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Evaluation of Seismic Fragility of Concrete Faced Rockfill Dam

MER, A SR, 2

514

T

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

The fragility curves for CFRD dams are derived in this study for probabilistic damage estimation as a function of a ground
motion intensity. The dam crest settlement, which is a widely used damage index, is used for minor, moderate, and extensive
damage states. The settlement is calculated from nonlinear dynamic numerical simulations. The accuracy of the numerical
model is validated through comparison with a centrifuge test. The fragility curve is represented as a log normal distribution
function and presented as a function of the peak ground acceleration. The fragility curves developed in this study can be

utilized for real time assessment of the damage of dams.
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Fig. 1. Numerical modeling of CFRD typical section
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Table 1, Material properties applied to the CFRD numerical

model
Division v (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
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Fig. 3. Layouts of model dams and instrumentation in the model scale (Kim et al., 2011)

Table 2. Centrifuge material properties (Kim et al., 2011)

7, (kN/m*) w (%) 7, (kN/m?) ¢ (kPa) o (%)
Rockfill 21.0 40 21.0 80 43

Concrete Face Slab

« 18.8m >

Fig. 4. Numerical modeling of CFRD of the centrifuge test
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Table 3. Definition of damage states and damage index (Kong et al., 2017)

Dam type Damage state Damage index (DI, Dam crest settlement%)
None DI <04
Minor 04 <D <07
CFRD
Moderate 07 =D <10
Severe 1.0 < DI

106 SIBXRIAMSISI=RE 172 TS



1.0 [ -
CFRD ==
® 08 -
&
2 06 -
[e]
£ ol
= | E ¥ N <
§ 0.4 ; Y,
<] -=-=- Moderate
& 0.2
; ——Severe
0.0 et . . ,
0 0.3 0.6 0.9 1.2 1.5

PGA(g)

Fig. 7. Fragility curve of CFRD

A OR AAE HoleEo R DI 2ol Bt}
of. Asiapulo] 7|z FHobE FAL
2 o] gsto] ofdfel 2ol Ael=gict.

PDS|IM = X] = ¢ (=1

o174, PIDS | IM] = A% 7% (IMelA] 404
S 2o 2% 8, 00) - PRRTRIRS X = 9
of e, u =X o FUzk 6 = Iy o EEHAo|c
Fig. 70l 3714 £4pAkeo] ofsk CFRD) Foke 2
e EABAT E £EE HobE FA1S T 7|20
g3tol W2l 153 % B57 9 A= AES AT

A

&3 SES Attt W AA 7| =(MOLIT, 2016)
of oJatd "ol YA Sosty HEA S
(MCE)soll A £7ih7] 528 wiEsien dEsf=

i [e}
S gl U SIH% ASE 271 14 9 2002 ok,
olufl, AF&E w7} 0.14g o|ato|H 0 e
etk AR Age] A4 AT Mo 9T ohs
A9 9 Foleky 257k Wag we A7 19 79
AgE Atk WA Isw o A9 AR+ 19 7%
o= :nl"ﬂﬁl—r 0.119} %= A4~ 145 A-§51H 0.154¢
o U 557 Wel A9 AWRY 19] 71 Z0= 9IF
T A% 2.0 283t 0.22g7F A AN PGAO|t.
B olqtoflA &% CFRD FoF® 3418 A3 Ay,
SAPAYE 7} Bhgsl e I 5 e 7]5¢1 0.154g
of| 4] None 91.9%, Minor 7%, Moderate 1.1%, Severe 0%
ol WA E5+ el % None 72.2%, Minor 22%,
Moderate 4.3%, Severe 1.5%0]|t}. U] B3R £A417]

5 *—L% #%o}@‘r«} Y 2R Hak= PGA 0.1g~1.0g, 15
5.0~8.0 W2l AR AAAZ7=E 1071S Aeste] &
atoick CFRDO| F|oFw B42 95 A7AZ712 10
2 0.1g01 4 15747 2A310] SRS SastAC
A IS Sl SRR Aot HukF Yol
7} PGA Aolo] Fjok AL Aisigict Aol A

0%0

(2) AZA 10712 0.1gol|A] 1.5g71A] Z2As}e] 4=
S & Fokw TS =319t 3714
inor, Moderate, Severe®] thalo] 7fts
SevereQ| 7|5 =U] @ A7)0 WA
ot %. ale] 1% A4t 225 ke 2AS

4% 23 WA 15 % S5 HolAd =dixd
(MCE)3Jol|4] 5-3}2H5
supe SRS Rolth

4
*
-, B
=

2 A 0% ¢ 1.5%= of$

Acknowledgement

This research was supported by a grant (2017-MOIS31-
002) from Fundamental Technology Development Program
for Extreme Disaster Response funded by Korean Ministry
of Interior and Safety(MOIS).



108

References

. Darendeli, M. B. (2001), Development of a new family of
normalized modulus reduction and material damping curves,
Ph. D. dissertation, University of Texas at Austin.

. Itasca Consulting Group (2011), Fast Lagrange Analysis of
Continua, Version 7.0.

. Kim, M. K., Lee, S. H., Choo, Y. W. and Kim, D. S. (2011),
“Seismic behaviors of earth-core and concrete-faced rock-fill
dams by dynamic centrifuge tests”, Soil Dynamics and
Earthquake Engineering, Vol.31, No.11, pp.1579-1593.

. KISTEC (2004), Evaluation and improvement of seismic
performance for the existing dam, GOVP1200519131, MOCT
(in Korean).

. Kong, X., Pang, R., Zou, D., Xu, B. and Zhou, Y. (2017),
“Seismic performance evaluation of high CFRD based on

incremental dynamic analysis”, Chin J Geotech Eng, Vol.1,

ShERHIARSts =R M7 HM4E

10.

11.

No.6, pp.6-20. [in Chinese]

. Kuhlemeyer, R. L. and Lysmer, J. (1973), “Finite element

method accuracy for wave propagation problems”, Journal of
Soil Mechanics & Foundations Div, Vol. 99, No. Tech Rpt.

. MOLIT (2016), Korean design standard of Dam (in Korean).
. MPSS (2017), Common application of seismic design criteria

(in Korean).

. Newmark, N. M. (1965), “Effects of earthquakes on dams and

embankments”, Geotechnique, Vol.15, No.2, pp.139-160.
Sawada, Y. and Takahashi, T. (1975), “Study on the material
properties and the earthquake behaviors of rockfill dams”,
Proc. of 4th Japan Earthquake Engineering Symposium,
Tokyo, pp.695-702. (in Japanese)

Swaisgood, J. R. (2003), “Embankment dam deformations
caused by earthquakes”, Proc. of 2003 Pacific Conference on
Earthquake Engineering, Christchurch NZ.





