Manbnukun AL, EcunoB A.B. HccnenoBanre B3anMOIeHCTBHSL POCTBEPKA M CBAid ¢ YIIMPEHUEM B JICHTOYHOM (yHIaMeHTe //
Construction and Geotechnics. —2020. — T. 12, Ne 3. — C. 46-52. DOI: 10.15593/2224-9826/2021.3.05

Malyshkin A.P., Esipov A.V. Investigation of the interaction of grillage and piles with widening in the strip foundation.
Construction and Geotechnics. 2020. Vol. 12. No. 3. Pp. 46-52. DOI: 10.15593/2224-9826/2021.3.05

CONSTRUCTION AND GEOTECHNICS

T. 12, Ne 3, 2021
http://vestnik.pstu.ru/arhit/about/inf/

CTRPOUTENLCTEO
Y1 APXUTEKTYPA

DOI: 10.15593/2224-9826/2021.3.05
V]IK 624.131.7

WCCNEQOBAHUE B3AMMOOENUCTBUA POCTBEPKA U CBAU
C YWWPEHMUEM B NEHTOYHOM ®YHOAMEHTE

A.Tl. ManbiwkuH, A.B. Ecunos

TIOMEHCKUIM NHAYCTpUanbHbLIN yHMBepcuTeT, TioMmeHb, Poccns

O CTATbBE

AHHOTALWMA

Mony4yeHa: 28 mas 2021
MpunsaTa: 24 ions 2021
Ony6nukoBaHa: 30 ceHTsi6ps 2021

Knrouesnbie criosa:

HecyLlas CnocobHOCTbL CBau C yLu-
peHueM, NEHTOYHbIN (PYHOAAMEHT,
pOCTBEpK, pacnpeaeneHne Harpys-
k1, mogens ®namana, moaens byc-
CuHecka, pelleHne MenaHa.
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ARTICLE INFO ABSTRACT
Received: 28 May 2021 The research goal is to formulate and solve the problem of distributing the external
Accepted: 24 July 2021 load between piles with widening and a low grillage as part of a strip foundation in a flat
Published: 30 September 2021 setting and comparing the results obtained with experimental data. The design model of
Flaman (the plane problem) and Boussinesq (the spatial problem) about the force applied
Keywords: on the surface and Melan's solution about the force applied inside the soil half-space are
bearing capacity of pile with widen- taken as the initial design models. An analytical calculation method was proposed, as a
ing, strip foundation, grillage, load result of solving the problem. This method, with sufficient accuracy for practical purposes,
distribution, Flaman's model, Bous- allows to define the bearing capacity of the foundation on piles with widening and to esti-
sinesq's model, Melan's solution. mate the distribution of the load between the piles and the grillage as part of the strip
foundation. The proposed approach to solving the problem of load distribution between
the grillage and piles with widening is important for design of strip foundations.
© PNRPU
BBegeHue

[IpoBenieHHBIE aBTOpaMHU IOJIEBBIE IKCHEPUMEHTHI [1, 2] 1Mo omnpeneneHUIo0 Hecylled cro-
coOHOCTH ()YHITAaMEHTOB C HU3KUM POCTBEPKOM Ha CBAsIX C YUIUPEHHUEM IO3BOJISIOT CIENATh BbI-
BOJI O TOM, YTO HecyIlasl CIOCOOHOCTh (yH/IaMEHTa ¢ HU3KUM pocTBepkoM Ha 40 % BbilIe, yeM
y pyHIamMeHTa ¢ BBICOKUM pocTBepkoM [3, 4]. Kpome Toro, aHann3 JaHHBIX BBIMOTHEHHBIX HC-
NBITAHUH, TIOKA3bIBAET, YTO 3aBUCUMOCTh «HArpy3Ka — ocajka» y (pyHIamMeHTa ¢ HU3KUM POCT-
BEPKOM HMMeeT 0oJjiee TaIkue OYepTaHusl C MEHee BBIPAKEHHBIM CPBIBOM (yHIaMeHTa. B cBs3u
C 9TUM, OYEBUJHO, TPOEKTUPOBATH JICHTOYHbIC (DYHAAMEHTHI Ha CBasX C YIIMPEHUEM U HU3KUM
poctBepkoM 1o I rpynme npenenbHbIX COCTOSTHUM OoJiee 1eIeco00pa3Ho.

