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The outcrops in northern and central foothill regions of Western Taiwan are young or
very young according to their geological age. They can be classified as “very weak to
weak” rocks. The sandstone that constitutes part of these soft rocks is often poorly
consolidated, weakly cemented, and prone to soften when exposed to water unconfined.
Under the field conditions these sandstone or shale may behave as a consolidated rock. The
same material however could be crushed by fingers or turn into a pile of sand when soaked in
water. The behavior of these soil/rock like geomaterialsis not well understood.  Subjects
such as the characteristics of the rock mass, foundation bearing capacities, mechanical
behavior of these types of weak rock relevant to foundation design demand further research.
This project is the sub-project (1) of acollaborated research on “Geotechnical Engineering
Behavior of Poorly Cemented Sedimentary Rocks”. It extends an earlier collaborated
research project on “Mechanical Behavior of Very Weak Sandstones and Shales”, and
“Engineering Performance of Very Weak Rocks” conducted in the past fiveyears. Theam
of the current research is to expand what was accomplished in the earlier endeavorsinto
aspects that are applicable to geotechnical engineering designs. The main objectives for this
sub-project include: (1) conduct field pile load test in a weakly cemented soft rock formation;
(2) explore the possibility of using the optic fiber Bragg grating to measure the strain
distribution within the test pile and local displacement in the rock mass during the load test;
and (3) evaluate the behavior of thetest pile in the weakly cemented soft rock according to
the analysis of the [ile load test.
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R I SN N &;‘ ® gu2 = % Rehman and Broms, 1971) # 1 # 7 p sz £ £
BHREFFPQEE: BT ERBERR 02 ® 3~ &2 I -(Johnston and Choi, 1985)
g P AR R Z P LRRLBF NS ARBRAINT 2 250 X 4 DAL BT
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BB A2 w2137 c F S FEE R R L E
Rk (o) -‘zi’ﬁ;m«;w R HM SR T

q, = 30, (Coates, 1967) (2-2)
q, =80, =S (Teng, 1962) (2-3)
qp =2./c ¢ (Rowe and Armitage, 1987 ) (2-4)

A A RS B KPS S EPR S G SR BRi s BRF 2 46 G K
B et BpE > faz ¥R TV XM 4 ¥ ABBET #LE 4 E}%:HEI;;@% Base &
o H A AR - BRI R A kR g B R R 25 L2 AR
g ot R LG RFEs B b2 oAttt B2 P ARE B 2 Erﬁ“‘”“ﬂr}\?
(Lam and Johnston, 1982) = § & & R4 » gt 32 & 4 ¥ 00 3 R frde 2 4 o TRt R
BEAMTFE A2 8 ,’F‘ﬁv}{l’:‘?f” FoRfekEs € ARBUR ek B 2 R REA T
BB FPFRE AL WIRZ LG > T A8 H AR o Fﬁ* % 3 o hr@ 2-14 17 o
BAMA L IR DR BHP IR S o g EEF LD e A )
Jaeger and Cook (1979) # 1) ™ 7| eh/E sk 5\

—%(14‘\/) (2_ 5)

B¢ Efrv i 2R EE I > 2 2SR K 5 P IRaBR A4 P ul%uigé#

R us Flt E R SR Ki*u?'/zxﬁa :

P _1E
u r@d+v) (2-6)

e R AT I ) A ,__._Etb;(;m@ P oo B2 e d P ET o Ra AR S
BREPF AR FE AR o AT E S P B IR R B R
230 > AR A2 F 2w 4 F A€ L - BAE - F(Williamsetal. 1980) # 112
TP R E T #E5% (Constant Normal Stiffness Shear Test, CNS) 2. 5 = ;% k fise s e &

RO 2 g, ¥ ﬁﬁ4'323§‘312']rév@”4%4 2 F)F E AR E R A AR B
Al Ak 2 52 RIBRDEERR

CNS¥ %z 7 R B4 221577 > H ¢ TLMLd Lzt 2l TEF2 86
NHRAREEFO RN E I TP LRI R Y ROEMBE A P LM EFFLTH
o USRS LILE B B UM D e R A R S e B FTHEZEE TR
2.2 4 Bengpd] o d - SBF kA =I%5ﬁé1§%)§’?#z¢'lﬁ;ﬁ%%ﬁi%%

*ol o m FEEATIR Y 2 K B Ao 2-16 froT o

ek
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—\r%@@m%mB%y

Byerlee (1967) %t A ¥ B bR chi g3 N Wi B WA ST ¢ A2 N &
HEETR A FIN T4 R E- 212 - BIRMEERFAFE o7 b3
Bl BRRMZFME AR BI CRFZ 75 bR LY F g
Ao d 4 g ipe o
S~ EgEd FH(BICE2 CHD®):

