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Analysis of rigid piled raft foundations subjected to coupled loads in layered soils

JIU Yong-zhi"*, HUANG Mao-song"*, MU Lin-long"*, LIAN Ke-nan"?

(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: A simplified analytical approach is proposed to study the behavior of piled raft foundation with rigid raft subjected to
coupled loads in layered soils. Based on the shear displacement method, using the transfer matrix, the pile-pile interaction under
vertical load is analyzed. Adopting the modified subgrade modulus, the pile head-pile head interaction under horizontal load is
analyzed through the finite difference method. Based on solutions for stress and displacement in layered elastic half space, the
interactions between pile head and soil surface, soil surface and pile head, soil surface and soil surface subjected to coupled loads are
taken into account to determine the flexibility matrix of the pile group-soil system. Then the load-settlement relationship of rigid piled
raft foundations subjected to coupled loads, load and settlement of the piles along the depth are obtained. Comparison between the
finite element results and the calculated results is carried out; and the feasibility of the present method for analyzing piled raft
foundation and the superiority of the modified subgrade modulus are proved. The piled raft foundation with rigid raft subjected to
coupled loads is analyzed. The calculating results indicate that the horizontal load will cause the pile raft foundation oblique.
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Fig.1 Sketch of pile-pile interaction

den (2)

dZZ

d2W21 (2)
dZZ

- 2’w,(2)=0 (D

— 22wy, (z) = w,(s,2)]=0 (2)

» k.=
E A, In(r_/r)

ro NHBCEWAR, G o BARBTUIRGE, E bk
MIFPERCE, A, WMERIRGEIIA: w, (2) Bk
VleEz&MV%@mu@ wy, (2) AHE 2 7E
BE 1 IRSEm R P AR B A2 s wy (s,2) AbE 2
AEPRIBE 1 AR H AR A RS, s ABENER
AR ST G A SCHR[9] F 4 3 58 ik 2 45 ) e ke
B R L A Vesic 08 14T 7 k4T T dE
TIOR3 A W 52 ) B A BN B ARG AL I ) 12
TEHBIASTR, AR i) = B0 SRR T R
_75(0-v)Y E, |ED'
" 34 1=V \ B I
TN PRI 48 2y M B P R Ay
_11.5(01-v) E, ED4
M 3—dv 1-? E[

(3

ﬁ

)

T

A
4v 2

3- 3
7—-8v +—+ —

1

;/

41-v)1-2v)| , _ 78,
R+2% @(&+@ZJ
r r

&=1+{%, R=y2] + j,zﬁﬁﬁ
r 7"

TR YRS s D N EAR: Es AR Ly s A &
A B 1 R I /A = AR S B = A 11}

. EI ED* pY'
PUsHRE, MK =22 =011, ]t =—=10] = | ,
EL EI L

s pp

RN
W

Hor L ohE K.

LGB MR, X AT AR
PO TR (5) R s BEACT ARl i oy Ji e
(60 SR PRZ MR Ak, AR JZ AR M 5 AP
f B SRR AEAH SRR T b X FOr e
(6) , T 5 HH IR Hb e e s P i 7 B S A fp 1)
SRAfAE T SN AE RN BB B4R (1 B AR
Sy, ARG AT BRZE G200 e st A= il i o s Rt A
KA o

5L§§§524-4A4y”(z)=() (5)

d*y,(2)
#4_4}’:[)}21(2)_)}5(5,2)]:0 (6)

k. k,
A A=4—2— /1p=4 v,
4Ep[p 4Ep[p

ni(2) PSS




53 A7k B

o 2 Al AR R IR M NI A AL AL 53 B 851

BE 1 AEURIE 2 ARFIAE S AR sy, 9 HTTRE 1110
SEMAME 2 A AR M IACH iR s 2 s AL
MRy, (s,2) A THE 1 IEEMRE 2 Abr A (K
RRENENEER LN VA

