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CALCULATION MODEL OF DEFORMATION OF THE SOIL
FOUNDATION OF A HIGH-RISE BUILDING, TAKING INTO
ACCOUNT THE LOADING HISTORY

Ilizar T. Mirsayapov, Irina V. Korolev
Kazan State University of Architecture and Engineering, Kazan, RUSSIA

Abstract: While designing high-rise buildings, it is necessary to take into account the influence of stages of their
erection, this is the sequence of loading, on the change in physical-mechanical properties of soils. The calcula-
tion of deformations of subgrade is made with due regard for the change in soils properties comparing with the
initial (natural) state. On the basis of the results of experimental studies, the authors substantiate the necessity for
introducing the new parameter which makes it possible to characterize the mechanical condition of the soil at
any stage of loading and can be used for creating calculation models. An analytical diagram of soil deformation
in coordinates «o1—€» for triaxial compression (where o, — vertical stresses (deviator), € — linear deformations
under the triaxial compression) is adopted as this parameter. The procedure for constructing transformed dia-
grams of the soil state under the long performance triaxial loading is described. The procedure obtained was ap-
probated when calculating deformations of the foundation base of the high-rise building with due regard for the
influence of staging of construction and rheological properties of soils on the change in the base rigidity and, as a
result, on the redistribution of stresses among separate elements of the system “subgrade —foundation — upper
part of the building.

Keywords: long regime triaxial loading, analytical diagram of soil deformation,
coefficient of subgrade resistance, settlement calculation, high-rise building

PACYETHASA MOJAEJIb IE®@OPMUPOBAHUA 'PYHTOBOI'O
OCHOBAHUMS BBICOTHOI'O 3JAHUA C YYHETOM
INPEJABICTOPUU 3AT'PYKEHUA

H.T. Mupcaanos, H.B. Koponesa

KasaHckuii rocygapcTBeHHBIN apXUTEKTYPHO-CTPOUTEIBHBIN yHIBEpCHTET, T. Kazans, POCCUA

AHHOTa[[Plﬂ: IIpu IMMPOCKTUPOBAHUN BBICOTHBIX 3}1&HHﬁ HCO6XOJII/IMO YUUTBIBATH BJIHUAHUE 3TAIIOB UX BO3BECJIC-
HUS, T. €. TIOCIIe/IOBATEIbHOCTH 3arpy»KEHHUs] OCHOBaHHS, Ha M3MEHEHHE (PU3NKO-MEXaHUYECKHX CBOWCTB IPYH-
TOB OCHOBaHMiU. Pacuer medopmanuii OCHOBaHHH ()YHIAMEHTOB CJICAYCT BBIMOIHATH C YYCTOM H3MCHCHHUS
CBOMCTB I'PYHTOB 10 CPAaBHEHHIO C ITEPBOHAYAIBLHBIM (IPUPOAHBIM) cocTosiHEEM. [1o pe3yibraTam sKcrepuMeH-
TaJIbHBIX UCCIIEJOBAaHUN aBTOpaMH 00OCHOBaHA HEOOXOIUMOCTh BBEICHUSI HOBOTO MapaMeTpa, KOTOPbIH 1M03BO-
T OBl OXapakTepr30BaTh MEXaHWYECKOE COCTOSHHME IPYHTa Ha JII0OOM JTare HarpyXeHHs W MOT HCIOJIB30-
BaThCs IPH CO3JIaHWH pacdeTHHIX Mojeneil. B kauecTBe Takoro mapamerpa NMpUHUMAETCs] aHATUTHYECKAsT JHa-
rpamMMa neopMHpOBaHMS T'PyHTa B KOOPAMHATAX G|—€| JUI TPEXOCHOTO CxKaThs (TAe G| — BepTHKAJIbHBIC
HaTIpsDKCHUS (ICBUATOP), € — JIMHCHHBIC AeopMaIiy P TPEXOCHOM cxkatuu). OmrcaHa METOANKA MOCTPOe-
HUS TpaHC(hOPMUPOBAHHBIX AWArpaMM COCTOSIHUS TPYHTA MPH JITUTEITHFHOM PEKUMHOM TPEXOCHOM HATrpPy KECHHH.
[Momyuennass mMeToanka ObLTa ampoOWpoBaHa TPH pacueTe nedopMmannii OCHOBaHWSA (yHIAMEHTa BBICOTHOTO
3IaHUS C YIETOM BIMSHUS TAITHOCTH CTPOUTEIHCTBA M PEOJIOTHUECKUX CBOWCTB IPYHTOB Ha M3MEHEHHE JKECT-
KOCTH OCHOBAHMS U, KaK CIIEACTBUE, Ha IEpepaclpeesieHIe YCUINNA MEXTy OTICIbHBIMU JIEMEHTAMHU CHUCTEMBI
«TPYHTOBOE OCHOBaHUE — (DYHIAMEHT — HaJ3eMHasl YacTbh 37aHuUsD».

