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MPYXKHO-INIACTUYHUIN AHAJII3 HECHOI CIPOMOKHOCTI
IHNPOTUKAPCTOBOI'O 3AJII3OBETOHHOI'O BAJIOYHOI'O
OYHAAMEHTY

Y cmammi npoiniocmposano pezynomamu iHIHCEHEPHUX PO3PAXYHKIE MA YUCEIbHO20 IMIMAYiUHO20
MOOEIOBANHSL POOOMU CUCTEMU «OCHO8A — (DyHOamenm — OYOi6nsny Oasi OOCTIONCEHHS epeKmueHoCmi
BUKOPUCTHAHHS (DYHOAMEHMHOT OATKU 6 AKOCMT KOHCTNPYKMUGHUX 3aX00I8 NPOMU KAPCOBO20 3AXUCHLY.

Knrouoei cnosa: npomuxapcmosuti (pyHOaMeHm, MAMEMAMUYHe MOOCTOBAHHS, NPYICHO-NAACTHUYHUL
ananis.

Beryn

Tennenmiss 10  30UIbIIEHHS ~ OOCATIB  CydyacHOTo  OymIBHHMIITBA  BHUCYHyJa  TEpea
MPOEKTYBAJIbHUKAMU HU3KY BHUMOI IIOJI0 PAaLiOHAJILHOIO BUKOPHUCTAHHS TEPUTOPIH, 30KpemMa
BUKOPUCTaHHS KapCTOBUX IPYHTIB JJisi 3BEACHHS OyaiBenb. AJKe TpaauLifdHI I1HXXKEHEpH1
MIPOTUKAPCTOBl KOHCTPYKIIIi HE 03BOJISIOTH ypaxyBaTH BCl OCOOJIMBOCTI I€OJIOTIYHUX YMOB, IIO
BUHUKAIOTh MiJ] 4ac yTBOPEHHsS npoBaixy. OCHOBHUM IMPU3HAYEHHSM HOBOI'O KOHCTPYKTUBHOI'O
MIPOTUKAPCTOBOTO 3aXMUCTy KapKacHOi MPOMUCIOBOI OymiBil € 3a0e3medeHHs 1i HOpMajbHOI
eKCIUTyaTallii i1 yac ypakeHHsI OCHOBU KapCTOBUM IpoBajioMm [2].

KapcroBi mporiecu iCTOTHO YCKJIaIHIOIOTH OYTIBHHUIITBO Ta EKCIUTyaTallil0 OyAiBeNlb 1 CIOPYI.
VYkpaiHcbka Ta 3apyObKHA MpPaKTHUKa 1HKEHEPHO-OY/IIBEIbHOTO OCBOEHHS 3aKapCTOBAHUX TEPUTOPIH
nokaszye, o Oe3nexka 1 €KOHOMIYHICTh IHXKEHEPHUX PpO3B’A3KIB 3ajekaTh, HacaMmIiepen, Bij
a/IeKBaTHOTO BpaxyBaHHS OCOOJMBOCTEH 1HKEHEPHO-T'€OJOTTYHUX (Cepesl HUX 1 TEXHOT€HH1) YMOB
PO3BUTKY KapCTOBOI'O MPOIIECY Ta HOTO MPOSIBIB B OCHOBI CIIOPYI.

MartemaTnuHe MOJeTIOBAHHSA POOOTH (PYHAAMEHTHOI KOHCTPYKUIil

ITlin wac po3pobku (QyHAAMEHTIB CHOPYAW TOCTAE HEOOXIMHICTh EKCHEPUMEHTAIBLHOTO
OOIpyHTYBaHHSI IIPOEKTHOI'O BapiaHTa (yHJAaMEHTY, 1110 3HaYHO 30uIbllye Horo BapTicTh. Came 3a
TakMX YMOB paliOHaJbHO BHKOPHUCTOBYBAaTH MaTeMaTHYHE MOJICNIIOBAaHHS Ipolecy poboTu
(GbyHIaMEHTHOI KOHCTPYKIII MiJ] HaBaHTaXEHHSAM. Y poOOTI MPOBEIEHO MOJEIIOBAHHSA IPOLIECY
ociaHHs pyHIaMEHTHO1 OaTKM OJTHOTIOBEPXOBOT KAPKACHOT CIIOPY/IU TIiA €0 KapCTYy.

