orRX| gt
J. Korean Geosynthetics Society Vol.17 No.4 December 2018 pp. 65 ~ 72

AMATHAR[=2E M173 4% 20184 128 pp. 65 ~ 72 DOI: https://doi.org/10.12814/jkgss.2018.17.4.065

ISSN: 2508-2876(Print)

A
~t

X Al T "Hoigad XeilE $Ha 29| BaEd

Evaluation of Correlation between Earthquake Induced Settlement of
Fil Dams and Ground Motion Parameters

M

1 )2 211 54
Mg RSP, SAP, A

Jongmin Baeg', Duhee Park™, Jinam Yoon’, Byoung-Han Choi*

"Member, Graduate Student, Dept. of Civil and Env. Engineering., Hanyang University, 222 Wangsimni-ro, Seoul 04763, Republic of Korea
’Member, Professor, Dept. of Civil and Env. Engineering., Hanyang University, 222 Wangsimni-ro, Seoul 04763, Republic of Korea
*Nonmember, Ph.D. Student, Dept. of Civil and Env. Engineering., Hanyang University, 222 Wangsimni-ro, Seoul 04763, Republic of Korea
‘Nonmember, Senior Researcher, Ph.D., Rural Research Institute, Korea Rural Community Co., E870, Haen-ro Sangnok-gu, Ansan-si,
Gyeonggi-do 15634, Republic of Korea

ABSTRACT

Seismically induced settlement exceeding dam freeboard may lead to a dam failure. The prediction of settlement is important
also because it is also reported to be strongly related to longitudinal crack width and depth, which are critical indices used
for safe evaluation of dams. The empirical correlation derived from numerical simulations is most often used. In this study,
two-dimensional dynamic nonlinear analyses are performed using representative CFRD and ECRD fill dams. A total of 20
recorded motions are used to account for the influence on ground motion intensity and magnitude. The calculated crest
settlements are correlated to four ground motion parameters, which are peak ground acceleration (PGA), peak ground velocity
(PGV), Aria Intensity (Is), and magnitude. It is demonstrated that using ground motion parameters in addition to PGA
can significantly increase the prediction accuracy.

2 X

A2 A ol o §31 o] 40 FEF skt WAIHE A% WOl FHR olofd 4 itk el Yot Wol &4
oo % AHE A FFD E3t golo] B FHAS M AOR FeiA gonz Yo &4 B
o A BT Wster ol Zo] Fasth T ool A SN Bt mEE AWA Ho] Wol &4
Hrbol del AL E T Gtk B AL WO HEEE FaeE Exsy A7 YCERD)I 5101y A
3 (ECRD) T Ghelol] oieh 24491 w419 54 )42 Saste] @utso] Hshare A4bstact. A Auto)
ARG ES A AR o G BRA0 nelsir] skl 042 AZANBE A AgeAL 23 a4
O AWE AAE oD G Asge A5 AN ALl A A, Ho A, Ar
Intensity, 2] 2177 5L.0ke] AFREA S EE3FGTh Bot A A AME R 2AAH WS ST H 9, Aw

ol 27 FAEE Ao e,

Keywords : Earthquake, Fill dam, Crest settlement, Ground motion parameter, Correlation

1. M 2

—

A AR R A AZEO BE, A

ISSN: 2287-9528(Online)

Received 5 Nov. 2018, Revised 14 Nov. 2018, Accepted 14 Nov. 2018
*Corresponding author

Tel: +82-2-2220-0322; Fax: +82-2-2220-4322

E-mail address: dpark@hanyang.ac.kr (D. Park)

3 AiAsle] WAl wEst AR

JERLECERETEER R
A H So Wl 3140} i SRl F3e 5715



AE UER AL 2lem, A, 2g#Q] Hskel o7 wi)
gt vl °F713P Ak FHZ =Wl 4 A
A Blee mid S7EAE 5'01 A=dl, 20169 A
AR A ol & Al Rl T FFoR Qs AR &
A Sle7t SASH SRR AR A)5le
M gHEL 4.0 o] ARle] = A Ao
A ek AR A Bl i S7F Y oAy E}-Ei
ool Y 5, eFe2e 2K 35| H
AL glom, olek TEol, =uf ARR]7|RkAId
e WA Hebd Al 7S EAL vk
53| AVdE A 4= ol Y Al g2 24 TsiE
Ol}f__ I;é[l ]A—l‘:' [e] %D]Aﬂﬁ]—jq. O]—;(—]oﬂ 1:117(—1'8]— ﬂ]—
AZF A= =7F FRAEEC|RE | el AR o
v] 0] RS SEdo =M ARl tiet weiE 4
ssfof gt o] & Pl siolM = WAEAYIE 15@
LSAFSHMPSS, 2017) 2! @AA 7] &MOLIT, 2016)2
& WISSH =] tie AA 24 3 9= 41?—