KioueBbie cioBa: [uiMTenbHOE PEXKUMHOE TPEXOCHOE HArpy)KeHHe, aHATUTHYecKas JuarpaMmma jedopmMupo-
BaHUs IPyHTa, KO3()MUIIUCHT MOCTEIH, PACYET OCAIKH, BEICOTHOE 3/IaHUE.
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Calculation Model of Deformation of The Soil Foundation of a High-Rise Building, Taking into Account

the Loading History

INTRODUCTION

Soil bases of foundations of buildings and struc-
tures are exposed to various static and dynamic
loads under various combinations of these loads.
The existing methods of deformation calculation
of foundations are developed for a single short-
term static loading with constant parameters for
the entire period of operation. In real conditions
of construction and operation, the loads on the
soil foundation are applied in stages as the
building or structure is erected [1-5]. In this
case, the stages of active loading during the
construction period pass into the stages of long-
term holding under loading.

Experimental studies (Fig. 1, 2) carried out by
the authors [6-7] show that the nature of chang-
es in soil deformations under long-term regime
loading differs significantly from the results ob-
tained under short-term static loading, which are
the basis for the existing methods of settlement
calculation. In this regard, there is a need to im-
prove the methodology for calculating settle-
ment of foundations of buildings with a devel-
oped underground part. This task is especially
relevant for the foundations of high-rise build-
ings composed of clayey soils, the stress-strain
state of which changes in time and depends on
the history of previous loading [1-5].

In addition, in accordance with modern re-
quirements, the calculation of the bases of high-
rise buildings should be performed taking into
account the joint deformation of the system
"subgrade — building", i. e. deformations (set-
tlement) of the subgrade of such a building
should be calculated taking into account the in-
fluence of the stiffness of the elevated part of
the building.
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Figure 1. Results of experimental studies: a -
regime of loading; b - dependence between av-
erage stresses a1 and relative linear strains €1, ¢
- development of relative linear strains in time

MATERIALS AND METHODS

To calculate the settlement of a high-rise build-
ing taking into account the joint deformation of
the above-mentioned system, the modified Pas-
ternak method [8] was used as a basis, taking
into account the spatial stress-strain state of the
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base soils and changes in the rheological proper-
ties of soils under long-term regime loading.

As it is known, Pasternak's method [9] describes
the performance of the soil by means of com-
pression coefficient Ci1, which relates the inten-
sity of vertical soil pushback to its settlement,
and shear coefficient C2, which characterizes the
vertical shear forces arising in loose and loosely
cohesive soils due to entanglement and internal
friction between its particles. These coefficients
were determined according to the equation:

Egr _ _ C1-He(1-2pgy)

€= Ho(1-2ugr)” 727 6(1+ng) M
Where is the Poisson's coefficient within the
compressed layer:
Xisq Hin,
Hgr = :[—C (2)

When using the modified Pasternak method [6],
the coefficients of subgrade resistance Ci and Cz
were also determined according to equation (1),
but to determine the average strain modulus, a
correction factor u was introduced to the value
of the strain modulus of the i-th sublayer. This
coefficient varied according to the law of a
square parabola from u = 1 at the level of the
foundation footing to u = 12 at the level of the
already calculated boundary of the compressible
strata and was determined by the equation:

1172
= H_CZ + 1 (3)
At the same time, the modulus of deformation
of the base was calculated:

H,
By = —. )
i=lu;E,

The authors propose to modify the modified
Pasternak model. In this case, the pliable prop-
erties of base soils under such regimes are taken
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into account in the model by means of coeffi-
cients of subgrade resistance Ci1 and C: variable
in time, depth and in plan:

E1(tr) _ Cl'HC(l_Zﬂgr)

Ci=t70— 6= (5)
Hc(l_zﬂgr) ’ 6(1"':“91’)
18
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Figure 2. Variation of soil strength under dif-
ferent loading regimes

It is proposed to determine the deformation
modulus at each point of the compressible layer
on the basis of transformed deformation
diagrams by the expression:

Ao q;(t,T)
Eli(t,‘[) '

