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Abstract

The rock around the pile surface tends-tordilate during shearing. As a result, the shear
resistance of a rock socketed pile is likely to be largerthan a simple multiplication of in situ
lateral stress and friction angle at the rock/pile‘interface. The main objective of this research
is to perform a pile load test in soft rock located in Hsin-Chu area and obtain the results of
load induced displacement in rock. Optic Fiber Bragg Gratings (FBG) along with
traditional inclinometer probe were used to measure the deformation within the pile and in
the surrounding rock mass during the load test. The behavior of the rock mass was also
studied using a numerical simulation. Parameters required for the simulation were obtained
based on pressuremeter tests performed before. The test pile collapsed prematurely.
Nevertheless, the available FBG sensor measurements did demonstrate significant
deformation in the rock mass as a result of the load test. These measurements were
consistent with inclinometer readings performed at the test site. These are indications that
shear related militancy did occur in the rock mass during the load test.

Keywords : Pile load test ~ Numerical simulation - Inclinometer ~ FBG-SD
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BPERERN LB R T IAHB 2P L L oW 2-4 (b)e FlE R )
G HWIADET REL R HW BRI L2 IR -
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FLE R PAELHEZRTEZ2 ERBAENE 014~274MPa> 3 230 5k EiE-
TP PERE GO 0 B RE I A fiEE 13530 3 3000 Y MR 2 F (FF
4208 ~ AT 1998)

2R FHKRRRFERK

B OAFRE RS R 291~2% 2 E#%K4 %R 95 0.05~028MPa -
Fé.“‘abes«EJ R 95 0.17~0.58 MPao ARz IS R ARD BRI BREF o EHME
FE 0.005%1 T 2 RARFE AN P RFE 2 R B E R A b S
Moo EHT R E 0.1%1 T T A A RS B R RET 2R REF S S
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HE AQ001)d = dhiEd e Sk fFR 1T NATA ALK 2 LAPHSE R H 2 Y
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o %20 0.1%PF o o SNEEP 2 A B Eam R FH EER R Y o "8 2 BEn &
Ca 2 YRR M AP 23R AE L o ¥ v s = fih CU 338k 2% % & 7 7 % 3L Mohr-Coulomb &L
RAERT R -

AL AR B RIE (1998) > 38 17 SUU = deddk (£ I F oL % F AT L A 2R T
B2 cEHA40kPa P iEK 532 cliEAB0KkPa ) P E R K L 5490

435055 8 F 3R KR
o 4 (1998) #5459 AN B L EF - kA B RRBEKS FRIPE L2
WEPN > T B GEERES Py BT *U@" om0 FH E(2004)3 20 g
d %2 R199) T HE 2 5 H R RS ARABRFLPN R - P 2B TR
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» =2.70, (Rowe and Armitage, 1987) (2-12)
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E?i}ﬁ“”%ﬁ“é@if‘? o2 B¥ed r"’?“d’ﬁ'i%“t’““"u_iiii%sfﬁﬂﬁ L 2 e R 2
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3 #77 I¢(Lam and Johnston, 1982) o ¥ #&5 oKV FF> pt & & 4 ¥ 50 2 B UKL #rde 2 4 o
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PoRY iRA GG RS o AR2-137 0 ¥ M- BRI EL RS ARG T
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L RAQE - T B R FH A § B S R B S R %7%% ® 2-9
ZRI2-107 2 BB 2t B2 WRE 0% o S 0 0 BrE T2 B BER S
PR 2 e d M2-134 PR RBBPAEZ ] 0 RE G DA &L
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RS0 bR F)E dvo RIS FuanA o SR A R HRDT A BB RS  f da e B g
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REFEFL Qg et o # rud U F e JNh E

Q, = ,Lq, (2- 15)
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PERK2Z S RN B AR FRATRB AT LM G 2 AN T
- ~Rosenberg and Journeaux (1976) % Bz i £k e & B - HRG R 2 B %
AT MRS G Y e BEEd o
q, =0.375(c, )" (2- 16)
= ~Kenney (1977) # & ¢
s O-CC1C2 (2- 17)

