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Research for load-transfer mechanism of composite foundation of
rigid piles with cap
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Abstract: Based on elastic theory and reasonable assumption, the control differential equations have been put forward by adopting
the load-transfer function method in order to research the load transfer mechanism of composite foundation of rigid piles with cap,
including relations among pile settlement and its axial stress, vertical displacement of soil under pile cap and vertical stress of it,
vertical displacement of soil besides pile cap and vertical stress of it, the friction force of pile-side, the soil friction force of the edge
of pile cap and load level, depth in rigid pile with cap composite foundation. The corresponding analytical formulas have also been
derived by using approximate solution method of differential equation. The calculation results can image basically the mechanical
behavior rules of the load transfer for rigid pile with cap composite foundation according to the method proposed, using directly the
relation of load-settlement of pile tests as known condition.
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Fig.1 Calculation model of composite foundation of single
pile with cap

3 HARK

(1) AFIRRIPEAE . BEME T Lk R i 1) -+ Ay
Ak, B AR ER.

() MEAERIEZAR R, 7T 2R B, AEIETF 4k,
AR 15 4 A 842 AR TR o

(3) AT HENE T AR T S5 b e A4 T
LG vE: 2 kR

(4) B 5 HEEF Lk ST AR A
“E=RIERHXHNMALB” AR TR
B F T HEAR S AR T k2 T8 (K 00 BERERE S A
WSS EHEE LB 1B LR S5
TR T PR PR

T, (z)= k,[w, (2)— wsl(z)];}
T,(2) =k, [w, (2) —w,(2)]

(5) WHERR A T 0 B S S A

ey

TDT ﬁl |
" TmT m |

() HEBTZANE () HETLPRTZHE

TR R EEERE 30 0, B
7,,(2)=0 )

(6) B VA i IR S5 AE . BEME T AR
PSR AR 8] AR L H R R A
Winkle HiELfERY

O, = kbspb

XHHit%,

=kySan 3 Ogp =kySe, 3

A kv kg MRS MR T LA E . B
WAL & RHE -5 L Z BFFERIE N/m’);
W, (2) » w(2) « wy, (2) 78 v SRR b i A
T AR A 75 i R A 1 ) - A A T ) 2 )
KB (m); o, o, Mo, 75 08T bk
Ul FREE . BEME T AR RUEE ] R AR SR
(kPa); k, A H AR R RIBE (N/m®); Spb~ Sy >
S oo A MES Y THIAL FIBE IR A7 B8 . AEIE T AR B Ar
BABENR A AR RHAI . (m).
4 JTREESLHKRE
41 HAEEHEYHTE

MHEAE LB dz AT R, % ht
B 2 (MRS TERR LR — NI RTT,
eI Sy 5 (6 S T — AR 0T, e B el 1)
DI T 1 R B E T A, RIA R, T
FHHE R B o T R
dw, (2)

0,(2)=-E, iz C))
d’w,(z) Uk,
o —-EpAp[w@(z)-wﬂ(zH Q)]

A o, (2) WA 2 KPR ERER S E)
HEAA R B PERL R

oa(z) 0a(2)

i o@; & th
- (-

(c) HEVEI - H T2 AR

oy(2)+d 0y(2) on(2)+d o, .(z)

B2 WERSEEARERE AR
Fig.2 System for pile-soil of composite foundation of rigid
pile with cap


http://www.cqvip.com

PO 00 http://Awww.cqvip.com]

5 8 3 EREE: WENTE R &R EAL By B R 1645

4.2 HRET L &EH%L R
MAENE T LA BB dz RIS T 5,
W 206)FR, RIEAENE T AR RIS TR A

d

04(@)=-E, 2L ®)

Z

dzws] (2) _ 4ak +Upkp (D)
dzz EslAsl !
4a.k Upkp

—w,(2) - w (z 7
EslAsl : ) EslAsl p( ) ( )

AH: o, (2) ABEE T AR 7 KT8k ki B e pY

Jis E, BT LR RRRE.

