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SYNOPSIS : In this study, quantitative sensitivity analysis on rockfill material influencing the
dam crest displacement of Concrete-Faced Rockfill Dam(CFRD) was carried out. The purpose
of this study is to indicate the most important input parameter and to show the quantitative
variation of displacement at the crest of CFR type dam with this input parameter. The rockfill
material properties for parametric study were obtained from the results of large scale triaxial
tests on 34 rockfill materials in the 22 different sites. From the statistical analysis on these
data, some statistical characteristics of rockfill material properties such as property range,
distribution characteristics, and correlation between the properties were investigated. based on
these characteristics, 27 property combinations were constituted by Latin Hypercube sampling
method. Dam crest displacements after construction, impounding, and earthquake loading were
evaluated by static and dynamic numerical analysis on each combination. From the sensitivity
analysis, it was found that the crest displacement of CFR type dam was absolutely affected by
the shear modulus of rockfill material and the effect of friction angle of it was negligible. This
relative difference of sensitivity was more outstanding in case of crest settlement than in case
of crest horizontal displacement. Also, it was found that the settlement and horizontal
displacement of dam crest logarithmically decreased as the shear modulus increased and the
difference between the maximum value and the minimum vale amounted to about 9.5 times in
case of settlement and about 10 times in case of horizontal displacement.

Key words '@ Sensitivity analysis, Concrete—faced rockfill dam, Rockfill, Statistics, Shear modulus

.
B3 gahe ARTl 452 AP TAA(lnth) L FAYE EARFEH A5H2
¥ 9 ooEoR TAHE 99 weth dwHom CFRDY AYFH AFS

846



Jbehe A%, ZavE ZAXSYe FxE A
< z
=

ste FA@}, webd CFRDY AL Al +AA S
22 3 Ate E AR A8 38 B

gol dzEadn ¢ 5 ok

Y
H < N >,
i } o
! s 3 "
¥ g I o T Y
LR L i el e

& ,}’ u! r, Q %] ,q] /}‘n’

A & unstH
oabelals g n ABE 0 yipel
2% 1. CFRD A71Z, 2003)

2 AdTdAE AFAJA AAEEAE F35te AEAR FAEAEC U@ FAEQ XolE B3}
o Z3YE ZHAFH Y M3 d(Concrete-Faced Rockfill Dam)e] A% wYd Fd 4L 03
t 84% Z2A%% 1A s ol AR S B9 AEAs B 4HA *l ZT85HA el &
BAS AN, F2EA Wl o2 CFRD ¥ Y WYo AFA Wsleg B

UZAEEAS 93 AFHA JdE BA FRE Y 200193 oF AR 227H a4, 347 A8 4
A A s ds FdE dEdEdEAd 40 EA4L S8 AdZ2gRYH 53 E4AEE
A EAse T Ad B9, BEEXEA, BEAZ ABAL AN, ol vYeR latin
Hypercube ZEEFE7|Mo] o3 27/ BAAZEE FAsz, Zztd dis] FAHME 5 F4.53

=2
AN E Fqskel § AM T, B4 5, FASE 48 ¥ @ ATANS HgH,

249 BARHAS WHRTE AL 28 2GR dolHWo 2B EUE BAFY RLE4
AN S 2 Bt BABARN ARAYE NAETAPY A4 £AHHS B
MPEL ) A% o gHT

2.1 AN 24 =AL

A A B 2ARE 20019 ol @A @ H2AEY AW #AS 68, AE AMAY #A¥
8%, FTEE AHHAES #AW 487, AATA AHEA 38, PV ERE AEAR 1™
B, % 2278 AR 34 At A sl dFTALdFAA T qFAHAFAE AAE HEd
BA#E O U= S

A5AEANR A= AHEHE dMRde oo we gFd WFEE AFEY, #e 27 8oldx
125 YA W7t U3 ol s A3 2o AMgd 48uFEe] 83 e 44 27
© EdE dastes Zo] uiExg Aoz @y o] Mohr-Coulomb REE ARIRZ MAsY 3
290 dgAsz ALHE W4E udrrMde o3 gawsz F39ct. Mohr-Coulomb 2@
HAEA 2o J¥ATFEE DATF, AdERAS, wEF, 1A Fol oy oF dAFTFES

F

¢

gy
o

X O 32 (o

lﬂ

= I
AEA e WA @9IFel A9 W] WAFERAN AFF goR AT vhad, WH
9, AURAAFE 1 EASAAE To) ALERNS FRsHn

