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Abstract. The article deals with three types of seismic effects, namely, dynamic analysis of the oscillation model,
dynamic analysis of a complete system, and analysis of static and dynamic structural elements. First, the seismic
modules used in the Republic of Kazakhstan are analyzed. Second, in this article, the parameters of the foundation
used are examined. Finally, the impact of three different seismac modules on one building is investigated. And also to

identify how different modules will affect buildings.
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Introduction

To calculate seismic vibrations o the territory
of the Republic of Kazakhstan, the developers of
LIRA SAPR proposed 3 Modules. In the LIRA SAPR
Program 2019, EN 2.03-30-2017* «Construction in the
Seismic zone», the chief engineers of the Republic of
Kazakhstan suggested to use Modules 60. In 2020,
Response-Spectrum Module 41 was recommended
to use, and in 2021, Module 61 was recommended to
calculate according to the program SP RK EN 1998-
1:2004/2012 «Design of seismic-resistant structures».
Thus, let us consider what the differences are and
how they affect the same building. The behavior of
frame buildings of a spatial-coupling scheme with
stiffness cores under seismic impacts is considered,
taking into account physical nonlinearity [1]. The
first component for calculating the foundation of
the system has only a change in volume under the
influence of medium stresses, and for the second
component — only a change in shape [2]. Also, for
seismic calculations, the main loads are calculated
first, and only then sums up the dynamic loads.

The building, which is planned to be built in
the Boraldai district, has a size of 35x50 m, a span of
15x5x15 m, a footrest step of 5 m, a height of 7 m.

As for the base, it consists of 3 layers:

1-thesoilis formed by clay. Modulus deformation
- 1000 t/m? soil weight — 1.8 t/m® natural humidity
- 0.05, fluidity limit — 0.2, porosity coefficient — 0.7,
specific coupling — 0.5 t/m? internal friction angle
-16.

2 — the soil is formed by loam. Modulus

deformation —2000 t/m?, soil weight—2.7 t/m? natural
humidity — 0.15, fluidity limit — 0, porosity coefficient
- 0.77, specific coupling — 0.31 t/m? internal friction
angle — 26.

3 — the soil is formed by loam. Modulus
deformation — 2000 t/m? soil weight — 2.7 t/m?
natural humidity — 0.22, fluidity limit — 0.63, porosity
coefficient — 0.7, specific coupling — 0.25 t/m?, internal
friction angle — 22.

Research results

A) The first report is conducted according to
Module 60. This module is designed by SP RK 2.03-
30-2017* «Construction in the Seismic Zone».

Correction factor for seismic forces (equal to
one by default). This coefficient is multiplied by the
values of the obtained inertial forces and differs from
the unit when it is necessary to calculate any non-
standard Seismic Impact [3].

a, — horizontal calculated acceleration at the
construction and indicated by formula 1, m/s*

a,= { S }: 2210 | = o510, (1)
g(lgzus §$O73

where, a,pum) and apeas are the reference values
of the maximum transverse accelerations at the
construction site under consideration on IA-
type soils, determined by maps ISA-1475 and

ISA-12475;
Qy(a75) and @0475) — values of the highest horizontal
accelerations at the construction site under

specific soil and topographic conditions and 203 |
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indicated by formula 2;

Slagr(a73)) and Slagh(2at3))  — coefficients that
characterize the impact of specific soil conditions
of the construction site on the intensity of seismic
impacts, determined in accordance with table 1
and indicated by formula 3;

S; — a coefficient that takes into account the
topographic effects of increased seismic impacts
on the construction site [5].

s = Qs S(ayrs) - S =0.38-1.34-1=051, (2)
1,3<(2,5-3,0-ax/g) < 2,4,
1,3<(2,5-3,0-0,38) < 2,4,

1,3<(1,34)<2,4. 3)

The direction of seismic impact in the global
coordinate system is determined by the guiding
cosines of seismic impact CX, CY and CZ. Since
the condition CX*CX+CY*CY+CZ*CZ=1 must
always be met, it is enough to install two cosine guides
out of three. The third one is installed automatically.

To calculate the values for this Module, we
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considered the maximum values for RSN, and the
results are shown in figures 1, 2, 3, the oscillation
period of the Module 60 in table 2.