29 C et B PR el o Cd ki 20132 ‘#"}F%ﬂtﬁﬁ” 0.5-C,
Plass 1 i By 255647 e C,LEAO0fr 1l 2

= ~ Williams and Pells (1981 ) 3 B %u3h37 % 20 T 5%, *%ﬁ R B4 oz H
BR5E B2 m kN

q, =a,(8,)o.) (2-18)

oo, ~ Py b ArMATR
2 ~ Horvath and Kenney (1979 ) L% 3| £ #e kR 5 8 %o A4 2 £ &8 T >
FA Mg L AED EEWMT 2 e kR o (Horvath et, al ,1983)4% 1) # 48 L i o &2 ek &
2 Bl B MR - R AR RIERRCT el o ¥ - i AV R Bk Ak D
AR

L ¥ RIEEFCT i e
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= o, (2- 19)

A0 A LEHPTF AL B 023032 -
2.5 o] BE e ek e v

qs ZOSGC\/RF (2_ 20)
H9¢ RF L4k 513 > &} d T g ¢
— At)SLt
b.L, (2-21)

et

B Aby & T ARAER AT 3aE B 0 by ko B S Lo 7 BehE B Lok 7 B ls
» Rowe and Armitage (1984 ) &= & = & fit £ 2 = i ERRE 2 IR RERE

C AR ek R s 2 B Bt HORG R 2 KBS

1.4* %t 4 & R1 ~ R2 & R3:

= e

q.=0.45/c, (2-22)
2.4 4R R4
q, =0.6\c, (2- 23)

H¥¢ R1~R2~R3-~R4:i&AF7 e RS & 05 (Pells etal., 1980) 4r
% 2-2 %15 > 4 ¥ #7157 depth ~ width s.spacing 2o "4 3, K 4B 2- 14 #757 o § M
S| BEIEFLET S R IRIEAFSEPE > T % PR 2 sk ket i ¢ i H 9 5 AR
BB oo

b a2 ¥ o 2 Hix% i MPa
= ~ (Williams et al. 1980) # 1 #52. T B+ X 242 M 7 58 (2-24) k&7 >
fo= & 10 (2- 24)
Bo =tz 18T 4 5 R(MPa) » q=# F 2 & BB 355 & (MPa) » a =% ik
QAR BRI AT L T RS L g2 oA T Et’ﬁ%if'ﬂ&ﬁ‘%fﬁﬁ‘%'i}iﬁ'l ¢ Fa
BB E BN FHREEFREG e A TG B4 P HRURPE L
75 & Aol R - K Ao 2- 15 Sr R o

HY B 2-157° #rp 2 ek < /] 5 S3 B sdepk - m Bt 5 SI2 % A3-C2 R &
Fhbon kL ARERE MG

Tatsuoka et al. (1993) 4p & Rdc 2 chTH R 7 % # f5 & 47 2 82 5 4 47 0 #F 5 4 47 758
%> 3 T L% (Plate Loading Tests) ~ /8 ik:#5% (Pressure- meter Tests) ~ &
FIR H5:#% (Uniaxial Compression Tests) ~ = #R &57#5% (Triaxial Compression
Test) > B AL A 47k > 2 5 My T4 L@ 3% ~ P47 Aok o b it LB
WS ik L“ﬁ’&mﬁﬁb‘—ﬁ*ﬁ—ﬁi ZFoFRELA FREERME A 2]
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AR FEREEE S FE R R L A 407 1 T R i
B o oW 2-16977 o B P Eed B ILR 4 Hd %@ Byrid BREE
Fl2 4 Al ~Eppa 59 # A SVUREF A RE By 3 3P S ERZALT RRS% R
B F AR A ERREF2L R By g B Ea ol 15 > 7R F L R A
Henh Fl(Kim et al., 1994) > Ejpitial % = $h/8R i B8 W ST A2 B & Eoa
ERIVERE L0019 KA REM o BlY EqiT M Enx ) TRE BEE 3 0.01
96d #° i N HF LR T I T B EAP R o (FRATR 0 2004) ik 7 - k) = Bk 1S
| %W’?ﬁé‘wf@% 3 0.01%3) % BT R > BPIEE SR A 3 0.01%E 2 F
Ao REFEM Y 5B Teme P4 REERE @2tV ipi o § BRER
WRALIUH] > ek AR 2 ﬁlrﬁ%lrio d FEIE (7548 0 < ik Eppa A4 ¥
Emax 7 Er » “ruﬁv.a;a/w\ FrenB RT U Beit o o R & F 5] 1 S 8 Eprr *t Bunax
Bl %3 255 B RRBFDRFAAHRRL AT § T RD AR SZRE - F
I T A A P R e BB R 2 WR SRS 1] i ] m; IR Y 3y
R PRI B E T Lk RSB ERNE T REPES o

Ladanyi and Dominigue (1980)#& ! #5329k ¢ & Kﬁ%%mﬂf&ﬁ ;? AR
HI PR (ot 4 ) WORIL G id S 0 4 e B e 4 e (A
On)¥ d 5822535 (7P BRBZ GaEasil > i LT m:gg\,gifg ;.

