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Load Transfer Characteristics of Rock-Socketed Drilled Shafts
Considering Hole Roughness
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SYNOPSIS : In this study, using constant normal stiffness(CNS) direct shear tests, side shear
load distribution were analyzed by the influencing parameters of unconfined compressive strength,
surface roughness, confining stress, and material properties. Based on the CNS tests, side shear
load transfer function of drilled shafts in rock is proposed using geological strength index(GSI),
which indicates discontinuity and surface condition of rock mass in Hoek-Brown criterion.

Though comparisons with results of nine drilled shafts's load tests, it is found that the
load-transfer curve by this study is in good agreement with the general trend observed by in
situ measurements, and thus represents a significant improvement in the prediction of bearing
capacity of drilled shaft.

Key words : Drilled shaft, Load transfer fruction, CNS, Roughness, GSI, Load test, Rock

o) # T+ 2 52U IAFAFLEDTE o83 AEH v
ol oj&s] vk, ey bl 2919 AR e U Ee AAXAHL T2 2] F(ultimate bearing
&= F2 o= 38Ry oM el AR X (serviceability limit

capacity)el] 93] AAH BT ARA5} 330 Fulviry Moz BT JtE sFHE

A sheto] oA ojt}, T3 Horvath et al.(1983), O'Neill et al.(1995), Seidel et al.(2001), =&
$(2003)¢] ﬂ:r“)ﬂ oz kel 29" A TE] FuvpEEe GM Y d5UFAE o =2
o] A7), e AESEA, 7] A58, U5 A4, ¢hike de 2 F3w o AA dTFE
e Ao g el oAk kA, ohibe]l 9 E AR A REY e olal AAHQ HAAE HMAE
gt ds FunpEgo] Qe 7H= o8 JFeaE nd FHIFHFSFE Basita
g T

HlE, ghwbel]l 290" @AY EY Fd shsdolgds A% 7= dhH(Vijayvergiva et al,
1977 Castelli et al., 1992; O'Neill et al, 1995; Kim and Jeong et al., 1999), ti3-& vk Zatd
AR7], 27] FAEE, vt AREA, dy 2 FaE Fo] AU vdEA gton, Adoid owk
T T2 o, Y, A ToE e 2 BEXeE Y e Huldde Ashd Addo] b
T Aolsto] Hue] FAEPA L gigk Agdo] W] gl oo g ATt 2ag dAey.

B dfoaEs 3 2AHSeidel et al, 2001; o]® 3 et al., 2003; Nam, 2004)E wl@o s A3}

494



A8 A A AR @A sAAe A Fste] eyt 20548, FAG
A Foll whel UA 4274 (Constant Normal Stiffness, CNS)Z 719 Z A A WA 8 S Fastgon,
°lF 3 FuvtEY JFasd we FHGTHIEAE BASA =9 ofuke] dy 2 T
BE JEUE GSI(Geological Strength Index)& o] 4% Hoek-Brown 313 7]% S A £3}a], ¢l
< dHEALE] A2 YU FFHTFE ML, NNE ASAFE AR HEEMLS S
Fotol 7 AR ANHEE AESAT

2. YH>ZAM(Constant Normal Stiffness)ZTZ42] EIXMMCIA|E

2.1 7L

Aol YH AFEATEY FustEHo] EAL ¥ 1(a)9} Zo] 9 AWA|, AW A A7
g% IR A Z/HANWE) FAGHo]l ZIHAe)EE AAFARA(CNS) AAzNoR H9H
k. CNSEAAGAE L Lam(1982), Johnstone et al.(1987)o] 234 2 Alal7} W EE o]Fo) AA
Ho gFolm, o5 FY Z¥o AxAEF] thg CNS ﬂ@%i%*l"f‘g 1y

A

23 dnk 194 add g Ag e 2 33 (dilation)©]

2499 e mnedldngo) dojvks Fk B o) @%%9494 Z7}7}
1ok mpAGez 3gAel s ALY s B ARFE el o FFo] v o]
Ao Avhed wdsts Fikoloh

| Socket Radius | i
fr+ar

A
! Pile Radius | |
R

(a) '?24%47]' H]'Ag ‘l z‘ﬂ_ JVF/]_/;(;]!‘Q.U:
a9 1. CNS AAAGAHL £33 2rE-

W AAY AdAE

ek 29 AT R FAW ARG u AGANGS A A U GAAEe A
HauAe wige] me By, $145989 ASF L o] g2 AL sFAe] Fol Rasit B Ay
A= oleld x1E wEsn, YA 428 (Constant Normal Load, CNL) AtiAja 2 O]XLT—ZV“*

