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Centrifugal model tests on lateral mechanical properties of composite
foundation under different additional loads
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Abstract: Three centrifugal model tests are carried out, and the axial force of piles, side friction resistance, pile-soil stress ratio
and moment of piles under different loads are compared. The test results show that when the additional loads on the composite
foundation increase: (1) The axial force of piles and the increments caused by the excavation increase obviously, and the value
of pile side friction increases under the same direction. (2) The pile-soil stress ratio and its increment obviously increase. (3)
The bending moment of piles under the excavation conditions increases correspondingly, and the effect of the load is gradually
reduced as the distance from the foundation pit increases. (4) With the heavier additional load, the soil between piles is more
susceptible to the disturbance of the excavation, and the load is more transferred to the rigid pile, so the axial force of piles
increases, with the larger bending moment of piles, the demolition tendency of the piles is accelerated. The conclusions can
provide reference for the design of retaining structures adjacent to the existing composite foundation, and the lateral
displacement of the composite foundation should be strictly controlled.
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Table 1 Parameters of centrifugal model tests

kg 2H Test 1 Test 2 Test 3
LEmE OkPa 180kPa 240kPa
BT R~} % 650 mm, £ F 850 mm, & 400 mm
IS4 FE4E 20 mm, #E4 350 mm, HEA]EE 80 mm
PS4 =% 550 mm, FEE 400 mm, JEE 9.5 mm
bR K IRFZIR 60 mm (Stepl), 80 mm (Step2),

110 mm (Step3)
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Fig. 1 Foundation model
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Fig. 2 Change of axial force of piles in composite foundation with
excavation
R 2 HHHNDRRENREREMBEFZERIEE

Table 2 Maximum increments and depths of axial force

X562 Test 1 Test 2 Test 3
I KA BT TR IR 9m g8 m 7 m
BRI R E 3.31 kN 7.10 kN 39.40 kN
WO RO E 61.10kN 50.32kN  215.71 kN

BT R E 136.78 kKN 200.61 kKN 314.10 kN
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Fig. 3 Change of side friction resistance of piles in composite

foundation with excavation
XTECIE 3 A RIFZ S R ) BERE 3G &, T LUK
MAEG TN, FHZEA B ] R A R
BEL 7 A (38 K o X A A gy B p s i, wT



HF 1

IR, SF AL TS 7 B AU LB T 155

PRGN feRe: JEYUTZ, 045 L b Ay ) 22 /it
Rk, SBEREIE N  [RIN fr 4R AR RS, Ak Ak
DURESE R, AR 500 I BERE ) ol 2 3K o 7 208k,
TARBI SR R K s, B 5 S BT RCm, n
KBE 2 (B 22 F Ptk DIRP a2kl 240 kPa )
(VA A BE BEL 77 DR 42 100 P A BE RIS, 29 5 R 92
AU 35.58%, iz KT 180 kPa Ff 1) 17.91%.
2.3 AR Akt

RYEZERE M S ARY, HE TR I,
Fofs FLRE 42 AR A AR 2 ) A P 4o

0 Step0 0 Stepl
2 2
4 4
£ 6 —&— Test2 £ 6
i —4— Test3 i
%8 8 —o— Test2
10 10 —a— Test3
12 12
14 14
0 1 2 3 4 5 6 -1 0 1 2 3 4
BEL N7 Ho e e B
0 Step2 or Step3
2 2L
4 4t
\E 6 \E 6L —— Test2
= B | —a—Test3
%8 8l es
10 —o— Test2 10+
12 —&— Test3 12t
14 ! . . . , 14 ,
-1 0 1 2 3 -1 0 1 2 3 4
BE-L R Lot R BE-L R Lot R

E 4 S&MtEME TN A RIEE

Fig. 4 Change of pile-soil stress ratio in composite foundation with

excavation
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Fig. 5 Change of bending moment of No.1 pile in composite

foundation with excavation
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Fig. 6 Change of bending moment of No. 2 pile in composite
foundation with excavation
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Fig. 7 Change of bending moment of No. 3 pile in composite

foundation with excavation

3 &% i

S = LI ST 2 MR TR 35 0 LB K56
ot BT T S [ A2 2 B 35 e R b 5 )
S TSR A, T AR TR s
SRIS%, FELRNT

1)t 7 R FF T 2 8 R TR e 1
JEWN, LRSS AR 5 LR g 1
MO R EANIE, FF5 R WA B A, -
TR A, Al 7 K PR 7 P45 28 L B B A

(2) SAEAE LB REIN , AL bl 2% 5
AR, S BEE I LB
BB, BEE R O R, DT R
B A% .