TOEEAE S

k

I

_ AD*E_
D(1+v,)

HY D=2 2 /% En-# W2 Pl il pomH 2 ‘2?:1"«\""

BWMAOEEM 2 BHADRES §HEHTTR ZSPE AL vPEREE T2 q
B o ek S (L/D)s ¢ BT R4 % & > Horvathetal, (1980)#1 IE
Ho BT wARL A& BEF U PFRSIRTES 2 T 4 ok e B fE
TG BN (2-25)07 I & 2 A TAR 4 o ot b (Pells etal. 1980)+ 3% 11 pt fE FI A 4 W @ 3
o2 P4 B AFIZHEL FARE M G § AR RARR 0 B T AR
BF o o] 2- 17 #77 o @ 5‘"56%?‘3’5"56%? PR ARPRFERNSIARE 0 2 HYNHE
et ARE S TS AT R b E S oI H R A A 2 R

Burland(1995)45 1 ¢~ ﬂ"g’i?—a"f N Rt ELr EIT-: N ROW N
I FERRI Y o F € Mg K hT R (Stiffness) 0 FREB FE KOG E o AR
Bl 2o %258 BF oo Izumi et al. (1997) k4@ Sk S % #&0 M BRI 2 ¥
W EPR S 2 ST \%q/g > M R '—],‘T‘ Towmom TR A 2R FIEE ST R F)
> Tzumietal. (1997)+ 4p 1§ M 2 X PP L/ > A BT AAF &) BE T
#l rﬂt“ BREE ORR% .ﬁs;;s@%ﬁ» PR RN R BN T ﬂr@%gjﬂ IR
PRARDE > L FPH T KB F S o Simpson et al. (1979) & Palace Yard car park
T IAR o RO FARAAEIHE SR E BE Y ARG RERIRE 7%
% o 4oB 2- 18 #7or 0 FIE T UL BT BLBIE S -

(2- 25)

14—

F_

%
%if )

v ‘Fb

17



Skempton(1961)4= Bishop et al.(1965)# 1 fe.— S kT > = I EANE B 5 F % %
e 2 AR BT IHE £7 § + o Atkinson and Sallfors(1991)#-J& % £ = fa 4
T 0 AR
- ~ k% (very small strain ) : R 107%

ol % (small strain) © s % 4 ] 4 >° 10°%3 1%z R o

=~ = &% (largestrain) @ &% 5 B/~ 1% -

Jardine(l995):f% DRI E 2ERL BRI R e iTig = R E A3 0.001%7F)
0.5% < d 137 P FEAed f- KR ERET B KR PR AR L] o

{ﬁ?fﬁﬁfﬁi 18 b %'l P ET’%: SK%’T ’ q—\?‘\/{ﬁi‘ R VT
Jardine and Saldivar (1999) R4 “,f PR IR GG e R g S T B
b § - 2 g A Xeray LR IE A EE 0 & FILERY F 4R g%%—r Hoc

SRS Bl R R
232 L KA BinlEE B ool

Benmokrane etal. (1994) i * 2 f+ * 2 2 AP KAt TR HEEEF

BEBRAPENFEL B 2-19%77 o d HREHEEFR Y BB E 1] 0.9-2.5mm -
@ﬁ%i WQ%%’WEWhaéyiﬂ’éﬁmt%éﬁﬂmmﬁehﬁ’ﬂﬁﬁ
el

2.4 2 Fa2o R

AR BRI VSR E P2 2 B2 M2 FE a2 05 Mo~ FIAK
2R AR R R 2 Bkt B AGEERA T B R AR B
PREERA R LA IR M WA E Y AR P A RSP E RS
PRI 3 2 BURHCN IR 4T (E 1 £,2002) ¢
- ~ ¥ & By (Buckling failure of pile) :

FRARE S T L B EFECeR R SR ) AR Y FL 2 A L TR
B R AR RN FP AR ERTZHRTLEQE IR (S)L d ME T
P Eg endk By BBk BE 0 hoBB) 2- 20 (a)¥1oT o
= ~ > T 4 ik (General shear failure) :

