#£#17% WBoM = 4+ T B % B Vol.17 No.6
1995 4 118 Chinese Journal of Geotechnical Engineering Nov., 1995

WIPEREHERYAE 5 MR

LR &
(EWWERY, BR)

X W O AXHEMEHEZERNE TZHAHEE, NATRENELR, #-+-HEMERER,
SEESVIREENN, AT FORIUBFEZESE T-Z @ LEe, UPFHEEEAHETZ
WE-AUBXER, FRGRLRE-L- HZANEHEAEREZRIERER, HEFERGE, B
ER—HEERAT, BELEARA - ANERZAEN RS, — R FH, FEH TZHEH
FRAZAMNBERNERT, EREBRORAAERL R M 0.058F, BMHELHEL
5%, LM RA Kraft et al. RiUE 0.9, MAR L R, HNH—Fitik,

xR ETEEM, - HRSE, RME, RRNE, BEXH.

1 ® "

HEBESFERBEEXRERZTN, FEEITNZIARTAIVLEZFR, @4
KU EREERIREFERZTH, HHIEERRERKWOIE, BREBERE, £
mE2HE,

Kraft et al'' Bl Duncan and Chang" ' Wl MR K RR 2 KM -REXE, B
B - EHIMEBMNBIXR, AXMWEEHEHMREM Kraft et al & Baguelin and
Frank? B gE 2 SE k¥ T-Z MR B E MR TR L2 A, HE4 5 R -+ -5 5 H
AW, SEESUTIRERENN, RASFTFREEEATETHEUBIXE, URENH
ZHRAESE,

2 AEZfEHER

HTRNFEEAERTEXRAEGH, Bit, TEMEEOFERYE T-Z KB HTH
HLIE, MLRIFRENTERR. PIMERERNDFETE, RELGEDRAE. &30H
YER @& ST RS - MABRTRIFBRTE LZNA,

SERB-MHFEEZHE, WAL (a) Fr, EEKSSH N1, 2 K3, BEKNL,
REARIYE, EHZADHA T, T, 2R T, EREGLEAZ-EHERAAT, MWRETRE
BBz, BORENEHE (RE1 (b)), NI TFHBBAZT, =0, 7FE

T+ Ty+T3=T (1)

BHEN. 1994-01-26



24

1995 4

(3) IR BBLEHHK
1 A fR A 2 B B
B A-NEZIEREXR (RE2) X

ai:fTXJ::EME

WHo,=T/Ai=E, Je;,, ¢,=Z/L,, Bitl e,= (T/A,)Y
EX, Z,= [(T/A)L,]/E.;, HBEEE WA, M&H
Tk y Z,=2,=2;=2. i A XFRAH
2 2 2
B @ @s
Ef ~  E} = Ej

Bk SEHBREERIHEE, S8 L, =L,=L,=1L,
E\=E,=E;=E, WM& (3) sI&HEH

T, _T,_T,
Ay Ay Aj
# (4) X785
A A
T2 = l_q_j’rlv T3 = =3

%]
b

T T2 T3

(b) AR

(2)

0 EPc

B2 XA

(4)

T, (5)

A (3), (4 & ) &, RERBRNHRGEAREANET REHZBERACH, B
HRKSRERBIIHEE, P RBUIRR Z, YREARNFEEREATELXESTH, RUA

L RBHRBAZ, st m, MR U X

_TL
U = AE (6)
B (1) RARX (6) B3
T:L TiL T3iL T, T,L T,TsL T,T,L
U= 24 "4 " AE Y2 AE Y2 AE "% AE (7)

mRERAEMEE, RRAEKX (7) GANH=0, TRABFEHZT, FUEXKEMER

AEABmAERHYHAE,



ik Z,mm

Hom RS . Rt REAERME S 25

3 HEaH

REIWVERB GETGC (r), riemzER, MWRKEMAYWSLME, Randolph and
Worthl A Bk T M TR0 2 W ST Z, Ri N

r Gr

(8)