(Constant Normal Stiffness, CNS) AR AT A@o] 7H5d g AF7|E 5 A6l APL A6
ot Ak 7)o FoEgE a8 29 o]l FAA AE 7] A (main frame), Ao} 312 (control
program), B >ZAA (hydraulic power unit), A/D ®37|(analog-digital convert) 508 FEI 4
pow, AQ7] A ARGAEL 38 2b)9 2ok 2 ARRAS) A AYe ® 13 g

—|—’

495



UPPER PLATE —-E
ek
%1 srt}} 1 O SERVO VaLVE
COLUMN ==t 1 L L L ceeecencrmnes VERTICAL ACTUATOR
LOAD CELL =~
1 L e -~ MIDDLE PLATE
; U PRESSING PLATE
PRESSING PLATE N MOLD FRAME
SPHERIC BEARING ~~{"F57 - P \ BERVO LOLVE

UPPER MOLD -1 p HORIZONTAL ACTUATOR
LOWER MOLD =wr»pke

BOTTOM PLATE ~-kases

(b) Al A 2%
. CNS A4 d kA1 g4y

T 8% A/ e AEAZ Az
e +15ton +0.1% 2 SENSOTEC, w}=
g WA 75mm +0.1% 2 MTS, ==
SRRl 9.5 ¢/min Hysteresis 3%o°]U 2 Moog, 9]=r
ZiRE s e 150mm x 200mm - - , -

2.2.2 =W HEY| I3

FHFW AANE A= AHE AZste CNS AR AT L s7)Y9siae= F23d AV 53 9
A3t Fgol AP ojok g} FHAH AAVE Ay 4% wHozE FHEF U #Holx ZEu
GAIAE AAste AA ZHAsE W 3 A GRS WA ofE AudA ZAsHE W ol
Jdoy =A" AAANE HEssle WH o ZE Barton(1977)9) JRC(joint roughness coefficient), F
Z 7127], T3 (Y 5L olgshE by Fo] o Qv B AP Adand &
W] Ay =AAREE o) gatgon, As WHoTE  Collingwood(2000)7F  Aokgt TAE 249
€ A7 24 Eolok Zo g BAGgo®E o83 WS HEsu B Uy gvt 2R
a3 33 #o] dAF dol9 &) ojassla] deo Ax(e)E AR E(Gaussian)ol whet 3}
T A0 E 714, 4 1 Yebd npe} o] Az H AZ Y9 gol(AnE A EHT
Chord Length = 1 = constant
Ar| Arz Al’; Arn
Pile
- )
ary  An Rock
2% 3. Monash interface roughness model (Collingwood, 2000)
Ar= —Z|Ar |= —Z‘lasinl(@) \ (n
n;

i=1 ny=

238 Seidel et al.(2001)= ¢A 9] d&4F7 50 W& 2470 50mmEBue] A
129 &4 d=A84 D 232 Rocket Program(Seidel, 2000)< 3 343}

496



Hatlom, Nam(2004)2 AE2 A, A3 (oA F27]A(Auger, Core Barre)E 2#3}o]
T ohak = AArls Agsetdut. £3, S gwke o sE oW d 5(2003)0] a7

o ol AdelA oF 503lel AA @AW AAVE gHalo] o] AHsteAoh(EL F1). B
TolA = Z1E A7) A%s dFE vigoz I gube] gl ARYE a44do] 50mm, AR
¥°1E 2mm, 4mm, 7mm 5 AASQ0n, o]E CNS AAAGA o] H&aA)

2. 447 2470 50mm2 e Qi)

