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Uplift Capacity Estimation of Bond-type Rock
Anchors Based on Full Scale Field Tests
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Abstract

This paper presents the results of full-scale uplift load tests performed on 24 passive anchors grouted to various lengths
at Okchun and Changnyong site. Rock anchors were installed over a wide range of rock types and qualities with a
fixed anchored depth of 1~6 m. The majority of installations used D51 mm high grade steel rebar to induce rock
failure prior to rod failure. However, a few installations included the use of D32 mm rebar at relatively deeper anchored
depth so as to induce rod failure. In many tests, rock failure was reached and the ultimate loads were recorded along
with observations of the shape and extent of the failure surface. In addition to field tests, laboratory pullout tests were
conducted to determine bond strength and bond stress-shear slip relation at the tendon/grout interface when a corrosion
protection sheath is installed in the cement-based grout. The test results show that the ultimate tendon-grout bond strength
is measured from 18~25% of unconfined compressive strength of grout. One of the important results from these tests
is that the measured strains along the corrosion protection sheath were so small that practically the reduction of bond

strength by the presence of sheath would be negligible.
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Fracture Behaviors of Jointed Rock Model Containing
an Opening Under Biaxial Compression Condition

A} ¥ %' Sagong, Myung f A & Yoo, Jeaho
wh = 3" Ppark, Duhee o] ¥ A' Lee I S
Abstract

Underground construction such as tunneling can induce damages on the surrounding rock mass, due to the stress
concentration of in situ stresses and excessive energy input during construction sequence, such as blasting. The developed
damage on the rock mass can have substantial influence on the mechanical and hydraulic behaviors of the rock masses
around a tunnel. In this study, investigation on the generation of damage around an opening in a jointed rock model
under biaxial compression condition was conducted. The joint dip angles employed are 30, 45, and 60 degrees to the
horizontal, and the synthetic rock mass was made using early strength cement and water. From the biaxial compression
test, initiation and propagation of tensile cracks at norm to the joint angle were found. The propagated tensile cracks
eventually developed rock blocks, which were dislodged from the rock mass. Furthermore, the propagation process of
the tensile cracks varies with joint angle: lower joint angle model shows more stable and progressive tensile crack
propagation. The development of the tensile crack can be explained under the hypothesis that the rock segment
encompassed by the joint set is subjected to the developing moment, which can be induced by the geometric irregularity
around the opening in the rock model. The experiment results were simulated by using discrete element method PFC
2D. From the simulation, as has been observed from the test, a rock mass with lower joint angle produces wider damage
region and rock block by tensile cracks. In addition, a rock model with lower joint angle shows progressive tensile

cracks generation around the opening from the investigation of the interacted tensile cracks.

= AlgEA A 9] Bt o #] <]
2-g3h= sks B EW i OPHH

o ofo

delnsle] |5 UEATE Fotol 5T SIS

HAUE YRS o] gsto] fAE Y
QA Wio] BHE|Yon, 74
wsto] ghESo] 9hals] B4
Aol3le] AeHe] 2wt 345

St
EL
2R
=

i

O

oM, ™
o
T
J
QL
rr
i)
o
tlo r
H
38
g
2
=
P,L
O
2i
:Li
ne -
1o
™o
o
rlo
2
_YE
r.E‘.
12
&
2
R=R)
=

o o o 2 &Lofob
o2 N
X ™
e ) _Sj
a1 R
) o omy
gl',‘
5 o
o Ay
2
4 4
e, "
X, ol
2 mﬁ
O J
>~
E
2
S
o
i
IF _E
=)
2
>
)
Lo
(e}
o

AT d Y AeT2AT AdATY (Member, Korea Railroad Research Institute, rockcore@krri.re.kr, 34142}
Fo)| 8t /% E7)edg Akl @154 (Member, Hanyang University/Korea Railroad Research Institute)

shoFdst 7174358t W4 (Member, Assistant Prof,, Dept. of Civil and Env. Engrg. Hanyang Univ.)
@%5&571{5(&?% AETZAT4 AdATY (Member, Korea Railroad Research Institute)

=oll gt BoE ke 3 2010 492 30U7HA 1 WE-S shElE HulFAY] alunh Axke] HE WE 37 =Rl Aste] =3yt

* B W N =
EDOO
uﬂ ol

42

o

O

i

OIF2= 20N S0l EMots KA el 289 IHl HES 17



1. ME

Hda ge Aspame] 2 THAOR X
uho] AEIE W7 WEIEA meke] o] o)
Hol7|t= shxe Axke] FatAQl 75 Adtohs
AL ek Agaks 7] A9k Fiv]et ZAe]
B Ao gEHo]7)i Sht FF FHol Se)-ojs)
o= ulzhelael @Ato] AR o714 u]7kolA
ol AEole 24Ee] Ao R At kel £ACH
WA AT T Qlstel WAsh: fejsld 58
Aol Wseg TR QT FI&0) 571 9 Seld

I

E5 9 Z7HhE oJu|stcHCaiQ} Kaiser, 2005; Meglis 5,
2005; Pusch®} Stanfors, 1992; Souley 5, 2001; Tsang 5,
2005). 1A o]t H7FA A Aol WARE e =
ZFEAMY(EDZ. Excavation Damage Zone)2kal Skc) ot
W B o] 2ol wE Z2RAYH Y] 99 B S
A= sl W A7 FFE o] o 53] WA
X 71 EAAAES 9J5te] Lteh URL(Underground
Research Laboratory)of|A] -2 A7} =38 =] ¢t Martin
=, 1997; Martino2} Chandler, 2004).

wat ojska] 7153} ptstel e A wd A
o] Ait= v T 5(2005), Hh4 5(2007), Ewy 2}
Cook(1990(a,b)), Haimson¥} Song(1993), Lee2} Haimson
(1993), Meglis 5(1995), Fakjimi 5(2002)o]|A &-Q1sH
= Utk ole] Ad S Ayt g=d FETro A
kel wi= I uhY =2 Hckutaof ofsf EAy
L QI oo mlsf Aqtre] g
2| k] wha 2 FX1A
#f i (slabbing)of] 2JsfjA] 2
HE 3 QItiMartin 5, 1997). 3+ o] HHAY
I gdol 2ztos HadFy 14589
= H

-

e 2 rlo fr o o 2 o Lo
go oy S o K
M l.; ﬂ.llﬂi —E mhq = %0

Mo X T
oo S owx o -~ 4
M Y
N s A
i = a f
Jl;ﬂ J}o{ ifin
2 o
. iy &
o 2
2
rO
.,
o
EN
ue
1o
=
)
L

oZ
o
_=)
fbl)
| o]
&
o
Tél
u
m]I.
nf
(i
£
ug
flo
™
u)
i)
2ol
oo

olefst ATAMEL F2 Boldvo] EASA o
L QPgAl ey ehutel A B5E Anza de) 9
shafe7t Quka o BEEe Hd el o) e
BIH Hfol7h & 4= Ik BA&wo] Lo &
Ashe A9 B 3 ohiol ojet &4 olgdom
AT 5 s WL WAV lone & 484
o ofst 44e] w9) Wl WAl S EARICh 2%
7h EABHE Qhibol et XA ashs e

RE 27 471X R TR 4 e

(Lee 5, 2000; Maghous 5, 2008), 2) B2d&HS 2
35t AL5A| Bl 4(Goodman 5, 1968; Belytschko 5, 1984),
3) E9I<&A sl4(Potyondy 2} Cundall, 2004; Sheni} Barton,
1997, Senseny®} Pucik, 1999), 4) &< A< 34
(Cai 5, 2007; Jiangs, 2009)°] it} 571944 34

s
rr
i)

o

o 75 ek Bolkvo] EAFH: A9 oAl A
25 Aol A SusHe WHORA ghel
AAA ASS HHG 45 ot Basue]
Q) #xaky) 9 Fhe] A Fol et sl a)
7} le). Belsme EE A4 slH0) 49 Boid
vl Agohs $ERE AL BAR 5 glout WY
o= Qg B Fejrt F245 wokA g A
Aol BEshs 2AUlA F2 A ZHssitt
2oA%A e BASAE APHom AAshs F
Moz Belduo] EAIsH: ghve] maYel glof
AbQl o]tk Thik A 24} 2 49 aduo



—?—(global sub model)L}
32 X171 AFe ol A

FASA Y Ao
25 o
e

el
=2

bl
Sil

HJR

o% filo
tlo

l‘-lu:
&

S~
>
o 3

™ rlr

ﬂl[O 2 oﬁ

=

p
e
Lo

jui] E_EQJ

ol

1

235}% PFC 2D(Itasca Consulting Group, 2004)E ©
srsick

Al
=

2. Helmuel X%t

2.1 HHA M=

ow I A= EPEJJr 2t
i) TAIA Azl ARgE= &3 Al
a2 5t A7l &3
) E_I:oﬂ =] o i@_%_g_ ok 1!?‘7]_{

AAY EAsHE 571 AlA

A4 /RE)]

= $I3to] 2mm F7| ] ofa

LR s —'—]-Eﬂoﬁlﬂ‘— 27] /\ﬂEJ(ol: 19
mm 77 2] A 4k skl o, Held
li HhE AASHL 2mm FA|1Q] ofa Y
P%‘iﬂk 27158 of2d W& AYshA g2
KA e ol R ofa Y o] HEd
woltk 19 (<= dia AAT ol% e
S UeRHIL gl Ao, 1Y 1(b)= de
AE oA AFAE UEhf L qick
A 2] Z7]= 400x400mm o] F7= 100mm W
-85k ARA S FAE &, AHE E3HE9
utet 24 E= AR FESHAl 100mmE S|
1om oF 10mm W] Az} ZA3tcl E3h A
A o] FdHtoll $IAe FE2] 271+ 80mm 2|7 o]
npAufe 2 283t dejuol e EUS 7
© & 30° 45°, 60° o]t} w3 AejHe] 9|27} AFA
o] A A 50mm o] A= o] Qli=t] o]= 7FIHAl A
Ao A 5e w7 WA A9 FAHL st
T Afolol|A] FEdHA] o o] AT 4= glon
2 ZAAE ZAH A= dejds g5k Jdth

-

b2
ol 2 r°l'
ol

.