Eit,7) = (6)

Then the soil deformation modulus for deter-
mining the variable bedding coefficient should
be calculated by the equation:

H
Ei(t,7) = —7— (7)
=1E4,(t7)

Variability coefficients of subgrade resistance is
substantiated by the results of experimental
studies (Figs. 1, 2) and the calculation model
developed by the authors [6-7]; it was found
that under step-by-step loading, all the bases of
parameters characterizing the stressed and de-
formed state of soils change in time, which al-
lows us to conclude that it is necessary to devel-
op a new parameter that would characterize the
mechanical state of the soil at any stage of load-
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ing and could be used to create calculation
models. The analytical diagram of soil defor-
mation in coordinates ¢ -¢ for triaxial compres-
sion is taken as such a parameter (where c1, €1
are vertical stresses (deviator) and linear strains
in triaxial compression).

Based on the obtained graphs (Fig. 1), the initial
diagrams (state diagrams) of soil deformation
under short-term triaxial static loading are con-
structed. The value of temporary resistance o;
=Rgru (deviator) of the soil is taken as the limit
point in coordinates (o). Under triaxial short-
term static compression.

The limit point on the ordinate axis (g) is taken
as the value of linear strain £.1=0,0869. Types of
diagrams are presented in Fig. 3.

When considering the state diagrams of clayey
soil under triaxial long-term static loading, the
deformation diagrams ci-¢1 for the case of triax-
ial short-term static loading are used as initial
ones. By transforming the initial state diagram
under triaxial short-term static loading, we ob-
tain analytical dependences to describe the de-
formation diagrams of clayey soil under triaxial
long-term static loading. In form, the trans-
formed diagrams are assumed to be similar to
the original state diagram on the basis of the fol-
lowing provisions (Fig. 3).

a: Initial diagram

- - : Transformed
iagram i

EESE &Eu

o (1), E*arit) |
EXit) ‘

Figure 3. Initial (short-term static) and
transformed (long-term static) analytical
diagrams

The limiting point of vertical pressure at the top
of the diagram is taken to be the stress in the
soil, which is equal to the limit of long-term re-
sistance under triaxial load action Rgrlong=(t,T)
and deformations corresponding to the defor-
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mations at the top of the state diagram under
triaxial short-term static loading egru.red=¢€gru;

For the limiting point defining the boundaries of
the state diagrams along the ordinate axis, the
deformations are equal to the limiting defor-
mations under triaxial short-term static loading
€grred=€grR, and the basic dependencies are used
to calculate the stresses in the soil;

The start of the diagram coordinates is assumed
to be shifted by the value equal to the creep de-
formation at the considered time &pi (t) - at long
static loading;

The obtained slope angles of deformation dia-
grams are taken into account the change in the
deformation modulus of clayey soil under triax-
ial long-term static loading.

In the next step, the diagram is transformed for
each block long-term loading block (Fig. 4).
When describing soil deformation modes under
triaxial loading, it is necessary to take into ac-
count the effect of vertical pressure (c1) of the
previous block on the strength, strain modulus
and relative strains at the top of the diagram
during subsequent loading after the regime
change.

g, Initial diagram
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Transformed
diagram
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iy /
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Figure 4. Initial (short-term static) and
transformed (regime long-term static) analytical
diagrams

On the basis of the obtained transformed analyt-
ical deformation diagrams, a method of calculat-
ing settlements of foundations of high-rise
buildings has been developed, which is based on
the method of layer-by-layer summation taking
into account changes in the spatial stress-strain
state of soils in the process of triaxial regime
long-term static loading.
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Based on the values obtained from the dia-
grams, the modulus of total soil deformations at
each point of the foundation is determined (Fig.
5), and then the value of coefficient of subgrade
resistance for each point is specified.

Figure 5. Spatial stress-strain state of the soil
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The proposed methodology was used in the
calculation of the foundation settlement of a
high-rise building, which has a frame-wall
system, made of monolithic reinforced con-
crete and has the following parameters: total
height 144.9 m (39 floors); number of under-
ground floors 4; foundation depth 15.15 m;
area of foundation 1377 m?; columns, internal
and external walls of the underground part are
made with concrete class B40, floor slabs
B30, staircases and flights - B25; the building
has a distributing technical floor with a 2100
mm thick floor slab, providing load transfer
from the above-ground part to the under-
ground part; the thickness of the foundation
slab is 2000 mm (Fig. 6). Physical and me-
chanical characteristics of engineering and
geological elements of the base are given in
Table 1.

