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Influence of Loss Function on Determination of Optimal Thickness
of Consolidating Layer for Songdo New City
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Abstract

Spatial estimation of the thickness and depth of the geological profile has been regarded as an important procedure
for the design of soft ground. A minimum variance criterion, which has often been used in traditional kriging techniques,
does not always guarantee the optimal estimates for the decision-making process in geotechnical engineering. In this
study, a geostatistical framework is used to determine the optimal thickness of the consolidation layer and the optimal
area that needs the adoption of prefabricated vertical drains via indicator kriging and loss function. From the exemplary
problem, different optimal estimates can be obtained depending on the loss function chosen. The design procedure and

method considering the minimum expected loss presented in this paper can be used in the decision-making process for
geotechnical engineering design.

2129 TSk HEe) FRH REEAS AEAURAC] F ot Bgolch AFA T2l Sl e o]

£ He BAYIZES B4 AAAYHA oln Halel 2ABIE B FA vk B ATNME HA 4UE

S RAIA I SRS RO R B NTEASE

Agks=o] wefol ahebd 28 2zke] Aol 4 9l
=]

opoflz= 2 2g-d &+ 3

AFEE

o ok
o fijo

o
o

I
(A
ot ok

a0
il

Keywords : Conditional cumulative distribution function (ccdf), Indicator kriging, Local uncertainty, Loss function,

Optimal estimate

LM E 3 ANE AP A AP ohy
o} oj AN S GlopRue] Al RIS 343
o AN 2 BAA MASKE SrUAskF  of Wtk dskAlulel UMY BEL gRRe) 4%

2384, SK7 InfraZ] €% % (Member, Manager, Infrastructure Engrg. Team, SK E&C)

F=AAAAATY AFRFATFET HAYQT Y (Senior Researcher, KIGAM)

TSR AE- 418373 T8 A1 (Graduate Student, School of Civil, Environmental and Architectural Engrg., Korea Univ.)

4349, ¥A574 R&D CENTER EEAT 1% 7 (Member, Section Manager, Civil Engrg. Research Group, R&D CENTER, POSCO E&C)

A3, vy A% A3 87438 WS (Member, Prof,, School of Civil, Environmental and Architectural Engrg., Korea Univ., woojin@korea.ac.kr, 241 412}
£ =2 dig 29 8k 892 20129 298 289704 2 W8-S FIE BufFEA7] vk A AR g el =5l Aol =Pt

* o B L —

H oas SH 20 0IKE ¥ 51

4

TABSI SEATAL

ﬂ



o,
5
5
g,
of
10
o
a
4
ox
o
i
lo
il
s
Rl
Ay
4o
_)4_(‘
]
4

SPT Ngtel 3704 B2 37, ol4sh wal 7o 24,
ZUYA PR A WEH B4 Sof 48
itHBaise =, 2006; Chiasson 5, 1994; Jaksa =, 1993;
Parsons®} Frost, 2002; Sitharam, 2007; Soulie 5, 1990),
= ARkEERRolol A= S 5{(2002), Lee 5(2004),
S4Y 5(2005), HHZT F(2005)°0] 227 0|85t
ASEE, ANRFRE, YUHsHF 55 2Astant
2]olli= Sun 5(2008), AA=(2009)0] 2J8te] ThEA|
O] AP E A AR 5l AMEE L Qo EE,
A FEATR X3} Ha(regionalized variable)2] 7y
£ T8l 248 528 ET Y conditional cumulative
distribution function, ccdf)2] AARE E3] ol &3} T
B 2SS AFHoR AT = i Goovaerts,
1997; Deutsch@} Journel, 1998; %5 = 2003). 2
A= E5(2003)7F HE HAAE A3 duksF A
Ao S BRUY BTN A8 v oleh A7
FARRS: =52 24 /d(local uncertainty) ZES
Slol B4 ) WlmH e Algste, 77t o)
% 71-A19t vl (multi-Gaussian approach)#t Z| A&} H)
H(indicator approach)o] |FE A oJtH-RF3E, 1993; &L
3, 1995; Goovaerts, 1997; Deutsch®} Journel, 1998; &
BT, 1998). &3, A|GHEAIE BokollAl= A&t A
o7 BopAlY BrlAse £A3loss function)E o]
83t EAH|Eexpected loss) g H2Tdh= A 5
“d4}(optimal estimate)& G = 9= FHE A3t
I ek olggt Rl eapt Mt AR Ak
AP 2 AAsHz Ao] ofet Hf Ei= w47}
B UT 248 HaR 4 Qe g Y 24
oz AAgeL ol 22 g2 Ay &A%
o]l 934 A4 ErhJournel, 1984; Srivastava, 1987).