O o
o flo

%

SR A
2 Loy
ot
£;;

il mh

iy

%

=

oF
=4

Hd
ol

3]

U
= —

Lo

_rTN

ofstx B4

2.2 FAIAM 9|

g3 R ofsky 542 selaly] Sistol
ofe] $5o) AEL FusiAen AuAel ooy 4

(a) BEHA 0|%

HelH g€

T8 1. AEH MY 2 A

(b) 2mm OITE AlIS: AIBH UM O[3 EMj
ABE MEH e
ZH0IM SS0l EMots FAF 22lBt 29| I HE 19



xjo]ck. whabA] B lto]

i
=

R

oFo

&

| o

gof

A

wjr

Z

o

FH
ol)

Upeh L gck Ak vy

o
o=

q

B

° 3 1949 f4}

d4d

Kilss

2F

71 #iste] 19 29F

37d3%

L
L

uh] 7|20 A ARG

Hoek-Brown 7|5

=
=

278 2A=E U FAHA =

2519

|

2% oMH(rock wall)e ZEZFAHER A

I

4

of grolm m e 5

ANZ
L

3

%

ol

2

Al
=
130x100x40mm ©|c}.

7hat Aol A A

o AAe] A7)

o}
H

Ly
L

o

off o B4

sfop
SRE

el deldel S4of diwt
A5}

8% saont dejol

e

5
E

s

o elEgolnz el o

L oy
US|

=
o

ot

o] w7} 19°0]c.

Hoek—Brown
m QIXt

11.6

=
(degree)

39.9

=
(MPa)

T
(MPa)

0.16
0.14
0.18
0.16

)

(GPa
6

.57
4

7

7.05
7.01

VA
o
MPa)
35

I
(

32

37

35

1]
0

100 mm

=]
=)
£F
E -
=
ig
,\,
—]
5

Acerylic
1= Xmm

Specimen
13 x 10 x Hmm)

e

|

|

o0
<MW

H

{2t SAIH THE

¢=19°

0.11MPa

C=

,
©

o -
[edin] wbuans tesus

L
N

L
3]

L
—

©
[S)

—Normal Stress 1 MPa

—Normal Stress 2 MPa| |
—Normal Stress 3 MPa

—Normal Stress 5 MPa| |

™

©

N

0

~—

©

N -~ o
[edw] ssang teays

25

1.5

1

Shear Displacement [mm)]

0.5

Normal Stress [MPa]

of WE HeAE

1,2, 3, 5MPa ZZ0AQ| tHg|-MEISE HE



oF=

B AT ML 7129 o]

Aol wlstel 17
13} 7o) 400x400mm =7]2] AFHA|=
].

Abgstel 4B

o] Z7)7h o ATk ARAL] 2717 2 4 AlRAe)
AARAON A SIS uA o] 2 4 9lem of
= A7) gletel B2 AAE AR Fejo] slEA

S-S ARgSIATh S8 ARAE 315 Ashaol tigt 2k
AIRE AP AT 5(2008)0fl A ZQle 4= Qlet. =3
TEUE 7Ishe dFololel ] B T1F 49t o] g
d FHo AFoolEE A-gskal=tl ol FH O

RIE BAG £ L £YT Wl a7
Yo zol vl et AHES ST 4
e 2] IMPaS] E4E

[*]

| olck. 515 Ast

O3 4. O|=USFHSH FX| HE

Vertical Stress Applied [MPa]

2 3 4
Horizontal Stress Applied [MPa]

T8 5. 7140] O|R0fxl= S +HEUASL
(H2| ZA 4579 Z2)

AKX
| £EIg2n

of

F olst 4TSS i 2 o4 AU 43

RFE Ao 571 A ekl Bte
MPa7bd| 74t she 2igre] 59
& A ZRIBAERLY 5 AR,

(9]

ol A} 3
Sgte) Feke

0.lmm/min®] %2 7}gfo] o|FolA FAYH 7S
T 4 9I9ick 7ete] olRol Ak Fer A 4

9] eln

3.2 AEAn

2 e

(a) H2lH L= 30°(or = 28.2MPa)

<5t
M aeld

(b) 2| Z% 45°(0y = 18.7MPa)

(c) H2|™M 2=

60°(or = 22.9MPa)

2 6. 742 SMPag JI2fEt HEjIM2] o=

A4S MY
5MPa =3 F1£Q10| AT MEj0IAS| mtzS2)
ZH0M B30l EMok= FAF elBt 29| Ity Hs

SR SR YU,

A o=



oA ISEE TeFHe 1ty g2 o] Haimson
I} Song(1993), Lee2} Haimson(1993) 18]l Martin 5
(1997)0014] T2 HA3p 1 opaye] Aalr} P
Sich. SkAl SlHar vfek 20| Martin S(1997)0]4 T
5] pEzuo] oFXuly] OfARS. JLAoto] 2 A0 il
Wo] ofgt walglon BEHel 5 il V & B
Yaele] w7k o) RolAick. Tt A2 me Aol
M= 18 63 o] Aol Aoz ol
HAYsk= o] EH Ak A5 S0 19 6(a)oll A2t
Zro] AelHe] Zhw=7} 30°¢1 74
Aol Axpsto] WA Ee R Adste AL o

Jl

Q1T 4= itk olef3t W& AU Qb Hejuie)
Aol geizFe] W Qg #A AAlek
L OE GO FEFUA s pige] AAH
gk Y 6ol AAsHe gEdel shasta
ol Helwlo] med 49 SelE ohaEo] Y45
o HFHOE o] ¢4 BFo| YesH AFS ek
E£3 TYoIA SIT 4+ glEo] WA AFFAL
upFsks dewe) Aekiiel 35| vt A
Qe Fste] WAt Glek E Y Heky

AN FEW Felvio] 7Vg THG 1Ml st
7} SHASHE Zlo] B gic.

2 AFoA] Abg e el meol At T eollAdet
ol Aol FEFWAA el kg f

Sk = 290U ERlskink olA " el WA
st7] ol ©Alo tigt 1 A EY T19 7af P
a7 7 AW 27t 3009F 60° =704 7heto] o]
FoR|aL = AEjolA o] ol Lglo A EQlgh
I Qo] o 89 Wafol Ao R Akl
Ue A T5o A 2 sl A oA o=l
o] 31 Q= S ST 5 AUS Aotk ol
d @l tisiA= F 7HA] 7Hdo] Zhsgid A=
= AE|Hy dejHo] A5 Y H(rock segment)2
H ga4w 7Pg3ittd fo| 'Agshes Fit2 WRlEe}
22 FE7t Hok WelE 2219 A SSolA=(1H

6(a) 27) LEo| ZAZ Ql5te] JL&eto] 2He-3Hx] ¢k

oul B3k Y HEE ste] SEFAAE A

o ZHg3tA) Stk uebA] 1Y soll e} o] Helw
3} BFo] Wil SIXoA] HThRHES} waystu, of
o aebA] Aetelliz ol skl

é*_al o] XP_Q_Q

22  E=RLHESE =28 H25d H10=

ol e e B HYy

tensile
crack



ook o Ay
[y

o HUoflr

1o

o E > o

9he ok

HA 7S 2 AtollA A8kl e ofwt

A WO R AT AALE )R T gick. o
2o A = 7iekel wheh deHof Hek-g-o]

o) oluf kst fApdeEel olage gk

st T Am7e] HFx70] WEDA]
=t olu] ARk HeHof A WSk ek

A2 Qlsko] ofage] ol WAst: oz 3
S gl ol A5 AThyro ze] WX}

joint

crack
L~
crack /
Constraining
point
(a) H2|2d 30°
joint
J |
/crack
(b) He|2H 45°
joint
/ L crack

crack /

(c) He2|2H 60°

Hgsy] elAe delw e R
Rysheiof st 19 7oA Bhelgh v
oA FHAoR ofmEel WHo|
7}4do] Hrt Hghe Ao ghehgt,
upxjeto 2 19 eofl Ao} o] WAshs o1
A el 2= AgFae] e
et dejwel 4Esk 300d g dgEde
25| of 154MPa oA Lpebton] dejw 2}
=7 45°21 9ot £13eo] 10.5MPacl A Q1
o] WAl oo 2 60° Z A A= 11.6MPa
2] SzolA FEURelA sl Aol BxEg
on] FEFEW AYFA| WYL 227MPa 2]
shqick. oleigt Tae] ejnji Melle] ztest &
= QIgde] W ool HrlFo|g o]
27t 2 4% g B 60° B AYTY
22z

AoA WASHE

L=
Lo

o ¥ flo nE |
r Mo o

nx
oZ
o
r>~l
A_t“
i1
jud)
é
1o
B

~{

o
-9,
i
(N
ﬂlg- I
— 32
o T

e
ot
°

o
=2
X
e
&
f
)
(o,

N
q
e
o

|
O
N
rE
=2
X
[\)
=

J
i
-
P
o
N
oE
g‘L
E
_<;
>,
oix
Eﬁ
=2
o lo
o

i
i
o
N
o

1‘ i
-|D:
1o
> 1o
o
2
2
-+

iy
o

B
o ghereld), g 901 olelat qhele] 7
E XS 3lo|g 2~ th—

o= = L.E'.
4. PFCE 0|8¢t =xlolid 2t

4.1 OJM[LRIHS AFY

a9 64 BEE ARAT BA W 4ES 915
of FAWNL AT AGT TR PRC

2D(Ttasca Consulting Group, 2004)o]t}. PFC 2D+ tjX
2 Feo] YIS AEasE olgale] mUBS o &
U= ZEIgo|th duba oz ASA sjMoM=
Qo] AN W AHE wA al] SfaAl AE4]
MAE EWE 7]-0] Qa3 UDECT ¢ o4
A Mol M= EdEH] BAUIA A= ofof 5t