VY Xoj1 po3paxyHKIB 3 IMITAL[IITHOTO MOJIENIOBaHHS Mpolecy PYHKLIOHYBAHHS CUCTEMHU «OCHOBA
— (pynnameHT — OyZiBIIs» BpaxoBaHO HamNpy>KE€HO-1e()OPMOBAHHUM CTaH IPYHTIB y iX HPUPOAHOMY
ctaHl (0e3 mposBy KapCTOBHX IMPOIIECIB) 1 BUKOHAHO PO3PaXyHKH 3 IMITAIIMHOTO MOJCITIOBAHHS
MOSIBU KapcTOBO-Cy(hO31MHUX MpoleciB B OCHOBI OyxiBmi. J[is 1poro 3MoAenbOBaHO IMOSIBY
MPOBAJIB AlaMeTPOM 9 M TIij] HEHTPATBLHOI KOJIOHOO JPYroTo psIy Kapkacy.

Haiinpocrimymu MeTogaMu MOJIEIIOBaHHS KapCTOBOTO MPOBAJTy Mif MiZOIIBOIO (DyHIAMEHTY €
BUKOPUCTAHHS MPYKHO-IUIACTUYHOI MOJENI YM MOJENl 3MIHHOTO KOe(ili€HTa MOCTeNl, 110
JI03BOJISIE BpaxyBaTH HEOHOPIIHICTE OCHOBH 1 WOTO peajibHy PO3MOAUIBYY 34aTHICTh. Y PoOOTI
BUKOPUCTAHO HAyKOBO-METOJWYHUN aHaji3 METOJy MOJE/IOBaHHS IPYHTOBUX MacHUBIB 3a
JIOTIOMOT'0I0 IPY’KHO-IUIACTUYHOI MOJIENl, SIKUH 3aCTOCOBYIOTH i Yac MPOBEICHHS JOCIIHKEHb
HaIpyXeHO-1e(OPMOBAHOTO CTaHY HEOJHOPITHUX Ta aHI30TPOIHUX MaTeplaJIbHUX CEPEIOBUILL JUIs
3a0e3mevYeHHs IXHbO1 MIIHOCTI Ta cTidkocTi. Jns BusHauenns HJ[C enemeHTIB cucTeMH «OCHOBA —
¢byHaamMeHT — OyaiBiIsS» BUKOHAHO po3paxyHkH 3 BukopuctanHsaMm [1K «JIIPA», mo peanizye meton
ckinueHHux enemeHTiB (CE). 3aranbHuil BUTIIAI KOMITIOTEPHOT MOJENI KapKacy MPUBEACHO Ha
puc. 1, 2.
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Puc. 1. 3aranbHuil BUTIISII KOMIT IOTEPHOI MOZIENi Kapkacy OymiBiI

Puc. 2. 3aranbHuii BUTIISAL KOMIT IOTEPHOI MOJICITi KapKacy OymiBiIi B po3pi3i B3JI0BXK IUPPOBHUX OCEH

[1in yac popmyBaHHS pO3paxyHKOBOI cXxeMu BUKOpUCTOBYBaiu Taki CE:

— miaockl (oOoyioHKa 3 6 cTymeHsMH cBOOOAM Yy BY3idl) 3 Koe(ilieHTaMH >KOPCTKOCTI Yy
BEPTUKAIbHOMY HANpPSAMKY — JJI1 MOJENIOBaHHS (PYH/IaMEHTHUX MOYIIOK Ta OCHOBHU;

— CTpWXHEB1 (CTpWXKEHb 13 6 cCTymeHsMH CcBOOOAM y BY3Jl) — I MOJETIOBAHHS
KOHCTPYKTUBHUX €JIEMEHTIB KapKacy;