BRCR2zfisMBR2ZREMA §A22H3 8 RFAENFHEES BEG B
2IG s FIPL A GE R T o kG %9& éw’ld*éW@%%ﬁﬂ% F

:?@@ﬁﬁW‘viﬁzﬁ%’*”“" WE LA AR e DA 4T o C 3
Dst2z BRlim F &P enfif e PRASIEER  d 3R E S IFH 4 B pd 2 4
rf’&'#qi&géc,P‘_:.p’;‘?ﬁjxaécmzé)i#ﬁaumﬁ AT - 8 NFEDE

ho@] 2-19 95T 0 AR E BRI AL e E > T R 2 B P 4 R4 BUR 2T
Ao F R EHTAGRTE B ARZFMAD BN A F R F L %S
BEZ A g 4 5k phakpr > Hok4 k2 B3y MR 2 F 5 ) > L-
ERAEA B 3HRZEME T RAEAE M GREERMTAEZ FML L
=~ F 4 (D B2 )
FIEDBRF > AAR 22197 Hrm 2 %4 R 2 2B bzt 2T
B M E R TF 2 Bt bad 2 g o

EBIDEFzZd MR d MHIREFHRETFUTL PEFE > ¥ 1421 A2
~ Foorehgdlic o TEME BT BEh o ot 2207 0 MR 2 EET =
BcdnE b2 Byt m 3P R2ZFMET L2 - BARELE - H
voargR * 2 Fof 5 Lamand Johnston (1982) F sk iR 2 gk 0 B R k2 Hedp s - o i@
AT R AT e 4 o A FW IR e E 7}~—'41r'z\» 2- 15757 o

F?HjmJMmema%akﬁﬁﬁﬁﬁ%%&%fuﬁlﬁﬁ’F%Jﬁ*iﬁ’
HPY iR &G aidiEd o B 2217 > - BoiRT 2 PR 287 § 282
A2 RBEMY EP FEESE 4 R FE &%é@%pw*ﬁ%”mw&’wUQl
- LT BRI FHA €A B "Ef 2L LR 2-17 %
B 2187 2 BE.o )2 WY ¢ 27 x:ﬁ;%"ﬁﬁl'b‘.&? God RAET| 2 AR B ET
A BE 4 2 e o B 2-21 ?-g Mo BHmS R A RRA A2 e A AR s [
T4 BB PE2L IR R AR o

A R FF fro RIERE RS ) H R AR L BB o e BT B
A ekl 4~ IR o B R % - (Canadian Geotechnical Society 1985) & 3% 7

REFEFL Qs o ¥ aad 0 E s JNh g
Qs = ﬂbsqus 2 1)
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He boitmeim; Loithb e O 58 o ffam B o

Qs gd 55 8 —*‘Ff ( Rosenberg and Journeaux, 1976; Kenney, 1977; Williams et al.,

1980 ; Horvath, 1983 ; Rowe and Armitage 1984) & & 4p b o8 A Y
PEdmz s RIthe B A FRRIRBAT MG 2304 FaeT
- ~ Rosenberg and Journeaux ( 1976 ) :ﬁﬁflﬁu% Bl LR P ERG RN G
A NT AR RN R R e B4 o

=0.375c, > (2-2)
= ~Kenney (1977) # 41 :
qs = GCCICZ (2' 3)

B C it i B uidrp o Cd 92 011 229 et 2 05-C,
Pl 1 HFE R By 25647 Gk C,EM>0fr 12 F -

= ~Williamsand Pells (1981) 4 B %tz 5 2 b RE% B % H N B L 7 4
A A

qs :aw(ﬂw )(Gc) (2' 4)

B9 oy~ P b ABATE

~Horvathand Kenney (1979) % 5| £ tde ke 5 B 58w B4 2 £ &8 87 £ »
1 AR ARG 2 AR 2 kR o (Horvath et al ,1983)3% 1 # 48 L i/ & 27 ek &
2 5 B MRS - TR RN RIBRRCT S ek R 0§ - 0 AN T R e
AR
1 Bl EER T ey -

= Ao, (2-5)

A0 A LEHAPFF 4L 2023 032 -
2. iRl AR EGke gk kR

g, = 0.80 VRF (2-6)
HY RF ZdedER 513 » <o) d T84 7 !
Ab_L
RF = ——s—t _
b.L. (2-7)

P Absd T ARHER AT 3E B 0 Ds 7 Bt S 0 Lok 7 BPE B 0 Lid 7 BATES

o
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7 ~RoweandArmitage (1984) f fF+ 2t A2 M B LRFH L L T HR B RFRy
FoRNIM T PR SRR BEREE RG R 2 G%
1e ¥R RL- R2 & RS