_.l



%
al
A
=
A]
=
st
o
&
o]
=,
%

e
G
T X o
5o B = o
o o o <
= ~
T = o = 5 o
E = B ol = py do o X
= il _ ST XTI
= o ) o
ﬁELHﬂﬂ Afﬂe_egﬂ
| a5 A . 9 e o
e LT il ~ m o
il T o <X Mo O
R op o TN i
WHMOE._WM W%%Aﬂmd.
) m} N AN
f 0
m_._. o\L S o dll_.ElL umodbz__ O/nw'@ i
@a%mM au%$ﬂﬂ e ®
T M T 4 <r o R o o = / (3 \w\x M_
= En o 1k 0 ol - T T ol ~ &0, /X oFl
o N = #E dl E - < o0 o, =
of =T = %O o il oS ges & 390 e 3
OC = ﬂ__lﬂ MuA Hq oK ]ul .l:c ™ @0 Yo /OQ%, AN o2 s & 0l
um%%w o 7ﬁﬁsg% e \}@\\%%m 3
g S o_bggg T S boo@musil e O w <
zovmqg 3 meazﬂao S % LRages S I
o M 0| Lol = o b N %/ AT B nwOO%zv@ I~ =3%%! S e o , mA.m
11& S ﬂ__u%}# o -\Ir@\\/ s > | 0
o B 2 ~o o s} W T L5 o8l 69703 bees: , F
<X L3 o el { \ X o2 2 Ll J
<t ) ol ‘EU N E 3 l,\\ O/ ol ol
o N Ho T oo Eesr locs, 7 i Bl
‘DI ﬂ _Z_.E = 1 ‘,OI G \OO\\ S .m_.: i ___M._“__
TRy — =y T o x@%o o ofl gu
o N 5 TN 90 O/\ o H w
= 5 % BT o Ri. o 51 2
= N B q o ® o
<} I N KX AT T ¥ H0
w o _@wﬂx&AW@ = ol
G oy = N ol ) o mo T o9 [
T _ W~ o ~ <° 2 ol X0
Ewm m%ﬂwﬁomaﬂmﬂ M_mmﬂw ol = 2
o < oA T BT g g = { - 2
Etﬂqﬂmﬁﬂﬁﬂ Mmam & T Mﬂwwj ! &) io
iﬂmm;}} F%UQQ o) = T T o M o i
Wb oo J B % o 8 @u )] <° Rl S
gﬁg_éﬁev P S ) T W &
mum%w%%¢@my =E T ¢ m e £
ﬂnxgemauﬂm@%é% mvmamz wzﬂ mwmogo o
5%@%5#%@%@% B : . 5 w518« . -
zﬂlEHﬂLdume‘Pﬂv L»_.c._ 31D|G O.%x20077 il
L@Me._dlgoﬂr}éaﬂﬁﬂo ;o‘_o#,_@ otqm ~ Mmmm . ™
B R Lumﬁmuu751mﬂﬁe mﬂ%M T & T & < | X _
muz._u:#o]]e_ul {F we 5 oﬁoWo F:2 ~ | .
G goﬂyuzoﬂ . oF g E 0 2 N K 2
AEJC]C] u._,m_lm.._A i N gl o 3 - ©o
iy o> = 5 M b F o © X xr L
Hﬁpgpwaaw%@ L Mgw = =HE : 2
—_ n _ o ey = £ E|'c = _ .
waMmﬁqwuq.aqmaq Tk Z EM4mmw Ak ; !
m|_oPA4_.]oa4oﬂ/.|F_ AT@uio X — goauot 70%[%] \ ©
oF = N X P < B T — S _.__l 0 T T | RC #o | o <
ﬁw <k z 9 ~ TR Lm i < oy wm £ = K| to = o i Elm = .
omem@wﬁ m,ﬂﬂ;ou_%% wm g S &%womﬂmwaﬁaﬁ K
o ol Y Ty d T RO ol ey A o & | 20 olo
B o A B S & g:r_yomonoawo ' . E
of,zaﬁﬁ_éj W j u@u_r_pATE . =
H T 0 ﬂ%@umﬂ o ggﬂmgg@ : .
O:.: —_— ~ _z ol ﬂm xr <+ Rl T foll s < =)
mﬂu%%d.au ® R . . wm__
_§402P1 o o | 8O k) 3 . Jom xr
I o yAE L Ho n% * hid 3
o ol s S5 . g @
Lt ol mle| e mm AN 9 m__._
E i | % £ £ R [
2| e i3 o8 \ S
,c, m, D._._vm N o
6 l1e | AN _W_._M_
S Ay 1
< 1 N
3 _ M
(e S .
n__\,_vmmo.n_w_m S
[es1uaA e




&

oA
g
Aelw

s 58

FE A
=
o]

al =
o}
ERS

19

2

9
o8
24}

il

|

=

1A

= O
X0
_]:_E[
.

Q)
3 A1

0

1)
o

=

Aol Ao
NS
°f

|

=

1=}
L

1

A

51

9

). wet
5171 9]

°

=

o

T

A7E 3

o
L

d

A 44

ol o

s el

fol 27

°

A1) BYLE 9]

w917

g
g2 60° 27

S A PRC

o)
=
b
=
e

94

g

ke

33

3

[

23A &=

=
Zo Al 5.6cmof|

13.6cmo|

ok
S
9

J
T

o} 4714

0

]

o
A

R

2jzd 3
o] FAollA]

EEERD
ehfw

4
o

ol
—

(a) E2[22 30° ZH(oy = 28.2MPa)

o}

=

=

4
2ol

zrolt. 7}

W 1
2
Zoltt. PFC

ol

=
~o

s

Nl
& 8em

714
A

=

=

>

HHow mApl
]_

=
T

Zholl A ARk
7}2 10cm

13(a)W]

o

L

A
=
=
=

)

=)
o

A
1
o 7
A%
A
SEN

Ao} o714 A

1

fu

Bl

sf

H 139]
140]
fex]

Joll
159} 2t
a9 14
3

W

tof o+

FA]
0|

R
S

olet. -1
o} e}
5ol
o} 29

A2

.

28.9MPa)

(b) H2|2H 45° (o = 26.7MPa)

(c) 2|2 60° ZH(o

Had

J& 13. PFC

3

(O3 (a) L ®M A

R0l AMe



o] W] Mrhe olg o] Fe Fdo] WEMOR 2 FHSHATh £ ERoAE olgdt 2L 2ATe)
Uehts gejolck. 11 o] PFC7L S8 Bl w2 AbmAgo] wWAsHs 2o spgsiilid old
g 7oA Autg mAh] Mok 7 QAzte] A% WPHS Diederichs 5(2004)0)4 ARgE ek
Aot 2Hg Sz AThHQ T7of whebd Fdo 2% 4@l B AR A Wale] 7| uh
MY oy} AAEEE SNET B AARS mY ehd AuRACad B9 - AR #A9) 9 21
Moz e rlol @A ok wabd 23 1o & o 4 Qlek ol Byskn Wejd Zwst 2w
A E71E vie} go| Aeago] WS Fde 3 Wof ST 140), () WHHCR AF FHo] Z
of AejHQl Ael7t HfUA(125mm)Eet A AS slere o 4 olrk ol BEAv: Azke] dejw
270 A AAH o] MRS 53 4 9ok
—_ E3E Qg o] W] mele] HEAE LA oA b
- meraciec Tensle Crack Number ol Z718HA] kS o 4 it o] Auhs FEE
600t ; | Aol ARSI olFolxm 1 o|Fo Fuin
5 oAH 4ol WATS & 4 Ut
S ao0f - olof Hla) mEly Hejw Zhwrt 5 QT
£ 9 A o] oln] ek WhAiehs QAT 9 AA
Z 200t 1 299 A =3 gaghe & 5 ok geb ey
2427} S algaee) A e okre| g
65355 o804 o\.ltior%c gl.gcgfainom 0.012 0014 w37t FEAAHA DAYTS A 4= ek o]Bdt S
o) el 30 2 AA) 2R ARl A BRI uleh Zo] Helw Ztwst F
S8 QTR et ohulEEo] Po| o S
800 —Interacted Tensile Crack Number| ' ‘ Zof| A o]FojzH E3] 60° 249 ¢ AdHtEEF9]
interacted Crack Number ojgto] 79| mele] mha|o LARE W &R A U
> | st

o3 U3 ATt RMR A2Ho)4 Helwl 7o
2 2759 g3 AXshd] e el FAn

O] 7-H20~45°) Foet 23oln w2 deH FAY

Number of Crack
N
o
=

200} ] =
> T O] ZH45~90°) S| EEjgh 2], 2 Ao
AT , , , , , M A Zhe7t 2 27e Ao olRF o] vty
% 0.002 0004 0006 0.008 001 0012 0.014 1= A= A=7 d€ A dgadel ddn
Vertical Strain ALy FAlel erAlel geto] WAE R R Ay Zter)
(b) Z2|=d 45° =2 22 2210 vlal] Algdel Qlof v Eeet 23S
800 : —— : ' ' ' & 4= ek E=ZE FARIA 9 ASAe} AAs 2
—Interacted Tensile Crack Number - ~ =
---Interacted Crack Number AejHe] A7 e A7 &4 sl tq"ﬂ' gl
% 600 T S QAR A o g nmele ded 27108 7t
©
S 43k Al zko] Al oyt Fxbol| A Ed HAH st
5 1 2 A Aze) 2709 vlste] Z2kHel ez
£ £ Fslok atm, A= dejwe] Atz whet e
Z 200f 1 . _ - -
I ASwe7t g2 o]FojAol 3 F5 4 Uk
L Y 1585 09 13 B gel s sk AR
Qe R LT Y TR _
0" 0002 0004 0006 0008 007 0012 0074 oo 7j4= W urere Ll 2= tholo]1@llo|t}.
(c) Ma|=d 60° X2 = 1ol BIMEHA WAYEkE Wk ok 30°9)
o z] J] o o ) ] H}sEO Al 8ls
TB 14, B FHLING WEE Sol e Mamgol wyn P SolwEel A s e were) Al Y
ol% 7Y Y MHZL AS & 5= ek ol vaf 60° 2719] ¢ 90° Wkt

26 E=RLHESE =28 H25d H10=



Riedel shear E}9]

e

2Eg A EA

Qg

(c) H2|z=™ 60° =2

(b) H2|2H 45° =2

J2 15, QlyAAe|

(a) H2|z=H 30° =2

NS LE= 2=Cl0/0{ 03

S

0.2

0.19
0.18
0.17
0.16
0.15

1 005 0 005 041 015 02

-0.1 -0.05

-0.15

0.2

b o~ b
o b o <
= o

0.15 0.2

0.05 0.1

0

0
Q
o
7
b
<

-0.15

-0.2
-0.2

0.15 0.2

0.05 0.1
(d) oo 2E(MPa, (-) 21F)

&, 2h=5H] Ay

-0.1 -0.05 0

o~ re) - ) re) ) N
o b o Q Q o - =}
S S S 7 S 7
0
- - ® © m o ® ¥

0.15 0.2

0.05 0.1
(c) or 2E(MPa, (-) 21Z)

-0.1 -0.05 0

o
s
Q@

o
o

i

o
=

S

il

of

F38 ZTAUAMe

4

=

i

o 30° 2L

J% 16, H2l=



A o] WA 49 ofe] BaoA Sld 4 9)
= dAMO (A, 2003, Barquins®} Petit, 1992).

