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Analytical analysis for consolidation of composite foundation reinforced by
permeable and impermeable piles

YU Chun-liang, ZHANG Ai-jun, ZHAO Qing-yu, WANG Yu-guo
(College of Water Resources and Architectural Engineering, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: The composite foundation with permeable and impermeable piles can promote the consolidation process of soft soil, and
enhance the strength of foundation, implying practical applications for the soft ground treatment. Based on the axisymmetric
consolidation model, a differential equation governing the consolidation of combined composite foundation subjected to an instant
loading is established, considering the volume compression of the permeable pile. The analytical solution is derived for given initial
and boundary conditions. Then, the solution is verified through the comparison with the existing solution. The main influencing
factors such as disturbance effect, well resistance effect and compression modulus are analyzed to explore the consolidation behavior
of composite foundation. The results show that the consolidation rate of the combined composite foundation will be overrated without
considering the volume change of the permeable columns. The consolidation rate can be accelerated by reducing the effects of well
resistance and the disturbance effect of permeable column or increasing the replacement ratio and the compression modulus, reducing
the post-construction settlement in practical applications.
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Fig.6 Influence of well resistance on consolidation ratio

0.0
021y /ki=05 \
04 L ke/ky =4 000, ry/re=1
5 ' Ec/Es = 10, Ey/Es = 50
06 F —0— ke/kn=0.1
—— Ky /kn=0.2
0s | —o— Kso/kn=0.5
: —a— ky/kn=1.0
1.0 : : B
1073 102 101 100 10t

Th
() IFEKHE

02}
keo/kn = 0.5
04T Kkyky=4000,ryr.=1
2 EJ/Es= 10, E,/Es =50
osf &5 o/Es
—0— Kkgp/kn=0.1
08 F —o— ky/ka=0.5
—— kp/kn = 1.0
1.0 \ \ . Ay
1073 1072 10! 10° 10t
Th

(b) ANiZEKbE
Bl 7 PSR S & Hi R A 45 2 R R

Fig.7 Influence of disturbance on consolidation ratio

35 H-EMEEHRIEN
K 8(a). 8(b)7ralgs i 1B ARMAIEKIEA [
FE— AR B BT A2 5 b e 4 ] 45 0 2 ) 52



3260 H o+ 2017 4F
00 ML 2, RN TR TR
021 g, =50 2% XM
kelky= 4 000, ry/re =1 _ ' . .
_ 04 kofks = 05, ksz;‘ll(:: 05 [1]] BARRON R A. Consolidation of fine-grained soils by
06 | drain wells[J]. Trans ASCE, 1948, 113: 718 —742.
—o— EJ/Es=5 N
08 +E§E=%8 [21 W RERN, IR ER. S5 RIAR SR T (R RD St e [ 45 A AT
or —{— E/Es= R . N
—=— EJE.=30 R[] &L TR, 1989, 11(2): 3—17
1'01073 1672 1(;,1 12)0 1:)1 XIE Kang-he, ZENG Guo-xi. Consolidation theories for
Th drain wells under equal strain condition[J]. Chinese
(@) JERHE Journal of Geotechnical Engineering, 1989, 11(2): 3—17.
[3] XIEKH,LUM M, HU AF, et al. A general theoretical
00 m EJ/Es = 10 . . i .
kefky= 4 000, ryfro = 1 solution for the consolidation of a composite foundation[J].
splkn = 0.5, ksolkn = 0. omputers and Geotechnics, , —2):24—30.
02 kel = 0.5, keolkn = 0.5 c d Geotechnics, 2009, 36(1—2): 24—30
0.4 r " [4 XIEKH,LUM M, LIU G B. Equal strain consolidation
> 06 | i Eng;i*jgo for stone-column reinforced foundation[J]. International
—0— Ey/Es= 200 . . .
I - EJE. = 500 Journal for Numerical and Analytical Methods in
—— Ey/E:=1000 Geomechanics, 2009, 33: 1721—1735.
1'010,3 1(;,2 1('),1 00 Y [5] WANG X S, JIAO J J. Analysis of soil consolidation by

Th
(b) AiZEKHE
B8 M- B LA B A Hh I 45 T R R

Fig.8 Influence of pile-soil compression modulus
on consolidation ratio

HIE 8 "I, BEEEAKHEE- AR LA
EKAEAE - TR E B K, R[] £ R A R
(EUA B AN KR, S8 7K A — A B UG 52 A ik
[ S5 AR AR RN 2, 10 T AN B KB A
RRGE KM RS2, AL B SR 5 EERUKR,
OGS [ 2 T AR SN 25 . R, 48R ANE K
PEROREE:, BERTDUInpR I [ 45, R e 1 b
FORE ), SR HH I AR B AN RN E 25 A
LR

4 #Z ®

(1) FEFH0PRE 450, AL 5 SRR
BURAEHITERITRE, R RIRAEARAT, RAT T Bt
IO T B S AE R & R S 3 I 1) [ 45
ST -

(2) L5 SCHR[16]H B R R AT g dEAT X
FOREL, ASSORMEAS 2B 258 R AN, AR
BRI AN e A2 15 T 5 B g [ 5 e

(3) X 5zmi Bt 6] 445 1 = ZE R s o i R 8, [
ZE TR AR KM LIRS RN IR R B BN B K
R, T ANAZE 7R (14 s 4 X 2] 5 3o R R 2 M A
FEECIZE KR .

(4) ol N it P 28 S A 7 ) H B
iy SERHEAR B R L 3R M A e 4 i B mT LI AR

with  double
International Journal for Numerical and Analytical
Methods in Geomechanics, 2004, 28: 1385—1400.

[6] kZ%, Whe . E&aME=g8EE s M]. Jb:
Rl ik, 2004,

ZHANG Ai-jun, XIE Ding-yi. Three-dimensional
numerical analysis of composite foundation[M]. Beijing:
Science Press, 2004.

(71 i, Bk, Bo—HF, 55 G N ASHEKBE S & i 5
FEIR] AT ENE B &[], & 1 71%, 2016, 37(2):
323—330.

YANG Tao, YANG Huan, RUAN Yi-zhou, et al.
Consolidation analysis of surrounding and underlying

vertical  drains porosity  model[J].

soils in a composite ground with impervious pile under
variable loading[J]. Rock and Soil Mechanics, 2016,
37(2): 323—330.

(81 #¥k, Z[E e, BRIEAT T AHEK S AN 5 A [
5] A TRE2A4R, 2007, 29(12): 1831—1836.
YANG Tao, LI Guo-wei. Consolidation analysis of
composite ground with undrained penetrating piles under
embankment load[J]. Chinese Journal of Geotechnical
Engineering, 2007, 29(12): 1831 —1836.

[91 &, Z=404&, FEJE, 5. BRS8N KRR T
EEAMEED]. FGEOR AR (H AR AR, 2008,
34(12): 1597—1601, 1611.

XU Chao, JIANG Zhu-sheng, ZHOU Qi-zhao, et al.
Cement mixing pile composite foundation combined with
prefabricated ~ vertical ~ drain  preloading  under
embankment[J]. Journal of Tongji University (Natural

Science), 2006, 34(12): 1597 —1601, 1611.

THEE 270 K