4.3 RN &R TR
MAERE ) L AR RSB dz ABTFL TR,

W 2(c)frm. R, BRI IR L ARSI TR

A

dw,,(2)

dz ®

O-s2 (Z) = —E82

dzw82 (z)  4ak, 4a .k
W EaA, WSZ(Z)—RWSI (2) 9
A o, (2) AHEIETE L4k 2z KT8 B R Y
15 E, JEER LA R TR E
44 FHERM
Bz (5). R ROKME, AI{w, (2) -
w, ()~ w,,(z) P

Wp (Z) — CICA'Z -4z

Az -dz .
+ee ™+ ™ e, +egztcg

Wsl(Z)=C7CXM +Cse—/1gz +C96MZ +Cloe—44z +Alcleﬂ12 +

Az Az A2 .
Ac,e " +Ac,e™ +Ac e HesTHC
w,(2)=c, e™ +c,e + Byc,e™ + Bicge ™ +

4 -4 A Az
B,c,e™ +B,c e + B/Ace™ + B Ac,e +

B,A,c.e™ +B,Ac,e ™ +esz+cg
(10)
A

A=, + AT =aa) 2 A=A, A —ad)/2:
4=+ AT =42 [2 A=\ A 42 2

A=, A, =ﬂ.j +AL+ AL A, = ﬂ.jﬂ.jz +ﬂ.§ﬂ.j +AAL
A = A2+ A% A, =A2A%; AJ=Uk,[EA,;

A =Uk, [E Ay A =dak,[E\A, =245 =4

AL =ak,+U k)/E,A,; A5 =4ak,[E,A,;

4o et -4
A A+ A, AZ-A2

, i=12; B, =

, i=1,2,3,4

n

M T REER A A RA0YBFERG). (7).
KROMERL. TR EEREFHHLRG) RO
X9), Bk, RIS ARG RSB T
Bz, Q0L W T 6 MG R (12)8kE L
ARG D). KO-

dw @
{ :z*’f —ﬂp[wp(z)—wsl(z)]}d@o;

d2
—W’%(z—) — AW, (D)~ w, (z)]}dz =0;

:;‘2(2) —[Aiwy ()= Alw,(2)~ Alw, (z)l}dz =0
w

i

(=N
~

S SN

—t
g

d2
E { pz(Z) ~[A2w,(2)— ﬂ:wp (2)—Alw, (z)]}dz =0;
;| dz
L [ 42
E {Q%Q * ZSZZ[WS‘ (@)—w, (Z)]}dz =0;
d*w,(z)

SIFER
—t—

—ESZZ_—_ + 2’322 [Wsl (Z) —W, (Z)]}dz =0

(12)
BRAORAR12), AIBFERELRNY
1 [dies ~diey, diey, —die, 0 0 ]
Cs d3e321 —d3e§2 d4e§1 _d4ejz 0 0
Cy ey —fen fiew —fien fes —fes

2 2 2 2 2 2
Co fie5 —fien fiew —fi€n fi€ —fses

-1

n Ley e, Ley e, ey ey

2 2 2 2 2 2

LCIZ_ | ey —heyn Ley e, ey e |

M_ . T

de, de, de, d,e,
2 2 2 2

~de;, de, —dye, dye, ¢

—~fien  fie, —fien fien )

X (13)
—flelzl flelzz —fZegl f26222 C3
—tey Le, ey Ley Cy
_—tlelzl tlelzz —tzezzl tzezzz |
v o
ei1:e 2 —-1’ eiZ:e 2 —1’ (i=1’2939475);
A 1-A 1
S — ’ i:1a2; d':_a ':374;
T ( ) d; ) (J )
A2 A2 22
= AA-LA+ 2 A BA L (i=1,2);
fi=AA ) A P A ( )
2 2 (14)
=4, -4 4B (j=3,4); fi="2
fj i /%j /%j E (J ) fs /15
a2
t, = BAA +732Ai(l—Bi), (i=12);
A2 A2
t =BA+22(-B), (j=3.4) t,= A~ 2
J 177 lj J ﬂs



http://www.cqvip.com

1646 & +

PO 00 http://Awww.cqvip.com]

i =24 2007 4

KA 6X6 5 6X4 FikERET & TE L b
WA TSR S, B, ATLURA S HE
BEBHc, ~c,, BREEERHEOMRITRER
T 518 53 S 76 X 6 BYAERER) . BB ARk
B, ARG ¢, ~ o, BARBR SRRk ¢, ~cy
FERE RN