TEz £Ab0] QAo Qg Selake] Wals) u

Aol SHE An 8 O3t Rt A 7 mae)

kil
4
(o]
I
e
[N
N
X
H1
gt
ol
ol
~N
o
:oé
>
il
o,
ofl
et
N
2~
ut

Hoh e Fom FASGON | Bk 2 ehage
AL eA =] Btk olFA FHE THEE
285k 1% Sl T g

B obdgol 1 ojafo] Hrh 1 o] g FAY WA 5
0= Qlste] o] ARLI} oloix|m ofo] whe -
%9} 9 HThFgele] a7} oo 7] wpolck. u}
eh 4] QS AFgSHE Zlo] ojstow mr} A3
T o= Pk of7]4] Ag gl o Ade
2% 173} e,

[e] =
1 Hrf 2k goof 1A U Akt do] Hxdh= 99
< E3ole AR HE) kA AA| TSl st
of AT Eo] WAYoh= Y= FN o H§2 4t
ofjA] 4o WS QIS AT 4= Qlrk 19 16(b)
= =19 25 YE L Qe HEe] de s
Qlsto] ehgkel &Ato] WhAsh, = QIS 7|9 5
7He YEpaL Qlok webA s5x70] gAdE - 1
H|7F ST L2 A2 27} o 559 ek
HAES = 9o Aa =2 F2E 3% 3589 H5
o] A == QS Aotk 19 16(c)2} (d)ollA]
0,
(™) Fs =21 "%
G, ~0;
®
> (9T
O
| _/
C;

28 e=AEIEEe=2d

W do & oo x N

(D

@

(€)

4)

©®) =

or B g E oz
R F—{E B = oM
i Nz ok
o o rir ool
e &

o

Rt

oF

A ool

I oo

1

o
B
o,
4
J

o

v
o
o =
R
O
2
fin)

o

oo

%

il

o

o

Kl

b4

o

i)

il
O mh of

2 oft

i
i
;
MR
ol
i
lo
o

M, oo 30 ©
1 ¥
)i
Hd

o
ol
BN
)
o]
it
f
12
=
(il
Ju
1o

T

S
)

e
ol
i)

i i
-

ke
o)

|
b
i
w oo Koo
EURRY

r Jo or
=
R

o
2
o o
=
s _111
=2
X
£ i
A
=
_1
1o
0

ofck. 13

52
|o
|d
]
Mo
o
U
o
I
O,

e 715 30°, 45°, 60°9] mdlof High A3 Ay}
S5 BE g Ee] o8 =2 WAsh=

AHE A

Ll

A Qg de] e ol =27t 21d0] F44
of 711ghe

TS ool FEHel WA= A E
of WA S A E A3 A A=t ge
= Qe TE Ao HrA o wAY
ote A= Holy ol vlsf A 4=rt 24
= ) o] wHle] HEgY = 24

Z

R AJ2dof| 4] 2] Zhreof u}
£ RMR ghe] =4 W-8ate dX|7ih RMRAAE]



912 ViR glof $4fo] B W wslell A7 of

FolA|1 Qg & 4 glow], FAe] WO R Q)
st F39 F7bt BEEULd 339 Wz
Az f27t BAHY A9 B 80| W34 7

$40] gk

Helmae] olHtE S o)A
ApolAle] B2 Azet vlwste] %
F o]tk Ea oA A
WA 2ol Fe) o et
H}

_]
A
ol
=

KX
=
=
°
T =
=

paye)

)
SO 4

R

B9 A2l
o= g

A A S
A5)7)42 OJ%L)Oﬂ )5

AFL AU A}

PN
=]

A (2005), “F @A} )

TR WA A9 54

A, A43, pp.250-263.

. A}%ﬂé (2003), “‘Q%‘%&%—%Eﬂﬂ A3 A A A B @
A7} o)z T ;e Tt ulA| SRS i,
A9, #1235, pp.171-178.

AR, AAE, oA, BHEE (2008), “olEFYFH =
ARA AR AAWEE] npEAE AE % &
I AE FH O ssAlstRe] MY, eF7E EE 88 i
103, A33, pp.303-312.

. xq\;ﬂzﬂ vzl w3k A

o, 1=,

A4

p=3)

- E,

al ‘LA,’
= >

el

=
=

SRR T

B g3 AaF7 AT,

¢ (2007),
FAFAT,

ARl Ak 2ikE B
A23, pp.128-138.

. Barquins, M., and Petit. J.-P. (1992), “Kinetic instabilities during
the propagation of a branch crack: effects of loading conditions
and internal pressure”, Journal of Structural Geology, Vol.14(8/9),
pp-893-903.

. Belytschko, T., Plesha, M., and Dowding, C. H. (1984), “A
computer method for the stability analysis of caverns in jointed
rock”, International Journal for Numerical and Analytical Methods
in Geomechanics, Vol.8, pp.473-492.

. Cai, M., and Kaiser, P. K. (2005), “Assessment of excavation
damaged zone using a micromechanics model”, Tunnelling and
Underground Space Technology, Vol.20, pp.301-310.

. Cai, M., Kaiser, P. K., Morioka, H., Minami, M., Maejima, T.,
Tasaka, Y., and Kurose, H. (2007), “FLAC/PFC coupled numerical

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Ewy, R. T,

simulation of AE in large-scale underground excavations”, Inter-
national Journal of Rock Mechanics and Mining Sciences, Vol.44,
pp-550-564.

and Cook, N. G. W. (1990a), “Deformation and
fracture around cylindrical openings in rock-I. Observations and
analysis of deformations”, International Journal of Rock Mechanics
and Mining Sciences & Geomechanics Abstracts, Vol.27, No.5,
pp-387-407.

Ewy, R. T., and Cook, N. G. W. (1990b), “Deformation and
fracture around cylindrical openings in rock-Il. Initiation, growth
and interaction of fractures”, International Journal of Rock Mechanics
and Mining Sciences & Geomechanics Abstracts, Vol.27, No.5,
pp.409-427.

Fakjimi, A., Carvalho, F., Ishida, T., and Labuz, J. F. (2002),
“Simulation of failure around a circular opening in rock”, Inter-
national Journal of Rock Mechanics and Mining Sciences, Vol.39,
pp.507-515.

Goodman, R. E., Taylor, R. L., and Brekke, T. L. (1968), “A model
for the mechanics of jointed rock™, Journal of Soil Mechanics and
Foundations Division ASCE, Vol.94, pp.637-659.

Haimson, B. C., and Song, 1. (1993), “Laboratory study of borehole
breakouts in Cordova Cream: a case of shear failure mechanism”,
International Journal of Rock Mechanics and Mining Sciences &
Geomechanics Abstracts, Vol.30, No.7, pp.1047-1056.

Itasca Consulting Group (2004), PFC2D (particle flow code in 2
dimension user’s guide, Minneapolis, Minnesota, Itasca Consulting
Group, Inc.

Jiang, Y., Li, B, and Yamashita, Y. (2009), “Simulation of cracking
near a large underground cavern in a discontinuous rock mass
using the expanded distinct element method”, International Journal
of Rock Mechanics and Mining Sciences, Vol.46, pp.97-106.
Lee, J. S., Bang, C. S., Mok, Y. J., and Joh, S. H. (2000),
“Numerical and experimental analysis of penetration grouting in
jointed rock masses”,
and Mining Sciences, Vol.34, pp.1027-1037.

Lee, M. and Haimson, B. (1993), “Laboratory study of borehole
breakouts in Lac du Bonnet Granite: a case of extensile failure

International Journal of Rock Mechanics

mechanism”, International Journal of Rock Mechanics and Mining
Sciences & Geomechanics Abstracts, Vol.30, No.7, pp.1039-1045.
Maghous, S., Bernaud, D., Fréard, J. and Garnier, D. (2008),
“Elastoplastic behavior of jointed rock masses as homogenized
media and finite element analysis”, International Journal of Rock
Mechanics and Mining Sciences, Vol.45, pp.1273-1286.

Martin, C. D., Read, R. S., and Martino, J. B. (1997), “Observations
of brittle failure around a circular test tunnel”, International Journal
of Rock Mechanics and Mining Sciences, Vol.34, No.7, pp.1065-1073.
Martino, J. B., and Chandler, N. A. (2004), “Excavation-induced
damage studies at the Underground Research Laboratory”, Inter-
national Journal of Rock Mechanics and Mining Sciences, Vol.41,
pp.1413-1426.

Meglis, I. L., Chow, T. M., and Young, R. P. (1995), “Progressive
microcrack development in tests on Lac du Bonnet granite-I. acoustic
emission source location and velocity measurements”, International
Journal of Rock Mechanics and Mining Sciences & Geomechanics
Abstracts, Vol.32, No.8, pp.741-750.

. Meglis 1. L., Martin C. D., and Young, R. P. (2005), “Assessing

in situ microcrack damage using ultrasonic velocity tomography”,



23.

24.

25.

26.

30

International Journal of Rock Mechanics and Mining Sciences,
Vol.42, pp.25-34.

Potyondy, D. O., and Cundall, P. A.(2004), “A bonded-particle
model for rock”, International Journal of Rock Mechanics and
Mining Sciences, Vol.41, pp.1329-1364.

Pusch, R., and Stanfors, R. (1992), “The zone of disturbance around
blasted tunnels at depth”, International Journal of Rock Mechanics
and Mining Sciences & Geomechanics Abstracts, Vol.30, No.7,
pp.1047-1056.

Senseny, P. E. and Puc¢ik, T. A. (1999), “Development and validation
of computer models for structures in jointed rock”, International
Journal for Numerical and Analytical Methods in Geomechanics,
Vol.23, pp.751-778.

Shen, B., and Barton, N. (1997), “The disturbed zone around tunnels

in jointed rock masses”, International Journal of Rock Mechanics

st=Xgtssel=2d8 H25d M10=

27.

28.

29.

and Mining Sciences, Vol.34, No.l, pp.117-125.

Souley, M., Homand, F., Pepa, S., and Hoxha, D. (2001), “Damage-
induced permeability changes in granite: a case example at the
URL in Canada”, International Journal of Rock Mechanics and
Mining Sciences, Vol.38, pp.297-310.

Tsang, C-F., Bemier, F., and Davies, C. (2005), “Geohydromechanical
processes in the Excavation Damaged Zone in crystalline rock, rock
salt, and indurated and plastic clays-in the context of radioactive
waste disposal”, International Journal of Rock Mechanics and Mining
Sciences, Vol.42, pp.109-125.

Yoon, J. (2007), “Application of experimental design and optimization
to PFC model calibration in uniaxial compression simulation”,
International Journal of Rock Mechanics and Mining Sciences,
Vol.44, pp.871-889.

