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Model tests and analyses of caisson foundation based on gravel cushion under
cyclic lateral loads

1,2 1,2 1,2
CHEN Yuan-wen~“, HUANG Mao-song ", LOU Chu-yang”
(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. Key Laboratory of Geotechnical and

Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092, China)

Abstract: The caisson foundation based on the gravel cushion is a scheme of deep foundations suitable for the ground with
thick weak soil in seismic areas and has many advantages such as excellent seismic resistance, high bearing capacity,
convenience for construction and reasonable cost. In this study, a series of 1g model tests on the caisson foundation based on
the gravel cushion are conducted using a loading device designed for cyclic loadings of large cycle numbers, and the
characteristics of bearing capacity and displacement of the foundation subjected to lateral static loads, cyclic loads and static
loads after cyclic loadings are discussed. The experimental results reveal that the foundation has reliable working performance
under long-term lateral cyclic loads. Under the static loading, the load-horizontal displacement curve of the foundation can be
viewed as a rigid-plastic relation and described in a hyperbola relationship. Under the cyclic loads, the accumulative
displacement of the foundation develops in a stable manner and increases with the amplitude of the cyclic loads. The
accumulative displacement under one-way cyclic loads is larger than the displacement under the static loads with the same
amplitude. Both the bearing capacity and loading stiffness are enhanced in all directions after cyclic loadings. Then the
modified G-M elastoplastic interface constitutive model based on the boundary surface theory is improved and programmed
into ABAQUS utilizing the interface user subroutine UINTER in ABAQUS, and the FEM analyses of model tests are
conducted, and the results match well with the test ones.

Key words: caisson foundation; gravel cushion; model test; cyclic loading; accumulative displacement; cyclic strengthening;

cyclic hardening; interface constitutive model
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Fig. 1 Model foundation
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Fig. 2 Particle-size distribution curve of gravel in cushion
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Fig. 3 Loading device designed for cyclic loading with large
cycling numbers
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Fig. 6 Schematic of one-way cyclic loads



1622 Faa= S 2018 4
®1 BB ETF SR 051 o o—o—o—o—o—o—a
Table 1 Programs of cyclic loading in model tests . 0.4y __Z__iggﬁggg g: gﬁgg:ﬁgzg
e & TR AT 2R TEIFar 45 £ —o- B3 71880 kPa {EFFA4R 1L0.30
iﬁ/ti)j\i i)‘%i)@ﬁﬁﬁ fﬁﬂ%ﬁkﬂlmﬁ ffﬁfftfﬁk § 03 L RE a5 e S g
g a &, —o— BRI 111350 kPa {REF18R H0.35
17.61 880 112.7 0.92 i -~ S —x
17.61 880 72.5 0.59 01T oo
17.61 880 37.2 030  {00000000 , , , X
26.70 1350 112.7 0.55 0 500 1000 1500 2000
26.70 1350 72.5 0.36 (EIRVE

3R i i R T TR AT 3 5 R 1 Al 5
PR A B 2 T A8 A %o it AR R RIS T IR R o AR
SRR o 1IN T [E S AT EOT K R 7 N A
[e RS [E N P A

2 NEERSHH
2.1 EEFHAmERE

B 7 Ao o A TR L A A L B S N R e
B - KPR B 2R o AR B ORI 7T 15 880, 1350
kPa WAL 78 B ) B A (1) KPR 7140 5l
4 123.0, 204.5 N.o #RFEER T2 - 7KFAL
B R R AT NI, B BE S K far 2038 0 A a7
AR RIE, (EZM B - AT A% i 2k 2 BN 28
RAMERIFEAR/NN, 2 far BRI 5 IS R4 ) I BT o
B A B fl TR TSR R A 0 Bk B R

250 -

200 |-
Z L
& 150
&
B 100
.;{,
50 -o— )V 77880 kPa
% — BB 111350 kPa
0 0.5 1.0 15 20 25 3.'0
KL mm

7 BEREFNIMEBTEMNER - KPR

Fig. 7 Load-horizontal displacement curves of model foundation

under static loads
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Fig. 8 Evolution of horizontal displacement with cycling number
of model foundation under one-way cyclic loading
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Fig. 9 Load-horizontal displacement curves of model foundation

under static loads before and after cyclic loadings
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Table 2 Extents of strengthening of bearing capacity obtained from

static loads after cyclic loadings of different load amplitudes
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Table 4 Interface parameter values of model tests for G-M models
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