PR AR B R o 1"%5{ A Ea RERE hd KL o TR T 2 R
2%_%;@F\Jﬁ$}/\9§-4ii¥5§ Al v % i?f,i"ﬂé*: F%-k—r’gii%ﬁg 4 e P
SRR B E SR 2 W g G z«w FLEL > 4o lF] 2- 20 (b)#5 7 o
= ~ 7 7 ¥ 4 Bk (Punching shear failure)
BARiid K 2 AR FA TR RS M AXPTER AL T AR
Bom AP EHNIAEE 26 AT €5 P 2L X% E > 4oFl 2-20 (0)77F °
>~ % > B (Fully friction failure) :
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CRTRUEFHER FHEE SEILRETY S SLEEE W SENLE SIS V. EHES TR
Fpt L E BT d e B TR o FREORTYS = 2 i 8 e |
PELRAE 2 F WG P A2 RE S e R] 2-20 ()T e
I ~ A (Pullout failure) :

WAL AR B P E ST R R 2 BRI £ A
oo H W AR 2- 20 (e)# 7T o
Jardine (1992)3p 1 7 F &4 Be/Eizds > ¥ 3TN E Fabends pe > H 7 R Bl4cB) 2- 21
#1510 Y1(first yield) 5 2584 7 & r'ﬂ’]‘ém Y2 A F AR RME S 0Rk ' Y3(final yield)
RPN RS 2R o A Zonel T L AL R 3 0 Zone2 R 5 2EMUEN T
B o Zoned PIB 42 4 %) > Zoned PR MR E A @ M4 > ¥ P PFEE KRG g2

2.5 i *E RN

B EFRTEFTHRFE > AR OERY ¢ HIRE B S RRDIEY o

Flb - BAese RPN AH P SR T AR EEF L E R A B 0 @
BATE AR RS S NI g T AL TSl T ol s RRM
%

Zv gt Y E b @r’v":ﬁ%j““ﬁifg‘ﬁ < (Mrozetal, 1981)#& 41 % & #5387 F 2o #iC
B AER PR AR T AHmAE S e X 4 AT F FRRERDET L o B 2- 22
BN 2 IR 2-22(a) %%4\:1‘%1‘15 RO ¥ - B 4 B O T AL B
2-22()]# T A4 B R & S fodde A K R B R - Fr o e F s
A2 > fo TR 6o B4 5 BE[R 2-22(c)] > ¢ pF > BARK KRG B E 0 5L
48d BICor Ayika fo2 68 &2 H[(d)] > 0T > 38 B & [R 2-22 (e)] - B 2-

23 Lo AR KRG B2 75 e

Mo ATER T 20 % 6 f5% 5 (Pan and Banerjee, 1987; and Pan, 1991)#7#% & 2_ #-5% »
PR R R AR PR G - B BRI BEhE s o F R Pl A
PFo A= 458 & g (initial elastic response) fé - i% i Ay iR o F]pt F i # & #& (stress reversal)
FARFNRMZ ARG S EERom Bt F R A R AT R
ﬁi* G F o R B Ay R eniE - Ff é»‘fj"? FeFE- P 2 AR R R

& % £ o (current yield or loading surface) » % }* BN T o ByRe phple 7Rl B
w;@’ TR B R N0 L AL R e R R - R 5
- ¥ ARG 0§ A R AT R R R R A R gk pRR e
HZERA R P HGVIERK - BATTR EEARNGR AR A F EEEE A 2. B
TR F R R m T 5 AN AR E 5 33T el RG £d BT 2
)1*&4 FRERIS £ 0 AN P BER KRR FTHREID - R FESZF R
AN @R e T AT 5

“'ﬂ =\
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f(o,a,)=0 (2- 26)
B add@haz X o PHALEES 2 ERACERAL LFEAKRG AR TR

“~

BEEBE T BEEABRT AR AR EER G ipi . TR ERT BB A KRS B R

f(o',a )=0 (2-27)

oc*=c—-(1-s)c" (2- 28)

F9(2-23)~ (2-24)F a A g A R k) o o* N L 3R 4 R A (transformed stress
state) RN BT - R4 PR 4 568 s N4 Akt s éi“iﬁu R D K
L] 2 B T s =afag, 0<s<l. o %P FEE (2-20)% 2 pF 0 L4 F HEP| A

f(c +Ac,a)<0 (2- 29)