ALAF 2009. 2. 3, HAARER A 2009. 10. 9)



A S =EA A25A 10% 20094 102 pp. 31 ~ 40

M
>
Al
Rl
ol
I
10
[t
H1
02
o9t
HT
0

FBGHIME 0|S¢t

Temperature Compensation on the Cone Tip Resistance
by Using FBG Temperature Transducer

7 @'  Kim, Rae-Hyun o] £ A" Lee, Jong-Sub
ot A1 3F  An, Shin-Whan o] & A" Lee, Woo-Jin
Abstract

As the measurement of strain-gage type cone penetrometer is influenced by the temperature change during penetration,
the temperature is a factor producing an error of the cone tip resistance. In this study, the 0.5 mm diameter temperature
transducer and 7 mm diameter micro cone penetrometer are manufactured by using FBG sensors to evaluate the effect
of temperature on the cone tip resistance. Design concepts include the cone configuration, sensor installation and the
temperature compensation process. The test shows that the tip resistance measured by strain gauge is affected by the
temperature change. The error of the tip resistance increases with an increase in temperature change, while the temperature
effect on the tip resistance of FBG cone is effectively compensated by using FBG temperature transducer. Temperature
compensated tip resistance of the strain gauge cone shows the good matched profile with FBG cone which performs
real-time temperature compensation during penetration. This study demonstrates that the temperature compensation by

using FBG sensor is an effective method to produce the more reliable cone tip resistance.
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Evolution of Particle Crushing and Shear Behavior
with Respect to Particle Shape Using PFC

Zz A e} Jo, Seon-Ah
z A F Cho, Gye-Chun
o] A I’ Lee, Seok-Won

Abstract

In order to analyze the influence of particle shape on evolution of particle crushing and characteristic of shear behavior
of granular soil, direct shear test was simulated by using DEM (Discrete Element Method). Six particle shapes were
generated by clump and cluster model built in PFC (Particle Flow Code). The results of direct shear test for six particle
shapes were compared and analyzed with those for circular particle shape. The results of numerical tests showed a good
agreement with those of experimental tests, thus the appropriateness of numerical modelling set in this study was proved.
As for particle shape, more angular and rougher particle induced larger internal friction angle and more particle crushing
than relatively round and smooth particle. When particles were crushed, crushing was concentrated on the shear band
adjacent to the shear plane. Finally, it can be concluded that the numerical models suggested in this study can be used

extensively for other studies concerning the shear behavior of granular soil including soil crushing.

2R AR Bl A T A R ATk A% B4 vjAe S B 9Jskl, /E R 2 H(DEM,
discrete element method)S ©]-&5}0] AHAGA| TS A4 A o2 w7y stett. PFC(Particle Flow Code)l] 2]
clump 28 5 cisr 2583 013104 6710 43| YA pgojol ol Aol 5 AeATH V2T
22 Do) A Asisich @k PO oo e 43 Heke) Ao Ak 2 49
Aviel 3 sisLon, et 2 o1 skel S AFelRIct A4 B R BLED A2 el vk
Zzbo] AR o 2 523 uj7ie)S- Ak v8l & ZHS Ueld o, oAl ok E3F o] vhyEk= AL skelstein)
o1 st Aol Ypanl A Piolsich shebd 2 AT ANT SA 2 B
Az} TS 23 YA B AT EA At ok d4E S oty ddgch

Keywords : DEM, PFC, Particle crushing, Particle shape, Shear behavior
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3.1 PFC(Particle Flow Code) 7H

Cundall and strack(1979)] 28l Aoj= 7JHE QA

S HARSH=H o8 & A
ekt 7 g (stiffness) & 2= 7 éﬂi }éﬁﬂ
Ap Atolo] & (contacts) e S AT A2 AEo] °]
Folxlnk o] A AL AFHIA o= H=o F
e sl8stn, o] LS A5 F-He BA A
olaf] AxER=El 1 Hms dREe] A7 HlslA] AT
Ao Z2 u|Ast ofoltt 7|EAo R 7F A= &=HA
Alof| QJaiA] &9, &ie, HHIES} 9JX|7F Al =
sl AT = AR FHFolA -9 BAXE 4
83t FEgoz AjtE=d uf A7k whA(time-step)
of wfz} of ﬂrxg; RHEs}A) Hek o] ) sfalo] by

r

Bek o] A Y 1Y 13 el e < e

e s gl
E ARy Hip AFgARgsich &2
QAEE-E i 293} JEo] 9low, shte] A
of A Aggtch PFC oAl HEHEL2 ¢ 2]9] =0
A doju= Bg)& ol A%S oulsiy, 8459 A&
mall (1) A&734 X (contact-stiffness model), (ii)
v 712 A-Ea] W E(slip-separation model), (iii) A3 W
dl(bonding model)= FEE T}

o1z} 7t A oA AE 585ty 7| EHoR A
2243 ndyl Y As nde X]-?:?_]‘E]— j Ask

Ihe
HJ

g2 F5ts] 22 ol 77k Aol 4 2] Y
A e 2= o e B4 éz%gi FHE}
W, HEAY 2de & E AbolofA /\]‘3_-‘5—9} &
AS sk AgE YRelA mlIie o] WS
585t gyt BHlE nEE Hddkri(Itasca Consulting

Group, 2004).

A9} wallg.20] 912 =
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ANl
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P EEES R el
¢t (resultant force) + EHE A AQ £F

T

& ™ 2d(Contact forces)
MEE

32 1. PFC ailMe| 7|2XQ1 A4+ 2FY(Itasca, 2004)
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Fehes )= 47 Imme] 7RO felA vEe 252
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ZFS 247k 1299 171 m’ o2

AU s 75% 2 222|314

Micro properties Value
Density (kg/m’) 2,650
Normal stiffness (M m) 1X10°
Shear stiffness (Mm) 1X10°
Normal/shear stiffness ratio 1
Friction coefficient 0.75
Gravity (m/s) 9.81
R (mm) 0.72
Initial porosity 0.160 or 0.196
Ball number 2,474
Normal (Pa) | 2X10° or 8X10° (b) S22 H|=(glass beads)
Parallel bond 5 5
Shear (Pa) 2X10° or 8X10 a2l 4, X™EAMEE A" R
B 2. Aol He
s oxtme U E 20% 24z- £33 50, 100, 200, 300 APa
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Y YRR Ha2T  8x10° Pa AR & 242} 2ball, 3ball, 4ball, 6ball_R, 6ball_T, 9ball
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Effects of Overburden Stress on Stability
in Unsaturated Weathered Soil Slopes

LI S Park, Seong-Wan
LI - Park, Jai-Young
Abstract

It has been well known that the infiltration of rainfall causes major surfacial slope failures in Korea. However, the
hydrological and mechanical behaviors in unsaturated slopes are somewhat complex. When an analysis on unsaturated
slope problems is performed, soil-water characteristics curves (SWCC) are considered as major parameters to apply.
Since the weathered soil slopes are layered and stressed by overburden pressures, the response of SWCCs should account
for its overburden pressure. To deal with this situation, in this study, laboratory testings were conducted to evaluate
the SWCC under various overburden stress. In addition, the unsaturated shear strength was estimated using SWCC. Then
the performance of unsaturated weathered soil slopes was evaluated under various conditions after applying the effect
of overburden pressure on SWCCs. The results demonstrated that the effect of overburden pressure on SWCC could

be substantial and the proper application to analysis is very important to enhance the prediction of slope stability.
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Application for Prediction of Crown Settlements Using RMR
in Weathering Rock Tunnels

1

AR R Kim, Young-Su
7 u = Kim, Dae-Man

Abstract

Statistical analysis was performed using a series of data on RMR, RMR* and crown settlements collected from sites
of weathering rock tunnels in Korea. The crown settlements were predicted by recurrence analysis, exponential function,
and artificial neural network (ANN) using collected in-situ data. The result of the prediction fitted well compared to
the measured settlement in the order of ANN, exponential function, and recurrence analysis. The range of crown
settlement predicted by recurrence analysis widely scattered and promised larger settlement than the measured. Also

in all method, the predicted value by RMR well matched compared to the measured settlement predicted by RMR¥*.
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RMR
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Model Tests Investigating the Ground Movements
Associated with Twin Side-by-Side Tunnel Construction in Clay

g A #A Ahn, Sung Kwon

Abstract

This paper describes the findings obtained from a research project aimed at investigating, via 1 g laboratory model
tests, the ground movements caused by multiple side-by-side (sbs) tunnel construction in clay. The ground movements
above a second tunnel showed different trends from those observed above a first tunnel. These trends include an increase
in the overall volume loss, and a widening of the settlement troughs on the near limb of the trough accompanied by
a shift of the maximum settlement towards existing tunnel. This would suggest that the use of simple predictive methods
of adopting a Gaussian curve for analysing the ground settlements associated with twin (sbs) tunnel construction is not
appropriate. Therefore the current paper adopts a method that modifies the Gaussian curve approach in order to improve
the predictions. This paper comments on the parameter selection involved with adopting this new method to apply it

to full-scale field situations, and also discusses its limitations.
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Keywords : Ground movements, Model tests, Settlement prediction, Tunnelling in clay, Twin side-by-side

tunnel construction

1. M 2 O’Reilly & New 1982, Attewell et al. 1986, Rankine
1988) % ¥, EE|'d(Twin tunnel) AlZ 202 QI8 7|

1960 Tl o] F-F¥ dAfof o]=27|7HA] A E T4 Rl Jg}l?i HAtE iAo g Foli Y] gle AAol
B d(Single tunne)= Q17 A|WHH I} Tsto] tha t} & =50 E9] WY (side-by-side) E|'d A ZO=E 9]
o] A7} =3(Peck 1969, Cording & Hansmire 1975, Sk 2|4k %bé% AEsE7] 918l 1/50 AA| Y =(2% 4m
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AlEskAer At
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StER, AA| A

G Wrlg 2xow
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= a

LR EE

HEA| ke BrElE

je—o 1800mm ————|

E|AE B 5= Bottom Tank(i), Top-extension(ii), Loading

Plate(iii), Perspex Window(iv), Side Frame(v)2.2 4
A 1), HAE P93t A50% FHOR Lo
1800mm, HH] 600mm, =] 450mmo|t}. ¢'d A] Top-
extensiono] Z2HE|n] o] W] B %ol = 900mmo] o]
o} 2 uhHE S 95| E3 Perspex window7} AF
&= -