B AFolde SEAEA AES FAL FRA &
A RdES AARF S o]t sy

opr i

52 E=RAIEE

Jon

Rledd M272 H8s

[0

E5E R AR} IS o] 8-5ho] 2REE SR AIEA] b
2 S| cedfe} Y] 7HA] Q] 24T o] R5}0]

) =
o shAgte 2 ofdt 24ATHE ol §stel U
FHe Hgsior & 24

$LAEA] AN e R A AE

2. HiZO[E

2.1 2|28 (variogram)

AGA7IHA gh& 4T ) 7 Fagh 9T
Sl 2 RS AUBAE v H=2 H|
o folc}. Ae)7& o|gsto] n|RAF FIe] AR g
& &3] Yl BE EEjAE bl Hgt wigle
o] Lasty, o] 817 fJsfire Fold Am2f
B AL 83 w2l 7P F gi#ske o8
2 w2 e 29 AAsoF dit) o] 24 Wyl =
gl 2= 2% 1 dl(spherical model), A|4=E @(exponential
model), 7}-A] ¢ 2(Gaussian model) 50| 713 Bo|
AHEET) W27 BEe grofA Attt RdES
EPH o Fi= 23ste] ARgSHH, v s =g
oA 7P 588 AL FHAQ AR F2E AH
A #d3 & 5= e BdS AEshs Aolth o]&
A Wzl e 1L qIl(nugget, Co), FEZMGill, C+Co),
A E(range, 2)9] Al HpE ol-to] HoJE 4 Q)
o, +ERY, Aend, 7ReAIRIEE 2 7hz7) 4] (1),
), 3.8 el 4 Qlck(Isaaks®} Srivastava, 1989;
Goovaerts, 1997).

el

Lo

3
YW =C,+C l.sﬁ—o.s[ﬁj } if 0<h<a,
L ¢ a

=C,+C, otherwise. (N

I 3h
Yy =C,+C Ll—exp(——c;—ﬂ, for hz0 @

3h° .
Y(h)=Cy+C|l—exp| —~—5 ||, for h20
a

€)

2.2 M#32|Y(ordinary kriging)

s
5k

224

ol

P SARH BRls B3 714

flo



Al A, 712 Aok
AP, AR A4 5
E4o] ghdsl ke 345}
TR oA ghe: o
SlgrEel MPAFOR 4] (49} o] MAFS A5
4 glon, REALS. Al (5)9} o] EEFH tHJournel
T} Huijbregts, 1978; Isaaks®} Srivastava, 1989; Goovaerts,
1997, Deutsch®} Journel, 1998).

niu)

2 ()= Y A (w)z(u,,) @

O ox (1) = E[{z(1) — 2y (u)}’] (5)

A7VA, Zox ()= HA7E el ux o9 ol 23,
7w Y3 w049} 71219] Amgh A" Wi 714
9] A3k Aua)ol TFE= 71, 0o ()2 B AL
e} Akt nu)= 27 Eé Hlste] Ahget &
AR pojth B oM ARGRE At A
BAS st A Ak Arele] At Favt &
EE ot FAgo] AFEA Fotof dtrks 28& A
Gk EJL BEEE 208 WEAZ]7] QIsiA 7HSA]
A" (W)2] ol 10] Flojo} Ariiz 2718 274@ AL
ok

2.3 K|A|X} it

ATEA A BIUHS A (6)3 2o
oAl wlAIZE 2w S EHE

Hrh 2S5k 2R =2

=4 A u

Z('-l)i reEste] B 2
BE T (cedl) Fuz | ()

5 Eslo] mulgy 1’/KGoovaerts, 1997; k-2 2010).

Fwz | (n))=Prob{Z(uw)<z | (n)} (6)

o714, ()& 2AITA Bl 91A0] e e =
B3k 2w S UERE, o 2473t0) 9135 trehic,

B4H el BF ZHPAIR WS BHYGY o]
Aol Argre] AEE A EA|(Gaussian random field)
£ mpechs 7 sl R4S Bk ofea
At ey e etola 2e)7 S Agstdals 1
FRAWA7 ATFHEARALS BT 5 e

ol Qi) w3l =g]7) BARS zpR o] opd AREA}
29| vjXj(data configuration)o]] Gk HH= EAlo] gl o