(3) BEETFZMHEAT, SR8 T (M2 4
FAREHE A, FLBN . BEELRRIT, 254080k
BRI s [ Eh TR AR 2 LA B 5 R R A
HAKCFRLRS BB B TR AR S — 5 [ Lo s
SR E S S, Ak, BB IELORRIE, PN
BRI K /N X A 25 1 R W P 240 A PR

(4) EAHIE LB BN, BT EA Hh
18] 87 1 AR AT A 2 5 2 BT I
AU, R AR S R R R, b ST
IRk 1 L A R A 7 A K5, 1344
PO A 32 3842 4 00 T % A R 0 7T AR

SEH

(1] 2R, ki, 1REM, 55 B CFG EaHix ik
00 1 Jor 1A Y A 26 0 S P S5 R AR AL D). - T RE 24,
2012, 34( % F]): 500 - 506. (LI Lian-xiang, ZHANG
Hai-ping, XU Bang-shu. Optimization of excavation

supporting structure considering lateral reinforcement effect

[3] LIYANAPATHIRANA D S, NISHANTHAN R. Influence of
deep excavation induced ground movements on adjacent
piles[J]. Tunnelling and Underground Space Technology,
2016, 52(2): 168 - 181.

[4] 5k538, Tenite, BARA. AR AR X 1 5 A
FrZE VR S W AT (D). £ TEEAE, 2013, 27(3): 89 - 92.
(ZHANG Jing-yao, QIAO Jing-sheng, LIANG Le-jie. Impact
of the soil lateral displacement on the performanceof the
adjacent composite ground[J]. Soil Engineering and
Foundation, 2013, 27(3): 89 - 92. (in Chinese))

[5] ZFiERE, FPRZE. WM EEGUIT 2 2 & B 1) 7 22 PR
DRI 7C[T]. EARTREZEM, 2017, 50(6): 85 - 94. (LI
Lian-xiang, FU Qing-hong. Centrifugal test study on lateral
mechanical properties of composite foundation adjacent to
foundation pit excavation[J]. China Civil Engineering Journal,
2017, 50(6): 85 - 94. (in Chinese))

[6] ZERE, BMELE, FFICE, & AREBEHREE S 21T
R B n A 5 ma R B Lo IR BT FE 0], A 0%, 2017,
383 T 1): 131 - 139. (LI Lian-xiang, HUANG Jia-jia, FU
Qing-hong, et al. A centrifugal test study on the influence of
additional loads on mechanical properties of composite
foundations with different displacement rates[J]. Rock and
Soil Mechanics, 2017, 38(S1): 131 - 139. (in Chinese))

(7] Z3ERE, BOEEGE, RUBSPH, &5 WIPERES &3t S5imin 5T
SCH SR B B ORI (] A A S TR
%, 2017, 36(3E T 2): 4142 - 4150. (LI Lian-xiang, HUANG
Jia-jia, CHENG Xiao-yang, et al. Centrifugal model test of
interaction between rigid pile composite foundation and
adjacent foundation pit supporting structure[J]. Chinese
Journal of Rock Mechanics and Engineering, 2017, 36(S2):
4142 - 4150. (in Chinese))

[8] XML, B A, WOCTt. HEEGUEERH )T R INVEYIR ).
HE %, 2004, 25(9): 1442 - 1446. (ZHAO Ming-hua, HE
Wei, CAO Wen-gui. Study on calculation method of friction
of piles[J]. Rock and Soil Mechanics, 2004, 25(9): 1442 -
1446. (in Chinese))

(34 BAZT)



