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Analytical solution for consolidation of CCSG pile composite foundation by
considering nonlinearity of soil
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Abstract: Concrete-cored sand-gravel(CCSG) pile composite foundation is a new multi-type composite foundation. By incorporating
the logarithm models of e-1go and e-1gk of soil, the characteristics of the nonlinear variation in the soil’s compressive modulus and the
soil’s permeability during consolidation are considered. Based on equal strain assumption, the analytical solution is developed for
CCSG pile composite foundation, which combined with itself characteristics and stress concentration effects. The existing
consolidation solutions of sand drain foundation and gravel pile composite foundation under nonlinear characteristics of soil are
special cases of this solution. Curves of the average consolidation degree of the composite foundation were observed based on the
theoretical formula under the variation of various non-dimensional parameters such as the ratio of pile-soil modulus and soil
compression index and penetration index, and load increment. The analytical results show that the average degree of consolidation in
terms of stress is not equal to that in terms of deformation; in addition, the average degree of consolidation in terms of stress is greater
than that in terms of deformation; the nonlinear characteristics of soil have a large affect on consolidation. The analytical solution is
finally validated with the actual measurement data.

Keywords: concrete-cored sand-gravel(CCSG) pile; composite foundation; analytical solution for consolidation; nonlinear soil

a2 PR RIHEA ) A bE L2k, 7Ll
IR TR, (S EA % N R I

CCSG Bt IGHR 5 IRBE LSO FTbE, low-grade MR DAESA . L ASB RIS, SR
concrete-cored sand-gravel pile) S/ HIHERFH  GEWIHE AU A O SE R 4 6L, Ay s
LT AR R . BChE SRS HE RSN COSG HEAT A MR A MR AN HT . (R, LaR 4
WAise CREVMBREREA) MARARE Ok B e LB R, R R AR M

Wk H I 2015-03-08
FEH: EKAREEIES (No.51308234, No.51208321) 5 @A HARRIEHRS (No.2013J05079, No.2014J01160)
e, 2o, 1982 4R, A, RIEGR, WiLAERN, FENGEE T E S AR TR T M. E-mail: yycai@hqu.edu.cn




640 b +

b 2015 4

BOIEA o SEPs TREPBEAE LUK, ikt
PGB B HTH R, BIE R B, B
PR I iR AR G BB R AR TR
(KIS

% 18 AR AR e MR A 10 [ 5 BEAR MR 58 ¥
Lekha %530 10 5 N HUREAL, 45 AT 2% 18 L AR T
ARG IS R BAR LA AR A RD FE AN R AR M [
4lif# . Indraratna 25K IR BUSTRLRAG T 10 14210
W45 (AR o i B T — b8 L kel
L MEANN 7 £ P KD R AR 52 M 1) I 45 A A A o
X CCSG Wi A M RIS P RfAS R R R HBE 5 k)
LUK ui gL, AR AR R AR . AT
AP IR A X LUK B IE R BRI CCSG
BES A MIEH S5 0H 7%, R T E [ 45 2Ee
RIFI, W LARARZR IR EAFAEA L . BB, T
N e-lgo H1 e-lgh M HBRY, HEF IR 1S AR
PRI e RN CCSG k53 4 b ik [F] 45 fi Ay
it JFRSICE G PEARBEAT 238 o T LA iy SO
RO S5 B XS EE, Bk T AT i 0 A

2 WFERRR A EGE

K 18 CCSG BEAZ 15 L ] 45 TR ALY, &b,
H AR EIRIFE: g NEAIMTRG res ros 1o 7o
TP EEAR . WA e AR MBS X AR A
RIBNEAR; ry 2 735042 RS [ AR

q

JEN N T I A I

R .
i% i x
K 2 3 "
T, ,-! 4 T
7, Prc
z
1 CCSG R AHERELHARER
Fig.1 Sketch of consolidation of CCSG
pile composite ground
HEF I REPRIEARGE: (1) BIKIEREELOH

WA TSRS, SN, B G
I B AL, AR 0 AR T AR A
fre S R AR R AR R R A AN K HE, AN R TR
e LA A AN SEA AR IS, (2) 2% iR
AL NAR BRI RS BB . (3) HEHE Tk
B0 LRSI . (4) BOERM 5SS TEIERE,
B A e AR — I 2RI 0. (5) brukiis
Vit A\ Darcy 5EHE. (6) Mt SCR[6], i LA