=045/0, (-9

2.8 ¥ kR R4

=0.6,/o, (2-9)

H? RI-R2-R3-R4:z=A 7 itk hk % %4 3 (Pellseta., 1980) 4
4 2-2 %77 » 4 ¢ #r57¢ depth ~ width ~ spacing 2. % 4 &3, & 4- B 2-22 #7577 ©

R RS SR RBAT PR T R b2 S5 km o { F § H s
At R e

1—3‘\1

+ ~ (Williamsetal. 1980) #% M #42 T b4 % 22 BEMGT 1T N k2 7 >
fe= a 104 (2- 10)

Ho forth BT 4 A 0 QFE P2 RFRSERE R 0 a5k B QAR B
BHEMT2Z T RA 2 2R L o d FLERZ AR E R Ra12 BRI
e FRHREEFREFT AR AIRG BEES F HBURPFZL (75 € ioipliat
- 4k 0 drB 2-23 F1oT o

Ao F 2239 oim 2 AedkA Al R S3EifEmks B L S22 A3, C2 )i
2ohoh K2 E R AT B 4 o

Tatsuokaet a. (1993) 4p ) Rk g chT R 7 % #Ff5 4 47 2 B0 5 A4 4T 0 B A AT O
%G T L& (Plaeloading Tests) ~ & & k%% (Pressure- meter Tests) ~ &
Ef]@qﬁ;é% (Uniaxial Compression Tests) ~ = #h/R 4 ﬁ;éﬁﬁ (Triaxial Compression
Test) » ® A ITerEB > 25 W T4 L% - FPAQF ARk o i LR
W*ﬁﬁﬁ“ﬁ%mﬁﬁﬁ*ﬁﬁ BB EA LS FREZERM AT T
LA d FERRFLRFTLF EOEFEEE RS ) B2 R A 77 E D s il
B g ﬁrﬂ 2-24 %575 o AP Epd M IV T4 i % EF D] s Egr 5 0 BBRRET
Pl2Z 8~ Eppand ARV EF AP RE B s FPTRIBRZARZ] AR K
B p A RRRLART A RRREZPRE VB By %5 7R T 5 3305 A
s F(Kimetdl., 1994)  Einjga 5 = PR 55 5% 4 % ¥ SUT 0258 2 E & > Ena
AR IVERE 00192 Bt M T > BY EgiT 0 Enac TRE B E ) 0.01
%Wl RN FERFRREIIN DR IAE D (FFTR 0 2004) Bt (7 - k5 = dhiRsk (S o
BRI phe FA R ) 2 0.01%3] &% B ehSh R F R E A5 ) 2 0.01%E 2
EAO o RE A Y P RE T AR EREEAT AN R
WS A 0 R AR R o d R IRE 5 L3 P S Hi0Hk Eppa AL T
Emax fr Er» T de e 447 ch BT 0% B o3t d BB & E I < 08 Egr ' Emax
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E-03

FrEl %3 EF5 AERRBFDR/BIHHRRI A he § 3 RBRZERNE > F

B TGP RCERRZ @mﬂ—}u% FIENE G Al et RS o R 4

WO RDPEHESBEEIT LG CHESBHEPL T REBE
Ladanyi and Domingue (1980)+#%& #s,m@»ﬂgg R W g7 8 I I A

NS

\tii*
&
o

Fht it

PO T (i B R Y ) R § ?*“Wﬁ’mié4wﬁﬁ§m

O-n)’f;‘ld'r—\lz‘—l-"gﬁ ’(—,ﬁ:ﬂ]& %Lf—yﬂﬂgﬁr’}’ +7}:i§,7,_/{__._:§ } &E’é’:’ﬂ'bfi’:‘;{?
T A dF2 %)
AD*E,

On=—— ¢ (2-11)
D(1+v,,)

HY D=tz 2% > En= A2 3N 108 v = M2 T
mEMAEENZ BAPERY BT RAESEE FSTFERTEEZ q
B o fhihk £t (LID)Y ¢ B 5 He T k4 % & 0 Horvathetal, (1980)4p o1 & f21t 4% <
Fo BT AR AR ST R T PERS IR A L 2 1 4 R g B
i '\(2 1) 5718 £ 2 R & 7 4p 4 o b 7 (Pellset al. 1980)~ #% 1 0 #8 5] A 4 WIE = 4
o2 P4 B AFIZHR S FARE DM G A AR RARR 0 R TR ARP
B 4oB 225977 c m RF FHREFH T HHEBRAPRESF LA IPRE 4 EE
T AR A R TR AT R T L Ao R R R FIFER