S AA7] @0
Z‘] ?l.] C‘,:]Y,__z_ 2 1% = 3T Bl 7
il © (MPa) (mm) 13
Seidel et al. [A]Y, o]k, Apek HoH 5-10 3-15 o1
i 34
(2001) wjol x5 o} 10-70 2-8 o
_ _ S
7391 100-150 1-4 RCD &4
) 107 1-2 All Casing &%
e Hupok 30-130 1-4
(2003) = =
A+ 75-77 1-4 RCD #4
QFAkH 74 1-3.5
3.6-5.3 A
Clay Shale 2.1-12 ngel
Nam 4.7-5.8 Core Barrel
(2004) 2-3.2 A
Limestone 10 3.2-3. uger
4.3-5.1 Core Barrel
2.2.3 A|EH =
NS ARARALE A8 FHABe A7) B%s A0 vigor 44 PH22e Uy AL
712 desfostAnt, id SMESAH AFH o, Ay 2 Eso] wE FAs AAr] 4] olg
& 5ol ol ATl ted AR Faelslolt FART. geba, B Aol ot 29 @
Aepduse) AAWE BAY AR/ ARG 39 49 o) B ANE o) 3o} 23Rl HAAA
oz gAaAc FAYL ARe DT Rolo) o)FW 449 UAE HE FuEgem Ao
175mm, ¥ 100mm Z7]Z AZHATE. &8 JAAGALES FA AHL 40MPa A58 34dslE A
A= BEEad AgSRe, 1Y 4958 AHYIPEE SR8 A% 12904 SAPES Bda
= Aoz Uyt AEAHY d54EAE, B A, Tokdy), Hoek-Brown 337|539 ohwkAl =4

Ry
+ 59 AzEde ¥ 339 g

(a) Al AAZE 2=

A
a9 4. CNS A AGAEE 9]

497



4

s,

agg,

AlE Al

I

o~
T

]

i
i ny
X )|
g |
SR W)
Mo =
<
SR ST
— —
. w0
g S
—
o | w
oo | @
o0 b~ ]
. S
b~ AN
S =19
Ve — o
[a\]
[a] . o
N [l
o)) = <
)
5}
=
ol
ny
T |7
op g | ®

4
543

2] 7
)

(€

=

] L
op '?:'_'-‘79’]

A=WS]
E

2.2.4 CNS
Z7 wet

=3

e
N

!
¥

52!

XH

3l

2]
2

X 4. CNS

1.0
1.05

15.2 (B

40
0.5
0.70

9.2 (A)

0.2
0.35

A
=)

i

7
L

AR A

[e]
T

17] ®o], H (mm)
A, Kn (MPa/mm)

=

&

P
7_\1‘7

A

A~
T

1963 75874 0] E(expansion of an infinite cylindrical cavity)

A
=

-[?l.

a

ol

(2)

;A=

e &

[9

=

j=1

Al (o), BEHY WA

o

ob

3T

(Em), X

2
na

Elll
r (1 + Vlll )

o] M A

Aoy
Ar

2.3 CNS

3!

3

ofp
50
T

—

e

=)

X

o

TR
—_
o

=C

&+

o

I~

543 2] AThA

_7_:':
o
3 2o

B Aol E
Yehhe o

I

}ol

kel
=]

7}3

o] (Ao, WEolth.

7(0.2, 0.5, 1.0MPa/mm)o] Z7}

=

o

17)9) $o)7}

=

1 E0](2, 4, Tmm)ol] w}&

] 7

A
=
=

)
]T)"