=i

>
0o
+
N
ok
H
>
H
>
10
l—_}ﬂ
IE
H9.
oM
1

oz Bl = of kA7 9 chJournel ¥} Huijbregts,

1978; Goovaerts, 1997, 559 5, 2003). wjaks 2o
L w|mae el AR o] A Bt Y
o AT ek AAR PHe 9 AR ¥4
Wglo] o]22 7|Hke £ Qti(Journel, 1983). A|A|A}
Wol A 27kl ARGE 3 2GS BHAATL AR
K712} dAGk(threshold value)ol whak K7§ ] AJA|A} ZF
=3 Wiy 4] (7)4,]. ol &4 xAHe] Awgre] &

B AAZE Ak AL 2OW 12, 2% 08 T

2 A&} H3Kindicator transform)S 8§t

1if z(u,)<z,
i(M,:z,)= i k=1,..,K
0 otherwise (7)

@ mds 249 E??_h Hele s 2

A A AF A2 7)(indicator kriging)& K7H2] ¢ ]ﬁoﬂ o
sto et dedo] AL zofl He 245

A @) 2o] 28 % 9tk

[i(; 2)]% = [ F (w3 2, | (0))]* = Prob{Z (u) < z, | ()} *

n(u)

= ;ﬂa(u; 2, )il 2,) ®

o17) A, n(u= AAA ZE ol ARG AAAL A=)
o, A, (u32,)3= AR} ug;2,) o] Ttz 7154

o] ¢wt
& 4% QItiDeutsch®} Journel, 1998; You, 1995, ‘i}i
. 2010)

0<[F(u;z,](m)]* <1 )

[F w2 |()*S[Fsz | )I* z.<2z, (1)

oleIat £A M BAlSL TSN A WA AL
9)2 oxch ZAV 1Ry & 22 03 12 A27
Sto} A2 4 9tk T WA 2AK (10)2 codfgte]
Ay, sk A e Wagks ol B 4 9l
tHDeutsch®} Journel, 1998; BF-%, 2010).

oje} Zro] xAA} mLe] 7S Fol AT YAME =

W ZEOI 0IXIE 28 53



)

H 580 B3 cedfS LAIBIY ZHS O] B3l 9
| woj|Ae] EFAHS g}-gi;ﬂog g3 2 Qluk
B QA 2B F FEL cedfE 0)E8e] 4] (
ol zicks| Aire “i): At

N

B

Prob{Z(u)>z.}=1-F(u;z | (n)) (11)

function), L(-)—% A}-Q-zf}u}_ ol@3t BA &algtis} 2
z

ok, &AL HLsd £ gl &

o

*

e 4 9k %, A% AAR] 277 Weh A
HHFTHH, 274 9 2estimation error) e(u):= z (u)-z(u)

2 gHE 2 9\}\0 W MRS A} S 2 g
22 342k ZUwE Lz (w27t Ha7t Bl 22

el 2ol AAAS) £ L h e e 23
3t7] HelA =gkl AL z(w)E dotof sht A
Al EAIME 2wE & 5 flok =Y AAIgE 2wl

S R A4 e 2T & b 27

B RHRREE codf Fuz | m)F olgst] wde 2
4 9l 7)o (expected loss), ou(z (u) | () o]
e B4 ZDL o]g3to] BT <= Utk ez (W)

| )= 4 (12)8F Zo] Folww, A4 FAlolAE 4
(13)e=2 A4t

@,(z" ()| (m) = B{L(z" ()~ Z ()| (n)}

(12)

K+l

2, (2" @] (M) = X L(z" ()~ z¢)
[F (52, (m) = F (2| ()] (13)

71, a= KA AAGL, 209 2> ARG 29 &

ik Zdizh 2 T2 (2, 2) Aol9] Bgolth 2=
Y (2, ) Ato]9] WAt o] wheba] Wb, Uk
A2 APRES AT HE 7, =2, +2)/ 200k £4
B4 L(-)) thet 24 38 ZH( L-optimal” estimate) 2 1(u)
£ 70 gz @) | m)el 2zt He Aol
o| gk z(wol T3 BEAAE cedf Fluz | )E o148
slo] welelsle, 2AE codf Fuz | ()E o83l &
A EAg] et 28 243k 2w AL H
277 53 722 Ut €12} E(interpolation algorithm)
3} ee) qollA] Aeh 211 ke BEA Bl &
] Bisk= ZheltiJournel, 1984; Srivastava,