Burland(1995)a‘;1 A - ER3K ai?:a‘_'f v B AT A R IR E H R ] o (e
BRI FERRIY o ¥ € M koo R (Stiffness) ) H IR B HE KRG E o AR
Bl 2 %258 pF o lzumi et dl. (1997) w;-ﬁ%;&%ﬁ IR ERIFIZ R ER
iR % 2 Kﬁi*l‘e~%"/a’m/‘%’ﬁf wom TR A2 R FIIE R ST PR T
b lzumietdl. (1997)+ 4y g RB Z AL FIF LR H %53_2121%' RN oL gt
o Tl g AR e &ﬁﬁﬁ’u%%W¢®$mw¢T’ﬂ@%iﬁ**m
PRARDE > L FPH g MEF S o Simpson et al. (1979) & Palace Yard car park
B IARY 0 % [ $AIW A1 Jr’ﬂrg TR E G Y AR kRN $7, 8
% 0 4oB 2-26 1o 0 FILE T O L EITIRE BRIPIE S o

Skempton (1961)4= Bishop et al. (1965)% 1 &~ 4k in™ » Bk 2 HHE &5 P 5%
AR 2 R BRATE I SHE BT B+ o Atkinson and Sallfors (1991) 4/ % £ = 84~
Flena & @ & 8de™ !
- % (very smal strain) @ 3, s %) 2t 10°%
- b % (smalstrain) ¢k % g E 4 10%%2 1% ' -
 x B% (lagestrain) @ &% %Fﬁﬂ*“ 1% o

%
%]

I

Jarding(1995)4p 1! Akt & 2 E Rl - BRI K B 0Tid = ¥ E 43 0.001%3]
0.5%- d ¥ 1P Ex IF':LE b — ARk )J-?\.—Ef-;[{-/;;'r ,p,é]F\ IR, E A (i) e
Rhcw AR FE RN hh IR, L AT DD O A

Jardine and Saldivar (1999) R|# MT P S I G I EREF T R R B
b ¥ - 2w e Xeray LB BT 0 L F IR FH2Z N ¢ BT ol
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1Y > A RERYFENIEERAER A BAER L o
2.3.2

Benmokraneet al. (1994) & * % ﬁ*‘#"?i AHP A EAR TPy s L

BLSR A PFHEF L 4oB) 2-27 217 o d HBESREEF IR Y Hehi=fiE 1) 0.9-2.5mm >
@ﬁﬁﬁ WQ%%’WEHh@@ [ B~ 0 % Faeni s i 3] 10%hE S FF 0 PRI
el

24

AR AR Y 2R B2 2R MR FE e 2 55 B X TR
L’E&?‘" A8 KA 2 B B R NEKA AT H A '\"T—‘I’E%ﬁiﬂ'\%@ﬁ
FERA DA BIRG Mo HH A RTE T AR L AR E R A R F L
AP RN 1M T 2 B RCSS BEIR Ao (2 T 4.,2002)
- ~ ¥5% & By (Buckling failure of pile) :

FHRIFErTH 2 AHPEEcEE S PRE) FIHRED Rl 23 2 TR
3 w2 AR A HR L Tt At T 2 /BT EQEInkaE (S d R g
PORE ek By Bk BE > 4o [B] 2-28 () #T T o
Z ~ 2w § 4 gk (Genera shear falure) :

FHRELACYTH AR R R P EBARE D K PR ET 2 i
PEFRAM RS2 RPF PART FFIP LA R T I2IHEAS 20 T
PR B EBITRAE 2 Mg P A2 pUREE 0 doB] 2-28 (D) F7 T e
~ B % % 4 g (Punching shear failure)
w2t kY AR PR RRESB IR ARPEL AL T AR
Heon AP LamnE 2 W M g PR LEE arFEIZZS(c)wW o
>~ % > Agplk(Fully friction failure) :

FReTEE R S wAreata R M2 2R e YRR Z RS R
¥ tti\‘.i}\;ﬁr, Pl B B4 TR o gﬁ;p&%% 2 R E ﬁg’:i%% o
;"_é‘_t’k’uh]‘m& ﬁ?‘sﬂpﬂg&;‘7 "FRE M 4ol 2-28 (d) o o

~ s s (Pullout failure) -

BAAE PR AR B P E B W R R 2 ARBURA N R E S % 7
oo Hd HRAcB 2-28 (€)#7F ©
Jardine (1992)4n 41 % Fe Jis 4 RS i# Sk 0 7 T A1 S BR e i H 7 & Bl4c !

w0 YA(first yield) 5 S84 17 5 e Y2 S P AR RIEF 5 AR 1o
Y3(fina yield) 3 322 AL P 305 HehR 2 E0% o @ Zonel T 3 SE L T i 0 Zone2 B
PLAMSEN TRkt o ZONEB R 4o A 2 H I HA, o Zoned PE A B Ed A4 > 2 U pE
RG gL YRR o

v
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# 2-1%2-12°¢ CNSH % & #HW2 5& % & » 4 (Lam and Johnston, 1982)

R & e 2 3 & (kPalmm) A2 w4 (kPa)
1 85 111
2 85 192
3 85 236
4 300 108
5 300 203
6 950 113
7 950 238

# 2-24ukk Rk 2. T & (Pellsetal., 1980)

Roughness class

Description

Straight, smooth-sided socket, grooves or indentations

R1
less than 1mm deep.