40|

\ E {or
3= 4.8 | Z,(1580.60) d
60 \a-.u' Sil S \zeesoey g
! e T2 é S Jo ° * Sor :
—_— —Z curves o =
- 2pla TZeurrms >° (0O B \ ) r=59°
80  —- 3 piles T—2Z curves " Iolr=any .
== 4 piles T—Z curves Bm .5 | 3=11.6 8o |\|P \ | piles T — Z curves
100 G=137.4 MPs ¥=0.5 r=28.2" \ -2 Pi:uT—Z:urvu
= - ——— 3 piles T—Zcu
T..=41.9 kPa L/r,=9¢ 100" —_ } Pp.i'l':..r_;c::::.
[OF 5 &8¢ 7 7 7] (OF 3 ¥ 5 &Fif 3 {1
B3 I~dRERFHE-UBME RABEBDH
*1 I~4HERHEHMITHLEN
A |— d b t
| GAlK|B|s|T]|s c 17 pue
& 28 4 T, S tgd (1 1000 gy | (kN)

LRBE | 550 [370, 2/86.8/8263.2] 10 |550(3.4]0.0594] 1.21 | 59.0 [1.6603| 516
2 | 1050 1370, 2[86.8513[3.2] 25 [1050{4.8]0.0839] 1.95 | 46.0 [1.0355] 1108
3B | 1520 1370, 2/86.8/3823.2| 60 [1580]6.5/0.1139] 2.62 | 34.9 [0.6976] 1959
afE | 1840 [370, 2[86.8/280]3.2] 63 [2050[11.6]0.2053] 3.56 | 28.2 [0.5362] 2369
AP g WERZXE; r, AIBBESIRIXEWERANTMIATRZEE; g N r=rg
B 2Z B 11, Kraft et al. #)H Duncan and Chang S8 3 +MERHEN A-NEXE, HT
MR G AT A AR &R N

G=G,-il—£&] (9)

T MAaxX

AP G HMHHOER; - KL N; L HERBKWNA; R WEFRE (il
KARY), 0.75<R;<1.0o X (9) RAK (8), HBEWEN « B¥Er KMSH, BY

R,
o=, 83l
_ Toro 'r,,,/ro—go)
z, = | =l (10)



26 # + I B ¥ # 1995 4

T 4 405 0 2 I 40 9 T .
_ _Tiro r’ To ~ @ 20 )8 40 NRT.
Z = 2nlry G, n( 1 - [ ) 0 1 . * = ol
(11) A T@mer
_T,(1-v) g |~ T(x)*;z——
Zy = 4G, (12) : o & Y4
Repy HEME, FAp—xur 8
.ﬁ_ﬂ}q—‘:‘;ﬂ * —— Kraft ?ley and Kagawa(198])
T, _ 4 + 2rlp 0 F ?:";h: ',‘:P:'::(;ﬁ.) 2(145,19.3)
GroZ, 1-v | r.Kro — ¢ P=1.0 Lir,= 96
rp l'l(—l—_—‘;--') N S=6 S§=6L=131m 2=10
(13)
A | HEBTAARE; p HEY @ WR-GiRREA
B HEF (inhomogeneity factor), 7%
4 a=0.019 Z/T.mm/t
Eﬂﬂfﬁ%—'ﬁﬂfﬁ kb4 88 A R . 0.04 0.08 0.12 0.16 0.20 _ 0.24
o BB T-Z AT ,
T S " ?-c-i-bz
Z, = ! b=tgr
Giro i + 2nlp - 0
1-v roln(r'"/ ro ga) H
1o 3
(14) g
A BAZ R B R b A B DL T 2 b o e Eap e 198D
FRZMA, B8 Hh —RAb o\
WU Y %
_Torof (1wl ro— @ r/ S — @ &) WWE/WR-AERER
e e )
M4 “HREMERE T2HE
(15)
AP SHHE, MBHERERERN
T, 45x + 2xlp (16)
Giroz, (1 =v)(2ryp+ Sr) rln(r,/ro—go)+ln(r,/5tp)
’ l-¢ 1-¢
BERENRIE, MEERX (16), B _WE¥EHE T-Z i
Z, = T (17)