P4 PE RSB VLRI AR [ 25 AR AR 1, HAT
ERECR, A

éz%—(;g(gﬁj (1

Gsi

5=%+(;g[fij (2)
khi

K e e 0l Ak ¢ BFZIFLBR LRI 4R FLIR
tb; C.v C il Rgiiesiins &t o, bt
Rt RN TTs o ARG RN T, ik
HHEEG Ky~ Ky R ARSI X L AE ¢ I Z 7K )
BIE RBAWIG /KT BIE R (7) 1l g5t
HOBE AR 2 DR ) AR T A %, LR e i bl 52
B ML (1) [ 45 5 1 R 1) R 4 A [|) L g 5, B
Y=E,JE,, X=E,E, (3)
K Eov Eg Es 00 N MRAR 5 BB, ibA
AR e AT AR R AR
3 TiREHET AR AR
CCSG WEE A M I T i FE T 5 ol
G, + (=1l )G, +i)+
(. -1’)e, =mwlo, (4
Kf: o, o, T, 70 AN 2 AR o TRk
LR WA AR SE AT IE AR N 5 R TR A RN
D15 u, AR AR T FLIER s o, AN
i 28 g 1E R A F AT — IR BEARR T AL 5 1362 (1)~ 33 B o

ISP
Mo @) REAEGE (7) Al

n‘c, -1 _
2 ) U
n-1+Y+a n -1+4Y+a

G = (5)

Xt n=r/rsa=m*(X-Y), m=r/r, .
AR ¢ RIS 20N ) AR aR AT RN

AN BT AAE A A SR R P37 20w ) 2 A, BT
G, =6,+5 =

n’ -1

R —1+Y+a

n‘c,
n—-1+Y+a
(e WAL - BB P U0 1 K A
W ove R 00 MIPBAKTUESE, HONER
SMMTA K T v+? ML LR
(A

RN IK AR AR

(6)

si us

% =v(2nr)— (v + %er[Zn(i’ +dr)] (D)



HH

M, I8 HARARLNE) CCSG MR & ML 251 641

i b o, 3 (20 WA ALk

@Z—ZTE}"(V-FF@] €))
ot

or

BRI L REMAR R v, e, WA —
RIEIIRNAE,  WIFAARIAA LA

%/ 5;; [7(r +dr)? — 2] (9
[EYE S S A I &= G S = WL )
6_V =2nrdr oz, (10)
ot ot
FH B AR P 7K R AR A 3 1 25 SLAR AR 1)
A, W%BGV e
LA (1D
r or ot

X (11) Jf454 Darcy @ n] 152 CCSG #E
2L R R B X R 50 X 11 5] &5 7 e

Ky l@u o’u, _Og,
v, \r or 6r o’

k_[la_aja (

(n=r=sr)

> y (ny,<r=<r)
y,\r or or ot

(12)
Ko w551y COSG S 2 b 4 A
WALk~ k2000 ¢ IS 20 B ARRIEE X
MRBN X ARV 505 Ry, AKINERE,
It 255 77 R SR A Ak
@ r=r,, ou,/or=0
Ou, ou,
® r=r, kSEZkh .
® r=r, ug=u,
@ r=r,, u;=0
® r=r,, ou,[or=0

MU (12) FARESEO. @1
Quy _ Yu P8, (1
or 2k o\ r
Quy _ yy 08,1
or 2k ot | r
AR (14 By, FAKAH@~O, M

2 2
uy AT _&a‘v rezlnL—r T 15
2k, ot r, 2

w

(13)

(14>

2 2
DL U S el Y
2k, ot r, 2

2 2
k—h rezlns—rS —Tw
k, 2

Kb s=r/r, .
MRS AT R BRI AL R

(16

S

u. =%(J‘2nruddr+J‘2nru drj a7
-

B (15D, (16) /RN (18), A

_ rezwa os,

u, = (18)
2k ot

o

2 4
B o s+ 125 5 = (99
k, n’ 4n*

SN BIR R M, FEAIAISY (6) A
oe 05, _

de, 1 e 1

ot lte, o l+e, 05, o

1 ’-1 e o,
- - Ge %, (50
l+ey n" =1+Y +a 0o, ot

H 2L (200 AL (18) A7
n* -1  0de ou,
l+e, n* —1+Y+a 05, ot

r: y.F o1

ST 2k,

A (21) W15

— ’y F n’-1  k; de om
Y 2(1+e)ky n* —1+Y+a k, 05, ot
(22)
A8 SCAR ) [ 45 1 TR R
r :La;: zkhit _ khi_(1+_e0)t (23)
4 Arimyy, 4 (0e/oay) v,
X o A LARBIEE KF 8 45 R B ¢, =
k(1 i ‘ .
R Qra) oy e R G R
(ae/aast )1‘20 yw
1 o
mvsi :mvs t=0 °
1+eo 6% o