—00’emHi CE g MozentoBaHHs pyHAaMEHTHUX OaloK;

TpuBuMipHa KOMIT'IOTEpHAa MOJENb BiJOOpa)ka€ KOHCTPYKTHBHE PIIICHHS 00’€KTa Ta MICTUTh
IUIOCK], CTPH)KHEBI Ta 00’€MHI €JIEMEHTH, OCHOBHI TI€OMETpUYHI Ta (PI3UKO-MEXaHIYH1
XapaKTEPUCTUKH SIKUX MTPUBEACHO B Tabmull 1.

Ta6muus 1
/KopcTkocTi es1ieMeHTIB y po3paxyHKoOBIiii cxemi
Ne Hasga ®i3nKo-MexaHiuHI Ta TeOMETPUYHI [MonoxxenHs (mpuU3HaYeHHs) B
ILIL. eJIeMEeHTa napamerpu* KOHCTPYKTUBHIH cXemi
1 IInactuna E=2.3e+006, V=0.2, H=20, Ro=2.4 DyHIaAMEHTHI TTOTYIIKH
2 IInactuna E=2.0 e+007, V=0.35, H=10, Ro=7.8 ITnactunu 3’eqHanHs 0aIoK
3 Tpyba-kBaapat [Ipodine «Momoneunoy» 80x80%3 I'opu3oHTaIBHI Ta BEPTHKAIBHI B’ 5131
4 bpyc E=2.3e+006, Ro=2.5, B=50, H=80 Kononu
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5 Bpyc E=2.3e+006, Ro=2.5, B=15, H=15 Poskocu pepm

6 bpyc E=2.3e+006, Ro=2.5, B=25, H=30 [Mosicu pepm

7 JByTaBp E=2.3e+006, Ro=2.5, H=140 [linkpaHoBa Gayika
8 0O06’emui CE E=2.3e+006, V=0.2, Ro=2.5 OyHnamMeHTHa Oayka

Po3paxyHkoBa Mojenb OCHOBU — JiHIHHO-AepopmoBanuii HamiBopoctip. Y IIK «JIIPA»
pO3paxyHKOBa MOJIEIh OCHOBH TPEACTABICHO KOoe(dillieHTaMH1 KOPCTKOCTI OCHOBH 10 tutackum KE
(KOHCTPYKTUBHUM eleMeHTaMm), po3mimeHuM Yy mmiomuHi XOY, SKUMH 3MOJEIbOBAHO
(byHIaMEHTHI TOAYILKH.

Po3paxyHkoBi1 mapaMeTpu IPyHTIB OCHOBHM (PYHAAMEHTIB MPUNHATO BIAMOBIIHO /0 1HXKEHEPHO-
reoJIOTTYHUX YMOB peajibHOT AUISIHKY OyIBHHUIITBA, po3TamoBaHoi B M. Ky3HenoBceky PiBHEHCHKOT
oOnacri.

Po3paxyHkoBa cxeMa OCHOBU MpEACTaBl€HAa CHUCTEMOIO B3a€MOBIUIMBAIOYMX PO3PAXYHKOBUX
JUISHOK (PYH/IaMEHTIB, 110 JA03BOJISIE BAKOHATH PO3paXyHKH OCHOBH 3a JBOMA I'pylaMu FPaHUYHUX
ctadiB. KoeilieHTH KOPCTKOCTI OCHOBH B PO3PAaXyHKOBUX CXEMaX BH3HAUE€HO 3 pO3B’A3KY
KOHTaKTHOI 3a7jaul. Po3paxyHOK BUKOHAHO ITe€paliiHuUM criocoOoM. Y HyJbOBIH ITepallii BU3HaYaIu
HalpyXeHO-1e(OopMOBaHUI CTaH CHOPYAM Ha OJHAKOBUX KOEQilli€EHTaX >KOPCTKOCTI OCHOB JUIs
BCIX PO3PaxyHKOBUX IUISHOK (yHIaMeHTIB. [laii BUKOHYBaJIM PO3pPaxyHOK OCIIaHb 1 KOeDIiliEHTIB
KOPCTKOCTI OCHOBM. Y Mepulil 1 MOJANbLIMX ITe€palisix MOCIiIOBHO BHUKOHYBAJIM PO3PaxXyHKU
CIIOPY/H 3 YpaxXyBaHHSIM 3TaIaHUX KOEPIIIEHTIB )KOPCTKOCTI OCHOB 1 BUBHAYCHHSI KOC(DIIEHTIB SISt
HACTYITHOT iTeparrii.

