, mm M,, kKNm f,, mm M;, KNm f3, mm
3,36 1,12 0,58 2,24 1,00 3,36 1,41
6,72 2,24 1,19 4,48 2,07 6,42 2,77
13,34 4,45 2,83 8,90 5,13 13,34 6,50
20,16 6,72 4,69 13,45 8,60 20,16 10,61
26,88 8,90 6,60 17,80 12,38 26,88 15,04

The sample of deflections for one of the most unfavorable load schemes, with concentrated force in
the middle of the span by load levels, is presented in Table 1. The graphical representation in the graphs of
Fig. 2 is typical for reinforced concrete bent elements with cracks and do not require special explanations
and comments.

Convention description: P — Nodal Load Test, M; ...Mjs, KN*m — bending moments in the studied
sections 1-1, 2-2, 3-3 (Fig. 2, a), f1...f3, mm — accordingly, deflections in the same sections
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Fig. 2. Graphs of deflections of a separate beam DK-0

These deflections will be used to implement one of the new methods of analyzing the spatial work of
the studied model DK-1, the principle of which is to directly compare the deflections of a single (refer-
ence) beam with deflections of the same beam working in the model under the same load schemes. Addi-
tionally, the same deflections of the reference beam and the beams of the model correspond to the same
force (M, Q) or forces that fall on these beams (Ivanyk, 2000).

The advantage and reliability of this method is that to determine the forces in the beams of the model
from the action of external forces on the span of the structure adopted real (for reinforced concrete beams)
experimental relationship between force and deflection (My), considering cracks. Therefore, the influence
of these factors is automatically taken into account in the experimental determination of the spatial distri-
bution of forces and analysis of the spatial work of the studied model.
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The main result of the tests of the model DK-1, as well as a separate beam DK-0, are the deflections
of the beams in these nodes of intersection of longitudinal beams and diaphragms by levels of load of con-
centrated force alternately in all nodes. For the most unfavorable load schemes to be analyzed, the sample
of their distribution across and along the span is presented in Tables 2 and 3, a, visual graphical interpreta-
tion in the form of plots of distribution by load levels — in Fig. 3.
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Fig. 3. Diagrams of deflections of beams across (a) and along (b)
the span of the model DK-1 under different schemes of nodal load P

The most important and relevant from a practical point of view of the analysis of test results is the
experimental identification of the actual patterns of distribution of external load between the cross beams
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and the resulting forces (bending moments and transverse forces). (Kvasha 2002; Sukhorukov et al., 2012;
Yao et al., 2021)
Table 3 also presents the support reactions of the beams measured during the tests also by load levels.

Table 2

Deflections of beams of model across span in section 3-3 depending on level of loading
at an alternating arrangement of force P over beams 1, 2, 3

P Deflections, f, mm
P, KN 1 2 3 4 5 6
6,7 0,88 0,61 0,38 0,17 -0,2 -0,33
13,4 2,00 1,42 0,90 0,48 -0,01 -0,78
27,0 4,16 3,00 1,85 0,79 -0,12 -1,18
40,3 6,76 5,24 3,44 1,42 0,04 -1,32
P Deflections, f, mm
P, KN 1 2 3 4 5 6
6,7 0,62 0,5 0,38 0,21 0,1 -0,01
13,4 1,38 1,14 0,85 0,53 0,22 -0,05
27,0 2,94 2,48 1,78 1,18 0,54 -0,08
40,3 4,32 39 2,94 1,83 0,93 -0,29
P Deflections, f, mm
P, KN 1 2 3 4 5 6
6,7 0,38 0,36 0,32 0,23 0,14
13,4 0,85 0,84 0,82 0,7 0,53 0,38
27,0 1,86 1,85 1,76 1,52 1,18 0,88
40,3 2,83 2,84 2,72 2,32 1,82 1,36

Due to the rigid connection of cross beams and high stiffness of the diaphragms, the distribution of
beams across the span is almost linear at all levels and load patterns to its maximum value (Fig. 3, a), i.e.,
both before and after the formation of cracks in the longitudinal and transverse beams. This test result
clearly confirms that the spatial calculation of reinforced concrete cross-ribbed span structures with the
ratio of general dimensions-span length L to the width between the end beams B L / B>2 can be performed
without significant error by simple engineering methods without EOM (for example, the method of off-
center compression, well known to many generations of engineers). This is important and relevant for the
conversion of existing bridges of old construction to new, standardized temporary loads during their in-
spection or design of overhaul and reconstruction. (Kvasha et al., 2002; 2008; 2015; Pastushkov et al.,
2011; Yao et al., 2021)