847



At A 7o) QiR mE PREEy S2de fe @ rlxAwg 23 EATFYY dEArE 9
AN AAE 24E JHAFTE AMESe AR nAReR . AN AF—%%H =4
#L X 19 2o d3AEgsAgEed g Ay 2 A s v, Jay, ddaidAee Y
FTH, TEURA, 4ESA T o8 gz diEl ok S A
E L AEA 24 d3A54sAE 29

= = 271AxAx wl&7z} AZY AT A4
AEdE F AR (t/m®) ©) ke/em® | T | eg/em®
1 EIEE 1.94 40.6 0.76 0.3 353.8462
2 9 EdAA 2.09 41.9 1.15 0.3 318.4615
3 9 EdAA 1.9 37.5 0.9 0.18 141.5254
4 9 EdA A 1.99 39.4 1.1 0.35 308.8889
5 gy 1.92 38.2 0.73 0.19 120.5882
6 23 1.99 40.3 0.77 0.21 248.7603
7 w4 2.13 40.6 0.71 0.31 313.7405
8 H) 2.24 38.4 1.62 0.4 430.7143
9 Selected Rock 2.06 40.1 0.5 0.22 222.9508
10 | Selected Rock 2.18 40.2 1.01 0.38 371.3768
11 2 2.04 45.6 0.14 0.3 538.0769
12 g 2 38.7 0.44 0.2 146.6667
13 2y 2.15 39.7 0.52 0.3 230
14 2y 2.13 42.1 0.66 0.42 470.7746
15 2 2.13 38.6 0.63 0.28 234.7656
16 2 1.9 39 1 0.3 154.6154
17 =g 2 38.5 0.33 0.26 151.9841
18 gy 2.15 39.7 0.44 0.29 247.6744
19 2y 2.11 39.4 0.53 0.27 250.3937
20 237 2.14 39.9 0.41 0.22 193.0328
21 2+ 1.6 35.7 0.65 0.4 199.6429
22 2z 1.93 39.4 0.93 0.38 437.6812
23 2 1.93 37 1.22 0.35 337.037
24 AAEA 1.88 40.5 0.53 0.21 174.7934
25 A AL 1.51 35.3 0.47 0.3 102.3077
26 Fd 5 ALg 1.61 36.4 0.8 0.3 88.46154
27 UL ALY 1.7 38.5 0.9 0.3 152.3077
28 AT ApE 1.87 43 0.21 0.19 627.3109
29 19T AMg 2.05 41.4 0.76 0.3 557.3077
30 AAEA 1.94 34.1 0.12 - -
31 AAE A 1.9 34.8 0.5 - -
32 A AHE A 1.95 37.9 0.99 - -
33 AE AR 1.78 36.1 0.55 - ~
34 AtE A E 1.96 39.4 0.35 - -
2.2 A EX EM S SM 4Y

FAENZAT, vl BEXE 90% AT »ﬂﬁ 39.04°, &A=} 2.35325°¢ AFEEE, HA
gol BE¥E 90% AHERZ FHF 0.669429kg/cm?, EFH A 0.3368kg/cm’e) AFEEE, ATEdA
T TE= =
A

90% ANFEE BT 282.439kg/cm®, EFHAF 157.883kg/cm’e] WFAFEEE o|F &
) Fe

o7 velhgd, wlEZe 34.1°~45.6°, AH 10~1.61 kg/cm® HTErdA

848



kg/cm®e] W9 @S MR vhEz, FadE, duwds sxo 79 29 ¥ 29 b T
WeE W% 27t A4Y, s, han o

2 WSz ARAS Hokel B A, naay qde gudse 0058, A%

42 Y3 Aereg s A
AT -0.202, vzt AdeAdASE ARASE 05752 %E}kkt}(lﬂ 3 #AR). oA A=
Todadel A st A WS S8 SHAH WEZE obd e nelEah mabd, ARERAA M
BB FBAe neste 98 NFELAEe) aFan
15F =)
12+
gk i
3+ 4
== T i L T = [} i
3 24 37 40 43 46 49 02 01 04 07 1 13 16 19 22 0 200 400 600 800
WA (=) A (kegrem2) TEBAF (kg/om2)
(a) P2zt 23 EX (b) Ba RTEA (c) AQEAASF BXEA
a8 2. AHlEAE F9 B BEY B4
E 2. A8A48 Fo B4 BY BEAX
NEEES Y EE ks XAz}
ul2-2H(°) AFEEZO0% ANFHE) 34.1~45.6 39.04 2.35325
A& (kg/cm?) AFEF(90% NFHE) 0.10~1.61 0.669 0.33678
A e A (kg/cm?) WEAFEE0% AHE) 88.5~627 282.4 157.883