(R F@’s}*if‘?’E‘Jﬁﬁ’s}*iﬁif@ﬁﬂ%ﬁ«%*%?ﬁj&’ﬁfé;i&ﬁfﬁﬁ'l‘*—%’
PRy Rt s #ERE SR o S PG BAEF R KRB RB A EHBE - LA T
BET R RGBT RIp R4 R S e Rt 2 3 e BB U] G Pan(1991)
F DT Ry RendE gLy AT A RESGYY RS P SRR 2 B3R e 0 R
Ry AR N B R UP Ge  ITE R e R Ry KRG G B B R RN (2-26)2 8

A AT

R
o*=(o—-0)-(1-s,)0, =0}) (2- 30)
R a, a a )
29 0, =(-8)0) ;8 =8, =—;s=—=8S;, saa % a AW B AR
c al ac

v p R | e ,
o~ m 2 ER R X o8, % $IFEANOF| 1P Oy F BT R4
R
FREEZEARE O 25 e ) @mPar k4 RE -5 ARG FHRIH

Frefho ot By R F o BB ARG 203G a0 A=A B =1 ppEL O, 0

o

-~

o)

T2 B e 238 ;38

c¥*=(0-0,,)-(-s, )0, ~0,,) (2-31)

. R
7 (2-26)¢ O, = (1 —Sh )(Gn—z - O-n—3) +0,;
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a a a a =
Gy =0ne s ="t s=-t(=2n-2);5,,=—;s=—=]]s,
a a4, a. i=l

A,z Ao 2w SpER ARG ~ 51 B'UG 2 8% e 2 %] o S 2 Smg 42405

Ry v DI e Ry v own s s S
R TR S STE S AR S 10 SN L RTINS R A PR
PRI F Wk R -
PR LT RS R By RO S RGR LR 2 B e kB
Fe i HEFE L (R EFEBER THEFS -
AR RIRT LY BN AR BT P E AT AR S S e R AT S

HE PP LR ET Y LN A

do =Dde® (2- 32)
H ¢
TG A
1 v 0
(1+v?) 152v 2-33)
2
T o %
1-v 1% 0
D= E 1% 1-v 0
(1+v)(1-2v) 12y (2-34)
0 0
L 2
PhEHAL
1-v v 0 v ]
D E v 1-v 0 1%
= 1-2
d+)(1-2v)| 0 0 2V 0 (2- 35)
% 1% 0 l1-v

BAHNY E B - Bl R YK B AR sH X A
Wl RAHRE E T M G
E=E =E (1-s/")[B, +(1-5,)s71] (2- 36)
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He s aWa B ER et B o2 " Wa EF L G0 B E 24402 EE
oy Y2 BB T M2 Sl HATE HEGRR oER(2 ER 0 2001) -

RE- BB EHARP LR BRT L BRY o <pFE T HER
A2 Sk PaAREN R 2P 2T e 4

O-oc 3
E, =E, +(E; -E )" for o, <P, (2-37)

C

26 A¥EHEEE s

PR LR SR - T F R L BiwksE 2 & R (load vs. settlement curve, q-z
curve) » * ¥ B AL 5 A M o F L2 iR Maor & Bl4cB] 2- 24 41T o

Hoowat PR EREE S F RS M ETH $R M;H AE B W A Db R
FREosse BAF DD DR T b 2 RH DA ORI o b
Y RPIF RN G D RAEREEAEURP S A FHR LT A2 )I?’% 3E
* 7 De beer(1967) ~Davisson(1972)>Hirany and Kulhawy(1989)~O’Neil and Reese (1999)
Z Ngetal. (2001)% 7 872 3¢ > & 8&-H H =3 3 i e ™
® De beer ;= :

De beer(1967)# 1 #-s# fhd 8P 2 fTkag 24\ € 5 Poftfic > PlW S g K a)= 3 4p
T2 E A A fRIUR S WL ATE R R 0 RS S S
- T 2R EE( AL S 240P 22004)
® Davisson jZ :

Davisson(1972)13 45 #5155 1 R 2 7 FHEaF RS E > I AL B 2470073 50 Mg
Pl @ i TR A R 2 BINA 0 ¢ RS R AT R U E i 2
et & 0.15 v o B A B R 4e30 (2-36) 47T o

PL
Ay <— Y= +Qyp +0.15(in). (2- 38)