FHE) A
2

4

P

350kPagql &4 A

ol A
498

a

[e]
184
g x

2

3%

715
Q %

] =017} 4mmZE

A 7

x

o

=}
a9 57 FAZA T 0.2MPa/mm,

a% 63 go] A



AN AHF =t F7El e d9ATH 2 iAot AR7E gol daAFA LAHE FARY
(A& ZOLE, #4740l Aol wet F4%He] Frstmr Ay AvAEE Zrw
16 — 1.6
K=0.2MPaimm AN KS‘?foMa'ZTJ{SL"
b 6,,=0.35MPa - / e
ini y 2 —&—— H=2mm
N —6— H=2mm ‘ﬁ‘ v\ —&— H=4mm
12 — 7 8 H=4mm 12 - ot H=ToM)
—_ A/ N 2 H=7mm — s
®© , \ © /
o % a
2 ] i =3
» & 5 P
g) 0.8 — // g
B ’ B
%\iS 1/ /&\\ N g
7 N
5 | o A J &
0.4 — I! A Fs
0 ‘ T ‘ T T T | T
0 10 20 30 40 50 0 10 20 30 40 50
Shear displacement (mm) Shear displacement (mm)
(@) A4 A (b) #4144 B
a9 5. AW ARG B HagE-Adwy I2
2 25
H=4mm H=4mm
] 6,,=0.35MPa J ) ,,=0.35MPa
A —&— K=0.2MPa/mm / \1.\ —0— K=0.2MPa/mm
16 — /N ——B— K=0.5MPa/mm 2] £ N —B— K=0.5MPa/mm
B s K=1.0MPaimm / N e K=1.0MPafmm
—~ A N - /
g g ]
\E_, 12 — /')2{/ Ek g 15 —|
[} ' [7)]
3 /A B )
@ 08 & '
/ :
0.4 — 0.5 —|
o T T T T T T T 0 £ i T T T T T T T T
0 10 20 30 40 50 0 10 20 30 40 50
Shear displacment (mm) Shear displacement (mm)
(@) A A (b) FAFEA B
I 6. TR g dAggeE-dduy F4
ad 5, 60 yehduel Fol, AAY) golot FARAY AFS 2V AFAE olFY uwneH
(slipping) T3l Al AELANZL ARGE ZAsiA W, 2715458 e 07 79 2o] 27 AF A4
zo] AA7]9 Baol g ¥ o) Fe] AuAFHE FHsich ol ALY ol £AFA0] 7] AT
FESE 4ol gl Aow Az 4 Ak B AgelAs HEAAD FAGAARE B - AR
of AAl 2IAYE EBAAY PHYe waeA Qdens AwA@dAe 27 AFAEE AAgn
o 27 etk 2eyd a9 1m)% ol snePel wARE 27 AF AVAEL da sl
CNSAYARA DD v %3 2719 e 743 Zold.
¥ CNSHRARAGol A= 25 70,0, 15MPa)Y fALGA RS dldow NS F@5k ghitel o
FEE4E U Bs So) AePud we Qe gusAs gou), /e AQAHEAD,
200359 AT FHeke] BN A% RPN F5E AN duvtRgol A g m@

B AGATRINE 27 AFgEgkel ok
=S

2 2o wojo ] wEEn W=



_ —_
© ©
o o
2 s
~ S
2 @
o 0]
=] =
»n 7]
= —
(0]

) 3
F F=
2 173}

04 K=1.0MPa/mm i K=1,0MPa/mm
H=2mm (D=50mm) 04 — ! H=2mm

—o0— 5,=0.35MPa
~—B— 5,,=0.7MPa
e 0,=1.05MPa

—©— 5,=0.35MPa
—+&F— 06,=0.7MPa
py 5, =1.05MPa

o1 ! ! T [ N \ ' ! T ° I i I = ! ! I '
’ 1éhear displacement (mm) ” ” ’ 1éhear diéumacemesgt (mm) ® *
(a) FAHA A () frAFkA B
99 7. 275 A0 e Agsy-Awas] 24
3% 5~7oANe AYATRE B A9AFA AAR] AL7} shAsA) ga vjned delrts A
4overtopping) & VERNA R, B ALY Fo), FARA, 2750 APl e Aekw g
25mm o] dol A AlHe] AH l 7F 3 o &
A

sol Ao ¥ AdF=7F vehdd. 29 8 (a)2 o d
A

AR % dehln QAT AN A@AsN e ALNE AN FAFH D 25FAEH o
e Tk wnh e, B A7old FAE CNSARAEAR % /& AFAHL T, 20008
shgo a9 sbskgel AR/ wold mE A AVFEA] AVANE ®AFe] B As, Fy