Tablel. Characteristics of foundation soils

Ne layer Type of soil p, kg/m3 E, MPa ¢, grad C, kPa
Layer-6 Dense dusty sands 2030 32 36 4
Layer-7 Semi-solid clay 1960 23 23 67
Layer-8 Tightly plastic clay 1940 22 26 43
Layer-9 Solid clay 1720 25 19 86

Taking into account that after 35 and 45
months from the beginning of construction the
load from the building was 75% of the full
load, the following loads were taken into ac-
count in the calculation: standard load on the
typical upper floor taking into account the
weight of load-bearing structures 13.65 kPa;
standard load on the underground floor taking
into account the weight of load-bearing struc-
tures 14.35 kPa; total weight of the building
without taking into account the weight of the
foundation 82620 t; average pressure at the
bottom of the foundation without taking into
account its weight 60 t/m2; average pressure
under the bottom of the foundation taking into
account the weight of the foundation and the
floor 64.59 t/m2. Wind pressure was not tak-
en into account.

The settlement was calculated using the LIRA-
SAP 2014 software program, which implements
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the finite element method [7]. At the same time,
a spatial model of the whole building was creat-
ed in the program structure to automatically
transfer the load "base".

In the vicinity of the investigated building there
is an enclosing structure in the form of a mono-
lithic reinforced concrete "wall in the soil" 0.8
m thick and 35 m deep, providing stability of
the excavation walls during the zero cycle
works (Fig. 6). Taking into account that the
soils below the foundation footing in the wall-
in-soil zone are in constricted conditions and are
subjected to greater lateral pressure during the
application of vertical loads from the building, it
can be assumed that the compressibility parame-
ters of the soils will be variable. In the calcula-
tion, this was taken into account by introducing
different bedding coefficients under the main
area of the foundation and the zone of influence
of the wall.
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Figure 6. High-rise building of a residential
(plan and section)

RESULTS AND DISCUSSIONS

The above-mentioned soil model under triaxial
loading was used, taking into account the
change of horizontal stresses ox and oy due to
the influence of the excavation enclosing wall.
The obtained calculation results are shown in
Table 2 and Fig. 7.

Table2. Settlements and inclinations

of foundation

N | Sov, mm | Smax, mm | Smin, mm | @

1 137 145 129,7 | 0,00026
2 135,96 147,29 124,63 | 0,00038
3 215 226 205 0,00035
4 214 235 193 0,00073
5 2423 254,7 231,04 | 0,00035
6 241,18 264,85 217,5 | 0,00073

Where Sav, Smax, Smin, i — average, maximal,
minimal settlement and inclination of founda-
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tion; 1 — in 45 month without taking into ac-
count the slurry wall and 75% of load; 2 — in 45
month with taking into account the slurry wall
and 75% of load; 3 - in 45 month without taking
into account the slurry wall and 100% of load;

4 — in 45 month with taking into account the
slurry wall and 100% of load, 5 — in 100
years without taking into account the slurry
wall and 100% of load; 6 — in 100 years with
taking into account the slurry wall and 100%
of load.

@ 4 Fy o

\ S \Smin_

Figure. 7. Calculation results: a - calculated
distribution of coefficients of subgrade re-
sistance without taking into account the "slurry
wall"; b - the same with taking into account the
"slurry wall"; ¢, d - characteristic picture of
vertical displacements of the foundation slab
and the base without and with taking into ac-
count the influence of the "slurry wall"”

The analysis of the results showed that the
picture of foundation deformation changes
qualitatively when the "slurry wall" operation
is taken into account. At the same time, there
is a good convergence of the calculated re-
sults with the data of geotechnical monitor-
ing. In 45 months since construction, the de-
viation of the calculated values from the
monitoring data on the average settlement
was no more than 13%.
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CONCLUSIONS

1. The methodology of calculation of defor-
mations of high-rise buildings foundations tak-
ing into account the stage of building erection
with the use of analytical diagrams of soil de-
formation under long-term triaxial regime load-
ing has been developed.

2. The testing of the proposed methodology for
calculating foundation settlement of a high-rise
building on the basis of analytical diagrams of
soil deformation allowed us to obtain calcula-
tion results with good convergence with the
monitoring data. The deviation of the calculated
average settlement from the real one was no
more than 1% and no more than 13% with the
data obtained for 35 and 45 months of monitor-
ing, respectively.