Otpumany B pe3ysbTaTi po3B’si3aHHs] KOHTAKTHOT 3a71a4l pO3PaxyHKOBY CXeMY BUKOPHUCTAHO JIJIst
MOJIEJIIOBAHHSI TOSBH KapCTOBUX IMpoBaiiB. BimMoBYy ocHOBM B 00jacTi BOPOHKH 3MOJIEIbOBAHO
IUIIXOM BHKIIIOUYEHHS 3 PO3PAXyHKOBOI MOJENl €JIeMEHTIB (yHIAaMEHTHUX MOAYIIOK, SIKi
MOTPAIUISIOTh Y MEX1 BOPOHKU PO3PAaXyHKOBOTO JiaMeTpa.

Po3paxyHku 3 BU3Ha4YeHHS KOE(QILIEHTIB >KOPCTKOCTI OCHOBM BHUKOHAHO JJIi OCHOBHOTO
CIIOJIy4EHHSI Ta CIOJIyYEHHS HaBaHTaXEHb I 4yac YTBOPEHHs KapcroBoro mnposany. [lig uac
MO/IETIOBAHHS KapCTOBOTO MPOBAJTY il KOJIOHOK BUKOHYBAJHU JOJATKOBI ITEpaIlii 10 JOCITHEHHS
BpPIBHOBAXXEHOT'O CTaHy CHCTEMU «OCHOBa-(pyHIaMEHT» Ha JUISHKaX (yHIaMEHTIB MOOIu3y
npoBaily. Po3paxyHKOBI 3HaU€HHS KOE(]ILIEHTIB KOPCTKOCTI OCHOBU (PyHIIaMEHTIB B MeXkax: Bif
2450 no 4400 1/M* 3a ymoBH BiAcyTHOCTI mpoBaiiB (puc. 3); Bim 2300 mo 4400 1/M* 3a ymMOBH
MO/IETIOBAHHS TIPOBATY JiaMeTpoM 9 m (puc. 4).

[ I I |
2.53e+003 2.86e+003 3.17e+003 3.48e+003 3.78:+003 4.09:+003 44003
| ] | |

- | 5 [ |
Puc. 3. Mo3zaika po3mo/iyty po3paxyHKOBHX 3HAUYCHb KOS(II[IEHTIB KOPCTKOCTI OCHOBH
3a HOpMaJIBHUX YMOB ii ekcruyaramii, T/m3
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Puc. 4. Mo3zaika po3moIity po3paxyHKOBHX 3HAUYCHb KOS(IIIEHTIB )KOPCTKOCTI OCHOBH ITiJ] YaC MOJICTIOBAHHS
npoBajy aiamerpom 9 m, T/m?

P03paxyHKOBHIi OIIip IPYHTY OCHOBH B IIPUPOIHOMY CTaHi CTAHOBHTH 24,5 T/M’. MakcHMalbHe
3HAYEHHS TUCKY I10 MiJ01B1 (yHJAMEHTIB 32 HOPMaJIbHUX YMOB €KCIUTyaTallii OCHOBM jtocsirae 18,3
T/M’, O HE IMEePEeBHIye PO3PAXYHKOBOTO OIOPY IPYHTY OCHOBH. 3TiZHO 3 IIPOBEACHHMH
po3paxyHKaMH MaKCHMaJIbHI 3HAYE€HHS OCiIaHb aocsraioTh 6,4 MM. MakcuManbHa BiTHOCHA
pi3HuI ocinanb GpynaamentiB cranoButh 0,0003, mo ve nmepeButye (As / L)u = 0.002.