B) according to Module 41,
Spectrum Module.

Sets a graph of the response spectrum, according
to which you need to calculate — acceleration, speed,
or motion. In the corresponding input field, the
transition coefficient is set for the specified graph. If,
for example, the proportion of free fall acceleration
g is shown as the ordinate of the response spectrum
graph, then the transition coefficient is equal to
g=9.81m/s [6].

Then we introduce the necessary numbers in the
pre-calculated graph.

2.093333333 0.11394 2.100334448 0.11432107
2.10738255 0.114704698 2.114478114 0.115090909
2.121621622 0.11547973 2.128813559 0.115871186
2.136054422 0.116265306 2.14334471 0.116662116
2.150684932 0.117061644 2.158075601 0.117463918
2.165517241 0.117868966 2.173010381 0.118276817
2.180555556  0.1186875 2.18815331  0.119101045
2.195804196 0.119517483, and so on. Using these

the Response -

Table 1 — The values of coefficients Sy gr(azs) and Sagrizazs))

Types of soil conditions
by seismic properties

The values of the coefficients Sigriazs) and Siagrizazs)),
depending on the values agzs and agrass), respectively

1,0

1,0<(1,4—agR/g)<1,2

1,1<(2,0-2,5-agR/g) < 1,6

1,3<(2,5-3,0-agR/g)<2,4
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Figure 1 — Maximum displacement indicator along the Z (G) axis
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Figure 2 — Maximum displacement indicator along the Y (G) axis
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Figure 3 — Maximum displacement indicator along the X (G) axis

numbers, a graph line is displayed in the following
figure.

The spectral acceleration graph is usually
constructed depending on the oscillation period 7.
As it turned out, there is the following relationship
between the circular frequency and the oscillation
period, the graph of which is shown in Figures 4 and
indicated by formula 4:

_ 2

w=" (4)

To calculate the values for this Module, we have

reviewed the maximum indicators for the RSN and
the results are shown in figures 5, 6, 7, oscillation
period of the Module 41 in table 3.

C) Module is conducted according to Report 1.
This module is carried out according to EN 1998-
1:2004/2012 «Design of seismic-resistant structures».
Correction factor for seismic forces (equal to one by
default). This coefficient is multiplied by the values of
the obtained inertial forces and differs from the unit
when it is necessary to calculate any non-standard
Seismic Impact [4].

, — horizontal calculated acceleration at the



B YHusepcuTeT eH6eKTepi — Tpyabl yHuBepcuTeTa N°4 (85) « 2021

Table 2 - Oscillation period of the module 60

Loading N Eigenvalues Rad./sec. hertz period | Distribution coef. = Mass | Sum of masses

6 — (module 60)

6 1 20,45815 | 4,523069 0,72023 1,38843 1,034648 56,0251 56,0251

6 2 67,72128 | 8,229294 | 1,31039 0,76312 0 0 56,0251

6 3 381,3606 19,52846 | 3,10962 0,32158 -0,00007 0 56,0251

6 4 461,1051 | 21,47336 3,41932  0,29245 -2,6E-05 0 56,0251

6 5 566,7372 | 23,80624 3,79080 0,26379 -0,1341 0,00135 56,0265
7 — (module 60)

7 1 20,45815 | 4,523069 | 0,72023 1,38843 0,000044 0 0

7 2 67,72128 | 8,229294 | 1,31039 0,76312 0,00001 0 0

7 3 381,3606 | 19,52846 3,10962 0,32158 -1,1676 52,0992 52,0992

7 4 461,1051 | 21,47336 | 3,41932 0,29245 0,00014 0,00000 52,0992

7 5 566,7372 23,80624 3,79080 | 0,26379 -0,04684 0,00016 52,0993

0.4

0.3

0.2

0.1

500 600

rad/sec

Figure 4 — The line graph of the dynamic effect

construction and indicated by formula 5, m/s?
0.510

_ Q75 _ _
ag—{z }—{2073}—0.510,
3 Ag2475 3 V.

where, arur) and apors) are the reference values
of the maximum transverse accelerations at the
construction site under consideration on IA-
type soils, determined by maps ISA-1475 and
ISA-12475;
@ya75) and @475 — values of the highest horizontal