4 S + 2nlp
Giro| (1 = v)(2ry + Sx) roln( o/ To — go)+ ln(r,,ﬂ/S - tp)
-9 l-¢
A, —RE=RU L2 T-ZHMETL ERZFERB, 2RHR.
R, Baguelin and Frank2 i\ W + WIIE R ¥R H-Biw X R (K AW AR (shear

Law)) RIRR R

az,ﬁv T
—-é“;'wr—Gll‘l*X(T) (18)



FoM RN . RIEHENIFEREDHT 27

AP X (o) BWEA EAT, WK y ZEKER. 4 v UK (18) EMHRRE, U
z, AT LAY 289 B FOoR

zZ, = ’“""ln(m) (19)

#:X (19) 5K (10) w2, WAFHEBAEFER, MARMERX (19) KEMUK
(10) BHEZIELNE T-Z s RBERIH, EHEFERMBZERNE T-Z HAAR, HUZR
MREHSE, KBEREZIRZER, HERTVWiER.

5810

4 RGN — sf;uso —
_ 4880 |

A3 (a) &&EAL Kraft et al. M3 4;::'; t
HEBA N KRS BRNA (14) & 2000 "™ o0 |_so0
(17) Z&R. HE—SAHRER,  of =<kl 1|
MR EE K (Rollberg'™) HAfr# 2 NAR
ZWE T WHBUESR, (8 Z pRE  ®p 2T TEIGE LA
B, MM 3 (b) Bim, SHEBSE ¢l r@-Z5 T
ZRERE KO, AHERSHESH ol _ L Senossr
Wi 1R, B3 (a) b, OA BN 8wl omIoE ZOOE 2am.72)
RYEB, HMAMEHMZRAE K, 1 %f - RIoe 20 '
~4 BB ZRIES B4 826, 513, 382,  mof et X b kre

ve 0.5 L/ry=96

280MN/'m, W F 3% #-+-# 2 5 # F s=6
A, FLRIBE B3R A 2 o OM fn T @ NE-BRSAR
ABRBHMML, HHBRAUFTR
#R
T(Z) = a +sz (20) N r_-'g: gssg zfl.nommﬁ:.o‘ls 0.020 0.0‘25
R ZHUER; o BRI RE; ' ' 1 '
bR (7); ¥y HRRBMARS ot ,
EHMZIA, . o i
BC KABBREHIMMTE- L6 § v
BZWA%&3 (harmonic vibration ). =
REZ) Sel —eew \\Q
T(Z) = Cy + dZ (21)  wop  ITRI-00 NN
#1Hp, 7, 0RO, EEREE | TTH-ow b

S B 2 R L B 2 %R R
o Bk 2 AR R 2
BiokE. RITHE 3 (a) LB K % SR MM REERRENRS T

(Chin's method) (Fellenius(®!) ¥ Bifhi & 1 St M it i & b A KA Sy, 4R 2, 3, 4
BEZBRHE, HHGHR—EBZ2.14, 3.4, .56, S LHBRE, EERE

) ikl / WK - LR i 4R



28 £+ I B ¥ # 1995 4

BT, B+ BERZHE AR TZERR %2 EHSHEERURETHRR
T, =aT, X n (22) |HEN | HEKAERRET o

A T, W EEZRRA T, W MEEZRRN: o [ o

MEERAEWET: » HEE. MAXR]ISRRAAKX (22), T 4 1.15

BPR2ZER, HhR2 G EBEEZHE MR E BT

MEBABERZHN. ¥TEXKELWOER, HoRAFEH LML, Baguelin and
Frank $# i JERER - N EZ X AEA, BRE Kraft et al KFE, HESHEGRILT XH.
mE 4 B, ERRUZRBEENH, BPERKRRTRZ T-Z#@HEILFER, MEE
/1000 BAAN 5 [FIAEGE AT ATE 2Z 2 BB B0oR i 22 8-+ B R RIE R A — 30, KIBRIRIER Z )
REEOHAELEDPRSUT, SIS RNE3 Fx,