DKCTepUMEHTANILHBIE MCCIEA0BaHUs PA0OThI CBall ¢ YIIMPEHUEM Pa3IMYHON KOHCTPYKIIHH
[5, 6] mOKa3bIBalOT HE3HAYMTEIILHOE COMPOTUBIIEHNE CBal 10 OOKOBON MOBEPXHOCTH M BO3MOXK-
HOCTh NepeJaun Harpy3kd Ha Oosiee TiIyOOKHe CIIOM OCHOBaHHUS 0€3 BOBJICUEHHUS TPyHTa OKOJIO-
CBafHOTO MPOCTPAHCTBA MO POCTBEPKOM B BOPOHKY OCEIaHMsl, 4TO MO3BOJIAET HauOOJIee MOJIHO
UCIOJIb30BaTh HECYLIYIO CIIOCOOHOCTh HU3KOI'O POCTBEPKA.

MocTaHoBKa M peweHue 3agayvin

J111s1 perieHns TEOPeTUIECKOM 3a/1a4u paclpe/ieieHus] Harpy3Ku MeX]Ty POCTBEPKOM U CBassMU
B COCTaBE JICHTOYHOTO (DyHIaMEHTA TIPUHSATHI CIICTYIOINE TIOT0KCHUS:

1) rpyHT cuuTaeTcs IMHEHHO 1e(OpMHUPYEMBIM TEIIOM;

2) Harpy3ka Ha OCHOBAHHWE IEPEIACTCs IO IMOJAOIIBE POCTBEPKA M B IJIOCKOCTH HUKHUX
KOHIIOB CBaM;

3) paccTosiHEEe MEXKIy CBassMH B COCTaBe JICHTOUHOTO (¢yHmamenTa 10+12 nuameTpoB CTBO-
na, wia 2,5+4 nuametpa yuupenus [7, 8].

[Ipennonaraercs, 4TO B3aUMHOE BIMSIHUE POCTBEPKA M CBail MUHUMAJIbHO, CUJIAMU TPEHUS
10 CTBOJIY CBai, KaK yKa3aHO BHIIIE, MOXKHO MPEeHEOpeUb, HANPSIKEHHO-1e(POPMHUPOBAHHOE CO-
CTOSIHME OCHOBAHUSI OTPEeIISIeTCsl IecTBUEM HOpManbHbIX cui [9—11]. PacueTHas cxema neH-
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TOYHOTO (PyH/IaMEHTa Ha CBasX C YHIMPEHUEM B JBY-

- i,//a MEpPHOU MMOCTAaHOBKE MpeICTaBieHa Ha puc 1.
’| OO6mas Harpy3ka Ha (yHIaMEHT BOCIIPUHUMAETCS
CBAsIMU U POCTBEPKOM:
I F=F+F, (1)
rne F' — monmHast Harpy3ka Ha GyHIaMeHT; F; — Harpys-
! Ka, IpUXOAsAIIascs Ha cBau; F, — Harpys3ka, NpUxos-
- 11as1Csl Ha NTOJIOLIBY POCTBEPKA.
&= 11%1 B cBsi3u ¢ Tem uto nedopmaruu CTBOJIA CBaM IO
2 CPaBHEHHUIO C ocajkamMu (yHIaMEHTa MPEeHEOPEKUMO
7 MaJjbl, OyJIeM CUUTaTh, YTO OCATKU POCTBEPKA U TSATHI
cBau oAuHaKOBbI. [loaTomMy OyayT crpaBedJIUBbI BbI-
Puc. 1. PacueTHas cxema JEHTOYHOTO PaKEHHS:
(hyHIaMEHTa Ha CBasIX C YITUPECHUEM
B ﬂBYMepHOﬁ IIOCTaHOBKe: b — mrpuHa S = VVll + VV12 . (2)
pocTBepKa, [ — IInHa CBau
Fig. 1. Design diagram of a strip foundation S= W, +W,, 3)

on piles with widening in a two-dimensional

setting: b — width grillage, / — pile length ~ A€ §— ocaika QyHIaMeHTa.

VVHZBH'E? 4)

Trac 611 — NepEMCIICHUEC I'PYHTA OCHOBAHHA B TOYKE IO POCTBECPKOM OT e,HHHHQHOﬁ CHJIBI B TOH
K€ TOYKE.