HH Wong 45U G T B AR ELAE I 5 S, AT
FIME j R @ (R R 090

app L= Wij (0)
Pwij Wjj (0)
o _ Yy (0)
Py (0)

Vs (0)
f;;,.j =M (@D)
Vg (0)
0,,;(0)
a%”zgﬁw)
Hjj
w0 (0)
Aoy =
6,(0)

A w, (0) bk j IVTHASUIE I 85 88 i fr 280, A
RBICHE & TR 2L S AL s w, (0) AHE j TREAL
I EAASE R  fr AT, A TR A R R 1) 7
s iy (0) 5 0y, (0) 735 A BE j TWEESA I I Ffr 7K
SPATEI , AEARIEHE § TR A /KA « £
Vi (0) 5 60,,,(0) 73 S A 7 T AU I F A2 Aoy
B, FENE 7 BB BT AR S . e A
Yoy (0) ~ 0,,(0) 73l A b j THUES AL I S 25 R
FERRIERE ¢ IS LA AL Heffs 3y, (0)
6,;(0) 73 HAHE j AN AL RN, AERE j
H BTG = A KT RS B4

ORI R R AP IVER R KT 3R
BRAE R T IACTZ2 5 KP /B R (0% M 225
BHAE PR AMRIED N 7 =w,(0), S, =
Vi (0 5 Sy =V (0) s [y = 050 5 il =
0,;(0)» (j=12,.n), ny WBEMEL

AE—AEAH ELAE FH 14 22 5 2R 50000 oA
fIEI:y _aPHj i 0) » wa an]ijj(O) ’
Msg = aMw]y]l/I]] (0)» ngj = agﬁeggyjj 0) »
Sy =0, (0) s (i, j=12,..np,i % j) o
22 WMWE-HREMEEERARERE

B g fp A8 PR AT T T — = 3R A AR SR R
ok

RJwamlz
A n LRI EG R A ST N BE
THOH - L A T e A A A LA R R A wh, (0)

DO HE j TOUTE A B s i p N AR B39 0 & AE LR
T HTT @ AN PR 2800 T 1 2R A A A

;i =1,2,..n)) (8

A,

T LR AR, B, LR AT
0 1 8 SR T RS R OB T -
T L IR R B0l

S _ZHH,, (0) ((=12,..,n:j=12,..n)
9
Sy = Zusz 0) (i=12,..,n;3/=1,2,..n)

Rofte £, ST AR BT L 4Tk P
ROBARTLAE IR R A £, WIS AR A F o
TR~ LR MK R A AR 2B R A g, (0) A
1y (0) 3R HE j THTHIE FH S K Dy RS
BESH 9 0k AE L RITC i AR AR 3 E R
(¥ S22 AR I 1) 0 A S AR A
2.3 TRE-HINEHEERARERE

T A REARSZ S, DAL, SR - hE T
B )y AR A S AREAE I, s 2R
M FESE P RS A A SEA R T AT AR B SR T
73 IE B i) T RNK Pk e [ IBE AR
H LA Yy, dEaz A PR 25 7000 2% e e
SN IR BT 32 T 7 R AT SR AR T 154 s A 1) %
mEE N R v 2Nk P ey Sl DA LV L
FH N 1R 3 T — A T A A FH 2R B 3R 8000 ) ol

fpwj = w;ij(O) (i=12,..,n;j=12,.n)

wa y;,,j 0) (=1,2,...,n;j=1,2,..n) (10>

iy =00;(0) (1=1,2,..,n5 7 =1,2,..n))