REFERENCES

1. Mirsayapov L.T., Koroleva L.V. (2021) Ge-
otekhnicheskii® prognoz vliianiia ustroi stva
svai'nogo fundamenta v
sushchestvuiushchuiu  zastroi'ku [Geotech-
nical forecast of the influence of the installa-
tion of a pile foundation in a ravine on exist-
ing buildings], Zhilishchnoe Stroitel’stvo
[Housing Construction], no 8, pp. 3-11.
doi:10.31659/0044-4472-2021-8-3-11.

2. Ter-Martirosyan A., Sidorov V. Studying
the influence of taking into account the elas-
tic-plastic behavior of strut elements on the
retaining system equilibrium. IOP Confer-
ence Series: Materials Science and Engineer-
ing: 7, Tashkent, 11-14 November 2020.
Tashkent, 2021, p. 012030.
doi:10.1088/1757-899X/1030/1/012030.

3. Mangusev R.A., Penkov D.V. (2021)
Sravnenie rezul tatov chislenny kh raschetov
s ispol'zovaniem sovremenny kh modelei’
grunta (Hardening Soil, Hardening Soil
Small 1 Generalized Hardening Soil) s re-
zul tatami monitoring [Comparison of the re-

ovrage na

Ilizar T. Mirsayapov, Irina V. Koroleva

sults of numerical calculations using modern
soil models (Hardening Soil, Hardening Soil
Small and Generalized Hardening Soil) with
monitoring results]. Vestnik Grazhdanskikh
Inzhenerov [Bulletin of Civil Engineers], no
2(85), pp. 85-93. doi:10.23968/1999-5571-
2021-18-2-85-93.

. L.T. Mirsayapov, N.N. Aysin (2022) Ocenka

vliyaniya ustroystva glubokogo kotlovana na
dopolnitelniye =~ osadki  zdaniy  okru-
zhaiushchey zastroyki [Assessing the impact
of constructing a deep pit on additional set-
tlements of surrounding buildings], News
KSUAE, no 3(61), pp- 6-13.
doi:10.52409/20731523 2022 3 6.

. Mirsayapov LT., Koroleva LV. (2020)

Seismic and wind impacts on subgrade de-
formations of high-rise buildings. Proceed-
ings of the 12th International Conference on
Contemporary Problems of Architecture and
Construction, ICCPAC 2020 (Saint Peters-
burg , Russia, November 25-26, 2020), pp.
221-224.

. Mirsayapov L.T., Koroleva LI.V. Strength

and deformability of clay soil under different
triaxial load regimes that consider crack for-

mation. Soil mechanics and foundation engi-
neering. 2016. No. 1, pp. 5-10.

. Mirsayapov LT., Koroleva LV. (2014)

Bearing capacity and deformation of the base
of deep foundations’ ground bases. Geotech-
nical Aspects of Underground Construction
in Soft Ground: Proc. intern. symp., Seoul,
Korea, 25-27 August 2014. Lieden:
Balkema, pp. 401-404.

. Pasternak P.L. Osnovy novogo metoda

rascheta na uprugom osnovanii pri pomosh-
chi dvukh koeffitsientov posteli. [Bases of a
new method of calculation on the elastic ba-
sis by means of two coefficients of a bed].
Moscow: Gosstoyizdat, 1954. 56 p.

122 International Journal for Computational Civil and Structural Engineering



Calculation Model of Deformation of The Soil Foundation of a High-Rise Building, Taking into Account

the Loading History

9. Gorodetsky A.S., Evzerov L.D.
Komp’yuternye modeli konstruktsii [Com-
puter models of designs]. Moscow: ASV,
2009. 360 p.

CIIMCOK JIMTEPATYPbI

1. I.T. Mupcasinos, U.B. Koposaesa (2021)
I'eorexHnyeckuii MPOTrHO3 BIMSAHUA YCTPOM-
CTBa CBaifHOro ()yHJaMEHTa B OBpare Ha Cy-
LIECTBYIOLYIO 3aCTPONKY, Kunuwnoe cmpo-
UMenbecmeo, Ne 8, C. 3-11.
doi:10.31659/0044-4472-2021-8-3-11.

2. Ter-Martirosyan A., Sidorov V. (2021)
Studying the influence of taking into account
the elastic-plastic behavior of strut elements
on the retaining system equilibrium. /OP
Conference Series: Materials Science and
Engineering: 7, Tashkent, 11-14 November
2020. Tashkent, p. 012030.
doi:10.1088/1757-899X/1030/1/012030.