46T P
44 -
ﬁ42
AT 40
]
= 38
- D,
b By
h N N LT ; - 34 - ,' . N A
0 03 06 06 12 15 18 0 03 06 09 12 15 18 D 200 400 GOD 800
B & (kglem?2) B & 3 (kg/lem?2) & CHERA | 4= (kg/em?2)
FéAF -0.0587928 FBASF 0.202279 AaASF 0.574552

a9 3 AR FauAT BBA

3. H 45 Helol IS Dzl AR UHS Y| CfE UREEY

e Aus)d TgaWel FLAC4.0S o3 $X 84S & SR s}
Mohr-Coulomb 22& A&3stgth. )4 CFRDE FH o) ol Sxd dI3S A
H,\] ‘H)v]_g_)\uc}—_% :LFJ 49,}. @-T;}-

EATRL 7l xAu 232 E 2358 AEAER TRIYY. =, 29 194 1 2ANy Z248E
A5 S Aod YA ddLe nF 5UdF AHARE FEFAGY. AxAnyg 2IaE A5 4Y

B2 % 3o YERAT

e
=)
N
N
b1
AL
X

849



-
19

T ¢ glonr AEAEe 18 nyaA g eyl g

glon ®£F, ol d4E dEAR A 2 A Ay 4 2 a9
gdHold e Fgeleg G4 dan BAE ook webd, B d7el
AEAE 87 bed g9y UaE BAE $Ysdd. ¥y 2¢d R
71 Sl EEFHo 2 E?‘i & AR RYTAE 35855 7 SEE EEIA X
€ He REE 44 144 FE8c %“E(Latm Hypercube ZRFZ7]Y

FEE 479 ¥ REAGE X 49 2k B 4olA 38 A7 dE 238k 27/H
FHEAY.

nE sk WEECHEZ, ARY, duwdAste) dude ¢ 9 dsel o
k=3

MU
o B

o H

el

{-

&
X
16
2
o
e
r\‘j
G_r, 3

i

o
>

J
.
e lot

o R
e
WoE g g o
‘g
ot s L jo 2

f:
N
oz
I
o0
i
ﬁﬁma%

o S omr Qoo fu SR

Mg
o
)

| OB TULE: Uoegoiiam soalysis mesh gereration
FLAC (Vorsivn 4.00)

i

LEGERE

7-MovDS 17:41
step  BO0E
102 e 1B
A B30

“am sy s e ) =5 st

% 4. CFRD(A=) ¥ asry

£ 3. CFRD X84 Qg &4

BATR e F3E aprH
=Rz AR (Y/md) | FEZHE) | AT A5 (mD) | B2 E/m?) | vHEZHE) | AR A S (YmD)
M-C 4884 10.0 45 8.3E5 100 60 8.3E5

*}a% A HEEA 1 2 3
n} 2 7H(°) 36.8 39.0 41.3
H a2l (kg/cm®) 0.344 0.669 0.996
HaretAl A9 (kg/em®) 149 247 409

3.1 CFRD =x|sHM Zn

2 AFdAE g AATrAE Asgdzror s FHANE AT £, oo FHAE F
’6}‘3‘3‘4 2774 B4zl sigs e 27 9Rd oig FARYE 53 7l x, F %
e oad 4 dAustEhE A8 sASE A8, AGEe g Adpase dad
T AdidsEs s

2% 5 CFRDY AASAfAZAT debd AYF Pig w9 011 UrFJr%B :1%013}
AT G Fo A FAY. 39 62 CFRDE A48
AE ekl 7oy,

detd oz SN FPA dHAR AHEEE FA 2R

Gl

548 WA 98 ARABANE 5
PG AH0E A4 AF ke 0.2¢ 5Hze ARl FANE 4

s el vpeho] AL AR HEE

850



327 9t AL 1027 Fadste)l 32 Fo AFNFo e AT FPAY 7EL E46
F2 MstAtHad 7). 3% AF F F IFY HAEFE %
= 0.71HzZE A FJAHY 8).