%3 Kraft et al (1981) 5 Banelin and Frank (1983) Bt LIS REM SR BREAXEYN
|
A _ d d t
BH ¢, ] OAl K| pgl|s|T]|s “ y pue
T, S wgd | 171000 gy | (kN)
L E2 0
Kﬁ%‘s‘l"}“l 95 127,218 | 531 4 119.3]145] 10 {0.1763] 19 | 58.5 {1.6319| 114.0
Bagnelin and

Frank (1983) | 95 [27.2|86 |53 | 4 [19.3/145] 10 |0.1763| 19 | 58.5 |1.6319| 114.3

%4 REXMIXIBEEMERASZFAMIFTHXSN
&% Co A ol k 8 s T 5 | d a y d puet
T, S gd |1/ 1000 | 1Y kN
LB

R;=1.00 | 5810 | 1800,
R,=0.95 | 5450 | 1800,
R;=0.90 | 5130 | 1800,
R;=0.85 | 4880 | 1800,
R,=0.80 | 4620 | 1800,

88.6/1757] 1.5 | 59 [4500] 3.5 [0.0559 | 0.569 | 62.0 | 1.8807] 4153
88.6/1757] 1.5 | 64 |4790] 3.2 |0.0559 | 0.569 | 61.0 | 1.8040| 4750
88.6/1757| 1.5 | 68 |5030] 3.2 [0.0559] 0.569 | 59.9 |1.7250| 4960
88.6/1757] 1.5 | 69 5320 3.2]0.0559 | 0.569 | 58.9 |1.6577| 5239
88.6|1757] 1.5 | 72 [5680] 3.2 [0.0559 | 0.569 | 56.8 |1.5282 5549
R;=0.75 | 4380 | 1800, 2 |88.6(1757| 1.5 | 76 [6030]3.2]0.0559] 0.569 | 55.0 [1.4281| 5903

RS RS

£S5 O'Nelill (1981) 2x2 HENRHMAITRAXSY
e Ti.qs OA| K| B | S|T}|? t:ﬁ 1/:000 7 ::7 (i':f}
B2 4
B 1500| 950, 2 | 84 |5000| 6 |3.6{2216] 64 [2.0503| 0.20 |51.0 1.235 | 1224
PILGPL 8 | 800 {1050, 2.5| 82 |4348| 8 |4.0]2430|77.5|4.6252| 0.23 |42.0] 0.900 | 1565
FAHTZHAE | 780 | 450, 1 [76.2|2273]|13.8|8.07|2600(66.2| 2.2673 | 0.44 |21.8| 0.400 | 2850

MENMERRAPHBASE, RREZHNHRRFEE, R, ZHEE0.75FE1.02
W, R, EMBEHETZ M BHAR, 40— 3x3BEXH, EHRASKT, 8—FF
Ry Zfti, NARMZ T-Z sk, MBS (a) Fim, 4 R, HBK, HEBHEELD; 4 R,
EAA, SNRRHEQR. £ES (b) Pt —5 A0, LANERFBZMES KT %4



mem

o, o R R T R
WELE R, WA, &R HE B,
RGN BRBHEAS. 4 R, &
M 0.05 B, HEHERKS L
5% BTl R, Z{HTHER + 283
BEZH, # R, Gk, ®7t
BRHZWEEK, RZUBAN.