¢, = fole)e, + frlc)e, + fr(cy)e, + foucy)ey;
¢y = fa(€)e, + f ()0, + fialey)es + folc,)ey;
¢y = fo(e)e, + fiy(cy)e, + fi(ey)es + fo(c,)e,;
Cio = Fron(€)e; + fra(€2)€, + fio3(€5)c; + fios(e)ey;

ey = finle)e + fip(e)e, + fis(e)e; + fiuey)e,;

C12 = flll (Cl)cl + f122(C2)C2 + f123(c3)c3 + f124(c4)c4

(15)
AP f71(C1)fwf74((34)éiﬁjy‘:”/‘%i%{%ﬁ ¢q H S
c, RFORI F I FRE, T3k HE, Hih
FRMRER SR B £, (c,) ME SO ESH
¢, MREXPEH ¢, HHRL, Hp j=7~12;
i=1~4,

R (15&KMAA00), @), ©), ®) 1), (2)
#I A/ w,(2) s 0,(2)« w,(2) ~ 0,(2) ~ w,(2)
0,(2)~ 7,(2) v 7,(2) Rt,(2) FIRIER. KT 6
RA—HEERELRRHA

X(z2)=A()C (16)
KA X(z) AAEAE M T LA RAEE A L AER

BEAPRAE R Z: AR ATEHERE, CAfFEF
WEFME, HEC=[c, ¢, ¢ ¢ ¢ ¢ 1 X@=

[, 0,0 w,(2) 0, wa(2) 0,)] -
E() E( E@ E@ z 1]
FI(Z) Fz(z) F3(Z) F4(Z) _EP 0
G(2) G2) Gy G,z =z 1
A(2)=
H(z Hy,z) H,(z) H,(z) -E;, O
R(z) Ry(2) R (z) R(») z 1
0 T, T, T -E, O
a7
R,

E(z)=e"; F(2)=~E,{e™, (i=12,3,4)
G, (2)= aieé"Z + fﬁ(c[.)e‘GZ +f8[.(ci)e_'13‘ +f91.(c,.)e'1"‘Z +
frle)e™
H,(2)=—E_la,£e + f.,(c)Ae™ = f,,(c)Ae™ +
fo €A™ = fo(e)Ae ™,
R.(2) =b,ae’ + B, f,(c,)e™ + B, fy(c)e™ +
B, fo(c,)e™ + B, fi(c)e™ + f,,,(c)e™ +
Fri(c)e™
T,(z) =—E_lb,a,£e + B, f, (c)Ae™ ~
B, f,.(c,)Ae ™ + B, f,,(c)Ae™ = B, foc)Ae™ +

(i=12,3,4)

(18)
KA g =a,=4; b,=b,=B,;
by=b,=B,; & =4 &=-4: &=4,5 &, =-4,,
AN 0] R I R At R TERERK P EALE, Bl z=0
i, H

w,(0)=s,; 0,(0)=0,; w,0)=s,,;

fx 1i (Ci )’156151 - f12i (Ci )’156—151]

a,=a,=A4,;

19)
0,(0)=0; wo0) =5y, 0,0)=0,,
BRANRAR16) AT 18752 REUEMEH
C=A"'0)X(0) 20)
Krf: A7(0) A z =0 BTHEFE A(2) HIBAERE: X (0)
HBETR. BEE T ARTHER . AR R AR TV AR A
k&R E, R
X(O)z[spb Ow Sab O S O
BRQORAK16), AI7F
X(2)=D()X(0) 21
K. D) AERER: D(z)=A@)A™0).
#z=L ARAAKQD, 7
X(L,)=D(L,)X(0) 22)

Kb X(L,) Ak S A mE T A8 K R
A, X(LP)=':SPl Oy Sq Oy Sg aszl]T,
S Sgos Sg SPBIAMETR. HEME T LAKTIAR.
WEIH EATIRA B EAL: 0, 0, ~ O,y 5l
AT, AENE T AR TR AR T AR T S ) R
SEHIN ST .
45 HEHIR

ORFEHETHICE. HEIE T T ARTERTTRE K e
] EAATRR TR BB (Mhts, =5, =54, AT

T



http://www.cqvip.com

ERE U]

BEWE: HIENITENEE SRR I

PO 00 http://Awww.cqvip.com]