The nature of the change in deflections shows that the curved axis of reinforced concrete beams with
cracks in the cross-ribbed structure, loaded with concentrated force, is smoothly concave. This in turn indi-
cates the possibility of calculating the deflections of such beams according to the known methods of State
Building Standards, based on the use of the classical differential equation of the curved axis of the beam.
(State Building Norms of Ukraine B.2.3-22: 2009)

Comparison of beams deflections revealed an important feature of the spatial work of reinforced
concrete cross-ribbed span structure: depending on the location of external load, the ratio of stiffness of
longitudinal and transverse beams load intensity of separate beams is different, so less loaded — in the elas-
tic. That is, the span structure has two qualitatively different zones in the work of both elastic-plastic and
elastic deformation. This feature of the deformation of reinforced concrete systems must be taken into ac-
count in each case during the spatial calculation for the correct determination and introduction into the
calculation of beam stiffness, without which the calculation of a statically indeterminate system is impossi-
ble (Kvasha 2002; Radomski et al., 2017; Wisniewski et al., 2013).

Comparison of beam deflection graphs revealed an important feature of the spatial work of reinforced
concrete cross-ribbed span structure: depending on the location of external load, the ratio of stiffness of longi-
tudinal and transverse beams, the load intensity of individual beams is different, therefore, some of the more
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loaded work in the elastic-plastic stage, and the other part of the less loaded — in the elastic stage. That is, the
span structure has two qualitatively different zones in the work of both elastic-plastic and elastic deformation.
This feature of the deformation of reinforced concrete systems must be taken into account in each case during
the spatial calculation for the correct determination and introduction into the calculation of beam stiffness,
without which the calculation of statically indeterminate system is impossible.

Table 3

Deflections along the span in the most loaded beams, above which the test load is located
(Nel and Ne2), and adjacent Ne2, when the load over the beam Nel and Nel and Ne3,
in the case of beam load Ne2

Beam Nel |P
P, kN R, kN 1-1 (f1) 2-2 (f2) 3-3 (f3)
6,7 15 0,46 0,77 0,88
13,4 3,42 1,07 1,76 2,00
27,0 7,02 2,20 3,58 4,16
40,3 10,8 4,16 5,84 6,76
Beam No2
6,7 1,30 0,55 0,61
13,4 3,70 0,84 1,25 1,42
27,0 5,75 1,50 2,54 3,00
40,3 8,15 2,25 4,45 5,24
Beam Neol
6,7 1,18 0,34 0,54 0,67
13,4 2,52 0,76 1,24 1,50
27,0 4,95 1,62 2,68 3,20
40,3 7,80 2,50 4,45 5,00
Beam Ne2 |P
6,7 0,96 0,24 0,46 0,50
13,4 2,95 0,56 1,01 1,14
27,0 3,70 1,25 2,17 2,48
40,3 6,30 1,90 3,48 3,40
Beam Ne3
6,7 0,63 0,22 0,32 0,30
13,4 1,60 0,48 0,78 0,68
27,0 3,00 1,00 1,58 1,47
40,3 5,38 1,54 2,57 2,72

According to experimental deflections, this can be done in several ways (Ivanyk, 2000). The first of
them, as recommended in State Building Standards — the distribution of force between the beams in pro-
portion to the deflections of these beams in the model was unsuccessful, because it didn’t meet the main
condition of statics — the equilibrium condition: the fraction of force transmitted to the beam is equal to the
sum of the reactions of this beam, measured during the tests. We illustrate this with a numerical example
for the beam Nel model for the most unfavorable case of the location of the test load P = 40.3 kg above this
beam in the middle of the span (Section 3-3) (Fig. 3, and Table 2). The sum of the deflections of the beams
>fi= 15,5; the part of the force P = 40.3 kN transmitted to the beam Nel PI=f1/}fi
P=6,76/15,5+40,3=17,58kN. The sum of experimental support reactions of this beam at P = 40.3 kN —
—YR1=10,82=2,6kH>P1=17,58 kN. The difference between them is 18.6%, which is unacceptably large.
In the presence of cracks and elastic-plastic deformations of concrete beams, this method is not accurate,
although it is quite simple and recommended by State Building Standards. (State Building Norms of
Ukraine B.2.3-6: 2009)
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Fig.4 The experimental determination of bending moments of nodal and transverse forces in the beams of the model DK-
1 according to the adjusted graphs of deflections of the reference beam: a — a diagram of the actual distribution
of the concentrated force P in the nodes of the beams of the cross-ribbed span structure; b — load diagram
of the reference beam during the tests; ¢ — conditional scheme of loading of a reference beam by equivalent distributed
loading ge; d —the actual load diagram of the reference beam to adjust its deflections; e — plots of bending moments,

nodal and transverse forces for the extreme beam of the model DK-1 under its load with a concentrated force

P =40.3 kN in the middle of the span; f— the principle of determining the experimental bending moments by linear in-
terpolation according to the adjusted graphs of deflections of the reference beam; g — a comparison of beam

deflections for elastic (1) and elastic-plastic (2) deformation.