©)

accelerations at the construction site under
specific soil and topographic conditions and
indicated by formula 6;

Stgrursy  and  Sgreasy —  coefficients  that
characterize the impact of specific soil conditions
of the construction site on the intensity of seismic
impacts, indicated by formula 7;

S; — a coefficient that takes into account the
topographic effects of increased seismic impacts
on the construction site [2].
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gis = Qonirs - S(ay05)- S, = 0.38-1.34-1=0.51, (6)
1,3<(2,5-3,0-an/g) < 2,4,
1,3<(2,5-3,0-0,38) < 2,4,

1,3 <(1,34) < 2,4. ?)

The direction of seismic impact in the global
coordinate system is determined by the guiding

cosines of seismic impact CX, CY and CZ. Since
the condition CX*CX+CY*CY+CZ*CZ=1 must
always be met, it is enough to install two cosine guides
out of three. The third one is installed automatically
[5]-

To calculate the values for this Module, we have
reviewed the maximum indicators for the RSN and
the results are shown in figures 8, 9, 10, oscillation
period of the Module 61 in table 4.

Table 3 — Oscillation period of Module 41

Loading N | Eigenvalues Rad./sec. hertz period | Distribution coef. = Mass | Sum of masses
6 — (module 41)
6 1 20,46061 | 4,523341  0,72027 1,38835 1,034658 56,0252 56,0252
6 2 68,2289 8,260079 @ 1,31529 0,76028 0 0 56,0252
6 3 395,3361 19,88306  3,16609 0,31584 0,000093 0 56,0252
6 4 478,941 21,88472 3,48482 0,28695 -6,4E-05 0 56,0252
6 5 562,2705 | 23,71224 3,77583 0,26484 -0,14698 0,00101 56,0262
6 6 566,7704 | 23,80694 3,79091 0,26378 0,131919 0,00131 56,0275
7 — (module 41)
7 1 20,46061  4,523341  0,72027 1,38835 0,000043 0 0
7 2 68,2289 8,260079 | 1,31529 0,76028 0,000003 0 0
7 3 395,3361 19,88306 @ 3,16609 0,31584 1,181712 52,3165 52,3165
7 4 478,941 21,88472  3,48482 | 0,28695 0,000094 0 52,3165
7 5 562,2705 | 23,71224 3,77583 0,26484 -0,00492 0,00000 52,3165
7 6 566,7704 | 23,80694 3,79091 0,26378 0,049286 0,00018 52,3167
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Figure 8 — Maximum displacement indicator along the Z (G) axis
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Figure 10 — Maximum displacement indicator along the X (G) axis

Conclusion

In conclusion, it is possible to observe the results
of various calculations based on 3 different modules.
Despite the apparent advantages, we have studied
some deviations. For example, in Module 60 on the Z
axis, the maximum indicator (-12.3; -1.77), in Module
41, the maximum indicator (-12; -1.52), in Module
61, the maximum indicator (-9.98; 4.96). Maximum
indicatorin Module 60is on the Y-axis (-9.78;0.000182);
maximum indicator in Module 41 (-0.000181; 11);
Module 61 contains maximum (-0.000165; 25.8)
indicators. On the X-axis, Module 60 has a maximum
indicator (-112; 0.000113); a maximum indicator is in

Module 41 (-2.45 e-005; 122); a maximum indicator in
Module 61 (-2.29 e-005; 297).

As you can see, the same type of foundation, the
same building, even if the loads are the same, the
results in the conclusion are different. Therefore, it is
necessary to follow the warnings made by the chief
engineers and to use the module specifications of the
new LIRA SAPR program. All these calculations were
done under the LIRA SAPR 2020 program, based on
the opinion of the chief engineers that consider the
program Module 41, the Response-Spectrum method
to correspond to reality. We came to the conclusion
that the calculated results of this module are correct. [FXE]
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Table 4 - Oscillation period of the Module 61

Loading N  Eigenvalues | Rad./sec. | hertz period | Distribution coef. | Mass = Sum of masses

6 — (module 61)