1647

LA R =38 T A RS L), R (22 8(23)
RBAE s+ S, M 5, KIRER

s, | [E(L) E(L) E\(L) EJ(L) L,
o, | | FW,) F(L) F(L) FJL,) -E,
sac || GiL) Gy(L) G(L) G(L) L,
o.| |H/(L) H,L,) HyL) H/L,) -E,
Son R(L) R,(L) Ry(L) RJ(L) L
0. | T, TL) TI) TWL) -E,
[E(0) E,0) Ej0) Eu) 0 1] [s,]
F,(0) F,(0) F,0 F,(0 -E, 0 O
G,(0) G,(00 G,(0 G, 0 1 | S5
H () H,0) H,(0) H,(0) -E;, O Oap
R(0) R,0) R,(0) R, 0 1 S
| T,(0) T,00 T,0) T,0 -E, 0} [Ogy]
(23)

@ WEARREPRITLE s, 0 5,00 - PEIE

T AT 5,0 Supar - FOVETEE] L AKTRER
B 55,1 Sonps wver P s, 5, W s, FIRFRA
52 AR S AR RALRS 50 8400 ooer BEIE T 14K

AL 5,510 Sapsr o FAETRIE LARIENLES 5,5, 5
Sgpyr eeer CASLFER CEMBIEE AT

@ FAERCHARQ)FEK, e ERM AL
BN w,(2) » 0,(2)~ wy(2) ~ 04(2) ~ w,(2)
Mo,(z), it bR & EE5REZ KRR
R

@ FARWD ALK 7, () 7, (2) » FHE R
HltH 7 (2) 7, () PR AL AR 2

® H1E A M R T S R BUKF R R
2.

5 TREG AL R

51 IBRBERSHHEH

DL IR A b A R PP R SR S 48,
£, TR RHE. HA. PR, AERET
B HW G, FEAT. Wi SRS
BECH—E, ESEERX[10], HBTHESH
k, =3 500 KN/m’, k,, =1 700 kN/m’, k, =2 000 kN/m’,
52 WHEREA

(1) WEARDTRE. W 3 Fias, BEAAT B BE fir 2K
KR ATIR K. F—REAKFERT, DR
SRR MR T AL, X T AR
AR T, R PR A b R RS R T YR,
BEARA G [ R4 &R, FTRREAN T

O = O = O =

VL E /m
0 4 8 12 16 20 24 28 32 36

WIE /m

500 750 1250 1500 | 750 2 000
1 000

- 3 BAUIRESRBERR sk

Fig.3 Relation of pile settlement-depth

(2) BEAREIRN . WE 4 B, HEPRE N
Al R W G NIRRTk > % S (E I
AP At ) 1 LR B 18 I T S8 /0 » e T e i 12
EEK, BEfh R AR, BRI 2R R
PEOUEERE ) R HEAE R, b AR — A

B S 1 B2 ) /kPa
8 000
Ty

12 000

0 4 000
v 1 —

W/ m

Py
o e e

2 000 kN

1

4 BARRANGSEREXR

Fig.4 Curves of pile axial stress and depth

(3) Wi T EAEDRE. w5 P, A F L
GSIIRG =% S DNTE: - N R k- S 33
T, HElE T LA FRBEK R TR B, R
TR PR, LRI M2 SR . AE
SR LAFE Y, MR T AT EERAERS 15
m JEF A, X5 30101 RS 4 R AR L.

IR/ m
8 12 16 20 24 28 32 36

g
i 500 kN
= 50 kN
23 17000 kN
1250 kN
—o- 1 500 kN
- 1750 kN
2 000 kN

-30
5 BT EAVIRSREXRR
Fig5 Curve of settlement of soil under pile cap and depth

(4) HEWRT LRSS, W 6 P,
T A 1 R BEART AP I KT K. TR —far
ARFVERT, AR g B ) 2 BEIR B
184 7T 328 BTG/ R s 5, FE TS 0 B B 1) AP IR


http://www.cqvip.com

1648 E= - o

PO 00 http://Awww.cqvip.com]

B % 2007

TERES AR A1 7K P B  AELR A KPR KHT
EsET AL ARy ACFRREER, X AT AR R T E
AP RS HUE A PTG

R ) 7 kPa
0_5 10 15 2025 30 35 40 45 50 55
iiﬁ o |
Srithd ] f
HENE
g0 /
- ;‘I‘ ,! / /
g s 4 -t
% i}f/ /4
20 HHE ; " === S00kN
PP | N
a5 W - 1250 kN
e SC1500kN
230 -~ 1750 kN
~- 2000 kN