A iy 0 R T A P 3 T A T g
MR TAERE R S~ Sy 49 AATT)
((VAE I o T AT T S VA Z IS R R (D ES
FEREG wh, (0) A 2RI FRTT j A4 AT B B i
IR @ AERETURE RIAZRS s y3,(0) 65, (0) 23031
A AR ERTT j AR SR KT AT U S R A A
HETS00 o) A7 7% FNES £
24 ERE-EREAHEFRARERE

oI T AR AR S, OF B e B B,
Pl 3R B TC 2 1) A ELAE I 25 18 e 1) 4
JHR 1 8 16 (37 AH FLAR RIS D04 R () e
P AHELAE Y o S 3R T — 2R AR LA FH 22 B A 8K
IR A

S»Svi' =w i'(O i,j=12,.. ns)
jisj ) " (1D
nyij :uHij(O) (l,] =1,2,...... I’ls)

R £, 0 R AT - - 2
BB TAR AR AL, FACT AR
il R VA AE AT R A Wy, (0)



852 b +

b 2013 4

A TG j AR AL R G B JER
FERLREFEA 0y, (0) L5078 j AR IR
TIAE L BTG i BRI IE R RS SEASi#
2.5 Z T E AR T R EE R AT

AT T SEBOE A G I NIPE, XEFRITEA G
BEAC LA, A A A A ELATE T AN DGE AT 48 R AIAH
ARG, MR- B CIE 52 3K 5 12
AT PR A THUR L BTT I A IS RS, B gL
HEAARTE, B B LIRS ERRERRBE TR 1 0
KV 20, AT LA BIRIE R £ BEAE LAl ) A4
AR R A

frn O o D[P 0
0 fu fu D || H 0
0 fuo Suo Do||M|_| O (15
A, 0 0 0|9, P
0O B, 0 01|96 | |H
4, 0 C, 0], | [M.]

K foon S THER (0, +n) NFERE: £, N
(ng +n))xn, FEBE fr0 hn < (ng+n) FEFE: £, A
n, B R

(1 0 x 010
D,=-|} z} : Do=—|i i
—1 0 n (ns+m, )x3 010 (ng+m,)x3
[0 0 1
D,=—|: X, IR KL ) 1) H
0 0 1] .

JCAIRT SN I A8RR; A, =B, =[1 - 1]
c,=[1 - 1Lm, A, =[x,

P HVH 3 (ng +n,) B A1 e, 2 AARRAE SR 4Bk
TR L2 oo & m Ay K M B4
[, AURASRINSHTINSH . 5, 5, M6, A
RIS M A AP RIS P H,
AN M T INAEAR & TSI B 1) g K~ 1A
X C12) AT, At m] LAAS 2254 T8 1 B i
T IRV T BRULKS MRS KPR
ANEE S o

3 IR b

Kitiyodom %558 5 ] 2 T/ (f) B A KL Al SSE2EL 4
R R R R 3 I i1 e )L B W = B

ARSORE R L3 TR BT 7359 8 fig
Ji~ AT BL BRI AR Y B 1 3 5577 0 A
SEREBEATVIH, IS IRouss REAT XL, BEA
SOFIEMIERYE [FINRE % A2 et R i
Vesic BN THRL A RBEATXILE, UEH] TASCHr

Ix(ng+n,) ’

=
- ]]x(n;Jrnp) ; WE‘

St B IE IR I U . ARSI L&l R
Bl 3. 4 o, B Sk

A 0.9 m
o o
3Im Il Sm
ol.5mo 10m
>
y 0.4
(a) P
(b) LI
'L| I{EJ 1 I{EJ 2
A A
Es Es
0.3L"
A
Es 2E;
0.4L"
A
0.3L Es 4E,
h A | |«D

N

h=2L, L/D =25, V=0.3, E,/Es=1 000

(c) BEFELZAEHH

B2 PR R R
Fig.2 Sketches of piled raft foundation and soil profiles
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Fig.3 Responses of piles in a piled raft foundation under vertical load or horizontal load (case 1)
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Fig.4 Responses of piles in a piled raft foundation under vertical load or horizontal load (case 2)
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Fig.5 Responses of piles in a piled raft foundation under coupled loads (case 2)
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