22 2EXHE =Y

R REE ZAJo]| Speswhite Kaolin®] AR&-%]1Th Spes-
white Kaolin® T}52] A1) meAlglol ARgs|o] go
o, webs] ek Addo] & A thMair 1979,
Love 1984, Kim 1996)(E 1). £ A3 o] AL, 600kg®]
Speswhite Kaolini}-2-t| 7} Colloidal mixerol| A 3} s+
A HEEo] HAE WA exkE T FIE QY
A 2= Z oSk 15tonne, 2E 23 7 2|(Stroke
distance) 450mm<] H}EF Golo] AFLE| Q) oFdl

A 840mmGH ME9] ol 4 o]F 520mm7} &

&00m iii
S : — -850
.. 100 4+ | Jack pressure
== 11 . Pore pressure 800 ,g
_ « [« Sample height |
T /// = a0t .. Sample height s §,
450mm -, 1 e, =
4 i X gl .. F700 5
/ - g . 1650 2
—_— : = 3 404 * ‘e, K]
1 iv @ _ _ 600 &
o \ v, |\
j_jom == / 1 ANAY Lss0
— ] \"\"u '.\\3__0. .-
0 . y r . Y : —{ L500
«—l 0 5 10 15 20 25 30 35
v
Elasped time (Day)
J% 1. E|AE &3 J7 2. U B1E, 2=, ME =0
E 1. Speswhite Kaolin?| ME
PL LL Gs Cy M K r A Kone
Reference 2
% % - mm</s - - - - -
Clegg (1981) 38 69 2.61 - - - 3.44 0.310-0.210 -
Airey (1984) 38 69 - - - - - - 0.69
Elmes (1985) - - 2.61 0.5 0.82 0.03 2.87 0.140 -
Fannin (1986) - - - - 0.88 0.04 3.51 0.250 0.64
Al—Tabbaa (1987) - - 2.64 - 0.90 0.03-0.06 3.00 0.187 0.69
Phillips (1988) 31 64 - - - - - 0.187 0.69
Smith (1993) - - - - 0.80 0.05 3.34 0.174 -
Where

PL: Moisture content at plastic limit, LL: Moisture content at liquid limit, Gs: Specific gravity, C,: Coefficient of consolidation, M: Slope
of cslin " — p’ plane at compression, «: Slope of unload—reload line, I': Intercept of csl at p° =1kPa, A\: Slope of normal consolidation
line, Kone: Ko for normally consolidated clay
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Qlom, FHl 126%0lA 62%E 7t a RS Wk BY 1 A €' 24470 A7 F
2). ) ¢UEEL 98-104kPas] m], T A|gke] ujuj E
4 AYHE L 17-20kPa, T H|(OCR)E= 2.2-2.50]9)

o} Kim(1996)- B]alj<> A7t 20kPa, 2HobdH] 31 2.4 K|HHHE =X
Speswhite Kaolin® & X|Hto| London clayQ} -3-AFSE A
9 wWolckw Bt v gl ARPAY 42 ffsf 49 gAE 7h=keuvist
2)7F o=k FhH 7t @A uE o] FAHE
23 Eja2at Marker bead(4] 3mm)e] 917 W3l 2daisich
Shulebs 2t B B o]fo] HAE Ho] gk
H " AF o A= A =E 9 (Shield tunnelling) & A= gon, A== 0.087mm/pixelo| ATt HAE
ARE 1ol FE(AE Perspex, 217 80mm, F7| 2mm) B2 AAo] 238 9571 sl 22707 2Rl AH
oF 2A(Ze] 1000mm, 273 73mm)7} AH-E-E ATHLH (F value = 8)= HYF=low, Yl dbabof gt -2
3). LAZ A= YollA 3]st A|Rke =2tshd FH ool At AHAA2H(FES) ol Hre 29
= S0mmA HSFATHILE 4(b)-(c)). AE7F ANk AREEA] QLT eol= gle A FEe fldl A
WESIACLE 4d), EldEteld(AE Perspex, 217 75mm, L FE(ISO 64)0] ARRH AL, o|m x| 9] 52
7 3mm)o] A=) Tujof] AAEH(TLH 4(e) Al a3}st7] Qs 2o F3t F(f=51mm)o] ARE-H ATt
H 5 ol #AEJARTH 4(g). o1& Fll, A= & 9y GAE fl8f 7t 2ol AR
(Overcut)of] 2J3t *|Hk£&Al(Radial volume loss 12%)9] A5 ojujR] BA o= GeoPIV(ver. 7)(White & Take
FHEAT ASHAE fl8f =2 AHREA ] ARRH 2002)7F AHEEQIEE T1E S AR A AREHE

24zl

SHEELD /:;

Tunnel 1

B ol OLAY ,] T | . | I
PO S e e T B o L W W O Vs N | s s e e e e e g

SHIELD

(a) (b) (c)
ol __UNNG | SHELD | ]

(d) (e) (f) (9)

SEE B2 g8 g2z QF XgHEsH g€ g 2EAE 79



3.1 EMEY

I8 62 SPAEY A|ZoE 9] Z(Hrh) A et
A go|go|m, 18 72 o] EH@ A 7K Gaussian
curve o]-§)o|th. TAIE AlFo2 gt Xl‘ﬂ%*é%
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Bg9] eI EX Invert)o|A] 71 ZH9Far, Ak (Crown)
oA 7 Zth "2 ¥ tha AIF(EE 2 Aol
T FFE W] Slsl WAL AeAE ARk &
Ao ot Ml £L 7|EE 3 (Mair et al. 1993)2]
Aokt A YRt L® 7(b)). ©]= Mair et al.(1993)
o] London clay®] Aty ded 4 d4nFAd
(Centrifuge test) AFmof] ZASH vy E mgA3L |g
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2 wel How Az HABFE 152 3mmoleih
(215 7(0). A T AN Wb A g
©nl(%] ), A7} Zolel ek 7D Y ob
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Test OCR Remark
pressure (kPa) strength (kPa)
S1 98 2.3 17 Tunnel 1
S2 104 2.2 19 Tunnel 1
S3 104 2.2 20 Tunnel 1
T™W1 98 2.4 17 Tunnel 2
TW2 104 2.5 19 Tunnel 2
TW3 104 2.5 20 Tunnel 2
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Distance from Tunnel 2 centreline (mm)

-300 200

100 0

200

Distance from Tunnel 2 centreline (mm)

300 -200

0

Distance from Tunnel 2 centreline (mm)

100 200 300

1(30 0 -300 -100 e -300 -200 -100 0 100 200 300
6“85@ e | = & T ey R DA A R T
251 £ 3 S=os] 3 : i
& 1= o8 ° E
"o 5 4 LETY b ]
™w £ ¥ & |-
1 o2 * E i
181 3 7 15+ & t
Distance above C g i it z ; W3
tunnel axis level 289 g g i , 201+ 0 8
. 08D 1% e Distance above t Distance above
5 1‘1 D 2-‘5{15 é 8 tunnel axis level %527: b4 | tunnel axis level
A 15D [ = 10D g8 ' = 10D
v 18D a © 13D 30my 5 o 13D
* 220 15 16D 4 170 151, 16D | s 17D
< 25D P v 20D — Py B
: KEJ (1) ¢ 24D 12\ (1 * 24D
S U N \_/l
(a) (b) (c)
J% 8. E2 HE= QIS X|HHAGHO{7|A, D: EHER)
Tunnel 2 Tunnel 2
20 T T 5 . .
18 - Test TW1 = & Test TW1
S 1:? o TestTW2 £’ o Test TW2 |
T%/ 12 . A Test TW3 :1:: 3 | | -4 Test TW3 ||
o ¢ o
< 10 LS 5 [ i i
= —a— |
E s ' 5 2 D
o 6 @
> 4 31
2 =
0 0
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
Normalised distance above tunnel axis level (z'/D) Normalised distance above tunnel axis level (z'/D)
(a) (b)
O% 9. ERIEEZ OISt XBHEIGHOI7IM, 2°=20-2, zo: E{LME, D: E{LZXIA)

A ol Ro RS YERH, whebA & Ad AT 24
o AWk A28 7Y (O’Reilly & New 1982)0]] 73t
Gaussian curve™}H Q] Z&o| elgste urZsl= Ao
A7k
32 EflEd
I8 82 Bd 1 A5 o]F o]ZHF 1.6D HolA

Ale B 200 o3t Ab s EO%?U%
olof tigt A& HofErt Bl 22 gt %
AL 19 ef & udie] Halgde 2
k. Bd 22 Q% AukeAeL 8-12%E B |
It 6-8% Hr} Fich Wt &

7h AR F7hR oloR AoR Bl

= w20 APl 37

[o
i-ﬁHU;:R

g

=

18] Az It ARE/ ] Ast7t Bld 2 Als Al

Ak W Aoz Azret

ol
b
oft
flo
o flo

g2

2-3mmFATHLH 9(b)).
17 Qrotalel et 3t

4.

=
diEN

4.1 SIMEY

4.1.1 Gaussian curve®H

w8 9] vlagheE AWHGreenfield site)o| A EI'EAIE
o= Qg A(tE) 9 RS0 MelAde] Fake
go ofe] MATI} UZ
thPeck 1969, Cording & Hansmire 1975, O’Reilly &

Gaussian curve= 3

5

3i
Distance from
tunnel centreline (x)

0.6Smax
Point of inflexion

Sax

Settlement (S)

12! 10. Gaussian curve(017|M, Smac ZICH ElolR, it Elot Z miz}
oJEq)
SHE ER Y HYZ QI8 X|BHESH A2 fIst 2BEAE 81



Distance from Tunnel 1 centreline (mm)
-300 -200 -100 1] 100 200 300

I | J
t w 1

Settlement (mm)

83

2.1D above
tunnel axis level

m  Test result
Gaussian curve

(a)

Distance from Tunnel 2 centreline (mm)
-300 -200 -100 0 100 200 300

I | | 0.0 | | |
L 8 T

r0.5

+1.0

Settlement (mm)

TW3

i om 2.1D above
tunnel axis level

®  Testresult
Gaussian curve

8l 11. Gaussian curve fitting(0{7[M, D: E{2=IA)

3. B4 19| Gaussian curvetd] £AMZq}

z Vs i K Smax
Test

D % mm - mm

1.3 6.2 65.7 0.64 1.90

1.7 6.1 75.3 0.57 1.59
S3 2.1 6.2 79.6 0.49 1.56

2.4 6.1 83.7 0.44 1.52

2.7 5.7 91.1 0.42 1.23

New 1982, Rankin 1988, Mair et al. 1993)(2] (1), 4] (2),
12 10).