6 1 20,45815 | 4,523069 0,72023 1,38843 1,034648 56,0251 56,0251

6 2 67,72128 | 8,229294 | 1,31039 0,76312 0 0 56,0251

6 3 381,3606 | 19,52846 3,10962 0,32158 -0,00007 0 56,0251

6 4 461,1051 21,47336 3,41932 | 0,29245 -2,6E-05 0 56,0251

6 5 566,7372 23,80624 3,79080 | 0,26379 -0,1341 0,00135 56,0265
7 — (module 61)

7 1 20,45815 | 4,523069 | 0,72023 1,38843 0,000044 0 0

7 2 67,72128 | 8,229294 1,31039 0,76312 0,00001 0 0

7 3 381,3606 19,52846 | 3,10962 0,32158 -1,1676 52,0992 52,0992

7 4 461,1051 21,47336 3,41932 | 0,29245 0,00014 0,00000 52,0992

7 5 566,7372 | 23,80624 3,79080 0,26379 -0,04684 0,00016 52,09938
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Yw mypani celicmuKkanoik Mmooynblik adicmepdin, apacbiHOarbl alibipMauwiblAbIKMbl AHbIKmMay

1PAXUMOB Mypam AmaHxconoeuy, m.f.K., douyeHm, rahimov67@mail.ru,

1*PAXUMOBA lanus MyxameoduesHa, m.f.K., doueHm, galinrah@mail.ru,
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*aemop-KoppecrioHoeHm.

AHOamna. Makanada celicMuKasnbiK acepliH yw mypi Kapacmelpslaadsi, aman alimkaHoa mepbenic modesniH OuHa-
MUKanelK manoay, mymac xcylieHi OUHOMUKQOAbIK Manday MaHe CMAamMuUKasbIK HaHe OUHAMUKAbIK KypblabiMObIK
anemeHmmepdi manday. bipiHwideH, KazakcmaH PecnybaukacbiHOA Koi0aHbIAamMbIH celicMuKasnbsiK modynbdep marn-
0aHaobl. EKiHWideH, 6yn maKanada nalidanaHsiaamelH ipzemacmsiH napamempsepi Kapacmelpsinadsl. COHbIHOA yw
mypni celicMukanbiK MmoodynboiH 6ip Fumapamka acepi 3epmmenedi. CoHOal-aK, apmypni Modynsoep FuMmapammapra
Kanali acep ememiHiH aHbIKMalimel3.

Kinm ce3dep: duHamuka, cepnimOinik, cepnimoinik modysni, xcayan criekmpi, celicMukanelK 6aranay, UHepuus Kywli,
yoey, weHrbepsik HuinikK.

OnpedeneHue pasHUybl Mexdy mpems pasnau4dHeIMu celicMuvecKumMu MoOYyabHbIMU Memodamu
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2HNY «Mockoeckuli 2ocyoapcmeeHHbIl cmpoumensHbili yHUsepcumemb», Poccus, 129337, Mocksa, Apocnasckoe
wocce, 26,

*aemop-koppecrioHOeHm.

AHHOmMayusA. B cmamee paccmampusaromca mpu muna celicmuyeckux eosdelicmeull, a umMeHHO OUHamu4ecKkuli aHa-
U3 Mmodenu KonebaHuli, OuHamu4yecKuli aHaAU3 YeaoCmHoU cucmeMebl U GHAAU3 CMamMUYecKUX U OUHaMUYeCKUX CMpPYK-
mypHbIx 3nemeHmos. Bo-nepevix, aHaausupyromcsa celicmuyeckue moodysu, ucrosssyemole 8 Pecnybnuke KazaxcmaH.
Bo-smopbix, 8 3moli cmamee paccmampusearomcs napamempsl UCnonb3yemozo pyHoameHma. HakoHey, uccaedyemcs
8/1USHUE mpex Pa3au4Helx celicmuyeckux moodyneli Ha 00HO 30aHuUe. A makxe onpedenums, KaK pasauyHble Mooysu
108AUAOM HA 30GHUS.

Kntouesble cn06a: OUHAMUKA, yripy20cmes, MoOYys1b ypy20cmu, ciekmp-omeem, celicMu4YecKas oyeHKa, cusbl UHepyuu,
yCKopeHue, Kpy208as yacmoma.
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