3.1 A K|t

QLAY G0l AT SEAIEARS ST (clevation)
7t oF EL¥ImQl AFACRPE Y3, H4F, E5t
£, Foken 7ugle] Mg E REaku glow, =y
P 5 2B et e Ak
=4 s3]

L
|
2
2
m o~
e #

432875

431750

Notthing (m)

430625
Quartites
<9.90
<1370
<17.60

< 26,70 {max;

429500
165800 167333 168867 170400

Easting (m)

Fig. 1. Study site and available data: {a) Study area, {p) borehole location of Sections 1-4
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Fig. 2. Semivariograms computed for thresholds 1 through 9, with the model fitted using weighted-teast square regression

EABRI SEATAIS FH UoUE SH 2HY D= 88 55



33 N aMES W AN 2JY
EATE 245] YeliAs vlAgE AAIgE
g 7bsA Y AE 7S A9 T 23320 w2
£AEE-S FBeol et U FAS ) Bt
A Aol FUAE B2A717] A Joie) ®
Ho| Z7ksy] ajgo] WASH: v §-S JyHoR 3
ZFlol dheh B QhdE FolE B WIS He
o= Alglst 7|17t Yo S hRAl7|7] 7] g
| sk FAZIZE Aol gt ulgat usEe
w27 7] H@ 2AAG S AgH o Bt
gjof gt} 2 =Fol A= AlgHAQl Aa= Aeket &4
HIE-E AP 4= glol 2 FAE I B ad
FE Aol S-S JPIR B SARSE 2y
St ou, ztzke) gkl gk A ¢S T &
BT} 0% olgslel 2AE ALY He UK
A28t
B Aol At 18 33 22 o) 7b £ARE A
83to] 214 P Salot AZueA) g FAL 2
(a) 30 RSP
Underestimation | Overestimation
. :
|
20 — i
» i
8 B |
— |
10 — !
|
|
i !
|
O ) [ T | H l| 1 l ) [ | I
-6 -4 -2 0 2 4 6
Estimation error (m)
(¢) 59 L
1 Underestimation | Overestimation
1
4 |
- |
|
7)) 3 :
2 - :
— 5 |
d |
|
1 e 1
1
= 1
|
Otr——T T Tt TT T 17
-8 -4 2 0 2 4 6

Estimation error (m)

o . 4EF F
A A A= AT S A W ATt
e A BF 19 3@t 2] 2xekrR BdYEe
ZBF-olH(CASE-1), o] 459 &4%hpe 4] (1499 2
o] oo Algor HEE 5 QUrh HATeR 2
AEYAE AET 4SS dHOR HadsrlE
(least-square criterion)o]2}1 &}, o] Ao & 27
258 ccdfe] 7| HZH(E-type estimate)ojr, 4] (15} Z+
o] AAtE
Le(w)) = [e()] (14)

2 ()= f:z dF(u;z{(n))

K+1

NZZ;( [P (12, (”)) Flu;z,_ 1|(n))] (15)

A7, zaz KA QAL 209k 2k ARGE 29 2

(b) 6

Loss
1

Underestimation

Overestimation

(d) 51

Underestimation

{
!
i
'
i
i
{
i
t
i
{
i
'
|
t
'
i
i
i
:
|
0

Estimation error (m)

QOverestimation

-4

T ] T
-2
Estimation error {m)

i
i
i
'
1
i
i
i
i
i
i
!
i
i
I
i
i
i
i
i
|
0

Fig. 3. Four foss function used in this study: (a) CASE-1, (b) CASE-2, {c} CASE-3, (d) CASE-4

56 Si=AlgtEssle=Ed M7 H8s



—10
o
é
@)
2>
1741
t‘ﬁ
B
S
£ oy
o
1o
e
me
rio
>
2
B
S
I

cedf?] O%}f(medlan)ol
At

)
5
_x—;;

e
k)
i
o
st

L{e(u)) = je(u) (16)

z, (u) =gy (u)=F ' (u;0.5|(n)) (17)