[Tin wac mopenmtoBaHHS KapCTOBOTO MPOBATY Mi KOJOHOK 3MIHIOETHCA PO3MOALT THUCKIB IO
MiI01IB1 (PyHJIaMEHTHUX MOAYIIOK Ha BixctaHl 6iu3bko 12 — 13 M Big kpato mpoBaiy. TUCK 1O
M1IOUIBI KPaWHIX MOAYIIOK (PyHIaMEHTHOI OajKu, MiJ SKOK 3MOJIEIbOBAHO MPOBAJI, 30UIBIIYETHCS
Ha 80% i ckiamae B cepeqHbOMY 25 T/M°, IO TEPEBHINYE PO3PAXYHKOBHUIA omip ocHOBH. Cxemy
PO3M0ALTY 3HaYeHb TUCKIB 110 (PyHIAMEHTHUM IOAYLIKaM JI0 Ta Micis IPOsSBY KapCTOBOIO MPOBAILY
300pakeHo Ha puc. 5.
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Puc. 5. Cxema po3mnozisy 3Ha4eHb TUCKY IO MiJ0IIBI ()YHJAMEHTIB ITiJl YaC HOPMATUBHHUX HABaHTaXEHb JIJIS
IUISTHOK (pyHIaMeHTiB 0e3 mpoBaity (311iBa) Ta MiJ 4ac MOJIEIIOBaHHS MpoBaity (crnpasa), T/m>

-11.8 978 -183 -5.87 -301 -1.96 -0.000146 0L
12
Hsonoms nepamemermit me Z{G)
E MUHUIED HI3MEPSHNE - MM

Puc. 6. [30m0mst po3mo/Iiy 3HaUeHb OCiIaHb OCHOBH ITiJT YaC HOPMATHBHHUX HABAHTA)XEHb 32 MOSBHU KAPCTOBOTO
npoBaly (po3paxyHok 3a 2-to [TC)
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BucHoBxku

MaxkcumanbHe 3HaU€HHS TUCKY MO MiIomiBl (yHJAMEHTIB BUHUKAE HA JUISHII, /1€ 3aKIHUYEThCA
KapcTOBHil mpoBal, i gocsrae 33,2 T/M” (CepeHe 3HAUCHHS 110 PO3PAXYHKOBIH AUISHII QyHIaAMEHTY
— 25 /M%), 1110 MepEeBHIITye PO3IPAXYHKOBHIT OIIp IPYHTY OCHOBH.

MaxkcumanbHl J0JaTKOBI 3HAUEHHS BEPTUKAIbHUX JAedopmaliii OCHOBU MiJ MiAOLIBOIO
(GbyHIaMEHTIB MiJl yac MpOsIBY KapCTOBOTO IpoBaily gocAraroTs 11,8 MM Ha Till ke AUISHLL, J€
BUHMKA€ MaKCUMaJIbHUN TUCK. [30110J1 3HaU€Hb CyMapHUX OCIJaHb MPUBEJIEHO Ha pHC. 6.

MaxkcumanbHa BIIHOCHA PI3HHI ocifaHb ¢yHAaMmeHTiB ctaHoBUTH 0,003, mo He mepeBuIlye
(4s / L)yu =0,002. Xopctkicth (yHIaMEHTHOI TUIMTH AOCTATHS Ui 3a0€3MEYEeHHS HOPMaIbHOT
eKCIUTyaTaliiHo1 poOOTH KapKkacy OyIiBIIil i Yac JIii KapCTOBUX MPOLIECIB.
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M. O. Berezan, Cand. Sc. (Eng.); Y. S. Babak

ELASTIC-PLASTIC ANALYSIS OF THE BEARING CAPACITY OF ANTI-
KARST REINFORCED CONCRETE BEAM FOUNDATION

The paper illustrates the results of engineering calculations and numerical simulation of the “base —
foundation — building” system operation for studying the efficiency of the foundation beam application as a
constructive measure of anti-karst protection.