6 HRTILHBRNDSEEXR

Fig..6 Curves of vertical stress of soil under pile cap
and depth

(5) wrige LAY, WE 7 B, HiEEL
SRS - B N 1D by NP i R i = W e
T, HEME TR AR R RE R B B s e, R
TR B, AR Sl itk . A
TERATLAEH, HIET LA EE RS 20
mEHEN

PR /m
0 4 8 12 16 20 24 28 32 36
0 ,/. e

.!‘ /
£ -10 1 <
nis
B e
& -15 ";’ ?
i
=20 [t
4

5

! )
-25 i
-30

7 WL AYTRE S IRBE R R R

Fig..7 Curve of settlement of soil Besides pile cap
and depth

(6) HEMEIRI AR N S i 8 s, HETE
Ve A 5 ) Iy B AT K P KT K. [l T
AEAERTT, AR 18] o r 82 e 7 ) I I P 384 o it
BHTIRAN, FETRI LB S KSR, FERESR P 1
KEJLFA 0, GEBIBEETE LA R R RH —E KN
WETE, —fATHK. RN0RY, fEEL
32 s (1R MV ] S S R RS2 I s va A
SEEMA, ZEZNERATEEMA, HERTTE
BRI LR T — R RKYE

(7) BEARSHE T LAz BTEZE. miE 9
Fi7R, A 2 (U 2 B A UK I AT K
Al —fr BUK-FAERT, Z3F& Z MU 2 R R 1
INTEHIE K, KRN R R AR, R

JR S AN AR A AR, B Z T
65 22 B VR R T I K R TR, s S LA
L ARARR LR HEA EAZL,

TR )y / kPa
0 20 40 60

80 100 120

412(
Y

222 000kN

8 BEWR R R S IRBE R R MR

Fig.8 Curves of vertical stress of soil besides pile cap
and depth

P& / mm
0 4 8 12 16 20 24 28 32 36

N T

3 ) * . ‘ ™ "A\'\

L . 0y " \
E 1‘§ \\ \\ \\
; 1 % 4 %
E ! R
¥ L 1

i 1

! i M t N 1
-30 Y 500750 1250 1500 1750 2000kN
1 000

9 BEARSHENET L ARUTREZBRBE R R LR
Fig.9 Curves of settlement difference between pile and soil
under pile cap

(8) BESHMIAERE ). Wl 10 Bz, o S 0EERR
JIREAT B KT K. R — i EAKCHERTR,
A 53 0 EE B3 Bl R RE SR AT K, i P PR R R A
(R £ 00 ERR ) PT A R AR S 2R R KR /DN
Ut B HE IR DO R 535 i A IR 2 PR A 8 0 R B 2
WEGRR S, W= MER AR, 59
RILH KRR PEARL

U EEFR /3 / kPa
0 20 40 60 80 100 120
0 v v v T T

\
‘)\
J
Pl
R

-5

-10
-15

W /m

20

}
!
l

25 F

\
4
i
-30 - 500 75000 1250 1500 1750 2000 kN

10 BRSO ) SRBEEX R R
Fig.10 Curves of the skin friction of pile and depth

(9) HEMET LAk S R 4k 2 BRI -
W 11 Fr7R, — 3 2Z ) T R 2 Bl KPR


http://www.cqvip.com

ERE

PO 00 http://Awww.cqvip.com]

HEE: WIRRITENT B & AL 1L BT AT 51 1649

%i Rl —F BAKTERTS, —&Z MMk pE

M T O T K AR KA, T S SRR D
LI 3 IRV RE XS (285 ST S0 88 o s D A
o

PiBEZE / mm
00051.01.520253.03.5404.550
0
s S SIS
RN -~ 1000 kN
AN ~= 1250 kN
R AR NN T 1300kN
s bR AN SO - 17S0kN
=R T . ~*- 2 000 kN
T R A T T S R
- . 3
N A
25 ’l' ‘,-"' a ‘/v" » /,4-/:; e
===

B 11 BN S5k R - A YT R 22 R BE S R i 4R
Fig.11 Curves of settlement difference between pile and
soil besides pile cap