OLH]' %X]—Eﬁ 7—11]7]‘4 }.-:o](2 7mm)°ﬂ OH ]'E Lrll‘_lj- Q‘l]: 10~15mm zéEO]E}

25 30
4 _ - /:\.
20— 1 @ b
-4 * l l
- 20— - T
€ 15— £ o
E E :
£ 5 L
- 10 — ?
| . ® 10 ;
- - _ . »|
| KN=0.2 Kn=0.5 Kn=1.0 @  This Study (Rock Sam .
5 . " o y ( Samp
] I o T 1 A TrsSudyRockSampled) AL
~-m — ini=1.05 oo =105 M ini=1.05 W Lim, 2004 (Cement Mortar) o~
0 T i T l T | 1 0 T l T I T r T
0 4 8 12 186 0 4 8 12 16
Roughness Height (mm) Roughness Height (mm)
() AA7), FARY 27152289 QF(FALTA A) (b)) duAlel Aol W9y
_:/_E] 8 "’] EH X_] D]— }\] ‘.4 7( gl 1@.% (dcril)
3. ot 3ol SIFEpMEES| o HEHOIES
3.1 Hoek-Brown u}a|7|&=0f cigt &
Hoek-Brown?d] #3|7]%& 17 99} #o] B2 298 B Actd 7|Fo s SeduE F4s)
= o] I (intact rock)®w¥r olvgl duk(rock mass)oﬂ Aga 5 9= 7 A mdo)n,
st e FHA(H HLFEEH (oAl BAR ZTHEY. ojw) ASAF my, s, av GANFUSH
At GSI Foll whel A9k 398 Q6o Hoek-Brown %3712 28 9(b)3 o] +2-g%

500



oo AR el § 9oy, o= AAM gge Mohr-Coulomb 7|53 v wAd deg=z
- : 59F Zol ¢hdke] Ayl w9 Fatol v ulel xnke] A AHE vehdle AA
ol grow okt Ew o 119l RMR(rock mass rating)atde] A@doziy $& 4£5 9l

b -
30} tangent -
— -
4
o
2
e 20 , \B
ﬁ ° _Gtm
e
=
(Q 10 _ /+ ! .t !
g 1=c+0 -tang
£
n
L H 1 L L 1 - 1 1 1 1 1 1 >
[¢) 0.2 04 0.6 08 10 1.2 0 10 20 30 40 50 60
0,/ 0y Nommal Stress ¢°, (MPa)
(a) ()

% 9. Hoek-Brown =3 7]5(1997)

B 5. GSI (Geological Strength Index; Hoek et al., 2002)

GEOLOGICAL STRENGTH INDEX ® §§§ 533 §§’£ gggs 8% %§
2 | 85% | 238 | 387 5583 |g38%
. =0 Q- =T @© =
From the letter codes describing the structure and 8 858 | Jo 33‘ @ :% %8%8
- O oi=a = 9=
surface conditions of the rock mass (from Table 4), ) g ‘9_ :‘% 23 o 52 @2 Qizou
. . . . . » ;“ < :‘
pick the appropriate box in this chart. Estimate the g 53 é,: o 8 §c§ egZ
. g | 57 85 38 |8gT | 282
average value of the Geological Strength Index 3 2 ol < By 5'E<
22 @
(GSI) from the contours. Do not attempt to be too g 2 &8g8 =
[45] —
precise. Quoting a range of GSI from 36 to 42 is e g,:} 3%3 3
e . o] =8 © =y
more realistic than stating that GSI = 38. » G a

DECREASING SURFACE QUALITY =

/NS
Vi

//

“ BLOCKY - very well interlocked

" /| undisturbed rock mass consisting of
~ | cubical blocks formed by three

/| orthogonal discontinuity sets

70

N
RN
N

> VERY BLOCKY - interlocked, partially

disturbed rock mass with multifaceted

" angular blocks formed by four or more
> discontinuity sets

{| BLOCKY/DISTURBED- folded and/or
< faulted with angular blocks formed by
{| many intersecting discontinuity sets

¢ sadaid %ooy Jo Bupjoopayu| Buisearsaq

~N
NN
\\g
™~ N

7] DISINTEGRATED - poorly interlocked, /
)| heavily broken rock mass with a

3| mixture or angular and rounded rock
“77 pieces

s

501



3.2 FHEIEXO0|

%

% ok

CNS AAHGNY A4S vwgog Aoty AQPE T2 ‘(P'ltton 1996; Ladanyi~Archambault, 1970;