CFRD EA#AA d&A74 5= Hachinohe A AHE 2A1d AT /&5 Ato]8g g A3
AW vleto) A9 rtExe] AUYAEZL 0.105g2 A RA) npghol A @A A 7] #(2003, AL 2
A Yo AAGYNEE 0.11g8 FHIEE A IS A28 R 2R 28 99 1%
105 ztzt B45A8423 Jehd @ 5o 2, dwd b9 Agtold & ved ot
AR Auide] A ARrddeord AWt G

JOB TITLE ; caset static x. x -anwlysis steps, y ‘displecement, m Ji JOB TITLE : caset, y-d i on the crest, = anaiysis steps, ¥: d m
FLAC (Version 4.00) FLAG (Varsion 4.00)
S —— s,

LEGEND N LEGEND
7-Nov-85 1711 .- 7-Hov-05 17:11 sas
siep  EO00 s step 5000 £

kowsca hekson e kowaco haksoo
Seoul, karea seoud, kores
3% 5. CFRD &5 & A% J3WdF we 9 3% 6. CFRD @5 ¥ A5 st
0.26 0.25
0.2
0.15 0.2 AI"V\/\A /\MJA\« el W
. E vwv M A4 v
0.4 //«/‘
o 0.05 Eo.as
g ; J
® 008 4 [ 8 b g 0.1 /IW
-0.1
0.05
-0.18
-0.2 o /
-0.26 [ 1 2 3 4 5 8 7 8 9 10
Algh, sec AlZh, sec
2% 7. AFAE A4 Qe a9 8. AFAEHNATY ARG Aol o
JOB TITLE : caset kete dynamic enalysis x time(sec) X- (m) JOB TITLE : casel, Daegokdam dynamic ansiysis, x.time(sec), v —_1
FLAC (Version 4.00) FLAC (Varsion 4,000
LEGEND i LEGEND
Bttty s Sovs 1979 0 |
<5 L
EE3
s
1060
285
-em B-tsid
B LEE
L3 3 4 £
kowoeco helksoo kowaco haksoo
Feoul, korea seou, korea
g 9. FUFE WYAzio " FHA S 9 o 10, A Azkold TR AT o

851



B ApoME 975RS4 2 A4BAS(Partial Correlation Coefficient, PCC) Hdlghs nlag
oM WMPEE HFHoZ 3|

AR A B AW = A AFd A 4TS v RoE g s HF
updzt &ole), oldd Ae st AL, % F=aAAA U FAFN A B AN
9o MgEE AANMNATHY wtANA R AT AGT] Qo] v Aok AP AATY FF=
Asteko] a9 ALo) e o An ARHF vpRzbo] vlwe) AoiAdd UHE JA HehEF
A7 MY AR o AA Jegd & 53A% F JaFe AdadAgsel dHer ofE
o A} vpEzd e dF JdFS vH g e : YeEt

i)

o

[e]

ol
ok

oDia mE LY eMUEBYAS oniaZ BN o MTEMNS
1 + T T 1 T 5
1 1Y 1 ® 1 ® 1
1 I
[ I| 1 { :
o8 b ----- Lo o de o | 08 fF----——----= Lo ]
| I i " |
I i I |
I ] | ]
I I | I
06 F----- - -——- H-—— === == - == F06fF--—-- @ - - - - o= — ]
1 I I
; I I I g :
m I I I -i“ I
B 0.4 —~—i——'7/f————: —————— : —————— m 0.4 »~¢A~A~~-———{ ————————————
! | 3 H
i t I 1
I I I I
92 Fr-———--- »IL ————— 4]*——’———: —————— 2Fr--""""-- T
I I I I
I
. ® 0= . n i &
ALY AR SHEEs”  HeY ELERd sHMY
7% 11. CFRD A4 A% ¥ 9= 1% 12. CFRD &4 AR ¥4 ®z=

3.3 MEIEMMZISS] CFRD IAIR W9 S0l DIXlE=E I

a9 132 AGAASE, G/Graol BE AFAsF W, d/dmedl WEE =AF aRIT. of71A,
GrnE A BASAHA 5 AuedAS 8433k88.5kg/em’, & )&, dund A A

