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CALCULATION OF FOUNDATION PRECIPITATION USING
THE PLAXIS 2D PROGRAM

IPTETACTBIH OTBIPYBIH PLAXIS 2D BAFTTAPJIAMACHBI APKbLJIBI ECEIITEY

PACYET OCAJKH ®YHIJAMEHTA C IOMOILIbIO
IMPOI'PAMMBI PLAXIS 2D

Abstract. In this article, the layout of the building was calculated using the Plaxis 2D program. The building is a
5-storey business center located in Astana. The main purpose of the article is to clarify the progress of unloading loads
on the foundation and a full explanation of the changes occurring in the foundation. When calculating a building, the
calculation is considered in 5 stages. At the first stage, a protective wall of the pit is introduced. At the second stage,
the pit is excavated to 1.5 meters and anchors are installed to ensure the stability of the protective wall. At the third
stage, the pit is completely excavated. The total depth is 3 meters. At the fourth stage, a grillboard is laid, on top of
which a load is applied to three floors of the building. At the fifth stage, the load on a full-fledged building is given.
The full load on the building was removed from 5 floors. The most important difference of this report is the protective
wall that will be installed in the pit. In an area where there are many buildings, there are many difficulties for carrying
out construction work. One of them is geological heterogeneities caused by falling loads. This has a negative impact
not only on buildings under construction, but also on neighboring buildings that have already been built. The protective
wall ensures that when digging the foundation pit, the foundation will not crumble from the side and the course of
construction will not have a negative impact on neighboring buildings. For this reason, a retaining wall is used.

Keywords: Building, Plaxis, load, foundation pit, retaining wall, pile, stage.

Anoamna. byn maxanaoa Plaxis 2d 6az0apramacvin KOIOaHa OmMulipbln, SUMApammuly OmMuipybl ecenmeninoi.
Fumapam Acmana Kanacvinoa opuanackan 5 xabammel Ousnec opmanvik. Maxananvly Hecizei makcamuol,
JrcyKmemenepOiy ipeemacka mycipy 0apviCblH HAKMbLIAN Kopcemy MHcaHe Heeizde nauda 6oiamvin e32epicmepoi
moviKmai mycindipy 601ein mabdwviiaovl. Fumapammel ecenmey dapvicbinoa ecen 5 keseyee 60.1in Kapacmuipbliaobl.
Bipinwi keseyoe kasanwyHKbIpObl Kopeaywibl Kabwvipea ewneizinedi. Exinwi xezewoe kazanuiynyxolp 1,5 mempee
Ka3blabin, KOPEayuibl KaObip2aHbly OPHbIKMbLILIZLIH KAMMAMACH3 emy Yulin aukepiep opHamaobvl. Yuinui kezeyoe
Ka3aHWLYHKbIp MONbIKmatl Kasvlivin 601a0wl. Kaanwv mepenoiei 3 memp. Topminwi kezeyoe pacmeepk maxmacyl
MOCENIHIN, YCmine sumMapammolly yul Kabamoiivly dcykmemeci bepinedi. Becinui kezeqde MONbIK SUMAPAMMblY
orcykmemeci  bepinedi. Tonviy 2umapammouly owcykmemeci 5 xabammawn mycipineen. byn ecemmin ey 6bacmul
AubIPMAUBLIbIZLL KA3AHULYHKAPOA KOULLIAMbIH KOpeayuibl Kabvipea 0Oonwin Kenedi. fumapmmap Ken canblHaw
anumMakma KypuliblC JICYMbICHIH  JHCYpei3yoiy kenmezen Kuvinwblivikmapel 0ap. Conapowiy 0ipi, mycipincen
JicykmemenepOiy acepinen nanioa 6onameln 2eono2usnviK 2emepocendinik. On o3epicmep CanblMbin JACAMKAH
UMapammapaa eaHa emec, Kopuli mypeaH, canblibin 6imken umapammapea kepi acep emeoi. Kopeayuivl Kabvipea
Ka3aHWYHKbIP Ka3y 6apbliCblHOa, He2i30iH HCaH-JICaKman mozitmMeyin JHaHe KYpoliblc 6apblcbl KOPULi UMApAmmaped
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Kepi acepin mueizbeyin xammamacuviz emeo. Con cebenmi Kopeayuiel Kadvipea Konoauwinaowl. Ecenme wcannv
MycemiH JHCYKMeMeHIY 2CepiHeH SumMapam KaHUbLIbIKMbL OMbIPAMmbIHbL ecenmeninedi, COHbIMEH KOCd KOpeayuibl
Kabvipeanvly naudacel 0a mycinoipinedi. Maxana wezizei OeniMHeH, OHbIH [WiHOe 6A20APIAMAMEH WbI2APBIIZAH
ecenmiy KOpulmolHObLIAPbL KopceminzeH. COHbIHOA JCYMbIC JHCATNbL KOPLIMbIHObLIAHGIN dcazblizan. Ecenmiy mani
MONBIKMAl KAHALAMMAHOBIPHLIOYL.