<.

o g et 490 EATTE Aol n
B AR 9o B 790
£ s g8 ok et giREe] X

A AR £AFSE v R

fE4

L HACASE-1)9F 7 WA(CASE-2) 75 o
8-
_‘4

IR
78

ilad
i
i

E

2
Ao oiﬂ

et

rE
o

N

ofF
ok, o

L

o 5

2

12

2

i2)

BN
e
—_ ‘a
5 i
N gk
o\\i& s
&
-1 '>
-84 i
',
N
o
T 7
oo
s
a9
Z
Of
oh
>
pas
)
H
ok

2 o

=)

ofj

-

X,

i
off

=

o,

N

(g o
o3l
1o,
2
[
2
k=
IE' -
R
L
rP
mz
=
olno
fo,

ot} %WVJOI Z7kste] Aek713k
SRR FG 9o dA ek A AT
ol "JU’*\ < W 7ksto] BAshE S7F 1ok
A2l gET & Aol 18 (0% A ST E
Ak%é’w & A O|THCASE-3). Btefo] Apof= 9
(d)ot 22 SANeE ARESliof & Zo]tHCASE-4).

HIThY A ST A (18)T o] o2 4 Slth

(

i

%%

- e(u) for e(u) >0 (overestimation)

| for e(u)<0 (underestimation) (18)

A7V, 2 & 0T o= 242 TP 9 kAT
7HA19] A sEA g (relative impactyo]th A (13)3} 2+
L v A XY AFRE ANTE A0 2 A 247

Z (W= cedfe] p ME-)2(p-quantile)o| ), ) (19)2} 7F
o] AF4&F 4> gltiJournel, 1984).

z,(u)=q,(u)= F"(u;p](”))

e[0.,1] (19)

with p=
(q+(02

CASE-30| A= 3 0 22 2727} 0303 0.702 A
25)9 o1, CASE4o| A= o3} wp o2 Z42F 0702}
0302 ARESEATHLE 3(c), (). T&pAl CASE-33
CASE-4&= 717t A Q)3 QDR #A F44He AHde
ek

2, () =q,, () = F ' (@;0.7|(n)) (20)

2, () = qos(u) = F 7 (1;0.3|(n)) @n

M2 COR|E K2|MN

4n

Wg vho} o] B =B ] Y £N5E
Hgals u 4 QU FAY FUH RIS ALY

glom, 1 vk 1Y 49 ek B9 o 2%
ASE-17H 28 ol o] A9 A3 iy S

_...

CASES 432 o188 B9l 7 9MM Y &
0% S cedfo] 0% WEAGE HA P FR
243517 Hrk whehi] CASE3oAI: codf Btk 59
2 24 QA% FAZ ANBHE CASET} et o
2 QM SAE AP ST 4(). vhel ¢
03 572 BB 27 BB
ASnth B 2 LA GO WA 43 WE
CASE49] £35S olgstol 248 s T &

- 2t} CASE-49] &AIgrE Ama}m
L oob = Tl cedfo] 30% HHE QS
15 AR A gk o)9F ol oim{zs} aaqu
=5 ARgSheTR whebs A YU FA)

i

oM,
o
=
Ir
o
.
=)
N»
>~I

o B =2 mo
T
o o

s
o
pay
lo
fo
o
QL
)
0,
L

19 49 AT o]g3ste] FrAlkeAle] YA
% o A Hekow, ASRE
of o3l mA|Nte] tfEgte s AAIH
0062cm/sec’ & AEBHgTh B =HoAs wiEes
Z 3670 el dAlgeio] 95%9] el =rtR] mEsl
of 3tthal 7HYsHGtE L9 S(a), (b), (o), (d)i= CASE-L,

ii‘ o

<@

r°l'

2, 3, 49 £ATSE o]F3lo] AT A dHT F
BRI STUTAL HE SUS TH ZHO| 0IXls EF 57



58

Unit: m
e 25.0

217
18.3
16.0
1.7

: Mean: 11.2 - 8.3
6 05 1km Max: 20.3

Min: 5.0 50

Unit: m
— 250

‘ ] Mean: 134 - 8.3
o 05 1km : Max: 24.2
’ : Min: 0.0

(a)

tnit: month
e 130

- 108

Mean: 29.7 22
o 05 tkm o 9.0

Unit: month
130

- 108

k5 Mean: 43.0 - 22
fax: 1273
0 05 tkm Min: 0.0

Unit: m
—— 25.0
217
183
15.0
"y
Mean: 10,2 8.3
Max: 22.8
Min; 0.0 50
Unit: m
e 26,0
217
183
15.0
.7
Mean: 7.4 83
Max: 20.9
Min: 0.0 50