(10) MBS AR Y. Wi 12 FR,
A S 120 5 A0 PBE BH 7 B ey 28 /K 38 KT K. (]
— T BACEER T, B S Ak Ay i A RE
FAS bR S I B R i L S ek
AN FaY, X 5E 11 FTE R R AL

M EEBA J) / kPa
0 10 20 30 40 50 60 70 80

0 N
-5 \\\
LR
ig 15 X" \\\ . \\'\\2\000 kN
= 0 PO 03 5(7 ‘;1250)1 500\1 750\
25 b/ //
230 £

B 12 BWEA%MER ) SIS R 4k

Fig.12 Curves of the marginal friction of pile cap
and depth

/
//' =

(1) BEAHEN A Wl 13 fiR, AR
WACEER T, SA4 N 77 BB K- F 34 K
W, B H LR BRI R R LR,
SRR GER - S AR e & EREL B
WS R AREA SRR TR 2 A L.

140 r
= 120 | _//_\’\‘-*
2
AN 100 | '—\/—_.\\1
E 80t -
g 60 | -
£ 40
® g0t

0 . , . .
0 500 1000 1500 2000

fiKF /KN
13 RABENHLEHEAFLR ML

Fig.13 Curves of composite pile-stress ratio and load level

6 4 w

(1) RAARIKME T, KR v T2 -
TIRER RN AR, ERMKZ HIZRB N
W, ATRKWARRK I, I Hi 55 R He o
Hb T D A 5T b A A 3 1 — M 2 MR
i, FOABRRHF RN L RE SR ALK R .

(2) BRI EITIEE N RE, A HSECKE
i, TEEMEL, BREFMEEYE, A2t
B ENBREA MG TR, HrFTit—
BN RE.

e I

(1] el FEEER R TRENMAML. Jbat hEE
AV AR, 2002: 1—120.

[21 MERA, AR HEAREHGHERHRT. &+
J12#, 2003, 24(2): 242—245.

ZHENG Jun-jie, PENG Xiao-rong. Study on design
theory of pile-soil cooperative work[J]. Rock and Soil
Mechanics, 2003, 24(2): 242—245.

31 XU, KATRE. RItEAS T RIAE 5 M B AE A

LAE T o EBEER, 2002, (12): 29—32.
LIU Jie, ZHANG Ke-neng. Linear analysis of interaction
between flexible piles and soil under rigid bearing
platform[J]. China Harbour Engineering, 2002, (12):
29—32.

4] HBEKE, WHh, RO, MG SR M EIERK

FRNTIEN. & T 12, 2002, 23(5): 546—550.
CHI Yue-jun, SHEN Wei, SONG Er-xiong. Analytical
method for calculating pile-soil-cushion interaction of
composite grounds with piles[J. Rock and Soil
Mechanics, 2002, 23(5): 546—550.

(51 ERE, RFE, BREETT. RIMEAE S & Ik B i Ak 3kr

P HT). TR 1%, 2003, 20(4): 9—14.
CHI Yue-jun, SONG Er-xiong, CHEN Zhao-yuan.
Analysis of bearing performance of rigid pile composite
foundation under vertical loads[J]. Engineering
Mechanics, 2003, 20(4): 9—14.

(6] MR, ZHR. KWHHER BB RD. £

TR, 2002, 35(5): 82—86.
ZHENG Gang, JIANG Xin-liang. Research on the
mechanism of load transfer for cement-soil pile[J]. China
Civil Engmeermg Journal, 2002, 35(5). 82—86.

(71 fER0E, KA. NIPERER &M TARRE A0, &
3 J1%, 2000, 21(4): 335—339.

FU Jing-hui, SONG Er-xiong. Analysis of rigid pile
composite foundation’s working performance[J]. Rock
and Soil Mechanics, 2000, 21(4): 335—339.

(81 TEE, #e . E&HMEZERES M. dLali: &
2 AL, 2004.

(91 #HES. P EEA BB R A T EORT FUL
REERE R ML AR CREFRA O,
2004.

(101 F&H, HEF, EiLiE, %, PTC BEVREE S
HIRWBFUN. & L LREFR, 2005, 27(6): 652—656.
LEl Jin-bo, XU Ze-zhong, JIANG Hong-dao, et al.
Experimental studies on composite foundation with
sparse PTC piles to control settlement[J]. Chinese
Journal of Geotechnical Engineering, 2005, 27(6):
652—656.


http://www.cqvip.com