FMH (23) "1



642 Fer +

VAR

2015 4F

Ou, _Ou, 0T, _ ky(+e) Oug (24)

o oT, o 4y, (de/os, ) oT,

Bl (24) RN (22) 715

ou. ‘_1+Y+ak 4
i _ 8nolxVrak mag (o)
ot F n -1 ke, m
XFC (1) PRIk Frr 15
e ___ G (26)
00, 2.303c,
Oe
m oo, | _ o Iod
vsi_ 5_1 0 _ — st — _st (27)
m, % G|, g
00,
Kl (6) AN 27 w15
mvsi 55 n2 O
m, Oy n —=1+Y+a oy
ol g (28)

n’ —1+Y +a q;

B (28) 8538 (D). (2) "1
k, (1+ n’ o,

CC

n’ -1 u, | &
n’ —1+Y +a G

k, n’—1+Y +a g,
29
ditis 21 ~ 29 W1
ou, P-1+Y
U _ Ew/ﬂs (30)
oT, F n -1
A
2 2 -z
— m C,
7 P S/ N et S
n-1+Y+ao; n -1+Y+ag;
3D

TEMIGEIS 2, A 2804 8 e L AR A (KR L
JerkdH, A

2
n

tzo’ﬁszl_‘sa:nz_lao (32
ZHOCER[O] s, T4
1 =n2n—2_1606’”" (33)
A
(n* -DF
LG
1+(1+ﬁg_:j “ (34)

g5 (15). (16). (18). (33) AILIEH| 1

W ARSI XA R AL

koo, n° g r) or-r
udz—zz—e h I’; In| — |-
ky'Fn™ -1 7, 2
(35)
u =20 L
" rF -1

e

) o= k. [ » 2=
v ln| —— |+ Ins —=—¥ (36)
7, 2 k, 2

B4 2% 18 L AR AR Z Ik (1) CCSG 52 45 1l B ] 25 fift

ﬁﬁo é\a =0, Eﬂ@%?%?éﬁj_ﬁ’ )ﬂ\ljﬁ (32) %’T’by‘j
% 18 L AR AR LM IR A B ST A M R A R 4

a=0, Y=1, WiE{LJ Indraratna 257K 2% (& 144

AEL LIPS L BE [ S A . T UL, ASCHE S

(1 &5 AT A2 IE A

4 [t &5 RSk
4.1 #MNAEXESE

g (32) M (33), ALY ) [

4

U =l-==1-¢7h (37)

si

4.2 HEEEXKESE

ML 1) [ 485 P T 42 WA 5 SO AT I %3t 3

R G500 S, MR e & [ 4500k S, 2 b, Bl

Uszg_t (38)

©

HIL (1. (6) Mk (33) #E:S, A&

2
5, =y (1+ ? %

¢ —_

l+e, n-1+Y+a g,

2

— L o (39)
n" =1+Y+a o

H 2
s =Gy — G0 40
I+e, n"=1+Y+a o

B B2 AR T 5 SCIR [ 45 1 -

2 2
n o, n

n—1+Y+a

U, =lg| 1+
) g[ n*-1+Y+a g,

2
Gog | figl14+—— "0 4D
(o n —-1+Y+a g

KL (37) A1k (41) A LLEH, HRE AR



B GRS, I8 TR CCSG M 1 M L [ 45 A 643

£ M) CCSG BE 52 A Hh BE 42 g s SV 45 B B4
AR T 5 SLI [ 25 R ANAH 45
5 Mg R

it (33). (37). (41) aT4n, Hpe kiR
PEI) CCSG AT 2 £ b ik [ 45 B 7 1) 1 795 o 1] &5
JE 1) SRR (o, Jos Y. ML (30D WAL,
S 25 E RN ENSE: Y. ala=
m*(X -Y)HC, /G » Hrbr, m RlREE AL RN
BEXE Bk & TG NS 00 B %08 AR R PR
CCSG W& &AL g5k, C, /G BUEAT 0.5~
2.0 200, BEEBEEL Y EA T 10~20 Z 0. it
HSHIENE 1, M FRmE 2~9 Fiog.

