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Field test on composite foundation with thick cushion and sand pile group
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Abstract: Base on the foundation treatment of south anchorage caisson of Wenzhou Oujiang Estuary Bridge, nine groups of field
static loading tests on composite foundation with thick cushion and sand pile group of different cushion materials, cushion thicknesses
and pile spacings were performed to study the application of this composite foundation and influencing factors of its bearing capacity.
The interaction test on sand piles installation was conducted to investigate the impact of sand pile installation on completed sand piles.
The results show that thick cushion and sand pile group, which can strengthen the soft foundation very well, is an ideal way of
foundation treatment of super-large caissons. Water content of cushion, material of cushion and thickness of cushion have greater
influence on bearing capacity than pile spacing. Because of the differences between the impact on sand pile and the impact on soil
which are caused by installation of sand pile, it is inaccurate to use compaction effect of static-press pile to analyze the impact on
existing sand pile. The impact on existing sand pile is very large and the maximum impact concentrates on the 1/3 pile length below
earth surface. At the same time, the better of soil property, the smaller of this impact. A big pile spacing and blocking effect of existing
sand pile can effectively reduce the impact.

Keywords: large-scale caisson; composite foundation; static loading test; influencing factor; horizontal displacement
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Fig.1 Diagram of semi-caisson (unit: m)
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Table 1  Soil parameters

=) _ P B L RE
wreds w0 RET g O s
/m /() /kPa
HhE 4.39 / / / / /
WRHEA T -1031 147 9.6 5.7 17.4 55
WIE 2481 147 124 3.9 16.6 50
WA+ -3501 102 138 6.3 16.9 60
#t 4111 61 190 45 17.7 100
¥miZEt -5591 148 105 18.7 18.4 120
bR -58.81 29 135 21.4 19.9 140
YR / / 0.0 40.0 22.0 400
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BR, JRTE T ENE 3B AR N W B LR A
NEMNZARE T, WD E IR B R 1) 2 E
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Table 2 Test groups
4 B ke iR k£ — BB R AR PR o " .
He m m I . IEMRL KL /kPa FARINERAE #i
b DZ1 0.6 / 31 oAb / 462 510 kPa (144 kN) /
DZ2 0.6 / 31 ekt / 462 510 kPa (144 kN) /
FH1 0.6 0.7 31 FORY 50% P +50%H HE D 682 700 kPa (448 kN) #J)3081m
FH2 0.6 0.8 31 FRRE 50%Kr P +50% R RS 682 700 kPa (448 kN) #2081 m
FH3 0.6 0.8 31 R 50% L +50%4 8 682 700 kPa (448 kN> #2081 m
o FH4 0.6 0.9 31 RS 50% K +50% LD 682 700 kPa (448 kN) #5081 m
. FH5 0.6 0.7 31 FRRE 50% T RLRP+50%F JE 682 700 kPa (448 kN) #2081 m
FH6 0.6 0.9 31 FRRE 50% T RLRP+50%F JE 682 700 kPa (448 kN) #2081 m
FH7 0.6 0.8 31 RS 50%K +50% kLD 682 700 kPa (448 kN) #FE16m
FH8 0.6 0.9 31 ebiEkiy 50%41 b +50%F1 J& 682 700 kPa (448 kN) BFE16m
FHO 0.6 0.7 31 oA AR R 682 700 kPa (448 kN) HZ 16m

e R ERCRINEEIE 5 PR BT EOR BRI, 1565 B AR 2R e B AR T 548 B [ 58

B2 BB, RhE

Fig.2 Heaped load and reaction frame

B3 mEEE. AR
Fig.3 Loading device and dial gauges
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Fig.4 Steel casing of single sand pile
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Fig.5 P-S curves of single sand piles
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Fig.6 Instruments soaking water for DZ2 test
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ek Je 32 3 MTLUE Y, PIARBLBEEE 1 naad #2
RIS ZE AN K, IR T S kb 2 o3 A (3 S
STt DZ1 A1 DZ2(2)K) P-S #hizk, BIw]2»#7 i TRl
TR AR Sk 2R B TR TR . BT 5 i LR
H, TR R 1, JF80NE 144 kN i,
B K PT A RE L F) 19.93 mm, #1#)5 98 1 2.98 mm,
I AT SR 16.95 mm. T4 TUE 2 5 1 Sk
2, BN NMER, B ARUTEENCA 3.90 mm, 1Y
NARTUETEER) 19.56%, P& T 80.44%, %k
ZJEElE 1.85 mm 2 5, AR 2.05 mm,
IR A TIUE e 2 DT R B 1) 12.09%, K T 87.91%.
AR HKDIE R IR AR IRRE KT
80%, ] Lt T Hi T 0T A R B AR AR B .,
ST SR TN RO AR AR SR AR 2 T, AR
PEARER 722 KR HE