3. MaunrymeB P.A., IlenskoB J.B. (2021)
CpaBHeHHE pe3yJbTATOB YHCICHHBIX pacde-
TOB C HCIIOJb30BAaHHEM COBPEMEHHBIX MOJIC-
neit rpynra (Hardening Soil, Hardening Soil
Small u Generalized Hardening Soil) ¢ pe-
3yJbTaTaMH MOHHUTOpPHUHTA. BecmHuk epasic-
Odanckux umdcenepos, Ne 2(85), c. 85-93.
doi:10.23968/1999-5571-2021-18-2-85-93.

4. I.T. Mupcasino, H.H. Aijicun (2022)
OreHka BIMSHUS YCTPOUCTBA INTyOOKOT0 KOT-
JIOBaHa Ha JIONOJHUTENbHbIE OCAIAKH 3JaHUI

OKpYyXaroueil 3actpoiku. Hzeecmus Kazan-

CKO2O  20CYOAPCMBEHHO20 — APXUMEKMYPHO-
cmpoumenvrozo ynusepcumema, Ne 3(61), C.
6-13. doi:10.52409/20731523 2022 3 6.

5. Mirsayapov LT., Koroleva LV. (2020)
Seismic and wind impacts on subgrade de-
formations of high-rise buildings. Proceed-
ings of the 12th International Conference on
Contemporary Problems of Architecture and
Construction, ICCPAC 2020 (Canxm-
Ilemepbype, Poccus, 25-26 Hosabps, 2020 2),
C.221-224.

6. Mirsayapov IL.T., Koroleva LV. (2016)
Strength and deformability of clay soil under
different triaxial load regimes that consider
crack formation. Soil mechanics and founda-
tion engineering. 2016. No. 1, pp. 5-10.

7. Mirsayapov LT., Koroleva LV. (2014)
Bearing capacity and deformation of the
base of deep foundations’ ground bases, Ge-
otechnical Aspects of Underground Con-
struction in Soft Ground: Proc. intern. symp.,
Seoul, Korea, 25-27 August 2014. Lieden:
Balkema, Pp. 401-404.

8. Ilacrepnak II.JI. OCHOBBI HOBOro METOHA
pacueTa Ha ynpyromM OCHOBAHHHU IIPH TIOMO-
i aByx Ko3ddunumentos nocrenu. M.: T'oc-
cronunsnar, 1954. 56 c.

9. T'oponeuxkunii A.C., EBzepoB U./l. Komrbio-
TepHble Mozenu KoHcTpykumil. M.: ACB,
2009. 360 c.

Mlizar Talgatovich Mirsayapov — doctor of technical science,
professor, head of department “Bases, Subgrades, Structure
Dynamics and Geology”, Kazan State University of Architec-
ture and Engineering, 1, Zelenaya st, Kazan, 420043, Russia,
mirsayapovl@mail.ru, +7 917 852-14-59

Irina Viadimirovna Koroleva — Candidate of technical science,
professor, Associate Professor of department “Bases, Subgrades,
Structure Dynamics and Geology”, Kazan State University of
Architecture and Engineering, 1, Zelenaya st, Kazan, 420043,
Russia, prepod-irina@yandex.ru, +7 917 871-12-18

Volume 19, Issue 4, 2023

Mupcasnos Hnusap Taneamosuu — JOKTOP TEXHHUYECKHUX HAYK,
npocpeccop, 3aBemyronmii Kadenpoit «OcHOBaHUS, (QyHIAMEHTEL,
JIMHAMUKA COOPYKEHHI 1 MEKEHepHast reostorisy», Kasanckuii rocy-
JIApCTBEHHBIN apXUTEKTYPHO-CTPOUTENBHEIN yHUBepcuTeT», Kazan-
CKMI TOCYJAPCTBEHHBIN apXUTEKTYPHO-CTPOUTENBbHBIA YHUBEPCUTET,
Poccust, 420043, r. Kazanb, yi1. 3enenas, 1, mirsayapov1@mail.ru

Koponesa Hpuna Brnaoumuposna — KaHAUIAT TEXHUYECKHX HAyK,
nipodeccop, IoueHT kadenpsl « OCHOBaHUSL, (DYHIAMEHTBI, THHAMUKA
COOpYKeHMI M MIDKEHEpHas Teosiorrshy, KasaHckuii TrocynapcTBeH-
HBII apXUTEKTYpPHO-CTPOUTEIIbHBINA yHUBEpcuTeT, Poccus, 420043, 1.
Kaszans, yn. 3enenas, 1, prepod-irina@yandex.ru

123



