®asH B2 # £ T B ¥ ik Vol45 No.12
2023 4 12 H Chinese Journal of Geotechnical Engineering Dec. 2023

DOI: 10.11779/CJGE20221107

B INER RIS & A A EN I i 5%

FEE, 7 HE, BRI, EHRAL B A
(L. IR L )1 SR I TR W S0 =, V175 Mg 210024; 2. g K%A L TREFFAAT, 1LH M 210024;
3. IR A K FK I T R R B FRA R, Wi KYD 410007; 4. T RE NS MR BHBEARAR, TR T 510050)

8 FE: RS RN SRR I E SR, SISO SO s A FR A 52 b R A I TR R A AL
WRFLR A B ST A R D o0t A 330 BB oy T M2 ARAH, AN T2 R0 S48 35018, FIH TR
FEHARIHUE. FiaTiEeE. RIGHATETE 42 d PRI T 350 kPa I HIE AR B RIF, KHT EatkrhEmE
SRAR B M, BB REE AE AE LR A SR A R R R I e R, IR AR M A T IR R RE A B TR -
Pisem o DA ExT SRt 2 G R A B P e, A R AT 2 S i S s bt R I A BB AR ek e, 2
FolfE FH 2 B2 IR AIVR 2 LR AP, ISR (G RR BERR T 55 70 )2 BT BERR BE AT KN o AT A5 i 6 2R AR B
RN TIR G P, AL E S TR IR A, BB ISRt i) 77 S & EE i .

KR R, EAHEE; bR KiEk; TR

FESES: TU4T3 XHRFRIRAS: A XEHS: 1000-4548(2023)12-2624-10

EERE T ZEYE1964— ), 53, L, BFR, FEMNF PRSI A 1 AR VS T T 0 SR AR .
E-mail: Ilgwnj@163.com,

Experimental study on bearing capacity of composite foundation with
plain concrete piles reinforced by border piles

LI Guowei"?, SU Tong*?3, ZHOU Chuner®, LI Linjie?, XIONG Li?
(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210024, China;

2. Geotechnical Research Institute, Hohai Univesity, Nanjing 210024, China; 3. Hunan Hydro & Power Reconnaissance & Design
Research Institute Headquarters, Changsha 410007, China; 4. Guangdong Province Planning & Design Institute For Water Transportation

Co., Ltd., Guangzhou 510050, China)

Abstract: In order to improve its reinforcement effects, the bearing mechanism of a composite foundation with plain concrete
piles reinforced by border piles under large loads and rapid loading is studied. The research shows that the composite
foundation with plain concrete piles transfers most of the loads to the underlying layer at the pile end, and relatively reduces the
compression and shear deformation of the shallow soft soil, and makes use of the compression and shear resistance of the deep
soil. When the accumulated test loads reach 350 kPa within 42 days, the overall stability of the foundation is good. Under the
large loads, the plain concrete piles in the composite foundation will incline or bend, and there is a hidden danger of tensile
crack damage and damage of the pile body concrete at the junction of soft and hard soil layers. The damage of the pile body
concrete shall be considered in the foundation stability analysis. The reinforced border piles have a significant stability control
effect on the composite foundation with plain concrete piles, while the strength of the border piles is the same as that of the
others under the same layout, and in this case the foundation cannot maintain stability. The stability control effects are mainly to
limit the horizontal displacement of the shallow soil. The effective depth of the reinforced piles mainly depends on the
resistance provided by the bearing layer. When the foundation with border piles and the others which have the same strength is
fails, the damage of plain concrete pile body is orderly. The position of border piles belongs to that of early damage. The
scheme of reinforced border piles is reasonable.
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1 EI}_IL iﬁ .‘Lﬁ Eﬁ & %I‘é& {E 1;% ?u Table 2 Mechanical and permeability properties of soils
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’54 _ @ WPEmEFELE 122 99 122 26 043 028
JRERFR WK 1, 2. ® ey - - - - -  —
xR 1 HEIR FIERR @ #mEFHt 177 272 085 97 072 0.71
Table 1 Physical properties of soils ® HoH — — — — — —
WE WE B2E Gk &=y M R B ©® mpFEt 177 272 083 124 072 071
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Table 3 Design parameters of composite foundation in surcharge area

eI X A B C D E F G H I
PERY pIEE ey i R iGNyt
HEAE/mm 300 350 350 350 350 350 350 350 300
MK /m 16 9 10 12 12 12 10 9 16
AL =M T % =M
A TA] P /m 1.4X1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.4X1.6
PEME/mm (KxBExE)  Lx2100x300 G 600x600%350 550x550%350 600x600%350 I Lx2100x300

W A, T X RRE RSN C20; B—H XA AR E RS C30.