X1 WHESHEHE

Table 1 Parameters used for calculation
Ks m s hwks X Y C/C o,fo

2 5 3 5 1000 20 0.5 2
3 5 0.2 3 5 0.5 2
4 5 0.2 3 5 0.5 2
5 5 0.2 3 5 1000 20
6 5 0.2 3 5 1000 20
7 5 0.2 3 5 1000 20
8 5 0.2 3 5 1000 20
9 5 0.2 3 5 1000 20

0.0

0.2

0.4
>

0.6

0.8

1.0 Py

0.000 1 0.001 0.01 0.1 1 10

T,

B2 IR RN X ] 45 B R h 4%

Fig.2 Influence curves of m on consolidation process

0.09

0.2

0.4
~) - Y =10, X =1000
0.6 F -=Y =10, X =2 000

-+ Y =20, X =1000
- Y =20, X =2000
0.8F - WA A I
— I

1.0 ! L s
0.000 1 0.001 0.01 0.1 1 10

B3 AR LSO M35 7y R SCH [ 45 B S 2
Fig.3 Influence curves of column-soil modulus ratio on
consolidation process in terms of stress

0.09

0.2

0.4

Up

0.6r = y=10, Xx=2000 X
- Y=20, X=1000 ¥}
ogk <Y =20, X=2000
P o MR A AR

—o— IR

1.0 L L R
0.000 1 0.001 0.01 0.1 1 10

B 4 AR LSO M AR T xE SCH [ 45 B S i 2
Fig.4 Influence curves of column-soil modulus ratio on
consolidation process in terms of deformation

B 2 SRR LB RN (m =1, [r,) XN RSk
JELEMEN) CCSG M A A Hh L[ 45 B s mi i 2 . A
RO, m EAHSEET,  FAR T S 45 B i 2
TNy S 45 RE & T U7, SRR B e X
(1 [ 25 A PR s (ELANSE IS, PR s S ] 45 3¢
FERAZEREN, FLBE m 3G, [ 25380 e fr L,
N T I S, AT IE R RN [ 3,
4 Rl LR Y(Y=E, /E) Ml X(X =
E./E) W E G FEEmih gk . NPT LA, W
Pl U5 R, 1 XAEAERR, B Y EH K
] 25 TR s Y YA, B X (EIE K 45
TRPE IR . 15 WG 238 TR BT R A 52 (I
AT LUPR [ S5 R, BAE A, [ g5, X5
AT (1 52 45 i o] S5 38 S AH— 80 . I ies
P OISR 1 (33) h X =1, m=0INK
L. UL, 2% pE L ARIRZEPER) CCSG ME R A At
] 2 3 PSSR T AR A A A S 1 [ 253k R
B P TR 43 (33) th X =1, Y=1, m=0
ROl T, 5 RS AR AR RN S Ry,
(1) CCSG B 52 75 b LA A Ak 52 G e e 10 ] 45 3k P52
BRI T IR

0.08
02
0.4 \
S ~—C./C, =05,0,/5, =1 \\
06F = CJC =05, 0,5, =2 \
~C/C =1

> C/C,=2,0,/5, =1
OB *C,/C.=2,0,/6,;=2

1.0 ! L -
0.000 1 0.001 0.01 0.1 1 10

B 5 ARSI HEILN A & I E %55
Fig.5 Curves of consolidation process in terms of stress by
variation of different parateters



644 Fer +

VAR

2015 4F

0.0

02

S

06F =+ C/C. =05, 0,/G,=2Y
-=C,/C, =05, 0,/5,=4 \
—+C,/C =1, 0,/5,=2 l
08F wC/C =15, 0,/5,=2
+C,/C, =15, 0,/5, =4

1.0 Sl
0.0001  0.001 0.01 0.1 1 10
T

B 6 AFESHAIEILT R & XA 4%
Fig.6 Curves of consolidation process in terms of
deformation by variation of different parameters

0.0
02

04
)
—U,(C./C, =0.5)
- U,(C./C, =0.5)
— U, (C,/C, =2)
08F = UJ(C/C =2)

0.6

1.0 1 1 b =
0.000 1 0.001 0.01 0.1 1 10
T

B 7 AR C/C I PihE 45 R Ak 4k
Fig.7 Curves between two types of consolidation
rate at different values of C./Cy

0.09
02F

04

- Up(o-l)/asi =1
= U(0,/5,; =1)
i Up(o-l)/gsi =2)
08F - Us(o-l)/asi =2)