7 Qup T s AT R E P ATiE S 2 ke Davisson 23k g B ST RRE S ]
Wz Fr R WA S A EY L 95 01in. o
® Hirany and Kulhawy /2 :

Hirany and Kulhawy(1989)# ! 4 &“‘7??‘_ B Fé‘%’!d] AP AR B ARy
TEFSEILS 042 Ll 2 oAk 17 28 23R R FAEIP LA R
A NEGTE A B 4% A S o ;zuﬁ;%b %g B GEHRTE W &5 D] 4%
EYARAEAE A S L NUSE I TR &8 2 AR AR SRS Y o ah RN B E
DR ANE OB
® (O’Neil and Reese = :

O’Neil and Reese (1999)#%& 1 § #h@ iz KX - HTP L 7@ § 7 $riwiam - & L8570

o
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kA F P S% A o P E TSR E o P S - g% TR
iﬁ LR W -
® Ngetal jZ:

Ngetal. (2001) 1245 Davisson i ? 7 % & 2 ML F2) A TR P £ g & 2
MR 2 015 v 2 BINA o AiE T e 5 Ngetal &R E R > 570 Aid 1R T
TR Om) ¥ A1 8(2-37)% (2-38)30 &

1PL
O, = 0.045D(mm) + —— (mm .
M (mm) B A( ) (2- 39)

3PL
O, =0.045D(mm) +——(mm i
M (mm) 1B A( ) (2- 40)

He DAt PaiE L st B 5 AREEEE AL AR #2237
YA 2 RQB8)E Y AN B2
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% 2-182-12 ¢ CNS 9 5% & @2 ® & 2 % 4 (Lam and Johnston, 1982)

Rk B & % 2% B (kPa/mm) o diz e 4 (kPa)
1 85 111
2 85 192
3 85 236
4 300 108
5 300 203
6 950 113
7 950 238

# 2-2 fetE R 2 2 & (Pells et al., 1980)

Roughness class

Description

Straight, smooth-sided socket, grooves or indentations

R1
less than 1mm deep.

R2 Grooves:of depth I-4mm, width greater than 2mm, at
spacing: 50mm to 200mm:.

R3 Grooves of depth4-10mm, width greater than 5Smm, at
spacing 50mm-to 200mm.

R4 Grooves or‘undulations of depth >10mm, width >10mm

at spacing 50mm to 200mm.
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fiber Holographically written grating

core = 2nA
input \ % /
SIgnal__. b T— P - transrpit‘led
-~ —— - signa
reflected AV -
signal -—
Ae
g train-induced
input transmitted reflected .
-@um |[ : signal I‘ signal yd shift
->
—p L ﬂ' 5 >
A Ag A Ay A

B 2- 2 sk gk 4 R A T2 on i WL(E st 0 2003)
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Very Soft |Soft | Firm | Stiff | Very Stiff | Hard
, Med. Very | Extremely
Extremely Weak ‘ Very Weak ‘ Weak Strong Stron Strong| Strong
l | ] I I |
0.01 0.1 1 10 100 1000

MPa

B 2- 3ISRM &34 2. ~ 3= #1341 8 R 53 & 4 %7 Bl(Johnston, 1993)
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Nr&km

Cracked (high

strain (log scale)
. % {7 % (Hight, 1995)

i

) 2-4(3) -,1,51 );;'] "iﬂi‘ Hx o e

*
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cracked

PI

strain (log scale)

B 2- 4(b) ‘wic M A RUR 2 5 B i 2 4 R # a0 BB (Hight, 1995)
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Paint 1 Point 2 Paoint 3 Point 4

ring
crack

"-‘

-

.%}1 \s *
ring crack crushed Plﬂilhf fan shaped
rock formed sheared wadge
cone Tone
radial crack
formed in
plane of
(a) fan
failure
majer yiekling f
-
3 4
i 3
< 2
1
Displacement
(b)
W 2-5 (a#c# <4 sfn LW £ 4 BUk €8 o8 B (2 Fod > 2003) W) 2 i

i
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. : Socket diameter (D+delta D)
Pile and socket diameter (D) N -

Pile diameter (D)
Rough N | g Vertical di'splacement of pile |
wall of V17
rock _Congrete 1
socket pile " Dilation | Dlsplacemenzt
of socket =—— \}fplle ,/i"_"
diameter
(a)Xfter casting apd (b) After displacefnent

before displacemént

Bl 2-6 28PN X 4 $357 g,ﬁ](a) 4 au(b) 4 {4 (Lam and Johnston, 1982)
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AV

\Vi
Spring of 7 | . Jack for application of
stiffness K initial normal force
Normal——>_ -
force