R2 Grooves of depth 1-4mm, width greater than 2mm, at
spacing 50mm to 200mm.

R3 Grooves of depth 4-10mm, width greater than 5mm, at
spacing 50mm to 200mm.

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

at spacing 50mm to 200mm.
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% 2-37 LI 2 e R W2 B R 2 75 2 2 8 (Williams and Pells, 1981)

Socket and pile construction

Pile Rock Method Size S(mm)| SC°) lgu(MPa)| a | fs/fs,
HW Melbourne 1120diaX
S3 Roughened 8.8 19 |0.57 0.92 |1.0
Mudstone 2500
HW Melbourne , 1170diaX
S5 Drilled normally 2.3 11 |0.62 0.82 ]0.99
Mudstone 2510
Drilled normally, _
HW Melbourne 1220diaX
M1 concrete cast under 54 17 |2.46 024 |10
Mudstone . 2000
bentonite
HW Melbourne 1300diaX
M2 Roughened 102 (25 |2.30 0.28 0.98
Mudstone 2000
HW Melbourne , 1230diaX
M3 Drilled normally 31 14 |2.30 031 |10
Mudstone 2000
Roughened,
roughness similar _
HW Melbourne 1350diaX
M4 to M2, concrete — — 234 0.26 |0.95
Mudstone 2000
cast under
bentonite
Al,B2, Drilled with
Hawkesbury .
B3,B4, diatube or augers, |— — — |6 0.17 1|0.74
sandstone
B5,E3 roughness R1
Drilled with arock
A2,A4, Hawkesbury
roller, roughness |— — — |6 0.19 |0.89
C4,C5 |sandstone
R2
Hawkesbury Augered,
A3,D2 — — — |6 0.18 (1.0
sandstone roughness R3

19




Very Soft |Soft | Fimm | Stiff | Very Stiff | Hard
Extremely Weak Very Weak | Weak Med. Strong Very | Bktemely
: Strong Strong | Strong
| | | |
0.01 0.1 10 100 1000
MPa

Bl 2- 11 ISRM 3% 2. % ¥+ ¥ /& 55 & A % F](Johnston, 1993)
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/—\Uncracked

Cracked (high

strain (log scale)
Bl 2-12(a) & A Wp i # &+ K% 7 5 (Hight, 1995)

21



cracked

strain (log scale)

Bl 2-12 (b) wicH dFIR 2 F 8 i E 4 % 4 12 ang F(Hight, 1995)
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Point 1 Point 2 Point 3 Point 4

\ //‘ D N 7
]
N crushed A fan shaped
ring crack ik partially wedge
formed sheared
cone zone
radial crack
formed in
plane of
(a) fan
failure
major yielding f
-
«
K] 4
E 3
[-%
< 2
1

Displacement

(b)

B 2-13 (@ # = 4 #3%m L B(D) £ £ 4 AU £ & =4 B 15 (S seid > 2003)
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) _ Socket diameter (D+delta D)
Pile and socket diameter (D) o
‘ ‘ Pile diameter (D)

Rough Vertical di!splacel

wallof =~ ./ | &~ '

rock

socket
Dilation .
of socket *—— S—
diameter % o '

4

(b)\%fter displaoénent

(a)-After casting and
before displacement

B 2-14 ¥ e RPN £ 4 82,7 L B@F 4 ()% 4 75 (Lam and Johnston, 1982)
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Spring of 7 |

Jack for application of

stiffness K initial normal force
Normal—*, =
force

Concrete -

_ |
Shear — Rock— ——
force __, E——

O O O O O <
>¥Roller
bearings

Bl 2-15 #51* £ CNSF &7 & Fl(Lam and Johnston, 1982)
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. Stael spring
Aeaction frame
/ Scraw jack
ra

// MNarmal lead cell

H Bush bearing

Top box
reactan
" bracket

Housing for carriage
assembly and bearings

Shear Botom Top box
Shn?rlnad iGad box
jack
ceil

B 2-16 CNS z p Eﬁ\ & 9 % 2_ 3% % (Lam and Johnston, 1982)
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Dilation
Normal stress

Shear stress
Dilation
Shear stress

Normal stress
P~
A :
Shear displacement =~ ———m—
Bl 2-172 82 CNSHT £ % &+ & =# M % (Lam and Johnston, 1982)
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B
E