Barton et al., 1973; Indraratna et al, 1999)&-& t<¢ &4 81, 3% Mohr-Coulomb® H9Z®
A& T4 Feolth ol FAAE At AHL Yoz 'r?%]rloi OL“PQ] ad, FA R A7)
g WhgshA RaeEg, i d3zaL wgddgan B 4 v gais, B doAE CNS F A A A
4 24 9 712y AAYHE daes £89 ONSARAS AE 734% Edi= kel dejet F3d
BE YEdE GIS(Geological Strength Index)& ©]83% Hoek—Browne 337)%< #H&3ho], B}
RS T e hite] 298 AR AR FHatF Aol T AL 2 337 Zo] Akat).
SUCi B
B (01111+K (d_dst)tani)_ - l
Onormal ~ Ptm . m,,
f:AJci(__) = Ao, (3)
O i
A7, oy = M9 dEYHHE, Onormal = HE-HRF ZH AW A9 4252
Om = &HHe] QAT = —s0u/my, Omi = 27|TAGE = kOU'VO
A =72 =035, B = GSI W&} AAFE A
Ky = §ute] 2714, 1= ZFaH ALY e
d = TE-dnt AAHA Ao W dg = B AFol Hdate Hul E‘iﬂa}‘ = 0.5~2mm
s, my = Gk e dert = HuFHopE=o] W5l WY®E = 10~15 mm

2 z 9 10@9) ol CNSHPATAUA AP F45e-7
AGGARE W4 FARARHE debd & gor], o) a7 1009 ol BEAF
Feoghute] el 9 Eshel 27 Est wgse] AAHEE AA AR U% TR 2

L
olo r
Ju R
-
=
>
2
-0,
ot
SN
¢
ol
ob
e
X

of
o
e o

B2
v
k1
nu
i
o

NG
>

o

»

CNS Test ooF**ssuuu. |

»
"‘
i\l
.

Shear Stress
*
“
“
Shear Stress

»
-
o
-
f ‘,".'

—

3

I~

=
3
=
=
\¢

—r
0
3

[e]

|

S ini S erit Normal Stress dg, derit 25mm Shear Displ.

& »é 'Y
« L] L

Sticking Region Slip Region
(a) dekg3 -2 (b) A -AckH g
1% 10. CNS AP ARA g

tih)
%
©
;Y
o2
g}
N
r2
_O‘L
ofl
2

olg4el vm
4. TQHE SHSTOIBISt S HIo| HZ L B

Boalpola Adg 29 fFHolEsE C

2 NS AHATAGEI G} kel 371F o] 2L HE sl
Agte Aow AA AHole] Ay v

1
Aste] 71 37 @A FAE ASFAE AEER

502



243, 2003, 2004; AA =, 2005)9F vl aly-21S FaEAT. 7| ASAEY ANEY(LE, GE o]
REAZ, BREA A, DHUFAE, U BAAF, RMR) R B AL Qe F 63 2o

<

1 vgoz B Apoa Aok FH stgdolgdrel AstAd A -w F)E 21 113 2o H|
wato] GERIE d8®E GSIE RMR #he o) 838l AbAsid o, A&A7G), A4@B)w CNS A3

WA ANE Edw Faes Aol v 47 s

e

6 AHAE BA B FUaFARS A3

R =]
AstAE g 9L AREA ol EAolg sy Pk
Pile -
e " 5 .3) B} 31
No. 1) L D -E.L Qu Eass RMR 1 dst derie kY
Rock Type ™| () | tmm) | (m) | (vpa) | (vipa) | R | asp? | ey | B | mnm) | Gy || K0
D2 | F39HCW) [{13.5] 1000 | 12.9| 47.8 | 905 | 0 |22(17)] 9.09 |0.85| 2 15 |33 [0.50
D3 | FakelCw) [13.5] 1000 | 12.2 | 47.8 | 974 0 |22(17)) 9.09 |0.85) 2 15 1331050} g jeromm
TE %3 HW) 12.1 1203 | 9 |31(26) | 9.09 |0.80 15 0.75 Hwlet
D4 13.5{ 1000 47.8 2 33
A HMW) 12.9 1932 | 40 [42(37)| 9.09 |0.75 10 1.00
D5 | 9MW) [13.5] 1000 |12.9| 47.8 | 2748 | 52 {45(40)| 9.09 [0.75] 2 10 |33 [1.00
44.5| 184 |1774.6| 8
W8 | JdLMW) 145.1| 2400 (40) | 9.09 {0.75| 2 10 {33 |1.00
47.9| 34.1 |2815.8| -
49.0] 12 =
s | E7 | dgMw) | 40 | 2400 1483.4| 18 | 40y | 9.09 [0.75] 2 | 10 |83 |1.00] RCDZ
50.7 | 30 7%k
5k}
495 | 54.1 25
E5 | dMW) [40.1| 3000 | 51.5(37.13| 1628 | - | (40 | 9.09 {0.75| 2 10 |33 ]1.00
52.5| 30.4 -
B AL F3gCw) 5 254 0 XHD) 0.85 0.50 _
oo — 33.5| 1500 | 252 | 787 9.09 2 | 15 |33 OCell/
ERU E3HHW) -335 330 | 20 |25(20) 0.80 0.75| Top-down