(
Concrete - —

Shear "=~ —Rock—

force —q X
() ) () () ()
Yy y Ty rEEy
Roller
bearings
B2-7 it E C

nd Johnston, 1982)
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Steel spring
Aeaction frame :
/f Scraw jack
Fa

// Marmal load cell

1 Bush bearing

Tap box
reactan

" bracket
-

Housing for carriage
assembly and bearings

Shear Bottom Top box
Shn?rlnad load box
jack
ceil

B 2-8CNS £ p $' £ @ B 2_ 3% % (Lam and Johnston, 1982)
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Dilation
Shear stress
Normal stress '

Normal stress

Dilation
Shear stress

L

A Shear displacement — ——m=—

2-9 3 182 ONS $ ' £ § %4 2254 M % (Lam and Johnston, 1982)
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Shear stress

A Normal stress ——p

B 2-1032 8 CNS $ ' £ & ¥ /6 ¥ &2 % J& # (Lam and Johnston, 1982)
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Direction of e
» .shear

-
&
Noncrete

=
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800

600

400

Shear Stress, kPa

200

0 100 200 300 400

Normal Stress, kPa

500

B 2-12(a) < L % J5# S00kPa T ' &£ L & J& 4 229 g 4 2 B t%(Lam and Johnston,

1982)
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800
450
600
<
(el
Y.
2 400
N
5
<
0]
200
O | | | |
0 200 400 600 800

Normal Stress, kPa

B 2-12(b) &~ I = Jis+ 800kPa T L £ i v 5 4 & 3 &4 2 M % (Lam and Johnston,
1982)
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1000

800

[a¥]
&2 600
3
5
2 400
/]

200

0 200 400 600 800
Normal Stress, kPa

B 2-12(c) &= ¥ &+ 1000kPa * i fre gt & 3 & 4 2. B % (Lam and Johnston,
1982)
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4
B 1
3 -
g
€ 92—
o
.S
= L
=
1 TestNo. 1
1 21.2
2 18.8
3 20.0
0
| | | | | | |
0 4 8 12 16

Shear Displacement, mm

Bl 2-13 (a) Eded i35 21.2~18.8 £ 20.0 2§ =4 &2 %% 2_ R % (Lam and Johnston,
1982)
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1.6

1.2

Dilation, mm
o
(o]

0.4

4

Shear Displacement, mm

5

Test No. 1
4 18.3
5 16.9
I I
6 8

10

B 2-13(b) Er#4 i 5 183 22 169 2 % =4 &2 3k 2_ B 7% (Lam and Johnston, 1982)
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0.6

04—

Dilation, mm
o
(\9)

Test No. 1

6 9.9
7 12.8

0 1 2 3
Shear Displacement, mm

B 2-13(c) Eed i i 992 128 2 F =4 &k 2 B %(Lam and Johnston, 1982)
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Model grooves
pile

depth

- Soft rock
sample

—

B 2- 14 fe ki 2 &1 & BI(E 5od > 2003)
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Percentage of peak average side resistance

100

80

60

40

20

= T N A

S12

0 A R B
0 10 20 30

Settlement, mm

40

Bl 2-15 7 e fedE 500w o8 224855 A& 2 B % (Williams and Pells, 1981)
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Depth (m)

-20 T T ¥ T h N L
; cjhﬂ*ﬂg//// G“Ef(suﬂpelnsion]
"3'0' o, o
._ h *
|ﬁ“~ // ' ; /'5 o
ﬁ%m fo%e [on 9
-40} 6] g L] J{ L . O % I 4
, E Ema:
o CBHLT A {a] 1
o . / [ J’
_5{}.- 0 Dl ° i
0 &y d Eq o
l v N
A a L or 4
{
-60} o] o R=125, R_=156
@
=N\
9 Je N
5 ° .Qﬁ «
o 0 ° \ o
-70r 5 R.=0.31 :
e o q l
LY
-BOt+- — El -
(down-hole)
! a
F Q 2 & e
=90

0 1000 2000 3000 4000 5000
Young's Modulus E (MPa)

B 2-16 7 fe 2% > % 17 3| e < ficfic (Tatsuoka et al., 1993)
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Average shear stress (MPa)

10

Test 38
Confined in two steel rings

Blog¢k cracked
Test 37

— Confined in one light

gauge steel ring

| Steel ring burst at weld

Test 24

nconfined

0 2 4 6

Displacement, mm

B 2- 17 & #]iF & $:E% 2 % 2 ¥ % (Williams and Pells, 1981)
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Horizontal
movement [mm)

wm o wh

R
o

Verticagl
mavement (mm)

e a (Observations > .
—— [lass A {Burland & Hancock ) . .
— = Simpson et al.