Table 4 Summary of test plan

WAL G WAnEm  BE W SR b s
RN st Y T A A o cr
SRALIE AL L - eI KY-1
0~26 Ak ) i 2 I R il CX-1
o s o st g 0~26 +15 0.1 mm/ HE ] T —@ R LU B A CX-2
wEicrE mEkwms 0 aD G L A e
0~8 AR —HERIX A A CX-4




%12 3 EYE, S5 AP R FERR A G R R R IR 7T 2627

1.3 HEEREZE

(1) FALY PR

HE KSR, AN ERIRIX K 260 m, 98
46.7 mo 5T N 7 SRAHE KA AR e 5
FERERI AR OL, AREA VIG5 % CFG HERIAT TS
Oy FENL = HEYRIAERY LA 2.

/ IO.S m
RS ]

14 m
(a) B

Lt 3

(b)) He3 I BE Jy it B4 3 3 5

R A

| e
| ly =/ W

2 HENE
Fig. 2 Model view
BRI HES B FE T L 174.4 m, BLEPROIRIR
HFEFNSE R It L, MESRIX AL 1.5 £k
XFERE, Wikl 2 (a). VHEHEIKETT AR Ab B 4 i
HATR], PR RAE A FE T [v) B R B AN A B BT
KB, B L.6m, WK 2 (b), BT —AEAITHIIN
I it 0 PR, PSR Y W HE 3K T 1) R R T
B 0.8m, WK 2 (c)o PEABRIATIREE J7 A HL 45 m.
TR X AN W FE HERR X M B AL B AT AP AE, 2
B RE AN SR B, AR S+ T
AR B S AN S B AR
(2) & X Hzhm
AR T BESGVE I 5iE Y FRARHEAE 55 i R HE B
FEH R B ASE PR ISR, HEME . InsR Y T
LR 5 AR R ] RS R, RS AR B S £

JE P B S IEUME, IR R AR SRR
FHPYE XI5, [ B R FH P9 L X3 2 K e 4
BB, TR =+ TR S R R 48
AR, HEBAR S AR 40 e 43

(3) W EIBFFKAM B

TES LB AT p O THT B HE B A0 R i S5 0T
FRiLFM A LR, Hudt )R W B AL, B2
BEONHEK R, HoAth i S AIZE K o bR A 38 I model
change” SCHL 7 HER

(4) KI5 Mk

i C3D8 FLITAE N & kAR LR A (1 BTG,
B[] 8 47 s PUTH A4 AN FE LR sk sion, 1
C3D8P e AL R Z 80, 23 (A 8 747 s
7N T 2% RS L R [ 45 1 S A BT, A5 A S A
KH C3D8 Hijt, EAYEEARILL S 45150 NSMAE, 40
K3 R,

&l 3 fRBUER(AMIAEKY 57
Fig. 3 Mesh generation of whole model
1.4 HEEDRBHAEXZNTESE

AR v B R A 58 F R AT M-C BRI, #4R
MRS, EEEE. SBIERE. Bfatt. FEIM
P BESE A A AR b B 5t A A SR ) e AR IR
BARE, DAHHMTEERE, WS alie b & s
PRI RS, A SRR IR B R AR, TE N
IFREERE €N DR A SR

e AL = A RSO S B B i A 1Y
KHEIM RIS H, R TR R4, FLRR K AR
JE KRR AN G 1 DL 2R S 1 E I3 R S5 380 2 2 Hn
xS,

1.5 MEFIRAIEE

Y ep SR LR i B 2t A ) VR - 8 R
FIEAE S D R RS, e i 5 I 28 1P A A e PR 45
iR d SRAFIU R e 4 R s S U5 WU T P A
R, 10475 IR i 2 L IR 4.