17 0]

o

v

g

. C

[an

LP]
=
A

A Normal stress ——p

B 2-182E CNSHIEF & T &4 & » &+ (Lam and Johnston, 1982)
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Direction of -
~ .shear . 2 k

Concrete

. Semi-crushedzone 5 - oEE

B 2- 19 #f' £ Bdxo foei ik 2. 7 & Bl(Lam and Johnston, 1982)
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800

600

Shear Stress, kPa
LN
(@]
o

200

0 100 200 300 400

Normal Stress, kPa

500

F12-20(8) % &% f ¢ 500KPA ™ v & 0 v 4 T 4 2 B 14

(Lam and Johnston, 1982)
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800

600

Shear Stress, kPa
LN
o
o

200

450

200 400 600 800
Normal Stress, kPa

B 220 (b) B~ & % ? 800KPa T Hf E & v 4 BTt 2L M %

(Lam and Johnston, 1982)
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1000

800

600

400

Shear Stress, kPa

200

I ! I
0
0 200 400 600 800

Normal Stress, kPa
B2-20(c) # = ¥ b+ 1000kPa ™} £ 1 v 4 & T 4 2 B 14
(Lam and Johnston, 1982)
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Dilation, mm
N

0 4 8 12 16
Shear Displacement, mm

B 2-21(a) Bres i s 21.2-18.8% 20.0 2 ¥ (=44 $7 4 2 B % (Lam and Johnston, 1982)
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1.6
4
1.2
N 5
=
=
S 08—
©
fa
04
Test No. |
N 4 18.3
5 16.9
O | I | I | I | I |
0 2 4 6 8 10

Shear Displacement, mm
B 2-21(b) B4 i 5 183 % 16.9 2 § =4 &k 2 B % (Lam and Johnston, 1982)



0.6

0.4

Dilation, mm
o
N

Shear Displacement, mm

B 2-21(c) Brxd i 5 99 1282 § =4 & k2 B % (Lam and Johnston, 1982)
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Model :
— grooves
p.ile /

.

73
/
| i
|
=
an .")
;‘i — _ depth
‘” Soft rock
sample

B 2- 22 4e kB % %+ 4 BI(S s > 2003)
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100

3
§ 80
D
]
@ ™~ =~
S S12
% 60
(]
&
X
5}
o 40
©
(]
5
2
5 20
o

0 | | | | | | |

0 10 20 30 40

Settlement, mm
Bl 2-23 7 F ek R M T aE 24 & 20 B 2 (Williams and Pells, 1981)
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L

<
o
Ehﬂl.li 00-..-E
(suspension)
A o //// % g
-30bk: © Epea ¢ . |
.. h R
ﬁ‘. o ///// ¢ o\io / h
o 2 e
©g0 P o
Be  [we [op g
-40) G ] e lI:{ ¢ . O n :
b M EBHLT Ema:/* {a)
o - I J"
50 o 9 / o
E 0 Txo . y E, &
£ o
% cP.-..? f 4
0 _go} o‘L ° Hc=#1.25,,, R,=1.56 ]
fr i
& /ﬁ%{\-
8] -] .Qe i
o ° ° \ a
701 ‘ R.=0.31
) o fr 1
Py
-80¢F I d___.,EI 4
(down-hole)
! &
A o -] i o
=90 1 . 1 . L . L .
] 1000 2000 3000 4000 5000

Young's Modulus E (MPa)

Bl 2-24 W 7 b iksh S 2 99 B e < Hodc (Tatsuokaet al., 1993)
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Average shear stress (MPa)

10

i Test 38
gl Confined in two steel rings
6 -
i Block cracked
Test 37
41— Confined in one light
gauge steel ring
2 Steel ring burst at weld
Test 24
nconfined
0 | I | I |
0 2 4 6

Displacement, mm

B 2-25 L 410F = $132% % % 2 M % (Williams and Pells, 1981)
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€
N =
0WSE
[ =
5 §§
=
0 £E
5 &
E
0._=
Sa
e & Observations " 419 & §
— (lass A (Burland & Hancock ) e J03E

- = Simpson et al.