The second method is essentially the inverse interpretation of the first: if the support reactions are
measured during the test, it is obvious that the sum of the forces transmitted to the beam should be equal to
the sum of the support reactions of this beam. If this force is only one, as in the previous case, this method

also has insufficient accuracy.

Inaccurate results of load distribution by the above methods clearly confirm the hypothesis of spatial
distribution of load on more loaded beams in the presence of cracks and elastic-plastic (nonlinear) defor-
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mation of concrete. Therefore, the third way in which the model is loaded (Fig. 4, a), not only between the
beams in the cross section of the model, where it is attached (for example 3-3), but also along the span of
the beam in its nodes with ribs. 4, a). Therefore, for the experimental finding of the actual load distribution
P and it was proposed to use the results of additional tests of a separate beam, similar in constraction to the
beams of the model and similarly loaded with concentrated force (Kvasha 2002; Ivanyk, 2000) (Fig. 4, b),
assuming the same deflections and the beams in the model correspond to the same bending moments and
fractions of forces transmitted to the beams.

Control of the correctness of the distribution — based on the condition of equilibrium: the sum of
forces transmitted to the beam is equal to the sum of the support reactions of this beam. (3 'Pi= > 'R;)

But here, in a more detailed analysis, tests revealed another significant discrepancy, which does not
allow to directly use a direct comparison of the deflections of a single beam and its analogue in the model.
Its essence is that the load scheme during the tests of a single beam (Fig. 4, b) does not correspond to the
load scheme of a similar beam model with several nodal forces along the span (Fig. 4, a).

Therefore, analyzing the situation, we conclude that the measured deflections of a separate beam un-
der its load by one concentrated force (Fig. 4, b) should be adjusted by calculation, bringing the operating
conditions of a separate beam to its counterpart in the model (Fig. 4, a), for which you need to find the
experimental bending moments, transverse and nodal external forces of P;.

The proposed method of calculated adjustment is based on two extreme schemes of beam loading:
concentrated force P (Fig. 4, b), when the deflections f, will be maximum; and equivalent distributed load
ge= P/l (Fig. 4, b), when these deflections fy will be minimum for the same for both considered schemes
support reactions R (Fig. 4, b, ¢). It is probable that under the load scheme of the beam with several con-
centrated forces along the span (Fig. 4, d) its deflections fm will be in the interval between these extreme
values (f;<fn<f;) and will be a certain part of the nth sum: fm=n(f,+f,). According to the results of numeri-
cal analysis, the real range of change of the indicator n: 0.4< n <0.6, and for the first attempt to adjust you
can set the value n = 0.5.

To calculate the deflections, use the known formula:
Mi?

f=S5S— )

Here: S — coefficient that takes into account the static scheme of the beam and the scheme of its

loading (makes a significant role); M — bending moment; | — span length, B — stiffness of the cross section
of the beam. Deflections in an arbitrary section x (Fig. 5, b, ¢) for both load schemes P and there:

My, x 12 My x 12

fox =S, x —2—,f,x =S5 x gB )
In these formulas (according to reference data):
1 4x?

M, x =05px; Sy x =2 3—1—2 3)

2x% %3

1 l_T+l_2
M, x =0,Sgexl—x;ng=ET 4)

Numerical analysis shows that the stiffness B, and By differ by 5-7%, so the actual accuracy of the
calculation of deflections in order to simplify it, this difference can be neglected and take Bp = Bg. (Arte-
mov et al., 2012)

Further course of calculation.