Mean: 28.4
Max: 110.5
Min: 0.0

Mean: 17.5
Max: 94.9
Min: 0.0

Unit: montn
e 130

Unit: month
e 430



A o] @sle] AR LR AIRA] QrElA7ke] 713 A 2] 29%, 28%, 54%, 15%°| PVDsE 2-g-8jof &}
H3Eolnh 117 5
Z

A B Q0] CASE-L 2,3, 45 & 20 BAsgict olsh Lol ofma Feo] Ay
247 7)Y, 110548, 1273709, 04.974%0) HTgh 2 ARgSHvlol Wb PVDsE Agafor & A
YAIZHS Bol Ao vehgth 13 62 UL A o] Alo|3he BHIE 4 glth. E3L PVDsE X438
ol /UL TSt YUHATUE A8aok e of sh WAL YBS TAZL P FAL 5ol
Aol UEl Aolth. AUE SIS Hamvistel & B 13 Y B Ao vehyow, ARl 4
WARKS TAEIE A9 woje] AR 2 Edo]  sh ujS A 43T RS A=io] Beld A
HASHE Aol 29 609 2o] BARle) thE Aol glomE folsjor B How wekH

CASEC] Hlste] ¥ & qojo] YUHAPHS Hg B Rol SRS PPstel 27k SR
Shof S ASE ek ol 2713ANISS wol o WE X7 PVDs HFURE ARTIROM A £
Fste] QEalze] AR AZhE 2GS WA AA @galol AT LAY 0§l A
5 ol T 2 Aol oY RS BNV 9 AEBAS 2o T Aolth F, 4 g Haut
golth 2k CASEMIS. Qo4 3 (prefubricated vertical  513E 49 WISk &40] B 2 9ol CASESTH
drains, PVDs) % &0] Hagt WAL Abge) Hokeh 20 Fue] AR, we] Agols CASE4e)
CASE-L 2,3, 49) SATSE AAIIS 49 244 1 22 Fujo 4TS Heslo] SUS AR S

PVDs area p—— PVDs area
(t,>36monthy O 05 1km (t,>36 month)

(d

PVDs area pr——t
t,>36monthy O 05 Tkm

PVDs area

0 05 tkm {,>36 month}

EAESIL STAITAIS HX gUs SN 280 0IXe B8 59



@)
&
7
I
[\
fr
b
.
4
N

N

(o1
=
o

=
27} codfe] Bt FURS HA TGO A

2w
CASE-33} Withe] 298 Whjdih webs CASE-3

Y3 A HH e Py A Bk,
CASE-4t: i3 $72] 23 233 7H3 2 3
ZRkgn olelet SaFsel 1E I3 U FAS
o[gate] £UNEEL HaR F 5 Yk AFAH
99 W WAL AYY 4 U9ITh CASEL, 2, 3, 49

Z

AT AGINAL FS A7 AADH] 29%, 28%,

-

32

wn
B
S
S
X
=2
e
1=}
iy
)
oK
ok
o
)
ofo
ol
[
o
ol
ok
rir
Sy
o
fru
gl

> S0

_‘
o xR oo

b
>
o md oX rp

o
O
-

AT, AT DAY 097 (010), “HEEH YA g3
AAEEA FUPsEe) FIA BE BV, FAFL

(<]
25, A264d, A9Z, pp.15-24.
=3, A9z, 84T, o)A (2011), “X AR} 2 g ol F
o SEAEA] A ddS FA AN, RS 201 £
Ged 73 =FF, pp.310-317.

Ml

)

L AEH, o8, 1%, WUE. AT (Q002), “GIS 7| o]

23} i P AN A7 -8} AL, FREEe S,
A8, A2Z, pp.107-121.

¥R g 010), “H3tEt Amo] BBEA BHAH 2 YUY B

A 9%t AR RFBA T 38, SFR) AR A, A3l
A, A4z, pp.301-312.