B 2-26 | %7530 4 55 % 2L £ ) % b i (Simpson et dl., 1979)
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Section A-A /——T

<
12.7 mm
12.7 mm
32 g
2 I - 51 mm
—_

INY [102 mm|

203 mm

ﬁAnm{ 4

57.4 mm

2 3

¥ 220 mm
Section A-A
B 2- 27 #A K R% T LB (F p Benmorlrane et al., 1994)
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Lead Load

Settlement

Buckling
failure

st
Settlement

(a) Buckling failure of
pile

\[. Load

AN

(d} Fully friction failure

<\ Settlement
Settlement

Load
@1 GenEhalihear (e} Pullout failure
ailure

Load

f Settlement

(C) Punching shear failure

B 2- 28 Fk fa2 AU (@3 A Bk (0)- 4 4 BUk(O)F » AT 4 BUR(d) 2 5 BLR(e)
FHBE(GE T A > 2002)
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AEHRFP 2 RN FLE SRR LR BRI B A R O
Fr it i 23 1558 FLIEGAR B 33557 SRR e 4k
Tad H¥E 27T HE2 ,«Earg]ezl(a)wm o i%’},ﬁﬂk?.%¢i§i¥ﬂ‘@<§#ﬁ5i%
FoEAHERRERFZREL B MM GBS e do- R H2 ﬁ%’fﬂthig»?;é?
FRIP PR EE N ARG T R ’41\7'5?]31(b)”r'r AR el N S

*‘—”’“ff;’;ﬁ%g 7}]?'1;'%1 IN’dva%Eer'%%iFé%ﬁi‘ﬁéLtFKFFI'}é]F\°§]3'
FATEGE AR FPE Y s Byt (Bl B3) "Tlpk'tfi'i«pi‘%"hd’f"’ﬁr%%@
S RS () 113 Sk RFART 4 M (Gy) HIER 2 M -

31

B RRRTAAFAI AR L AN I T 2HE 3 RFHENTEY
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Bl e 30 as 0w G E AR HRTET 2 FBG-SD kst B2 £ R F 0 K2
BEFT 308 o2ky ,\a@\%m&’d rAEHZEE 3R

- — t
=0, =1.7x3 5.1%nz
B9y, =17 Y (# 1A £(2004)3 .4 %)
4 Q,=Q,+Q.=(o.N, A, +FA,

=5.1x60><%x0.32+£2'9x3x7tx0.3

- 44.10%)
5 fg :Kxal xtano

tand ~ 0.78, K &k * Bromsz_ £k B, > B PSR B R 2 ¢ %4

2
(1)Ag= bl on = 707cm?

H

BIUPE B 5 4R
Pu_ 44x1000 _ 62_2kgf ,
Ag 707 cm
(2) & H(FEE dom > BR 4R D10 & 5 - D16 i %)

30-2x4—-2x0.953-1.91
=y~ 20 =0.6

(3) &fc,fy, vy & ®
(fc’=280 kgf/cm? ,fy=2800 kgf/cm? )
y=06FF > o * &0 &P 0=0.005:* 5 (ifw %)
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p 2. Pu =160x 707 =113120kgf ~ 110%¢

(4) +3% Av=Pghy

A e = 0.005x707 = 3.54cm’®

x;%#%hﬂ"ﬁa 1&&9%7 HICEFe LA

w3 4% D16 A 85 > Ag= 7.94cm?

PR RRPCE G 45
(5) A2 d] J& # W EEs=min(16x 2 55 B /=, 48x J# 1 2 /2, t12 % & )=20cm
K HE* 22 st ic@ 33977 > H¥Y S12 S2 20 &7 e 28 ehid 85 o