1) CW: Completely Weathered ; HW: Highly Weathered ; MW: Moderately Weathered
2) GSI = RMR7 = RMRgo-5 (&, RMR7>18, RMRya>23), Q1 time] 43S 74
3)i= ANt FNAEA A (AR ®0] 4mm)

4) m; =439 W& AZASF (Marinos and Hoek, 2001)

e
2
-
2
>
rir

>,
[\]
il
>

o
ol
el
&
4
N
ox.

>
>,
oX
>
)

AL iAol R AF (V2 )E A
E-ohit AAW £R3dE FohskAl ek, 2
15000)49] 7% AP g FavtEeE S
Aste ol Mol 7187|7) B AAZRogE= B
A 9Fsk Kim and Jeong et al.(1999) 59] 5ol A
gkol da] 9 FspdeEld we tE2A 1 7ol o
 denz ¥ 8(b)E wEes HuFwHerE
AE 15mmE 747 7pAste] A -&skolh
Toll A At FH stFHoldre A AT
15 <t ‘JJr E}* 2}017} U 19 11(e)4 R

L 4

&
X

32
e
rlr
>
[\-)
rrog
o
o
°
o
lo
u
2
by o o
oo
2
o
X
d
=8
inl
By oo

z
o =
a2
lo
]
o
Ol

}

et g

=

ne

I

N
H (g
o

¥R Mo
A
=
i)
sk

g e

r&U
o2
=
X

o vz
ox M
B3
X
)

)
r>
o,

<,

=

>
=

%2 5 otk E=9, gk
2R, FIdngs
ol A= W)
% 11 yehd nie} ol Add As
ANddstet vy Mz Z X9 & F
EA-E 29 -wIFH(E.L.-49.5, -51.5)0]
dtod AR stFHolFrt ApolE R
BAANE FEste] A2 nud dx 11(f)91 A%, f-waAol AFH gukso] &
AZHCWAA HFFFHWE EFHEE Xﬂ‘{*ﬁ‘% b2t 5§ ok (CW, HW)oll sl gate A=A &
Hgato] et A3, At A F ALEA Aloldl A8 2F CW ik 2448 AR Al
o})\IJ,]_ Z o];q O],J_ M

['

ol
o3
ful

1o M oX

o)
RN
]1-! Ug
ik

R

.
oz
=
s
s
—
|
ol

zO'g
RN
v%.ﬂ@

‘

B 2ok

N Py

—_ e 2

rhE

oé

o

2
..43

=

)

AP

2

O

H“

-N

g o

=)

N

T,

o

N

ﬂ&

|\

_ﬁ, =
o
e
.