A AT FEg627ke/cm’, E 2)S FHA R A& oo XA AAHRA
% 1.5cm, BHAF 0.56cm)E vEpATh mabq 23 13004 xF9 U kel dgHE vF ke dd
B4 apd we AHRE, 7.06 AFHE yF G AGSAF FRAL W AAE vE
ddn g 4 gk 29L BAA Mol AbgE AeAAS Adad Ha3k o T BEolw A
%o AdE Ad 959 AEY Ao/t e AL & F Yk ALeAAFT ARSE B AT A
GFe 2agsdon HAFS ¢ £ dn ANAFE, S5F, FAHNA LT st BPFHor Bd
2 7 I

3% 16& ARSAAFE, GGl WE AR WY ¥, d/dmnd BSHE E=AT T 97N,
Guin2 AR EAERA T ADSPAS 3H87(88.5kg/em?, E 20E, dmn A TAEAEA F
AGBAAS FE7h(627ke/em’, B 22 JEAZ He W AR FAg AHFHLEAF 047cm, ®
+% 1.33cm, B34 F 4.22cmE UEbdh whebA ¥ 140X xF9 1 gell AgEE yvE e
ARAAS D wo] AFHE, 7.060 HFHE yF e AgRAr F@id W AAS
Uedctkn @ $ Aok 288 B4 e AR AvedAs Adge H239 o 7 Fxol
o Zuge Ade sieAd et 1.7~9.70 AR o7k v AE ¢ F AUk AR ATIL
AAEE 9 AR PAde 2agsRes pashy gae AxE AEAF, FEFe ool A¥A

o2 YEtoy, T gut.

2
N

kil
9
38
o

852



1o 3 7 7 7 . : g 10 - - - - - -
b L voanrya sANNRLY
: CrE AR R E 8 : : iR ey

o} - = ; R L EEL
§ 7y £ 7
T s G L P . - 6 b EEUIN SO SR ORI
3 iin” _Skzg/cm = Grig’ 88.5kg/Ci?
5 5 ; R MMM R €a L=k AR W . IS s st e O A FR0ATCW
= : : E dg(ER): 150 * i 445 1,350
;0 4 i (S8 ':'.;F): 0.5pem ;_a 4 d,nm:(%ﬁuﬂé)iuﬂ"&(;;mwwm
2 : = : ?

3} 3

y \ 2588 ks ""‘*""«';11::7?3"&”“"

e s 0 H B

o ! ? 3 4 5 6 4 8 0 1 2 3 4 5 8 7 8
Bo et AT, G/Guin M et A5 H 39, 6/Cy,
=7 = - 2 2~ 3
28 13, AR A AdgAS 95 a9 14. AN FHRY AdAAS 9F
24
4. 48 2

= o] TENS sl AlEAR FLEASC Y FLEY Ao]E HluE}
EAx4®d M3 @ (Concrete-Faced Rockfill Dam)®) BAST HHd 8 43
sttt ol e VAERAS S AlgAs B AR A T3
Walo] 2 CFRD ¥ AR W9 AFd ASEE Rolux sPdo. Wz

—

B Aoz VeI o
A4 JeRd. 5
eRATY) Aol @
3} vpRztels A3

. B4 8% 3+9 CFRD A4 W9E
T8 HE7AHY, vh@Z eolAd. o
5]

}_14‘
o
ol
o

)
o
An)
4o o
4 r

[ r

) Aoz Vet

2. AgAe AVGAATI ARLGF B AAY PP 2agsHo Bage & 7 du A4A
T B 5 BHAA 2E st Agdez mdd 4+ YAt dugdAs A2 A6 242
F A HaFe = o 9.54 At

3. ARAS AUAAT ARES @ A Jusie 2IgsR0s fasht 429 ARE 2
A4 F, 94 Fe Uy AFAow dEgod, a4 gt ddayis A= s 2
AY 2= 9= WMo 2= ok 108 Ah

SRR
EELES Y

1 W72, ojF38, F53, 2937(2003), “£AYE ol AT dFE A
e UAEEN”, FESGI=EA, #2374, ASCE, pp.345~356.

2. 395, AR, AeA, eWE(2005), ‘@73 a9y AatHe] JFE WAE AHEAR dYEA
Eoll g A= EA", 2005 JRESSS] AFr)3Eds] TE=EF, pp.5512~5515.

3. FFFAYFAH2001), dBAEATIZ o] &3 BAsY AGREEAL A7, FFALITALILA

4, 3=+2983](2003), BAA7)E, pp.453~471.

853