Vi o’ )
Slx) = —F—— - 1
(€)=l x|~ m
i=Kz*=K(z,—2) 2
o714,
S(a) : EPEFAMONA o7k Hold AHe] et
Vo AREAE
P e = e
Ko AR
z  : EHEZ9]

a9 ()= " 12 QIgh A HEs4(19 6(c))
o] T3t Gaussian curve fitting& R ojFErh AP AL
7} 9]=3} H}EHE Eﬁ” 12 213} x93 3}= Gaussian

o158t 4~ Q12)th Gaussian curve

EIE

fitting S £ 3 ﬁl{ﬂ Gaussian parameter— 3 31}
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Tests S3 & TW3 @ 2.1D above tunnel axis level

Distance from Tunnel 1 centreline (mm)
-300 -200 -100 0 100 200 300 400 500

. L P
o
l/./‘/

’
’

A | —Ti (Gaussian)

.. ----T2 (Gaussian)

i - T1+T2 (Gaussian)

Settlement (mm)
N

A B T1 (Test result)

@1.6D@

4 A T1+T2 (Test result)

® T2 (Test result)

12! 12. Gaussian curveZ 0|28t EQIEL
HRIA, T1: BE1, T2: EE2)

E510iZ(047|M, D: Ef

4.2.1 Gaussian curve™H

a9 11(b)= B 22 Qg ANt stEAl o gk
Gaussian curve fitting& Hojr}, o] 7] AR5 Gaussian
curves= Greenfield A|WF271-& 7Fg 3 uf Ajo] o4
= st AdS ou)stc 29 11(a)2] Gaussian curve
of Fol). B4 22 g Ao Aslre Y 12 A
2t} AslerE} oF 30%(0.5mm) EQrom, 1 9% E
B 2 F4%0] ohlel B | Ho= A9AH B
Ast= 1A FAbo Tk T3 HY 28 402 ]
HES Z© o] B()3 uff Bld 18 Z3FSE Z(near side)
| 71 "t Z(remote side) 2T} ¢ {& 251ES 71
ok = Slgick weka] 2 WHAR] G
Fal B 29] APESHE Brlehe e 423 go
At 19 12+= Gaussian curve 2] Z=3(Superposition)

2 o] g% EUHY F A5t )52 HolEr)Cording

(<]

o

aussian curve=

o

i



Test TW3 @ 2.1D above tunnel axis level

Distance from Tunnel 1 centreline (mm)

Test TW3 @ 2.1D above tunnel axis level

Distance from Tunnel 1 centreline (mm)

Test TW3 @ 2.1D above tunnel axis level

Distance from Tunnel 1 centreline (mm)

300 200 -100 0 100 200 300 400 300 200 -100 0 100 200 300 400 800 200 -100 0 100 200 300 400
(Y ———— 0.0 1 — . 0.0 1 ey . . . .
l\ 05 \ 1\
_ 05 _ 05 - N
3 3 e 3
£ £ / £ 10
§ 15 7 ® Testresult § 15 ® Testresult E " M(2.1=0.90 ,/ ® Test result
& — Gaussiancurve | & — Gaussian curve| & 20 NN, — Gaussian curve
20 (R4 --- K2(near)=0.56 20 --- K2(near)=0.56 25 ] ---K2(near)=0.56
near)=0. near)=0. 1.6D near)=0.
25 DM |Gt o Gamore s OO | Gemeore
(a) (b) (c)
13 13. Modification factor methodE 0|88 ERIE|'E &I610Z(017|A, D: L&A, M(2,1): Modification factor, Kopean: EI'E 22| near sideZ
R|ghak=r)
E 4. 5 29| Modification factordt &AMz}
zZ* M (2,1 ) Vsi Ki K2(near) K2(remole) i2(near) i2(remole) (|2(near.)_|2(remo(e))
Test / 12(remote)
D - % - - - mm mm %
1.3 0.70 6.2 0.64 0.89 0.64 94.5 67.5 40.1
1.7 0.75 6.1 0.57 0.77 0.57 104.1 76.8 35.5
TW3 2.1 0.62 6.2 0.49 0.66 0.49 108.4 80.9 33.8
2.4 0.65 6.1 0.44 0.58 0.44 111.6 84.9 31.3
2.7 0.50 5.7 0.42 0.51 0.42 112.7 92.3 22.0
& Hansmire 1975). o]7|A T13} T2= Z+zF B9 13} Kopeary : El'd 29] near sideZ X|WHAl<=

Eld 2& @3tc) Gaussian curve® S o851 Ed
10] o8t 2|urAslE nlaA Aol =3 2= 91X
T Ed 2= Q% AHEYSHE g rteh] wiwol F
Wojol it oIS HeleiA 23E o % Ak

4.2.2 Modification factor W}

Hunt(2005)= EQH e oA €Y 22 213l A4t
HES 53171 $1s Modification factor'd -2 | ¢+t
A4 (3)). Modification factorsyjoll+= 571 9] shatn|
El(Z, M(2,1), Vsi, Ki, Konean, Kaogremowe)) 7} AFE-HITE 24
30) 4 x2] ko] near sideo]] Z&EH, Kot Al Kopean S,
remote side®]] EFFEH, KothAl Kogemo = T Y3}

V. _ 72
oo e o 25
(€)
o714,
Suoa(@) = EGFHAIA 2 0lg Holrl 217} Wale
M(2,1) : Modification factor
Ko Ed 19 ARk
z* Dy
Va o EY 1Z QI3 A T4 Kl
d SHY 17 €Y 2 7 oA A=

0
0x

KZ(remote) : E'll‘:j_ 2-04 remote Side% Z]‘?_]_’ ]’

Vs, Kio&= gl'd 1£ 213} Gaussian curve:-Ad Z2y}7}
O] L= THE 3). T3 El'd 2 remote side?] A SFE0]
By 19 AslEn 2T 7HAETHE,
(28 11(b) F=x). M2,1) T} KopeyS 237 Y3
Trial and error ¥ o] o] Q—QO“ZHZLE] 13). M(2,1)9]
AZeE Zskd @ Aol A, Kypen
ARXGSE B9 29] near side?] ZE(width)o| F718H &
T Uek 2" 132 Gl A wlofEof thsl, Mm(2,1)
~0.62, Koo 0.6 AHE-F 1) 713} 2kt elol o]

Ki= Kyemote))

Tests S3 & TW3 @ 2.1D above tunnel axis level

Distance from Tunnel 1 centreline (mm)

-300 -200 100 0 100 200 300 400 500
0 - e
.// /.,:
g 1 4 m T1 (Test result)
é —— T1 (Gaussian)
é 2 4 i ® T2 (Test result)
@ . K --- T2 (Gaussian)
E i NG -T2 (Modification)
31 Aa A T1+T2 (Test result)
@ 1 .6D@ ---- T1+T2 (Gaussian)
4 - ---= T1+T2 (Modification)
13l 14. Modification factor methodE 0|25t ERIE{Y Z5l0iS
(047|M, D: BRI, T1: E{E1, T2 E{E2)
£ E9 ¥Z HUEZ Q8 NPEsH 97S FIE BHAS 83



FRsahe ottt Uma) doleo] thet BAETRe 1
42} 2t} 13 14= Modification factor}{2 0|83t E
SIEY % Hal o =L WojZL). 07|14 TIz} T2k 212}
gy 13} gd 25 Wkt ®=3F T1+T2(Gaussian)2

T1(Gaussian) 2} T2(Gaussian) 2] 30|, T1+T2(Modification)
2 T1(Gaussian)@} T2(Modification) 2] 4ot} Modification

factor= -2 7]%— Gaussian curve%?j HFHS AR5 )

e & Aotk | e g+
AT
43 &t =

Gaussian curve®JHHL & 235} =2 6: 2 FA3c} ot

2hA] sh 22 AR K)ol HlERIty A=A A
(M) k] -A=0.59] ARgo] H A o|m(Clough
& Schmidt 1981, O’Reilly & New 1982, Mair et al. 1993,
Heath & West 1996, and Grant 1998), X]|Z(Hhirh) 25}
o] 7% A4 (4)(Mair et al. 1993)2] ARg-o] At = .

0.175+0.325(1—i)
20

K= @)

177
20

7] A,
Z]HFAF(Soil factor)

2, : E'@Z0](Tunnel depth)

7 15 EQEEY AFOE I3 NF ANHE
o 9E HAZTH T 60), 18 8(0), ¥ 3, ¥ 4). Eld
19] ABOE QI3 F3k Fol 4] 47k Akshe Welut

-

Distance from Tunnel 1 centreline (mm)
-400 -200 0 200 400 600

200

Depth (mm)

400

Bounds to movement for Tunnel 1

® TestS3
- - - Fitting line for Test S3
—--—--Equation 4 (Mair et al. 1993)

(a)

T E Lep o (1Y 15), ANPHE wele] e
& 4 (47} AR 12, 5 34 01750329 o

remote sideo]| H|3} 20-40% A= ¢ Y- s} &2 7}
oo, WolEe] Frhe AR Yol d4s Holzlc)

(3 4).

W
M
2

I

-2, Modification factor®¥(Hunt, 2005)< ©]
lg myAlsl AR AS £3), Modification factor
o] 7|& Gaussian curve b‘*oﬂ H3] EQEEEY
Qoo e o1
& Modification factor‘ﬂo“?j_i /&_EV;J 0] LRSS = 1k
A7 ]= offdthe.g. A (full-scale) J3F 4
& AD. ARbEE W A5 S Apo] witolt.
Modification factori-2 ZHZ AEFA Aot EHox=
=, olof it £3& Zrotir] ot wEha] ahefn
B Aelo] ol2igol YL Ao el gt et
B o] Aee oFA o) oS5 7FssHA gtk ol& fl6l,

ol ofo
i o

2

lo &

=

E 5 MUY T 48 ME Al L0 M

Centre—to—centre spacings d =1.6D
Sub-—surface level z°=1.3-2.4D
M(2,1) 0.6 -0.7
Vst Use Tunnel 1 data
Ky Use Tunnel 1 data
Ka(remote) Use Kj
Ka(near) 0.6 -0.9

Distance from Tunnel 1 centreline (mm)
-400 -200 0 200 400

200

Depth (mm)

400

Bounds to movement for Tunnel 2

® Test TW3 (Remote limb)

m Test TW3 (Near limb)
—— Bounds to movement for Tunnel 2 (Greenfield condition)
—-—-Equation 4 (Mair et al. 1993)

(b)

T3 15. Bounds to movement(0{7[A], zo: E{EME)
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Development of Probabilistic Seismic Coefficients of Korea

Z 5 4 Kwak, Dong-Yeop A A F  Jeong, Chang-Gyun
b = 3" Ppark, Duhee °] & ' Lee, Hong-Sung
Abstract

The seismic site coefficients are often used with the seismic hazard maps to develop the design response spectrum
at the surface. The site coefficients are most commonly developed deterministically, while the seismic hazarde maps
are derived probabilistically. There is, hence, an inherent incompatibility between the two approaches. However, they
are used together in the seismic design codes without a clear rational basis. To resolve the fundamental imcompatibility
between the site coefficients and hazard maps, this study uses a novel probabilistic seismic hazard analysis (PSHA)
technique that simulates the results of a standard PSHA at a rock outcrop, but integrates the site response analysis function
to capture the site amplification effects within the PSHA platform. Another important advantage of the method is its
ability to model the uncertainty, variability, and randomness of the soil properties. The new PSHA was used to develop
fully probabilistic site coefficients for site classes of the seismic design code and another sets of site classes proposed
in Korea. Comparisons highlight the pronounced discrepancy between the site coefficients of the seismic design code

and the proposed coefficients, while another set of site coefficients show differences only at selected site classes.