5 M AEH

O’ Neill 7 £ % B 28 M 4 347 8 X
FUANDEEHRE, REEQES
Kt P ¥R 140mm (5.375in) B
ABWE 13.1m (43ft), #E S H
0.84m (2.75ft) FH LW MR
E % 172MPa (25ksi), K+ 85
51 ¢} 6.9MPa (1ksi)o 7E2Xx2 B
BERRPSARZHEBETTHLED
BS5 (a) Fim,

E2X2BEHSNER, €AEG
(a), M7 &H 7€ 2000kN Bf,
wHL®RMMEZL 2.8mm (4
87.5%), # 26000kN Bf £ tf T
1.6mm (% 20%), LAAGTE & RH
¥orRBEKESH, mEA6 (b) X
KSPHim. WM EHE-+ 28 KN E
4  5.08MNm, PILGPI %
4.76MN/m, AR 2.2MN m,
i e B B R 18 R A B R

%R Z,mm

0L

OE

0.1 r

.2r

0.4t

L T Pilgp 1 computed curve

RS  RIHEBEMFEREDN 29
1500
800
780 | ®WRT.N
1500 2000 2500 3000 3500

500 1000

Z(2216,3.6) T(H=CHdZ
T d=1tgd

z
T =55z

— meAsurt curve

= = = linear T-Z curves
noalinear T-Z curves
E = 172MPa p= |

Tess = 47. 9kPa

Lfry = 96v= 0,5

(a) WR - FIFE RS

a = (. 000477 |
a = 0. 00021
a = 0. 00015
Z/T, mm/kN
H 000 1E-004 ZE;Q(M 35:90.‘ 45:004. 58:001 651—004
Zaavaz
b= tgr

== measure curve |
T Pilgpl computed curve
linear T-Z curves
noalinear T-Z curves

) WRE/ KR -AREEER

M6 O'Neill (1981) 2x2 B #3

W ff 1224kN, PILGPI 4 1565kN, Z it % 2850kN, HiA LB BJLE: O&F X T-Z &k
HitESUMERE LR TERT; OQEHRRHTEL, ATEXRR S, HEAHHHERKR
EEWEE, MERAXRENE, FMUKKERBZREBETEMAFATLIER.

6 %5 7

EEREAPFHEEMBEEGTE, DUELHE T-Z KRB ROTHEUBTMBREZTHR, H
GRMYBE. NULEGWERBATIILLRG R,

(1) JE&ktE LM, ENMKXRRAPZ R, MBH T-Z AL WRBKR, SLHX TR
HZBEREE-BHEZEWE, X R Mm0.05 B BRMEEKLIBMA 5%,



30 ®# + I B % # 1995 4

(2) HERPER it 43 7 o, 19 B BEBE 2 B+ B 2 8] 1 B0 4F A,
AL RIERG, BRALREERAE, KRFER—F [
EEAT, GAREHERAAA - KNARZE - ERRLL, ]

(3) kSt TZHANFZAMERAMMAUBERETF, @ O ©

MF TR FEARES., -
4) BEZEHARTEREZEGRAEANAZEY, 2 |© @ Q@
AN ERBEERS FTEHNEHEFAT 1. bt

(5) O'Neilletal. LAPILGPIBR, BiMOaHRBEZITN, &
Bl—RREGHT, 2Xx2 BEZWMAES LS, FEEEEZE BT OUFREZRE
£,
AXEERKESTP, MFLHBESK, WHKBMRA B2 R, E5] A Kraft et al.
RILME 0.9, MFXERRAKBKZ L, R, Bt —5KFif.