MELTE BT d=0, FERWIANE d=1,
HOCHR[14], BOZBLEEE R4 R KT 0.95 18R
LR R BRI bR A o TRBE LA 40 J 1) B A
E A



2628 s LT OB % R 2023 4E
x5 BERBERBINFANESHER
Table 5 Equivalent mechanical parameters used in numerical model

o pl 7 c o/ E/ Y BIE R/ (cm's )

(KN-m 3) /kPa ) MPa ke kv
RSl 29.2 5 35 80 0.25 1.1x1073 1.1x1073
(R 18.5 80 30 30 0.2 1.0x107 1.0x1073
3 RN 19.1 25.1 18.7 9 0.35 2.0x10°¢ 2.0x10°¢
W FiE L 17.2 9.9 12.2 2 0.35 3.9x107 1.7x107
e L 18.5 5 30 25 0.25 5.0x10° 5.0x10°
MR L 19.2 27.2 17.7 9.7 0.33 1.4x10°¢ 9.3x107
HoH 18.5 5 30 26.5 0.25 5.0x10° 5.0x10°
MmEE L 19.2 27.2 17.7 16.1 0.28 1.4x10°¢ 9.3x107
it 17.4 32.6 14.8 20.4 0.4 1.1x10°¢ 8.6x107
IKVEFHFENE 28 — — 1.5%10? 0.3 — —
InagER TREE 28 — — 2.55x10* 0.2 — —
RIE B 78.5 — — 2x10° 0.3 — —
AR AL 28 — — 3.0x10* 0.2 — —
HEME 28 — — 3.5x10* 0.15 — —
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Fig. 4 Stress-strain and damage factor curves of concrete
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Table 6 Parameters and consolidation degrees of hyperbolic model

for soil compression between piles
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Fig. 8 Time histories of pore pressure in soils between piles in

middle of surcharge area
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Table 7 Additional stresses corresponding to layered compression of soils between foundation piles in middle of surcharge area

R AR EREEm B/ LB R4 RBY R4 RIBTE  RIRE ﬁi)%’)i
kb MPa'! H/mm kPa m 47 /mm
o EN 0~1.9 1.9 03 .
@ W+ 19730 I 1.453 1.22 30 35.5
3.0~4.7 1.7 3~6 29.7
® M4 4.7~6.2 1.5
@ igrik 6.2~8.8 2.6 0.751 0.85 0.8 0.84 6~9 0.8
s 9~12 0.7
® o b 8.8~13.7 4.5 15 05
® WM+ 13.3~17.0 3.7 0.739 0.83 73 53 518 63
@ it 17.0~18.0 1.0 1.254 0.66 : : :
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Table 8 Soil pressures between piles and pile bearing loads in middle of surcharge area
= == i &/ R4 RHY ARy HETE] £ PEARSTEY  BETUES) AEARATER
Y /m mm MPa’! kPa HRE/KN kN MPa i bt
@ 1.7 30 1.22 35.48 86.23 809.77 8.42 0.90
® 9 BELBKENWNERESL DR
Table 9 Analysis of observed data of excess-static pore water pressure
PR REEIEM WML UNRAP FLIE I P EURLL
4m 15m 4m 15m
1 6 0~476 175.2 10.6 160.9 10.6 69.1
2 8 476~1717 58.4 11.8 79.1 10.7 31.9
3 9.5 717~861 43.8 9.6 412 9.1 20.1
4 11 861~1005 43.8 5.2 23.6 4.5 20.5
5 12 1009~1490 29.2 2.5 8.8 1.5 54.0
. >36.4 > 195.6
it ¥39.7 £313.6 0204 2%
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Fig. 10 Time histories of horizontal displacement distribution of
deep foundation outside slope toe of surcharge
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Fig. 11 Horizontal displacement distribution of deep foundation
at left side outside slope toe under different working conditions
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Fig. 12 Failure position of piles and sequence of foundation with

unreinforced piles under slope toe
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