Keywords: anti-karst foundation, mathematical modeling, elastic-plastic analysis.

Introduction

Current tendency towards increasing the construction volumes has set a number of requirements
to designers as to the rational use of territories including the use of karstland for construction of
buildings. At the same time traditional engineering anti-karst structures do not make it possible to
take into account special geological conditions arising during karst cavity formation. A new
constructive anti-karst protection of a framed industrial building is designed to ensure its normal
operation when the base is affected by a karst cavity [2].

Karst processes complicate significantly construction and operation of buildings and structures.
Ukrainian and foreign practice of engineering-construction exploration of karst-prone territories
shows that safety and efficiency of engineering solutions depends primarily on adequate
consideration of special engineering geological conditions (including technogenic ones) of the karst
process development and its manifestation in the base of structures.

Mathematical modeling of the foundation structure operation

In designing the structure foundations there is a necessity for experimental substantiation of the
foundation design variant, which increases significantly its cost. Under such conditions mathematical
modeling of the foundation structure operation under load is rational to be used. In the paper the
subsidence process of the foundation beam of a one-storied framed structure under the action of
karst is simulated.

In the calculations, performed during simulation of the “base — foundation — building” system
functioning process, stress-strain state of the soil in its natural condition without karst processes was
taken into account. Calculations for simulation of karst-suffossian processes in the base of the
building were also performed. For this formation of karst cavities with a 9m diameter under the
central column of the second row of the frame has been simulated.

The simplest methods for simulation of a karst cavity under the foundation bottom are those with
the application of elastic-plastic model or a model of variable coefficient of the bed, which makes it
possible to take into account the base inhomogeneity and its actual distributive ability. The paper
uses scientific-methodological analysis of the method for soil array simulation with the application of
an elastic-plastic model for studying the stress-strain state (SSS) of inhomogeneous and anisotropic
material environments in order to ensure their stability and strength. To determine SSS of the
elements of the “base — foundation — building” system, calculations were performed with the
application of PC LIRA that realizes the finite element (FE) method. General view of computer
model of the frame is presented in Fig. 1, 2.
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Fig. 1. General view of the computer model of the building frame

Fig. 2. General sectional view of the computer model of the building frame along digital axes.

For design scheme formation the following FE were used:

— flat FE (a shell with 6 degrees of freedom in the node) with stiffness coefficients in the vertical
direction — for simulation of the foundation cushions and the base;

—rod FE (a rod with 6 degrees of freedom in the node) — for simulation of the design elements of
the frame;

— 3D FE for simulation of the foundation beams;

Three-dimensional computer model reflects the object design solution and includes plate, rod and

3D elements, basic geometrical and physicomechanical characteristics of which are presented in
Table 1.

Table 1.
Stiffness of the elements in the design scheme
No Physical mechanical and geometrical Location (purpose) in the design circuit
Element %
ILII. parameters
1 Plate E=2.3e+006, V=0.2, H=20, Ro=2.4 Foundation cushions
2 Plate E=2.0 e+007, V=0.35, H=10, Ro=7.8 Plates of beam joints
3 Square tube Profile «Molodechno» 80x80%3 Horizontal and vertical decorations
4 Bar E=2.3e+006, Ro=2.5, B=50, H=80 Columns
5 Bar E=2.3e+006, Ro=2.5, B=15, H=15 Cross-stays of trusses
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6 Bar E=2.3e+006, Ro=2.5, B=25, H=30 Chords
7 I- beam E=2.3e+006, Ro=2.5, H=140 Crane beam
8 3DFE E=2.3e+006, V=0.2, Ro=2.5 Foundation beam

Design scheme of the base is a linearly deformed half-space. In PC «LIRA» the design model of
the base is represented by stiffness coefficients of the base for flat DE (design elements), located on
XOY surface, which simulate the foundation cushions.