Deflections of the beam loaded with concentrated forces (Fig. 4, d) at n = 0.5:

fm=05 fox +f5x ®)
Adjustment factor for arbitrary section X:
Kx) = fully (6)
This coefficient is multiplied by the experimental deflections measured by the load of the beam by
one concentrated force (Table 1; Fig. 4, b), and thus we can obtain corrected graphs of deflections (M- f,),
which by linear interpolation determine the bending moments in the nodes of the applied concentric forces
(Fig. 4, e).
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The bending moment in a given section corresponding to the deflection of the beam in the same sec-
tion fy, is determined according to the scheme of Figs. 4, d):
M, = M, + m=Fr)Mg—Mp41) %
. : : : T~k :
The positive effect of elastic-plastic nonlinear deformation of some of the most loaded beams in the

cross-ribbed span structure revealed during the research of the model made it possible to offer a rather
simple engineering, computer-free two-step “express method” for calculating maximum bending moments
at maximum time. Loaded cross-sections of maximally loaded beams due to physically nonlinear defor-
mation of reinforced concrete, the presence of cracks and the consequent reduction in the stiffness of their
cross-sections, ie in the elastic-plastic stage of beams (State Building Norms of Ukraine B.2.3-6: 20009;
Kvasha et al., 2015).

The first step is to calculate the maximum bending moments Mg, one of the known methods (engi-
neering or “accurate”) in the assumption of elastic operation of the span structure. The second step is the
transition to the elastic-plastic bending moment My, using as the main dependence of the deformation of
the deflection diagram (Fig. 4, €), which summarizes the impact on the stress-strain state and stiffness of
nonlinear deformations of concrete and reinforcement, cracks, duration or repetition of loads, static circuit,
etc. The relationship between the elastic and elastic-plastic bending moments Mel and My, is obtained by
comparing the deflections of the system beams in the elastic and elastic-plastic stages of f.=f, (Fig. 4, e).

According to known formulas:

fer = SMil?/El eq; for = SlMpllz/B (®)

Here: B — the actual stiffness of the beam in nonlinear deformation after the formation of cracks;
Ejreq — initial stiffness of the beam; S, S;- coefficients that take into account the static scheme and the load
scheme of the beam, respectively, in the elastic and elastic-plastic stages of operation.

According to experimental data S; / S = 0.9, then:

My = 0,9 My B/(Ejrea) ©)

During the recalculation of the existing span structures, the stiffness B is determined according to
the recommendations of the relevant State Building Standards for bending moments, taken as a fraction of
the destructive M, for a particular beam. For calculations on the first group of limit states, it is recom-
mended to take M, < (0.75 ... 0.8) Mu; for the second, take M;; < (0.5 ... 0.6) M,. When designing new sys-
tems, the stiffness can be determined by the method of successive approximations, calculating it first by
the bending moment Mg, and sequentially forming, during each successive determination of the bending
moment My,.

A comparison of deflection graphs (Fig. 4, e) for elastic (1) and elastic-plastic (2) cross-sectional
work and the formula (9) obtained from this comparison shows that, due to the decrease in stiffness, the
elastic-plastic bending moment M will be less than elastic M due to the redistribution of part of the load
on adjacent to the calculated more rigid elements. This reduction compared to the elastic calculation, which
designed the beams, and will be a hidden reserve of their load capacity, which in real conditions (depend-
ing on the ratio of stiffness) for some of the most loaded beams can reach 35-40%. This is enough to allow
further operation of reinforced concrete span structures of the old building on the current increased tempo-
rary loads without their reinforcement.

Conclusions

1. Experimental research concerning large-scale reinforced concrete model of cross-ribbed span
structure revealed new patterns of its spatial work, the purpose of which is that depending on the location
of external load and the ratio of stiffness of separate beams, their intensity is different, so some -plastic
stage, and the second less loaded — in the elastic stage. That is, in real conditions, the span structure has
two qualitatively different in the nature of the distribution of forces of the zone: elastic-plastic and elastic
work. Their limits for the most unfavourable schemes of external load must be established by spatial calcu-
lation of span structures.

2. A new methodological feature of the analysis of the results of experimental studies of the model,
was the disclosure of internal static uncertainty and determination of experimental bending moments in
separate beams using corrected reference graphs of deflections in the studied sections obtained from tests
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of separate beams identical in structure beams. Despite the similarity of this method, its overall accuracy is
higher than the recognition of the distribution in the traditional way, in proportion to the deflections and
the initial stiffness of the beams in allowing their elastic work after the formation of cracks.