0.6

1.0 1 1 1 &
0.000 1 0.001 0.01 0.1 1 10

T

B8 RFo,/o. WEHEZEELMNLE
Fig.8 Curves between two types of consolidation
rate at different values of o, /Esi

MBI 5.6C,/C, Flo, o %% &L RAEAER)
CCSG S A M HEAL Y ) RAZ Y 5 SCID [ 5 P 52
LT LA, FN e B BL R, 2 C,/C, <1
I, 25 58 L ARARZ L R[] 4 T AN 18 L AR
PE CRIC,/C =1) ISR, HC, /C >1 1,
UM 534h, M C,/C <1 I, HhRE [ 2558 bt
G BEEINSE ) B RTRINBR, 24 C, /C >1 I, L[
ST SR BN N IR T s AE4% A T 3C
T, o, fos MR, Tk C,/C, BUifl,
5 8 AR 1 i 49 34 P8 24 BN R Al e

CHIC./C, =1) (Ol S fieh, FLH L 4 k4
B854 BRI F 88 KT e

W 7RI C, /C, AN PR SCI 46 R A,
ML, - FhE XELE R, C./C, it
W, SRR C/C MR, B
S S £ e TR s S 5k . Bl 8
KA o, o A PG S 25 R 1 2 )
FRITT R, i SR 5P T, T4 e B
o, fos TR, MR, [ 4
Bes o, fow MATIRI, $2A5 T8 5 ST 253 e e
TR 5 SRS . Fik B 5% 0 1
S IR 2 MR T 25 B0 AR

1.0 ~—C,)C, =05, 6,/5, =1
- C,/C =05, 0,/5,=2
0.8 ¥ -+ C,/C, =15, 0,/5, =1
- C [C. =15, 0,/5,=2
0.6k == A A
g
2
0.4
02F
0.0 1 1 1 7 “"»‘..: = & 1 &
00 0.1 02 03 04 05 06 07 08 09 1.0

T

B9 ARSERA T AN PHIERBIbE
Fig.9 Curves of dissipation of average pore water
pressure with time

M 9 A FEISHALI L R P2 £L K
THI T LA Y, LR (0P B fL IS AE T AR I )
KT LRWIFEI I 115 C, /G, FIEAER,
Ak T LR R B BB R o, Jos E K H KT
IR, R B ROBOR, FLIS TR RO, [ Sl
oy fos ANASIE, Ak Py T 3 4L Y O b A
C,/C AHMIHE RS s LAy AR PR
TG, s, 4k, % e AR AR
CCSG S At Ak P-4 L 3 IO J3E 2R T
AP A bk, W1 CCSG BER & bR [ g5 el

6 LN

SR FHER BH i e T A B AR R A 3 TR CCSG iR
A EARIG B ORI, ) Asaoka v S 3T B K
TR CCSG M A ML ) e AT e, I PR SEIIT
B¢ A1 5 o 200 o o 1) L A 25 S 1 45 P eI 1) 184 -ty
2k, 53 R 1RV HE250 i H A 3R A
G FEAEABTE DA AL 92 TR PR ey 28000 it I A
S5 Jii X PRI 7 VR AR AT R 1] 45 82 B B R 39 4 i 2%,
W 10 iR, SpthitE S BOUE W& 2.



B GRS, I8 TR CCSG M 1 M L [ 45 A 645

SRR 3 2%
0.0 18
02 — S 16
= KRN (N EL) | &
0.4F —+ RN (FE ) Find
M -4 1T
e ®
0.6F E
12
0.8F
1.0 1 1 1 1 1 1 1 1 1 0
0 50 100 150 200 250 300 350 400 450 500
d
Bl 10 [5 45 B Rl 1) 3K i 2k
Fig.10 Variation of consolidation degree of the
composite foundation with time
®2 GHHESH
Table 2 Calculation parameters of soil
dJ/m dym s n kl/kh  CJC. oo m
221 0.5 2 10 0.2 0.5 2 0.2

M 10 FRTLA Y TS 210 [ 45 2k
H S DN R AT (1 3] 45 158 h e S B o P [ 45
JEE 58 SCTT P[] £ 38 2 45 L S 00 ] &5 3 FEEmg 1, Jit A
7 (1) PUNASC A A BOE A 5e WL, B
R TRb A S IHEKRE S s (20 BRA I tEG BeAt
B BINBSE A AFAED TR R LG, 2RI szl
e AT I [ 45 TG AT B R a LA