Tyiiin co30ep: Fumapam, Plaxis, sccykmeme, Kazanuynxuip, mipeyuii kabvipea, Kaoa, Kesey.

Annomayus. B smoii cmamve 6vlia paccuumana nIAHUPOSKA 30aHUsL C UCNONb308aHuem npoepammbl Plaxis 2D.
30anue npedcmaensiem coboil 5-25madicuvli OUHEC-YeHmp, PACnoNodCeHHbl 6 20pode Acmana. OCHOBHOU yenvio
cmamoy A6AAEMC YMOYHeHUe X00d paszepy3ku HAspy30K HA (DYHOAMEHm U NOJHOe DA3bACHEHUe U3MEeHeHUl,
npoucxooswux 6 ochosanuu. Ilpu pacueme 30anusi paciem paccmampugaemcs ¢ 5 smanos. Ha nepsom smane
6800umcs 3awumnas cmena romiaosana. Ha emopom smane xomuosan evikanwigaiom Ha 1,5 mempa u
YCManagnueaom amkepvl Olsi obecnedeHus ycmouuusocmu 3auumnoi cmenvl. Ha mpemvem smane xomiosan
nonnocmoio svikanvieaemcs. Obwas 2nybuna 3 mempa. Ha ywemeepmom smane yKkiaovligaemcst 00CKa pocmeepKa,
nogepx KOmMopou nodaemcs Hazpy3ka Ha mpu smaoica 30anusi. Ha namom smane oaemcsi nazpy3ka Ha NOTHOYEHHOE
30anue. Ilonnas nazpyska na 30auue ovina cuama c 5 smaoiceil. Camvlm 21a8HLIM OMAUYUEM INO20 OTNYema AGIAeMcs
3awumnas cmena, Komopasi 6yoem ycmauosiena 8 Komaosawe. B paiione, 20e mnoco nocmpoex, ecmv MHO2O
MpyOHOCMU 051 NPOGEOeHUsT CMpoumenbHulx pabom. OOHUM U3 HUX AGIAIOMCS 2€002UYeCKUe HeOOHOPOOHOCMU,
6bI36aHHbIE NAOAIOWUMU HASPY3KAMU. MO HE2AMUBHO CKA3bIBAECMCS He MONbKO HA CMPOSWUXCA 30AHUAX, HO U HA
COCEOHUX, YIHCe NOCMPOEHHBIX 30AHUSX. 3AUUMHAsL CMEHA 2apaHmupyent, Ymo npu pelmse KOMI08AHA OCHOBAHUE He
6y0em ocblnamsbCsi o CMOPOHbL U X00 CIMPOUMELbCINEA He OKANCEeN He2amueHo20 GUsAHUsL Ha coceOnue 30anust. 11o
IMOU NPUHUHE UCNOb3YEeMC st NOONOPHASL CIEHd.

Knroueswvie cnosa: 30anue, Plaxis, nacpyska, Komno6aH, noOnopHas cmeua, céail, Iman.