S S SRALE B FAE AR S

[4

= = =
arE Al *0“‘41751 %}%57} UH—°r ‘;l% Ao, ot &
$=E Alatsks Zle7iEe] 84HE dRolth

Newmark(1965)= 9} Ao ME 5517
Qe Hx= AHA 44 Absl=t, ol 57t
S0k /PGAYS HASEPGY)S] BT o]
A Qlt}. E3L Swaisgood(2003)-2 2] U] XX A=A}
2 69710] tjstol HEsky, BAMC R Hasho] wupe
B 9] 2L Aoksgl) o] ¢te] Aol wkEH |7
S Sk sieel AR lAE 7 Faw gl
£ PGAS} AR FRO|TL, 5 WS ol galo] Hrlol
A4 9IS A ARAL Aeiic

2 oAl AT WA 2
5171 St el ko] gk 221 w]
& susec aE EER)
faced rockfill dam, CFRD)Z} Fo{& Al 3| H(earth core
rockfill dam, ECRD)®] ek A1gato] k2t chgh
4L Saetglon], ECRDY 2 2 we] Algl

v_z

1B oo
ol
offt
2
4
B
%
2

;A

. e A %sﬁ @) ole] g o
Aslepuler HHANTHE(PGA), HYAMEEPGY),

66 SIAMMIAKSEERE M7 K4S

A H--573 =2 Arias Intensity(Arias, 1970), 12|31 2]
TFEM)SR] JHRAE B BT Rtk olE F
3 Mot ARt gl A H S e ko] A E
stk

2. 29 TY NUASXEE
PGAS| Huus] 24

U HoTH

Swaisgood(2003)-> CFRD, 3
Eo}2 H(hydraulic fill dam) S 4
AR 6971 BA5ct Hoks
| =olo sl v|E UERNGIL PGAY] wE X5

]
)

H(earthfill dam), ECRD,
S G AA AA

inﬁ]-al: 7]§_ iz 1:}14

o] |2 Fig. 13} go] Ueheick. o}7]4, DHE 9 o
(m), ATE FHES] FAm), AL YukE HeHm

U}EOHHQJ sl PGA, Mt 23
Aoz Uepgth o At Ass ¢
1%19] %9 54 PGA7} AIS = 3A
Tk st B & 9% v A& & 4 Stk Swais-
£00d(2003)-2 o] AHAE 3| HEA st dukEe] 3
stegalel ARG, SFE Abolo] th-9f A (1)

L2 94 dSAe Adsk:

e
1%
o i,
A=)
juie)

N rlr
T

(o]

%Settlement = exp(6.07PGA+0.57M—8.00) )

n
< .
Ty
&b
% STTLMT = ————x 100
DH+AT

10
XXT
g
A g
A X )
1 A A e
- 1 XX = Ay
g X b g
+ L | = 3
& S X ¢
| AR Yl %
= o1 AL 2 A w
£ ¥ B J * &
E Xi o(FFD <]
u X 8
] X 1ERD w
|| ¥
a AHF g
001 xEatil y 3
X H
B Ix
L
0001
0 01 02 03 04 05 06 o7 08

FEAKGROLND ACCEERATICNg

Fig. 1. Settlement of embankment dams during earthquake
(Swaisgood, 2003)



3. X|61N

3.1 4iE o M%

B o] SAaMo) AE W] TS Fig 29
CFRD®} Fig. 39 ECRD thlo|n], CFRD®] < Sjjo]
A AFgZ9] CFRD RZUHEE ALg5}9ith CFRDE
TAL main rockfill, sub rockfill, transition fill=2 ©]5¢]
Z] 90w, transition fill 29] FHE | 24O 2 concrete
face slab7} A2 &|o] Qlrk HO] 22 oF 185mo|n| o]
t of Sma ool | ok it offe] A

of .62 o]Fo]A Qlth ECRDO| 79, & EFE Wizl

l

ng 4 7 71 QSHKIWE, 2004)0] =5 =] 9o
Bt Al A}—Qs}ﬁu}. ECRD®] 42 7+t coreZ
& ZAog Ak=ol 318 APHLS rockfill2 o] 2o]#] it}