3.2

ARz F A pd B4 RE R 4 RS (R 3-4) 0 BR AR B T ki 400 W2 K
4o B A i & 2 B0mER 4 iR E 4 RH T K4 Fx,ﬂj;‘;?/\ HEEE T R
LR 4 o k4 ERH PORIEF AR K4 Rk 4 R e N L BOWE R 4 TR FH T
4OOF*M:F§4 TRRMBH AF P 2P ARERTIERI LB AEF TTELT S 0 A
,&ﬂﬁrﬂ3 58157 o
PR E AR B PP e L RE AP e g
(1) SHP £ & B % (B 3-6)-
(2) 400 PR pEd 37 w3 B+ 778 (B 3-7) -
(3) irl4cft2 400+ % 100 #fj7 £3+ (Loadcel) -
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e 4o R AL A 2 e ASTM D1143-81(Reproved 1994 )5 R ge 2 4e = 58 H @ =
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AR YR ARIEE > AH P A BARFREREMLEHE L
Al E kst iy FBG-SD 2 RIME 40 % > RS K hdp b 0B B
PRI E e BT & WAe W] 310 46 5% 0 B Y G - 4 w«(BH 12 BH- 3) 5 R
%418019?:1"—‘9ﬂiﬂ’*‘m’é"’my‘ E‘Jf:\ TpoG & 6072 &Ll MALZ B F)
AE U ERZ AR N E RRRENL T Y - get (BH-2) R &t =
B EARMAL PR EE PG 2T uw;ﬁﬁ% 'BH-122 BH-22 £ & % 6 &
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F BRI R2ZH R E V10000 B9 AF k2 SR IT L ¥ ohd AT H A
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AT R EREMEN X ERRR G AR R ARE A E"*E’ﬁ?i” A 7@;%%’ s
'T oo Sk gk (OptlcFlber Bragg Grating » FBG) = & = & g & % st o H g2t
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ARHRETHRPLRBRMD BRF TE NP L - T d Load Cell #f P~F 735 e 2
L0 RIER LT PR 41 5T o R ARG e 55 R ASTM D1143.81
(Reproved 1994 )3 sk 4 2 i 4e 4= 3 0 & L f 2 qlpﬁgdﬁifo%,a
feft 3 ¥ S0 PR (491KN) » HEA| R IR P A2 LR i < & a@u &2
@42&{“3%4\??‘7 }ﬁfﬁ"" R oo BT8R TR 4;"‘]’?"@‘:77\:11 B T B 4-3 0 Ao
SR T 0 K P EA 4 T A9IKN PSR 2 f Bl H A 2 < R e A (de
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REEA T R R 2 AT o RN B2 R B S Rt 2 dm R o] 45 47
Pz et AR § L F 0 k95 Pellsetal. (1980) 4% 2 etk & KRt A %
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ZALERBE - RTHEZRG S E R ERHRE R BB AN AR EITR
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Tl 2 R BRIy Y 5 R L i di R I R AT dh g i B
L 4SSl 2 BE S22 08 0 K LA TAcdk 42 % £ 43577 o
da Ky FORE T B
1. = ﬁ“’ﬁ’?ﬁﬂ | 2 &%t‘ BEERG LB R HABF L AR o T AT Jf}gxﬂ,A$\19
GREAWRY A RTIES ARG RAP L BP VAL BORA T .bif
ﬁiLﬁi*%i’Wﬁimlﬁ%ﬁw—kﬁﬁﬁ’* LA R B
S8 PR S R RATE L By A ﬂm@ﬂﬁﬁ_pﬁﬁ%%kﬁ%%%d”
iﬁ&ﬁﬂm\#d’ﬁ—ﬁﬁ;‘z;ﬁ FE PR e P‘?v—y}\lrg)ip ) F 4)"%.%mzp‘_:.o
2. B LRI A RESERF A @Wﬂaﬂa $e§¢;¢
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%41 d g2 P e R

M st op (MP2) Q(kN)
Coates, 1967 30c 6 426
Teng, 1962 865 11 777
Rowe & Armitage, 1987 2.76¢ 54 383
ds (MPa) Qs(kN)
Rosenberg & Journeaux, 1976 0.375(0¢) > 0.54 1527
Kenney, 1977 6.CiC, Tt 0.1 283
Horvath & Kenney, 1979 N *2 0.35 901
o
Rowe & Armitage, 1987 0.45V00 0.64 1811
TIC kR S 010 Gt AT iR B 1
in Es TS % G 025
24-2 HN S R ERIE S
4% 55 SLAT i % 2 Rl
ER(mM) | 0.75 1.5 2.25
£ £ (kN)
196 -6.63E-06 -7.82E-06 -3.13E-06
294 -2.30E-05 -1.37E-05 -8.59E-06
392 -2.14E-05 -1.80E-05 -1.29E-05
491 -1.17E-05 -6.64E-06 -8.99E-06
4 55 S2 1R R B R
ER (M) | 0.75 1.5 2.25
£ (kN)
196 7.79E-06 1.17E-05 1.95E-05
294 -3.89E-05 -9.77E-05 -7.40E-05
392 -1.05E-04 -1.21E-04 -1.17E-04
491 3.89E-05 -7.82E-05 1.40E-04
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0 4-3 B s kg ki EpESE
A 55 S1 971 R % £ R

A (m) |0.75 15 2.25
14 £ (kN)
196 -9.37E-06 -7.83E-06 -4.56E-06
204 -1.22E-05 -1.14E-05 -7.74E-06
392 -1.54E-05 -1.20E-05 -7.83E-06
491 -4.46E-06 -3.78E-06 -1.46E-06
M S2 4T o B
#AE(mM) |0.75 15 2.25
£ £ (kN)
196 -9.89E-06 -8.69E-06 -5.16E-06
204 -1.59E-05 -1.33E-05 -9.55E-06
392 -1.51E-05 -1.26E-05 -9.46E-06
491 -3.27E-06 -6.88E-07 -6.88E-07
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344 R4 (KN) 2 A 6

1295 FBG fdh & SL “7 18 i % £ 7l

ER (M) | 0.75 1.5 2.25
£ (kN)
196 145 121 70
294 189 177 120
392 238 186 121
491 - - -
1245 FBG fudh 55 S2 #7117 2 £ )
#A(m) |0.75 1.5 2.25
£ (kN)
196 153 134 80
294 246 206 148
392 234 195 146
491 - - -
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