7 4w

(1) 2R LARARZR M (K 3 i 5 i T A
XARAEY =1, X =1, m=0RHp, %iEtAdE
S M RO RE AT AL A A R ] 8 A R AU AE X =1,
m =0 I RREB], CCSG M52 A5 b Ik 1y [l &5 3t o e T
PR AP AR A5 R SRS b R 1 ] &30 %

(2) e AR PR CCSG iR Aithdt, $%
AT AT [ ] 25 K T4 g s 258, 5
WA B2 5 M AT 2 18 T AR AR M I TR AR [
FEN 752 DL R C,/C, <1 I, [ 45 39 35 Bt B
KT C,/C >1 I, [ 453 JSE B R I 17
JI¥E RIS . $EAR T XAEHL T, ik C,/C, B
TR, ] TS0 5 350 B P om 12 g 388 K e

(3) NIy IEHOL R, G, /C <L Itf, A%
SRR M SR R L [E 45k s M CL/C >1
I, AN S AR AR S Al L [ 2T . 4R
T SIS BL R IE18 C, /C, B, 58t AkdELk
PR A Hb I 6] 2550

Z % X M

[1] R, BHEZ, &Y, 55, JREE O AN &
FIIARIGAFIT[T]. AL TR, 2007, 29(7): 957—

—
[\
—

[4]

(3]

(8]

962.

CGEN Jun-sheng, TANG Tong-zhi, ZHAO Wei-bing, et al.
Field tests on composite foundation with concrete-cored
sand-gravel piles[J]. Chinese Journal of Geotechnical
Engineering, 2007, 29(7): 957—962.

O, WTREAN, IRDF, 5. WIUASLHAR A 2 0F T iR ak
X215 RBCRA RS I BE [ 25 AR (7). &+ CRR 2R,
2010, 32(1): 104—108.

CAI Xin, XIE Kang-he, XU Yan. et al. Analytical solution
for consolidation of sand-drained ground under
non-uniform distribution of initial excess pore water
pressure and variation of permeability coefficient in
smear zone[J]. Chinese Journal of Geotechnical
Engineering, 2010, 32(1): 104—108.

TEHiAE, WML 25 RN ) B A N R AR A 52
L ST IAT]. RHGER, 2001, 17(5): 26—
31

WANG Rui-chun, XIE Kang-he. Analytical solution for
consolidation of composite ground with granular columns
considering stress concentration effects[J]. Bulletin of
Science and Technology, 2001, 17(5): 26—31.

KRR, AR, FER 5. KPREE R &
PF N BUAR R 5275 M BE ] 45 BB RIE9E X o T [0,
A7 J12 5 T RE2ER, 2008, 27(8): 1715—1721.

ZHANG Yu-guo, BIAN Ya-dong, PAN Hong-ke, et al.
Research and analysis of composite ground consolidation
with granular columns under arbitrary variation of
horizontal permeability coefficient[J]. Chinese Journal
of Rock Mechanics and Engineering, 2008, 27(8): 1715
—1721.

EHAF, WHHER, SR, ARATE N BUARRES &
by G [ &5 g AT 8 0], WTVE K 2% 24 4 (124 i), 2002,
36(1): 12—16.

WANG Rui-chun, XIE Kang-he, GUAN Shan-hai.
Analytical solutions for consolidation of composite
ground with granular columns under time-dependent
loading[J]. Journal of Zhejiang University(Engineering
Science), 2002, 36(1): 12—16.

LEKHA K R, KRISHNASWAMY N R, BASAK P.
Consolidation of clays for variable permeability and
compressibility[J]. Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, 2003, 129(11):
1001—1009.

INDRARATNA B, RUJIKIATKAMIJORN C, SATHA-
NANTHANL. Radial consolidation of clay using
compressibility indices and  varying horizontal
permeability[J]. Canadian Geotechnical Journal, 2005,
42(5): 1330—1341.

FUEARE, WRERN, AR, A% BEAHE R A AR
[ SEAEATAR ], 51017, 2010, 31(6): 1833 —1840.

LU Meng-meng, XIE Kang-he, WANG Yu-lin, et al.
Analytical solution for nonlinear consolidation of stone
column reinforced composite ground[J]. Rock and Soil
Mechanics, 2010, 31(6): 1833 —1840.

AL, WOSI, S, & (bR IR LB A b
A I [ A5 — D). TR, 2013, 30(11): 127—
135.

YU lJin, QI Zhi-bo, CAI Yan-yan, et al. General solution
for consolidation of low-grade concrete-cored sand-gravel
pile composite foundation[J]. Journal of Engineering
Mechanics, 2013, 30(11): 127—135.



