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A Study on the Seismic Resistance of Fill-dams by Newmark-type

Deformation Analysis
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Newmark-type deformation analysis has rarely been done in Korea due to the popularity of simple pseudo-static limit equilibrium analysis
and detailed time-history FE/FD dynamic analysis. However, the Korean seismic dam design code updated in 2011 prescribes
Newmark-type deformation analysis as a major dynamic analysis method for the seismic evaluation of fill dams. In addition, a design PGA
for dynamic analysis is significantly increased in the code. This paper aims to study the seismic evaluation of four existing large fill dams
through advanced FEM/Newmark-type deformation analyses for the artificial earthquake time histories with the design PGA of 0.22g.
Dynamic soil properties obtained from in-situ geo-physical surveys are applied as input parameters. For the FEM/Newmark analyses,
sensitivity analyses are performed to study the effects of input PGA and Gnax of shell zone on the Newmark deformation. As a result, in
terms of deformation, four fill dams are proved to be reasonably safe under the PGA of 0.22g with yield coefficients of 0.136 to 0.187, which
are highly resistant for extreme events. Sensitivity analysis as a function of PGA shows that PGAzocm (a limiting PGA to cause the 30 cm
of Newmark permanent displacement on the critical slip surface) is a good indicator for seismic safety check. CFRD shows a higher
seismic resistance than ECRD. Another sensitivity analysis shows that Gmax per depth does not significantly affect the site response
characteristics, however lower Gmax profile causes larger Newmark deformation. Through this study, it is proved that the amplification of
ground motion within the sliding mass and the location of critical slip surface are the dominant factors governing permanent displacements.
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Table 1. Dams used in this study

550.00

Item Unit | SY dam | WM dam | HS dam | MY dam
Type ECRD ECRD ECRD CFRD
Height m 123 55.0 48.5 89
Length m 530 407.0 205 535
Crest elevation | EL.m 203 155.1 184 212.5
HWL EL.m 198 152.60 180 210.2

A 8Y dam

COFFER DAM AXIS

MAIN DAM AXIS

LEAKAGE WATER COLLECTING WALL AXIS
$7,000

U/S COFFER DAM CREST EL. 160.00

PMHW.L EL.181.50

A HS dam

Fig. 1. Dam cross-sections used in this study (Continued)
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A MY dam

Fig. 1. Dam cross-sections used in this study
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Fig. 2. The acceleration time history and the response spectrum for
the artificial earthquake, EQ1. Note that S, is the spectral
acceleration of response spectrum
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Fig. 3. A conceptual sketch of a Newmark sliding block analysis [9,
17,18]
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Table 2. Strength parameters applied in the analyses

Unit . Internal
weight Cohesion friction
Zone ’t c angle Remark
(kN/m?) (kPa) 9, )
SY dam
Core 20.3 48.05 353
Filter 20.1 - 33.8 SG
Sand & Gravel 20.1 - 40.5*
Rock 18.0 - 40.5*
HS dam
Core 191 19.6 28
Filter 19.3 - 35
Transition 20.0 - 37
Rock 18.9 - 41
WM dam
Core 20.3 18.9 22.5 SC, CL/ML
Filter 20.8 - 33
Sand & Gravel 211 - 39
Riprap 211 - 44
Fill 20.8 - 33
MY dam
1 Bedding 20.9 47.0 GW-GM
2 Transition/Filter 20.8 48.6 GW
3 Graded Rockfill 20.0 47.3
4 Rockfill 19.2 426
5 Impervious fill 19.2 25.7 CL
3.3 4 24
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Fig. 4. Shear wave profiles obtained by non-destructive geophysical exploration [19]
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Fig. 5. G/Gmax curves and damping ratio curves depending on shear strain by different researchers [22,23]
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Table 3. Results of seismic evaluation of fill dams for PGA of 0.22g

Median
Standard . Safety
Dam PGA permanent | o\ iation Median ky criterion | Safety
(g) displ. (cm) (g) (cm)
(cm) cm cm
SY 0.22 7.3 2.659 0.187 30 OK
HS 0.22 22.9 4.311 0.175 30 OK
WM 0.22 55 3.253 0.136 30 OK
MY 0.22 0.7 0.293 0.376 30 OK
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Fig. 6. Comparison of critical slip surface between SY and WM dam
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Table 4. A result showing limit PGAgoem (for EQK 1+, HWL condition)

Median permanent
. P PGASOcm
Dam displacement ()
(PGA=0.22g) (cm) °

SY 7.300 0.36
HS 22.90 0.23
WM 5.450 0.43
MY 0.650 0.59
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Fig. 9. Model dam for sensitivity analysis

Table 5. Applied material properties of a model dam

Constitutive model for FEM,
Modulus variation curve

Vi c )

zone | (n/md) | (kPa) | ()

Equivalent Linear

Core | 18 | 20 | 30 1043 |\ etic & Dobry (1991) PI=15

Equivalent Linear

Shell 19 0 38 | 032 Vucetic & Dobry (1991) PI=0

Bedrock 21 0.2 Linear elastic

Note, v = total unit weight, ¢ = cohesion, o = internal friction angle, v =
Poisson's ratio, Pl = plasticity index
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Fig. 10. Estimated Gmax function after Seed and Idriss 1970

Table 6. Estimated Gmax function used in the sensitivity analysis

[24,25]
Soil type K Soil type K
Dense gravel 180 Dense sand 70
Medium dense gravel 130 Medium dense sand 50
Loose gravel 80 Loose sand 30

2 AollAs A 2 Ak d Al =S HEHAIA Newmark
=

e st

o] SUSHA AL G TS 29 FHpaA] FHIC
], TR Fig. 10 & Table 63} Z+0] Seed and Idriss (1970) % Kramer
(1996)°] 47Hel 2242 A52) A AL 4 3Hget 24,251, A
AEYAT, Ko =0.55 28331} o] 7|4 K= A|5te] Frof whet Aot
i3 Apgkoln, 0'nd Bt A8 IRl
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Table 7. A result of shaking (EQ2) response depending on the Gmax
function of shell

amax T D
Shell material K | (crest) " ky
(s) (cm)
(g)
Dense gravel 180 | 0.500 | 0.11 | 0.180 29
Medium dense gravel | 130 | 0.502 | 0.11 | 0.180 3.8
Loose gravel 80 0.539 | 0.15 | 0.180 4.7
Dense sand 70 0.494 0.15 | 0.180 45
Medium dense sand 50 0.603 0.19 | 0.180 5.7
Loose sand 30 0.539 0.15 | 0.180 7.4
3 ARS (EQ2)
—_— ARSI

- mecium dense gravel
— — - medium dense gravel
-« = joose gravel
—— dense sand

Sa(g

------- mediom dense sand
= = joose sand

0 0z o4 06 0.8 7
Period (sec)

Fig. 11. Sensitivity analysis with the variation of Gmax function of
shell
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Fig. 12. A result of Newmark deformation analysis depending on
the Gmax function of shell material
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