3. Compared with the calculations for the conditionally elastic stage of work, the proposed method
of experimental calculation of bending moments in the most loaded and working in the elastic-plastic stage
beams allows in real conditions due to redistribution to reduce them to 35-40%, which is sufficient for
further operation reinforced concrete bridges of old construction on modern increased temporary loads
without their strengthening.
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[IpencraBneHHs BUOIPKA OCHOBHHX €KCIIEPHUMEHTAIBHHUX NAHHUX 3 JOCIHIIKEHb IPOCTOPOBOI poOOTH
BenmkoMacmTabHoi (MacmTad 1:4) 3ami300eTOHHOT MOIeNTi IepeXpecHO-peOprCToi MPOIHOTHOI OYZ0BH MOCTa
1 okpeMuX 0aJOK, aHAJOTIYHMX 32 KOHCTPYKII€IO A0 0aJOK MOJENi, a TaK0XXK METOJMYHIX OCOOIMBOCTEH Ta
pe3yabTatiB ix aHamizy. Ilix yac BUIpoOyBaHb MOEIb HABAHTAKYBAIH 30CEPEIKCHOIO CHUJIOK0, MIOYEPrOBO Y
By3JlaX MEPETHHY MO3JOBXHIX 1 MOMepeyHux pedep Mojeni. BumiproBany NmporuHu y IHX K€ By3Jax Ta
OMopHi peakuii mo3moBxkHIX Oamok. Oxkpemi Oamku BHIIPOOOBYBaM 3a aHAJIOTIYHOK cxemor. Hooro
METOJIMYHOIO OCOOJIMBICTIO IIMX JIOCIIKEHb OyJI0 BU3HAUYEHHSI €KCIIEPUMEHTAIBHUX 3THHAIBHIX MOMEHTIB y
Oankax Mojelli TMPSMHM TOPIBHSAHHSAM TPOTWHIB OalloK Mojeni 3 aHaIOTiYHUMH TPOTMHAMH OKPEMHUX
(erayonHMX) Oayok. 3a pe3ysbTaTaMy LUX BUIPOOYBaHb LIISXOM MOPIBHSHHS IPOTHHIB OKpeMol Oaiku Ta ii
aHaJiora y CKJIaJi MOZENl eKCIEPUMEHTAIFHO PO3KPUBAIIM CTATHYHY HEBU3HAUYCHICTH MEpeXpecHO-pedpucToi
MIPOJILOTHOT OyOBH, JOCTIPKYBalIM PO3MOAI MK OankamMl 30BHIIIHBOTO HAaBAHTAKEHHS, 3TMHAIBHHUX
MOMEHTIB 1 TONEPEYHMX CHJI, a TAaKOXX BHM3HAdaM (DaKTH4YHI XapaKTEPUCTHKH >KOPCTKOCTI 3a pi3HOL
IHTCHCUBHOCTI HAaBaHTa)XEHHS 3 YpaxyBaHHSAM HAsSBHOCTI TPIOIMH. B 3aleXHOCTI BiJg MiCIETIONOKEHHS
30BHIIIHFOTO HABAHTA)KEHHS 1 CITIBBiTHOIICHHS KOPCTKOCTEH HaBaHTAKEHICTH OANOK MOJETI € Pi3HOI0, TOMY
YacTHHA HaHOUTbIIe HABAaHTAKECHWX Ma€ TPIIIMHH 1 MPAmfoe y TPYXHO-TUIACTHIHIA cTanii 3a HeNiHIHHOTO
neopMyBaHHS, a Ipyra — MEHII HaBaHTAKEHUX y MpYxkHii. HasBHICTh y cKiiajii MpoIbOTHOT OyJOBU JBOX
SIKICHO BIZIMIHHHX 30H MPOCTOPOBOI poOOTH HEOOXIAHO BPaXxOBYBAaTH y pO3paxyHKaX. 3alpONOHOBAHUI METOT
PO3paxyHKy MaKCHUMaJbHUX 3THHAIBHMX MOMEHTIB Yy HaWOUIbII HaBaHTaKEHHWX OalkaX 3 BpaxyBaHHIM
peanbHUX yMoBax € Ha 35-40% MeHIIMMH, MOPIBHSHO 3 MpyXHUMH. Lle i CTaHOBUTH NPHUXOBAaHHN pe3epB
BaHTAXXOIIi THOMHOCTI, SIKHH JTO3BOJISE TIOAAJBINY S€KCILUTyaTaIli0 3alli300€TOHHINX MOCTIB CTapoi MOOYAOBU Ha
CydacHi 30UTBIIICHI THMYACOBI HABaHTaXXCHHS 03 MMiACHICHHS OaoK.

KuroyoBi cioBa: nmpoaboTHa 0yaoBa, 3a/1i300eTOHHA BeJIHMKOPO3MipHa Moje/lb, BUNPOOYBaHHS,
NPYKHO-TIACTUYHA Po00TAa, PO3NOALT HABAHTaKEHb, Aedopmailii.
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