Introduction. The Plaxis 2D software was used to analyze the settlement of the building. The
building is a 5-story business center located in Astana city.

The settlement analysis divides the assessment into 5 phases. The calculation was carried
out in five steps to see the weight of the process in detail. In the first phase, sand cushion is
placed under the foundation. In the second phase, the sand cushion settles to a depth of 1.5
meters, and anchors are installed to stabilize the foundation. In the third phase, the settlement
of the sand cushion is completed. The total width is 3 meters. In the fourth phase, a raft
foundation slab is constructed, supporting the loads of the building's three floors. In the fifth
phase, the full load of the entire building is applied. The total load of the building is distributed
over 5 floors.

The main peculiarity of this analysis is the sand cushion placed under the foundation.

The construction of buildings in heavily developed areas poses many challenges. One of them
is geological changes caused by the effects of imposed settlements. The analysis evaluates how
effectively the building withstands the overall settlement load (Dudchenko, A.V., Dias, D.,
Kuznetsov, S.V., 2021).

Materials and methods of research.The settlement of the building is analyzed using the
Plaxis 2D software. Mohr-Coulomb soil model was used in the paper. This program allows
dividing the work into phases and observing fundamental changes at each stage.

The initial settlement is calculated based on the total load. The program automatically accepts
a width of 1 meter for the building's settlement. It is necessary to match the chosen part of the
structure of the 5 floors already planned. It is possible to increase the total load for all 5 floors in
a comprehensive manner. In our case, the standard building is displayed in a shade from the KZ
KNGE show.
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Table 1. The total load for all floors

From the basement and . Calculation of loads
Calculation of the . Overall
Floor £arage roof's structural addition
N Ne capacity Ny Ne Ne Ne
t t t t t
5 34,52 4,4 13,5 48,02 4,4 52,42
4 64,49 9,04 27 94,49 9,04 103,53
3 94,46 13,68 40,5 134,96 13,68 148,64
2 124,43 18,32 54 178,43 18,32 196,75
1 1544 22,96 67,5 221,9 22,96 244,86
Foundation 184,37 27,6 79,38 263,75 27,6 291,35
Beam 6,5 300
Note — compiled by the authors

Total load applied from all floors was 300 tons. This load is transferred to the foundation raft.
The markers indicating the beams supporting the foundation are shown in table 2. However,
the markers for anchors are provided in table 3. Markers for borders are indicated in table 4.

Table 2. Beam supporting the foundation

Indicators Designation Value Unit of measurement
Type of use Material type Elastic
Standard precision EA 1,2%10° kN/m
Accuracy of measurement EI 1,2*10° kNm?/m
Equivalent thickness d 0,346 m
weight w 8,3 KN/m/m
Poisson's ratio - 0,15 -
Note — compiled by the authors

Table 3. Anchors installed in the beam supporting the foundation in the basement

Indicators Designation Value Unit of measurement
Type of use Material type Elastic
Standard precision EA 2%10° kN
Anchor assembly L, 2,5 m
*1015
Maximum bearing capacity F;nn?;‘;i(e’rflzp } : 1815 iﬁ
Note — compiled by the authors

Based on the type of soil, we determine the foundations. The foundations settle 9 meters in the
eastern part of the building, but only 7 meters in the remaining part. This difference is due to the
thickness of the level of the ground that does not settle. Therefore, our approach correctly
addresses the non-settling layer of soil. This prevents significant settlement of the building
(Miranda, L.Caldeira, L., Serra,J. B.Gomes, R.C., 2023).
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Table 4. Markers of the boundaries
Indicators Designation Value Unit of measurement
Type of use Material type Elastic
Standard precision EA 2,7*10° kN/m
Accuracy of measurement EI 20250 kNm?*/m
Equivalent thickness d 0,3 m
weight w 16 kN/m/m
Poisson's ratio - 0,2 -

Note — compiled by the authors

The work is divided into stages:

In the first stage, the area to be analyzed is marked in the software, and it is segmented into
layers of soil. The average depth of groundwater is determined to be 3 meters. This information
is obtained from geodetic surveys. After entering the soil type, proceed to the location where the
sand cushion is placed. Install anchors to support the foundation. The protective beam has
indicators in table 2. It is made of reinforced concrete. It is protected from all sides of the place
where the sand cushion is located during installation to prevent soil movement during the sand

cushion operation.