v 1B g

503



1600

= | -
o <
= x> T ° =
1200 — -
g 3
% fod
«
B g e
o 8
. a AT AT A = Load Test of Dongtan
[ © - — @~ - PileDd (VW)
g 2 — — A— — PileD5 (MW
73] &
Load Test of Dongtan Present st
-?j) - -®-- S,,E DergW) - P»%z @© Present study
i) : o —O—— PileDa
173} — & — - PileD3(OW  —A— Pl 3 & Pile 05
— ~M — - Pile D4 (HW) —HF— File D4 7
T I T T T T T T
20 30 40 0 4 3 12 16
Displacement (mm) Displacement {(mm)
(a) % (CW, HW) (b) & (MW)
2000 2000
= = -
o A
2 1500 — - 95 1600 — e
8 8 T —h -
f o ‘/
8 1200 £ 1200 , e
2 @ X S S
@ o 1 2 Lt
= Load Test of Incheon - 800 ‘/‘ ;Q,//e/'/q Load Test of Incheon
@ —— @ - Pile WS (MW, EL -44.5m) B b ~ — @~ ~ Pile ET (MW, EL -49.0m)
S —~ A— — Plle W8 (MW, EL -47.9m) < ] /‘/ — — A~ - Pile ET (MW, EL-50.7m)
2 Present sludy o 400 —{Ff/fe Present study
& E.L-445m = n — O EL-490m
A EL-479m o h A EL-507m
0 T T T T T T T 0 T T T T T T T T T
i} 4 8 12 16 0 5 10 15 20 25
Displacement (mm) Displacement {mm)
(c) J g Pile W8 (MW) (@ QAR Pile E7 (MW)
2500 800
_ I -
g et g
=3 =3
A A 600 —
g T 8
© — il =~ R B % —
R = B
g o400 —
P
n Present study G 200
2 —O—— EL-495m @ L Load Test of Namhang Present Study
& A EL-515m = 4 - —@ — - Pile O (CW, HW) —O— oW
—— EL-525m w ! — — & — - Pile T(CW, HW) — A HW
' T I T ] T l T O T I T I T | T I T
10 20 30 40 50 0 4 8 12 16 20
Displacement {(mm) Displacement {mm})
(e) JAAN Pile E5 (MW) (a) FAbda (CW, HW)
a9 11 A st Aol gt AltAE A A (f-wH ) wja
24
5.4 E
e 5 = : 5 O =
BoATdAE ghil 9E @YEATHY AW BAse] ONS ARARNG L sty
= > = = -1 =) = =
FHrbEY JFere] JPAE L AIAFE BEHSG o] M oE Hoek-Brown 33 71ES
ol g3te] kel A%AHFE, BHA AL, FHE, FAYAE, 190 27 FH3Y Fo Fuvh
29 Jessol WdE HFA0l FEAS AdAT, AAE MBE Fool BIYL B
s9th B A7E Fo Qe ARE ded wy.

504



(2)

3)

4)

10.

11.

12.

13.

CROA, AT F2003), “O-cell AR o §7 AW FF-09 AT, NYEENY

A 718t= W3], pp.3342~3347.

o

L A2(2000), “ghie] F3pEsE hRIS] wme AXAFA Bl AP, AEUGR, vl

=i

ol g, W&, Ao, BYT(2003), “Iul ¢hubo] 29jE FHEPLLE WA ALV #
& A7, FFANFE S Ar|ged3], pp.431~438

AAE, 4R, old2, UWE(2005), “LRFD A we& Adddn d4 g d5%9 A=A
A7, HBEESHS] R7)gE 3], pp.3929~3932.

Z2%, o3, AAI(2003), “FU dHeELH FH AFE] g AR AGAR", o

IANFEI] F7|gEd3], pp.147~152.
Barton, N. and Choubey, V.,(1977), “The shear strength of rock joints in theory and
practice", Rock Mech.. Vol.10, pp.1~54

Hoek, E., Carranza-Torres, C. and Corkum, B.(2002) “Hoek-Brown criterion 2002 edition",
Proc. NARMS-TAC Conference, Toronto, pp.267~273.

. Indraratna, B., Haque, A. and Aziz, N.(1999), “Shear behavior of idealized in filled joints

under constant normal stiffness", Geotechnique, Vol.49(3), pp.331~355.

. Johnston, I. W., Lam, T. S. K. and Williams, A. F.(1987), “Constant normal stiffness direct

shear testing for socketed pile design in weak rock", Geotechnique, Vol.37(1), pp.83~89.
Kim, S. 1., Jeong, S. S., Cho, S. H. and Park, 1. J.(1999), “Shear Load Transter
Characeteristics of Drilled Shafts in Weathered Rocks", Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, pp.999~1010.

Nam, M. S.(2004), “Improved design for drilled shafts in rock", University of Houston,
Dissertation.

O'Neill, M. W., Townsend, F. C., Hanssan, K. M., Buller, A. and Chan, P. S.(1995), “Load
transfer for drilled shafts in intermediate geomatrials", FHWA-RD-95-XXX Draft report
U.S. Department of Transportation.

Seidel, J. P. and Collingwood, B.(2001), “A new socket roughness factor for prediction of
rock socket shaft resistance", Canadian Geotechnical Journal, Vol. 38, Issue 1, pp.138~153.

505