~
Lo ]

Bl 2- 18 /| 710 A fdt & % &I & P12 % L i (Simpson et al., 1979)
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Section A-A —J

12.7 tnn

127 mm

3.2 mm
- 51 mm

102 mm

203 mm

25.4 nu nI 4

57.4 mm

2 3

220 mm
Section A-A

B 2- 19 ﬁ-‘ﬂ]ﬁi,&i\;é%%fr % Bl (4 p Benmorlrane et al., 1994)
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Load Load .
g [
E \ B
3 “Buckling &
failure
vpnint
'[EE.LBUEk“ﬂg failure of {d} Fully friction failure
pile
] = Load
E -
£ \
s 5 |5
= 5
3|
B NF
Load
(b) General shear (&) Pullout failure
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X

2051 i R E R
SI PGz TREF(BEE)
FRm) | s 15 225
Lo (kN)
196 -9.37E-06| -7.83E-06| -4.56E-06
294 _1.22E-05| -1.14E-05| -7.74E-06
392 _1.54E-05| -1.20E-05| -7.83E-06
461 _4.64E-06| 3.78E-06| 1.46E-06
S2 P kg TREF(BEE)
FRm) | s 15 225
Lo (kN)
196 ~9.89E-06| -8.69E-06| -5.16E-06
294 _1.59E-05| -1.33E-05| -9.55E-06
392 _1.51E-05| -1.26E-05| -9.46E-06
461 _3.27E-06| -6.88E-07| -6.88E-07

2052407 P S BRIR RS T 2 B e R

S1 1B R fE 4 2 Bl i (KN)
FRSH s 4 15 | 228
4 5(KN)
196 14203 12099 7047
294 188.80| 176.84] 119.66
392 238.00] 186.15| 120.99
261 71.80 5850 2260
S2 ¥ gk {4 2 Bl % (KN)
FRM) 075 | 15 | 228
s 4(KN)
196 15200 13429] 79.78
294 24598 206.00] 14759
392 23401 19545 146.26
261 50.53 1064 1064

Es=2.04*10°kgf/cm’
Ec=2.17*10"kgf/cm’

F=Oo*A=E*&*A=2040*2.8* & +217*700* &=157600*&
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05340 B dn 55 BRI R E T iE 2 Bk

S1 ¥ ¥ B+ (Mpa)

FRM) 1 675] 15225
e 4 (N)
196 0.04 0.05] 0.09
294 0.07 0.08] 0.12
392 0.11] 0.15] 0.19
461 0.30| 0.31] 033

S2 itk & B4 2 35§ % % (MPa)

FRM) 1 675] 15225
e 4 (N)
196 0.03] 0.04 0.08
204 0.03| 0.06 0.10
392 0.11 0.14 0.17
461 0.31 0.34 0.34

254 i B ARED LB
S s, S B

REM) | od5T 15 (225
se 4 (kN)
196 0.26] 0.38] 0.64
294 0.36] 0.40| 0.59
392 0.39] 0.53] 0.69
461 0.85 0.88 0.95

S2 pith s BEEt B E2 1t E

FRm) o751 15 [2.05
se 15 (kN)
196 0.22] 0.32 0.59
204 0.16/ 0.30 0.50
392 0.40| 0.50| 0.63
461 0.90| 0.98] 0.98
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S1 pifi#t2 tht B4 (MPa)

T FRM)o 25l 1 51005
4 44 (kN)
196 0.08/0.17/0.20)
294 0.04/0.13[0.15
392 0.09/0.19]0.23
461 0.08/0.18]0.19

205-6 o 5520 Pl R K

qp ,MPa Qp KN(#f)

Coates, 1967 305 6 423.8(43.2)

Teng, 1962 803 11 777.9(79.3)

Rowe & Armitage, 1987 2.76. 5.4 381.6(38.9)

qs ,MPa Qs kN (#7)

Rosenberg & Journeaux, 1976 0.375(c.)"" 0.54 15.0(1.53)

Kenney, 1977 6.C1Co 0.1 2.77(0.28)
Horvath & Kenney, 1979 Wo. 2 0.35 9.7(1.0)
Rowe & Armitage, 1987 045V 0.64 17.7(1.8)
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