Transition fill
Main Rockfill
Sub Rockfill

Concrete Face Slab —

Free field
£
(=2
3

Viscous damper

(a) Standard section

o

Aol A o] AL & oF 260m, %0] 60mol.
b AL 22, 815 AFEAAL 208 M85} ol
o] AJakR AR 022 Hgaioch T W A9 @
Batgk= Table 10 Fefstplom, @ wol9} & 45t
F(upper slope and lower slope)2] AFHZHAM], o FojZ&
AVsl & (upper ccore slope and lower core slope)2] AFH7
Aol ol g efstaith. E3, 3k shekol & Atof A
493§ 0]2 vEsto] Wileh ToiFo] AohR Al
At Aesech

o

>1E ol

3.2 X[t 2E

B Aol FANAS Slal B} eho] ostel
£ f3kEs A =239l FLAC 2D(Itasca Consulting
Group, 2011)E ARE3TE FLAC 2D+= &, Alol&, &

JOB TITLE [own
FLAC (Version 7.00)

LEGEND
13-Nov-18 15:25
49958

-1.692E+02 <y< 2 752E+02

Exaggerated Grid Distortion
Magnification = 1.000E+00
MaxDisp= 6.380E-01
Boundary plot

o &2

(b) Computation model
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Table 1. Domestic dam specifications

Dam Name Height (m) Upper slope Lower slope Upper core slope Lower core slope
Dae—Am 27 2.0 2.0 0.25 0.25
Soyang—Gang 123 2.3 2.0 - -
Andong 83 2.0 1.7 - -
Young—Cheon 42 27 25 0.20 0.20
Imha 73 - - - -
JooAm 58 22 1.8 0.20 0.20
HyeongSeong 485 2.2 18 0.25 0.25
Moojoo 60.7 18 2.3 - -
Average 58 4 2.2 2.0 0.22 0.22
This study 60 22 20 0.20 0.20
1.000 - -
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Table 2. Material properties

Division ~ (KN/m?) Friction angle (°) Poisson’s ratio

Main Rockfill 21 45 0.3

Sub Rockfill 21 44 0.3

Transition fill 21 42 0.3

Core 20 27 0,35

Bedrock 24 50 0.25

Table 3. Input motions used in the analysis from PEER database (Timothy et al., 2014)

) Depth PGA PGV
No, Earthquake event Station Year M (km) @ (cm/s)
1 Cape Town, S, Africa Capetown 1969 6.3 15.0 0.384 219
2 Chichi, Taiwan CHY—101 1999 76 8.0 0.183 39.3
3 Coyote, USA San Juan Bautista 1979 57 10.0 0.124 7.6
4 Duzce, Turkey Bolu 1999 71 13,7 0.727 56.4
5 El-Centro, USA Imperial Valley Distr, 1940 6.9 88 0.400 378
6 Hector, USA North Palm Spr, 1999 71 50 0.265 285
7 Imperial Valley, USA Elcentro array#i 1979 6.5 10.0 0.169 1.6
8 Kobe, Japan Nishi—Akashi 1995 6.9 17.9 0.509 373
9 Kocaeli, Turkey Arcelik 1999 7.4 15,0 0.218 177
10 Landers, USA Yermo Fire 1992 7.3 7.0 0,244 257
1 Loma Gilroy, USA Gilroy array#2 1989 6.9 17,5 0.170 14.2
12 Loma Gilroy, USA Gilroy array#3 1989 6.9 17.5 0.357 286
13 Mammoth Lakes, USA Long Valley Dam 1980 6.3 14.0 0.430 235
14 Nahanni, Canada Nahanni—Station #3 1985 6.8 6.0 0.148 6.1
15 Northridge, USA Beverly Hills 1994 6.7 175 0.217 9.8
16 Northridge, USA Canyon Country 1994 6.7 175 0.098 8.9
17 Parkfield, USA Parkfield—Cholame 5w 1966 6.1 10,0 0,357 215
18 San Fernando, USA Pacoima Dam 1971 6.6 13.0 0.209 189
19 Tabas, Iran MHUD—Bajestan 1978 78 58 0.899 55.0
20 Whittier Narrows, USA Rancho Palos Verdes 1987 6.0 14.6 0.186 4.6
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Table 4. Matrix of correlations between settlement and ground motion parameters

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
PGA O O O O O O O
PGV O O O O
M O O O O
IA O O O
R2 0.694 0.745 0.709 0.745 0.710 0.764 0.773
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