M k. HiRHES

Pl—3xX3 X BZHE A (nE78xR), HEXN S, EARMEZESFIMU L,
2, 3REMUZ RS, K4 Randolph and Wroth!' B (8) 2wk, RBESL1, 2
MROVIER Z,, Z,, Z; AU TFTRER,

Z, = zli,G[Tln( )+2T1n(25) 2Tgln( )+2T21n(ﬁs) T;In(ﬁs)

R e
Z, = 21£G[Tln( )+T21n(4r;3)+'1‘11n(;;4)+T,i(S)]+%—;E:-l
LA NN
Zy = zf,G[T31n(0)+4T1n(ﬁs)+4nln( )]‘*(}'z;cj)
[’;];": + 42 T“ + 4;”;} (25)

BRi: ORGREXNRIE, FUATRERE - (NE1HAR); OFERERR IHER. T
BEMBERE, SEHEEMERIIBERRAOXRARN

4

T‘[ 4J§ros 1(5%_‘)]+ TZ[I“(S;‘) l“(4::ms3H
+T3[ln(ﬁs) 1n(fs—”)]— T, (1 - ) (2:5138) =
o

T'[ " V8BS (Jis)]+ Tz[l“(sr;‘) ‘““(rs_mH+ T’[“ﬁ_ln(:_:”
- T, - a2y =0 (27)

=0 (26)



®om RABY . RIERENERESH 31

Tl[ln(g‘%"‘;)— 41n(é”§) ]+ Tz[ln(q—:'?)- 4ln(fsﬂ)]+ T;[ln(%)— ln(:—:)]

—Tb(l—v)pt(%)zo (28)

E=EXRAG5BR T, BARB T,, T, T, T, ZWHE, %500 TERATERAFE, BIKRE
BHRN

$ * X M

1 Kraft L M, Ray R P, Kagawa T M. Theoretical T-Z Curves. Journal of the Geotechnical Engineering Division,
ASCE, 1981, 107, (GT11). 1543~1561.

2 Banguelin F, Frank R. Discussion on the Theoretical T-Z Curves. Journal of the Geotechnical Engineering
Division, ASCE, 1983, 109 (TG10). 1349~ 1355.

3 Duncan ] M, Chang C Y. Nonlinear Analysis of Stress Sand Strain in Soils. Journal of the Soil Mechanics and
Foundations Diviison, ASCE, 1970, 96. (SM5). 1629~ 1653.

4 Randolph M F, Worth C P. Analysis of Deformation of Vertically Loaded Piles. Journal of the Geotechnical
Engineering Division, ASCE, 1978, 104 (G T 12). 1465~ 1488.

5 Rollbery D. Die Kraft — Setzunngslinie Von Pfahlen. (in German) Bauingenieur, 1978, §3, Part 8. 309 ~
313.

6 Fellenius B H. The Analysis of Result from Routine Pile Load Tests. Ground Engineering, 1980, 13 (6). 19
~31.

7 O'Neill M W, Hawkins R A, Maher I J. Field Study of Pile Group Action, Final Report. Report FHWARD -
81 - 002, Federal Highway Adminstration, U. S. Departemtn of Transportation, Washinton D C, 1981. 180
~186.

Nonlinear Analysis of Rigid Group Piles

Ming Te Liang Yue Liu
(Taiwan Ocean University, China)

Abstract In this paper is extended the nonlinear T-Z Curve of single pile, to rigid group piles. The nonlinear T-
Z curve of rigid group piles is derived from the increasing settlement of the pile shaft induced by the interaction of
pile — soil = pile system. Conclusions are;: @ The interaction of pile — soil - pile system obviously reduces the pile
stiffness. However, it raises the ultimate bearing capacity of rigid group piles. This means that the usage of rigid
group piles is more safe than that of a single pile, which has a big cross — sectional area. @Generally speaking, the
predicted results from the nonlinear T-Z curves in much more conservative than the observed one. @ It is
worthwhile to point vut that the failue ratio R; used influenced the prediction. The ultimate bearing capacity of group
piles is decresaed by 5% when the Ry is increased by 0.05. In this investigation, R, =0.9 is used as suggested by
Kraft et al. , while R for other soil condition needs further discussion.

key words interaction, pile ~ soil — pile system, failure ratio, ultimate bearing capacity.