2 x

ARAGE ARAE A AL AASPLASE Wshn] g ATAGE derom A3
2490 Yo B2 v QS SEEAOR AdtEo] o5 E8E 4 glovk Fe) WHLAE
A ol e glo] E8sh 9, ols) 18 TS BARE da] AN & Aol 2o
A AR A} Qe oA B HHE AR ANSHA T5E Fhsto] BFY RASRAYS
Tefat FERA AAASE EET 5 A B AQAINEA 710 AESHACk B QAN 7 We] Erhe
AR Are] BIUAT QoS FelHOR T 4 gtk Holth B AN AutE BEEH AAASE
WA 7| T Fel A AIQHE QA AESTH ] aste] Aol g Bk I ATk YAA 7))
B A Aolvh G W, ECHE AUASeHE AR AUER AN Kfol7h Ui Ao Ve,

Keywords : Design response spectrum, Probabilistic seismic hazard analysis, Seismic hazard map, Seismic site

coefficients, Site response analysis, Uniform hazard response spectrum
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. ME

SFEE A Q] XA EA(PSHA, Probabilistic Seismic
Hazard Analysis)2 Cornell(1968)9]] ]34 | z= At
5 23 wehg ARA AR AAAEL
2 AAAslel Sl 714 o] AgE W]tk PSHA

N9, bR, BA R So| BeAE wed
4 qlom B4 7] B4 2715 2alehe A%
o BAlol AT BEL ST}, PSHAS] ATHEL
=4 AR} AAF] B A2TEE)
ot AR Sl Ak AU HER
Upehic). ¥k ® PSHAL RA)Eake ZaelA] o
on] ghb oA o] HAAe UL ALK,
o] AW 7] A @0l gt BE
o e E(AE R Sp)ol M9 PGA EEE UepdTkA
Wi, 1997). PGAE AR ARl P EASE 4
oS Sk Iei(al, 1997).

PSHARNH 24 AAAueEuss
7zl oAzl ghbol o] A gHAE
skt ARGEIT Auto] hito] ohjet E3
Sollie, A Amr) Qukx 0w =7 FEE7) us]
Hhesold AojE AASHAHNEANS A48T 4
o} o] BRI B0 o3t XHmte] HEAE

2| X AG=2H AFsFSHHIBC, 2000, Zﬂ*;j =H.1997).

AAAGTE BEEF R AAFH ¢

ko2 O]U oo A~
T T Wl

ot e

e

fr 22 oo o o X

Tl El
HEYol] HgoH AUAES 9

slo] ol 5ol Tt EBAR XS HNA G STt B,
AHATE Svro s BA TS Hersts)

Ql mAQl9lolA e A EA A} B8
53 glrk dolth. o]5o] A5 EakEl] SslHt A

WA} PSHAR} F8l7) SHE2e 7)ulol A 2%
Eojo sl ol 7|20 PSHA 7|02 Akt 4
Rk,

B QoA PSHASH XS ael e S i
PSHA 713 & Hgsto] WHHAZIZID WEE 35
2249 A4 229 Ao 2
oo 7EE o] AR dolg
ot AEA SER AHASE axg%zqz
RAE WA D} ke A
15 7o) Aolde HAsr
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88 e=RLIES =28 Hi25d H10=

2. ¥t PSHA

PSHA 7o & XA =S FAlsH= e 19
13} o] F s7je] TR Uiz = lek 1Al A= ]
AAHES AT A Y 279 A B
etek 29 ol A= Zh ARbe] A Z1EE e (seismicity) S

Step 1 °

Subdivide into finite number of
grids

Lainds
8 e B 8 W4 g @ 8

Step 2
Define rate of occurrence of fg
earthquake and location of =
£5
earthquake E} =
=1
51
g

v

Magnitude

Step 3 4

Define amplitude of ground
motion using attenuation
relationship(s)

Acceleration (g)
//
[}

(=)

Distance (km)

>
>

Step 4

Develop seismic hazard curve at
all grids

loghm
(mean annual rate)
\

\ 4
PGA(g)

Step 5

Develop seismic hazard map

J% 1. PSHA &M%



Holgith, ANBEEL Yoz hgT ol el
%]+=(Gutenberg®} Richter, 1944)2] TAAN(G-R)ZH A
o

log4, = logn?’” =a-bM

714 M = AR, A, = M oJA+e] x] o] Azt ut
Ak BhE, ny = R M o) A[xlo] 717F T 5}t Ay
& 5% a9t b = GR AFeolth. 3EALI A AMAE
a7l9h AATRM-olAARS] TAE ek
Z+4]F2)(attenuation relationship)S 7 2|3t} 4%hA| o
e k89 A8 0]835)o] X]lﬂ—fiﬁ—,{ground motion
parameter) 2] A7F2IEES AL

=
=

u N ref
L_P[Y >y |PIM =m ,]P[R =,
2r [Y >y 1P JIPIR =1] )

S

Il
~.
Il

SI71A A QA7 ANFEENS Y7} 'S 230 8,
PIMEm = AR 7} BAE 8, PlR=n] A4
3} Ajeke] o|A7l7t el BHE, Py R m
- 0|47 2] n Ao lato] WAsl= A Yol 2717}
Ve 23 Sgolth PM=m]e 4 ()2 A4,

PY>y e 7halaal oz AXbEc) 9o whH o tloF
3} o] tiet A7FRIERES L8 T x|Hke-EHSs 97

y
- e %dﬁm Aol ALl

Aoz Uehd #o] Q—%ix%o x]x A eolth5 THA).
H1 PSHA 7%= 7]<£2] PSHA®} ol A=
2408 FAT IS dSSHANE ALES v
3} ol FrHA Zwel A AhEsEch
1. T PSHA= G-R #A4 0 2 RE 2R3+ AY
359 H8sl= Ao o]-l,]a]- G-RoJ 4 —6‘]—% A

#T PSHAS- & %ﬂ]i 28 %] Step 1 — Step 374
& 7122) PSHASE SUSHCHIY 1). Step 494 GR
o AS5t= XL G377 o oS3t 7Po] A5
ok WA, BE A7 0~ 1 Afolo] FERESE ¢
019] =2} 2 AL AAE ol TXPEH tho)

713 % ARPlA] T XA RS et 2
o Ao Helg 4 Ytk Wen} Wu, 2001):

= (t;tk )X —tA & —M
e " <u ¥
f=d fo Xz X' 3)

A7IA t = Aol 7I7HE AFtollAl= 10), A =
kA Az} AP NIAYE, we = 0~ 1 Ato]of| o5&
SESFL Yl UYJsAl me = ©RI7IRE S AR ARS8l
t}h 4] (3)2 wE CDF(cumulative distribution function)
2}al 7143, KK 2] YL Poissson processo] 4>

o

o]
S_tekaL 7Hg ke At el Went Wu, 2001). 3L
2 2|2 ko] Poisson processS WETH 7143192
A5, 54 2o Axlo] YA7IZE ¢ Skl nid WAy
3}t 3E2 t}oat o] AAME tHKramer, 1996):
(tA) e
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Evaluation of Consolidation Characteristics Considering
the Mixed Gradation Ratio of Soft Ground

ukoof B Park, Yeong-Mog

+« A4 F Yun, Sang-Jong

A F A Chea, Jong-Gil
Abstract

In order to provide the design criteria, the characteristics of consolidation for soft ground improvement have been
investigated using the field banking test performed by the vertical drain method at the northern container section in
Busan New Port. Field test results indicated that the estimated degree of consolidation in design stage decreased by
about 7% compared with the measured one. This difference is attributed to the fact that the conservative geological
properties were applied with relatively high amount of maximum clay mixture ratio during the design stage. Based on
this findings, another laboratory oedometer test was implemented to consider various combination of mixture ratio. It
was found that the consolidation degree increased in accordance with the increase of sand/silt mixture ratio. Also, the
proportion of 10%, 50%, and 40% for sand, silt, and clay, respectively, was observed as the best combination of mixture
ratio to the actual measurement, which is very similar to the average grain size distribution in the banking test area.
Therefore, it is suggested that the overall geological characteristics as well as the grain size distribution should be

considered in design stage to improve the soft ground that contains mixture of sand, silt, and clay.
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Dissolution Monitoring of Geo-Soluble Mixtures

2

% % %' Truong, Q. Hung W & ¥ Byun, Yong-Hoon
9 €& ¥ Eom, Yong-Hun Al 9 F' Sim, Young-Jong
o] & A" Lee, Jong-Sub

Abstract

Dissolution of some of geo-materials may yield the loss of the soil strength and the settlement of earth structures.
The goal of this study is to monitor the several physical behaviors of soluble mixtures during dissolution. Sand-salt
mixtures are used to monitor the meso to macro response including the settlements and shear waves. The mixtures of
photoelastic and ice disks are used to monitor micro to meso behavior of soluble mixture including the void ratio, force
chain, coordination number and horizontal force changes. In the sand-salt mixtures, shear waves are measured by using
bender elements in conventional oedometer cells. In the photoelastic disk - ice disk mixtures, micro to meso response
are measured by digital images and load cells. The shear wave velocity decreases at the initial stage of the dissolution,
and then increases and approaches to asymptotic value. The larger dissoluble particle and the more random packing
produces the severe horizontal fore change. After dissolution, the void increases and the coordination number decreases.
This study demonstrates that the particle level behavior such as the changes of the force chain, void ratio, and coordination

number affects the global behavior such as the change of the shear wave velocity and horizontal force of the system.
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