Additionally, loads from vehicles and people are applied to the rear side of the protective beam

of the sand cushion.
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Figure 1. The contour of the base in the isometric view: a — contour indicated by contour lines;
b — contour indicated by colors

Note — compiled by the authors
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After the installation of the protective beam in the second phase, the excavation work begins.
During this phase, the excavation settles up to 1.5 meters, and anchors are installed to stabilize
the position of the protective beam. The length of the anchor is 7 meters. At the head of the anchor,
there is a cement section with a length of 3 meters. The anchor has markers in table 3.
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Figure 2. The slope of the base in the contour:
a - slope indicated by contour lines; b - slope shown by colors on the contour
Note — compiled by the authors

In the third phase, the excavation is carried out to the full depth. Moreover, there is no need to
worry about any disturbances during excavation because the excavation pit is protected by
guardrails. It is also secured with anchors. The excavation reaches a depth of 3 meters, which is
the level required for us. After reaching this point, we will proceed to install the supports. It has
markers on the 4 schedule. There are 18 entries in the account. After the schedule is completed,
the head of the building's slab must be cleaned and the reinforcement opened. Then the formwork
is installed on top.
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Figure 3. The outline of the foundation in the isometric view: a — the step indicated by dashed lines in the
isometric view; b — the step illustrated by colors in the isometric view
Note — compiled by the authors

In the fourth phase, the roof slab of the building is placed
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Figure 4. The outline of the foundation in the isometric view: a — the step indicated by dashed lines
in the isometric view; b — the step illustrated by colors in the isometric view
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In the fifth phase, we take the full load of the building. The load of the fifth floor is indicated
on the first schedule. The total additional load is 300 tons. It is divided equally per square meter
according to the complete program.
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Figure 5. The outline of the foundation in the isometric view: a — the step indicated by dashed lines in the
isometric view; b — the step illustrated by colors in the isometric view
Note — compiled by the authors

Results and discussion. In Figure 1, the soil settles uniformly by 0.275 cm during the initial
phase. (a — The settlement value is indicated in Figure 1. b — In Figure 1, the settlement value is
higher in red color, but there is no settlement in blue color.)

In Figure 2, the step of the soil in the first phase has disappeared. This is because we anchored
the anchor to the ground. However, in the second phase, the average step of the earthquake
completely moves to 0.754 cm. a — indicates the value of the step in Figure 2. b — The comparative
value of the step in Figure 2 is higher in red, but there is no step in blue.

In Figure 3, due to the influence of the third phase, the soil column and the slab will move by
1.253 cm.

In Figure 4, due to the influence of the fourth phase, the top of the foundation slab moves by
0.914 cm after applying a load of 3 floors.

In Figure 5, after applying the full load of the building onto the foundation slab in the fifth
phase, it settles by 1 cm.

From figure 4 and 5, it can be seen how the load acts on the foundation. Since the paper deals
with foundation settlement, the collection of loads has been pre-collected and the total load is
already used in Plaxis 2D.

Conclusion. In conclusion, the report is fully satisfied. It was found to be the right decision to
use such a construction system during construction works in the city.
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It was made based on the geological research of the city of Astana. Every situation has to be
taken into consideration as construction works are going on in the city every day. Retaining wall
is an important part of earthworks. Retaining walls were used in the city to ensure reliable progress
of earthworks. The retaining wall prevents the collapse of the excavation soil.

The influence of groundwater is considered in Plaxis 2D. In this article it is considered under
the excavation.

Plaxis 2d loads were displayed at each stage. The values of each period are shown. At the end,
the conclusion of the general report appeared. According to the calculated loads, the retaining
wall, pile and base perform satisfactorily.

When preparing this work, the authors did not use Al tools.
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