Wy=08y,-F, )

Trac 622 — HNEPCMCIICHUC I'PYHTA OCHOBAHUS B TOUKC I1OM IISTOM CBau OT €OUHUYHON CHUIIBI B TOM
K€ TOUYKC.

Wo=9,"F, (6)

rae 02 — MepeMelieHrne TPyHTa OCHOBaHUS B TOYKE / (IO POCTBEPKOM) OT €AMHUYHOU CHIIBI
B Touke 2 (IO MATOM cBau).

I/1/21:821'}719 (7)

rae 0;; — mepeMelleHre TPYHTa OCHOBaHMs B TOouke 2 (TIOJ MSATOH CBaW) OT CIUHHYHOW CHITBI
B TO4Uke / (101 POCTBEPKOM).

CornacHo TeopeMe 0 B3aMMHOCTH PadoT «paboTa crjl IEPBOTO COCTOSIHUS Ha MEPEMEIIECHHSIX 10
UX HAIpaBJECHUSM, BbI3BAHHBIX CHJIAMU BTOPOTO COCTOSIHMS, paBHA padOTe CHJI BTOPOTO COCTOSIHUS
Ha NCPEMCUICHUAX I10 UX HAIIPABJICHUAM, BbI3BAHHBIX CUJIAMU IICPBOT'O COCTOSAHUSA», ITPU F 1 =F 2:12

8, =8, (8)

B tabnuiie mpuBeaeHBI KOMIIOHEHTHI NMEPEMEIIEHUH 0T IUHUYHBIX CHUJ B 3aBUCUMOCTH OT
MMOCTAHOBKH 3a/1a4¥l U MIPUHSITHI CJIETYyIOIIe 0003HaYSHHUS:

H — TtonmuHa cxxumMaeMou TOJIIMU TPYHTA;

L — nnviHa cBayl C y4E€TOM MOJOBUHBI BBICOTHI YIIUPEHUS;

A — momaabs poCcTBEPKA;

E, — Monynb nedopMaiiuu rpyHTa Mol pPOCTBEPKOM;

Aj — pacueTHas 101 (b TOPU30HTAILHOM MPOEKINH YITUPEHUS CBaU;

E, — npuponnbiit Moays AedopManviv TPYHTA MO/ TISITOW CBawu;
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u — xkoaddurment [lyaccona;

¢ — €IMHUYHAs Harpy3Ka OT pOCTBEPKa;
a — TIOJIOBUHA LIMPUHBI POCTBEPKA;

X — KOOpAWHATa TOYKHU 1O POCTBECPKOM, B KOTOpOfI OMnpeaAcIsACTCA NICPEMCIUICHUC.

KomnoHneHThI nepemeniennii npy pa3iMyHbIX TOCTAHOBKAX 3a/1a4u

Displacement components for different problem statements

ITepemermienue OcecummeTpryHas 3afada IInockas 3anaua
Pemenne ®@mamana[13]
H+L x—a
d o, = 2 1-p’ x—af
n " 2AE, 5, =211 . 2a+1n|—m
T E |x +a
S 5. = H Pemenue Menana [14]
2 2 24,E, *
Pemenue byccunecka[12] Pemenune ®namana [13]
2
5, C(1+p)(1+2(1-p)) 5 _l-n (1 u
= 21 — | A PR
2 2nE L nE |2 1-p
[Ipumeuyanue: *—pemenne Menana:
1 (1 X’ X' -4dz-2d> 2dzx*] 1 2(x*+dz+d’)
SZZZR—EI{E(I-‘FHI){W"'IDI’I}’Z'F 2;/22 rz4 :|+Z(1—|J,1)|:ln}’l+31n}’2+T +
2 2 2 2 2]
i, x*  x*+2d* 2dzx i, r, .d(z+d)+x
+ 5L (14 p,)| =+ + S T | I R Pt Sl L
2 ( ul){Zrlz 2}’22 r24 4 ( H]) ! n r22 ]
CxeMa Kk pacdeTy mepeMeInieHui no pemenno Me- NI
JlaHa IPUBEJEHA Ha pHUC. 2.
d
Pe3synbTaTtbl 1 ux o6cyxaeHue 0 .
YuureiBas BBILIEU3JI0KEHHOE M 3aJaBasiCh IIpe-
JEJIBHOM 0CaZKOM S, MOJy4YUM BBIpaKEHUS JJIsl Harpys- d
KM, BOCIIPUHUMAEMON CBASIMU U POCTBEPKOM:
d (x, 2)
S'(l—azz Y P=1 i
12
E - 8 ° (9)
22
621 _57 ’ 611 z '
12
S—5 -F Puc. 2. Cxema K pacyeTy BepTHUKaJIbHBIX
_ 14 .
F, = S . (10) nepeMeleHnH 1o pemenno Menana
12