M5 LT LE H, AR AT P-S 435N
G, HAREANINEO AR AR I R i
INER A A RAE 144 KN I, A TE 2 S B PR AR 3R
1, HCSERR HAE AR A R TR
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Table 3  Test results of single sand piles

L RAUIRER RAUIMEE AT AT
Bk /mm P2/ % /mm PR/ %
TEHT(DZ1) 19.93 / 16.95 /
i J5 (DZ2(2)) 3.90 80.44 2.05 87.91

3.2.2 HA MR

BT 9 HE G AR, B FH2 1B ILRFR 2
4b, FAth 8 41 P-S HZRI LAY, TR E i
KAERT AL BIREBR A #R F7, W R TR

MEZITRAE A EE R, S KN AR JE 2
JEROHE R A RO AR B R T, R, EEE-R0E
A M IR TRAE R N 350 kPaC HURL FR & % 7111
1/2), G2 FEHR 4 & 11 636.4%.

ARSI f P K, B S/h=0.01 (b Ry#kfir
BB Xof BNk B 56 i 52 6 ML 7 2 s
HEAE .. 2SN 0.81 m ) 6 MRS s, FHA Y
AR ITRHEE /DN, 53] T 414.1 kPa, iz
I 752.8%; TMHJZIEEN 1.6 m ) 3 MMkEe i
W, FH7 BRSO IRIEE &N, 2 679.7 kPa, 25
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Fig.7 P-S curves of composite foundations
(FH1, FH2 and FH4)
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Fig.8 P-S curves of composite foundations
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M FHL AT FH5 1) P-S Bkl LUEEL, ANFEI
BB R 2 B A R DU B = AR FHL R
R 50%K b F1 50%H AP EAT 38, 17 FH5
2 101 5% FH 98 15 O 5 1) 50% kLD AT 50964 5 i,
FH5 [ KRUTR R L FHL 1) i kU B & B AR
41.3%, LR EE .

FH2 fURIRiEOURER, HORRENS FHT T FHL
HEAT X Bl Sk 15 B 28 2 JE B S AT A M 3 AR A1 D (1 5
Mo M) P-S HIZ T LAE H, BAR FHL HIAENH]
PEA 0.7 m, FH7 FIFEIAIEE A 0.8 m, {HEHT FH7 3
JEZEFERE K, KPR ZP RN FHL, FHL
F &N 14.36 mm, 1 FH7 BITTREEICN
5.40 mm. 2N 50%, R FEIE K 14.3%,
VIR AN T 62.4% . B2 E X AE+E R ZH
LB A AL Ry N R A F{ED WA Al

B
4 WML AR HL R R e

4.1 UBRMHEE

95 BT RDATE it T3 AT T O 58 B AT P 5 1)
FERE, 76 Ot 158 SR 8D b poOoir B HE B 10 A
B, AR AR AR 2R, R 1
FIFIRZ KA KT T . MIRVERE N
35.5 m, 1¥IRIE IEJ7 RS 67 7THF0 8FRbAE 0
LRIV TR, 2MMRVE IEJ7 VR 5PR1 THRD AT O
LIRL T . 8 WA A 31.0 m, BEEN
600 mm, AEIA]EE 9 900 mm. A A AL A B K
WK 9 Fim .
42 WAIERGERT

WA T DURHE 2238 K MR Iy (B sk 3. 4
Ji7m o


javascript:;
javascript:;

3760 Eo R S - 2018 4
9 KA /mm
-50 0 50 100 150 200 250 300 350 400 450
LR e
o# 25 1
R 5.0 L
75
@ 10.0
Ik Sl A8 A 12.5
RO Fp i Ao} c 15.0 %E;l'ﬂ__ﬂ
1# 175 -]
>, L E\i 20.0 gae?
IEJ7 T 9225
B9 WHERUMERER (B mm) 250 LR
Fig.9 Layout of sand piles and inclinometer gg'g - i g :j“jf;
; . : — i
pipes (unit: mm) ggg ce 36 A
375

R4 DHEET. WRHEZERER
Table 4 Schedule for construction of sand piles and
installation of inclinometer pipes
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PAVIIFER =S e
5%, 2*Rb it T
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3%, 6* DI T

RS R R RR

Table 5 Monitoring schedule for inclinometer pipes
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= 551 R
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Fig.10 Displacement curves of No.1 inclinometer pipe

B11 FugtE ) Akl

Fig.11 Displacement curves of No.2 inclinometer pipe
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