AT (2009), B3 GIS 7S] Ak Au 2" TEE F

A Ao RA] getel whe AUAS FH3, F A/
=2 F, A25Y, ALZ, pp.5-19.

93T (1993), “olRF Y oml BRE A% A4H Amol

NFEAA QT L ol B, PR WESF =L, A, A
3%, pp.61-65.

T (1995), “THEA ARRERE 1% AEA AR ATEAR

H QT - L |, FAHHFTT g, ALLE AL, pp. 1T

. RS (1998), “ThEA ARKERE 913 A AR AFE AR

AT - 1L 38", TR, A4, LS, pp.29-35.

3T (2003), “Eld HAAE A% ARtE Y 7ol wE

A, R SRR, A9, ASZ, pp319-326.

- SBY, o1, Ade HEE (2005), “AFEAT AR 7

HE o] 83t dekAnte] BEAA BA”, g2/l =T,
A214, A3%, pp.5-17.

L FE9, WA ST (2003), “RMRE) B RIS 9]

3 AFBATH AgeolH 7 Ho) Bt A9, HEH Foh
ZF Vol.13, No.2, pp.87-99.

- AT AR, AS7] (2005), “ANE RIS HARE A FAHY

Ho) 287, JPEES Y =7 F, A5, A2CE, pp.l03-115.

. Baise, L. G., Higgins, R. B., and Brankman, C. M. (2006), “Lique-

faction hazard mapping-Statistical and spatial characterization of
susceptible units”, Journal of Geotechnical and Geoenvironmental
Engineering, Vol.132, No.6, pp.705-715.

. Chiasson, P., Lafleur, J., Soulie, M., and Law, K.T. (1994), “Cha-

racterizing spatial variability of a clay by geostatistics”, Canadian
Geotechnical Journal, 32, pp.1-10.

. Deutsch, C.V., and Journal, A.G. (1998), GSLIB: Geostatistical

Software Library and User’s Guide, Oxford University Press, New
York, USA.

. Goovaerts, P. (1997), Geostatistics for Natural Resources Evaluation,

Oxford University Press, New York.

. Isaaks, E. H., and Srivastava, R. M. (1989), Applied geostatistics,

Oxford University Press, New York.

. Jaksa, M. B, Kaggwa, W. S., and Brooker, P. L. (1993), “Geostatistical

modeling of the spatial variation of the shear strength of a stiff,
overconsolidated clay”, Probabilistic methods in geotechnical engineering,



Balkema, Rotterdam, pp.185-194.

. Journel, A. G., and Huijbergts, C. J. (1978), Mining geostatistics:
Academic Press, London.

. Journel, A.G. (1983), “Non-parametric estimation of spatial distributions”,
Mathematical Geology, 15, pp.445-468.

. Journel, A.G.(1984), “Mad and conditional quantile estimator”, In
G. Verly, M. David, A.G. Journel, and A. Marechal, editors, Geo-
statistics for Natural Resources Characterization, volume 2, pp.261-270.
. Parsons, R. L., and Frost, J. D. (2002), “Evaluating site investigation
quality using GIS and geostatistics”, Jounal of Geotechnical and
Geoenvironmental Engineering, Vol.128, No.6, pp.451-461.

. Sitharam, T. G. (2007), “Spatial variability of SPT data using
ordinary and disjunctive kriging”, ISGSR2007 First International

Symposium on Geotechnical Safety & Risk, pp.253-264.

. Soulie, M., Montes, P., and Silvestri, V. (1990), “Modelling spatial

variability of soil parameters”, Canadian Geotechnical Jowrnal, 27(5),
Pp.617-630.

. Srivastava, RM. (1987), “Minimum variance and maximum pro-

fitable?”, CIM Bulletin, 80(901), pp.63-68.

. Sun, C, G., Chun, S. H., and Chung, C. K. (2008), “Spatial GIS-

Based seismic zonations for regional estimation of site effects at
Seoul metropolitan area”, Proceedings of second Japan-Korea
Geotechnical Engineering Workshop, Tokyo, Japan, pp.115-122.

. You, K.H. (1995), “A solution for order relation problems in

multiple indicator kriging”, Journal of the Korean Geotechnical
Society, KGS, Vol.11, No.3, pp.17-26.

(45" 2011, 5. 20, AAREEY 2011, 8. 22)

MBI EEAITAIL] 2N AE SN 2 0IX= S8 61