Calculation parameters of the foundation base soils are adopted in accordance with engineering-
geological conditions of the real construction site located in Kuznetsovsk, Rivne region.

Design scheme of the base is represented by a system of mutually influenced calculation areas of
the foundations, which makes it possible to perform calculations of the base for two groups of
boundary conditions. Stiffness coefficients of the base in the design schemes are determined from the
solution of the contact problem. Calculations were performed by iteration method. At the zero
iteration stress-strain state of the structure was determined for equal stiffness coefficients of the
bases for all calculation areas of the foundations. Then calculations of subsidence and stiffness
coefficients of the base were performed. In the first and further iterations calculations of the
structure were sequentially performed taking into account the above-mentioned stiffness coefficients
of the bases and coefficients for the next iteration were estimated. The design scheme obtained as a
result of solving the contact problem was used for simulation of the karst cavity formation. Failure of
the base in the karst cavity area is simulated by elimination of the foundation cushion elements, that
get into the cavity region of the calculation diameter, from the design model.

Calculation of the base stiffness coefficients have been performed for main combination of the
loads and for combination of the loads when a karst cavity is formed. For simulation of the karst
cavity under the column additional iterations were performed until balanced state of the “base —
foundation” system was achieved on the foundation areas near the karst cavity. Calculated values of
the foundation base stiffness coefficients are in the range from 2450 to 4400 t/m’, provided that there
are no karst cavities (Fig. 3), and in the range of 2300 — 4400 t/m’ if a cavity with a 9 m diameter is
simulated (Fig. 4).

[ I I e ]
2.55e+003 2.86e+003 3.17e+003 3.48e+003 3.78e+003 4.09e+003 4. 4e+003
n n
- | ] ] |
Fig. 3. Mosaics of distribution of the calculated base stiffness coefficient values under normal operating
conditions
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Fig. 4. Mosaics of distribution of the calculated base stiffness coefficients values when a karst cavity with 9m
diameter is simulated, t / m?

The calculated resistance of the base soil in natural conditions is 24.5 t / m’. Maximal value of
pressure along the bottom under normal operating conditions of the base reaches 18.3 t / m’*,which
does not exceed the calculated resistance of the base soil. In accordance with the performed
calculations maximal values of subsidence reach 6.4 mm. Maximal relative difference between the
values of subsidence of foundations is 0.0003, which does not exceed (4s / L)u = 0.002.

When a karst cavity under the column is simulated, distribution of pressures along the bottom of
foundation cushions changes at the distance of about 12 — 13m from the cavity edge. Pressure along
the bottom of end cushions of the foundation beam, under which a karst cavity is simulated,
increases by 80% and reaches 25 t / m” on the average, which exceeds the calculated resistance of the
base. The scheme of the pressure value distribution over the foundation cushions before and after the
karst cavity formation is presented in Fig. 5.

Conclusions

Maximal value of pressure along the foundation bottom is observed in the end area of a karst
cavity and reaches 33.2 t / m® (average value along the calculation area of the foundation is 25 t /
m’), which exceeds the calculated resistance of the foundation soil).

Maximal additional values of vertical deformations of the base under the foundation bottom when
a karst cavity is formed reach 11.8 mm in the same area where the maximal pressure is observed.
Isofields of the total subsidence values are presented in Fig. 6.

Maximal relative difference between the foundation subsidence values is 0.003, which does not
exceed (4s / L)u = 0.002. Stiffness of the foundation plate is sufficient for ensuring normal operation
of the building frame under the influence of karst processes.
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Fig. 5. The scheme of distribution of pressure values over the foundation bottom under normative loads for
foundation areas without karst cavities (on the left) and when a karst cavity is simulated (on the right), t / m’
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Fig. 6. Isofields of distribution of the base subsidence values under normative loads when a karst cavity is formed
(calculation performed in accordance with 2-nd GBS)
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