OOmast Hecymias CrocoOHOCTh (yHIAMEHTa B 3a-
BUCHMOCTH OT TIPE/ICIbHON Ocaiku S paBHa:

Fig. 2. Scheme for calculating vertical
displacements according to Melan's
solution
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+S_511’E )

F=F
812

(11)

JlaHHOe aHaTUTUYECKOE BBIPAXKEHHWE YUUTHIBAE€T B3aMMHOE BIIMSHHE pabOThl pPOCTBEpKa
U CBaM C YUIMPEHHUEM B JICHTOYHOM OJHOPSAIHOM (yHIaMEHTE.

Ha puc. 3 npezacraBineHbl pacueTHbIE U SKCIIEPUMEHTAIbHBIC TPAQHUKH 3aBHCUMOCTH «HArpy3-
Ka — ocajika» Ul JICHTOYHOro ()yHIAaMEHTa Ha CBasX C YIIMPEHHEM B LIEJIOM U JUIl pOCTBEpKa
U cBail o oTnenpHOCTH. Ha auarpamMmMe BUITHO, YTO IaHHBIM coco0 pacyeTa cBalHOTO (yHIaMeH-
Ta ¢ HU3KUM POCTBEPKOM XOPOIIO OTPAXKAET XapaKTep B3aUMOBIIHMSHUS 3JIEMEHTOB (PyHIaMEeHTa Ha
ocankax a0 1020 mm. IIpu 3TOM pacxoIeHHe pacyeTHBIX M IKCIIEPUMEHTAIBHBIX TPa(UKOB CO-
cTaBisieT Ha ocaake 10 mM: y poctBepka — 27 %, y cBaif — 1 %, y pynnamenra B nenom — 3 %; Ha
ocazke 20 mm: y poctBepka — 10 %, y cBaii — 45 %, y pyHnamenTa B 1iesom — 40 %.

0 25 50 75 100 125
O < | |

Q S
10 +— TSI =t Py
\‘L‘\ I~ \:::::: ~~~~~~~~ - 906Lu
20— %N\l -0-Por
\ —_— BPOCT
30 B P
o

50 S

Puc. 3. Pacuernsie (P) u sxcniepumenTanbHbIe (D) Tpa UKy 3aBUCHIMOCTH «HArpy3Ka — 0CaIKay
U1 yHIaMEHTa B [IEJIOM U JIJISl POCTBEPKA M CBail MO OTACITHLHOCTH
Fig. 3. Calculated (P) and experimental (E) graphs of the “load — settlement” dependence
for the foundation as a whole and for the grillage and piles separately

BbiBoAabI

Taxum 00pa3om, IpeASIOKEHHbIN aHATUTUYECKH METO pacueTa, Jaxe 0e3 yuera Topu30oH-
TaJbHBIX MEPEMEILEHUI IPyHTa OCHOBaHUSA [15], ¢ mocTaToOuHOM ISl MPAKTUYECKUX LiEJe Tou-
HOCTBIO IIO3BOJISIET ONPENIEIUTh KaK HECYLIYIO CIIOCOOHOCTh (DyH/IaMEeHTa Ha CBasIX C YIIUPEHUEM
U paclipe/ieIeHue BHEIIHEH Harpy3Kd MeXy OTJENIbHbIMU 3JeMEHTaMM (yHJaMeHTa (CBasiMH U
POCTBEPKOM) C YYETOM B3aMMHOTO BIIMSTHHUS BCEX BXOJSIIMX B HEro KOMIOHEHTOB. J[ns Gonee
MIOJTHOTO ¥ TOYHOTO ONHUCAHMsI padOThl (yHIAMEHTA HA CBAsX C YHIMPEHHUEM C HH3KUM POCTBEp-
KOM HEOOXOJMMO YUYHUTHIBaTh HEMHEMHOCTh 3aBUCHUMOCTH «HAarpy3ka — OCajKa» MpH IOMOLIU
y4deTa IUIaCTUYECKUX CBOMCTB IPYHTOB.
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