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Numerical Analysis and Model Testing on a Method for Evaluation
of Coastal Parapet Levees’ Seismic Coefficients for Level-1 Earthquakes

Eiji KOHAMA*
Hirofumi FUKAWA**

Synopsis

This study aimed to develop the evaluation method of coastal parapet levees’ seismic coefficients
for level-1 earthquakes. In order to examine the applicability of frame analysis and acceleration
response spectrum to the seismic coefficient evaluation, the numerical analysis and the model testing
were conducted.

It was recognized that there is a difference between natural frequencies derived with the frame
analysis and response analysis. The difference is increased with large acceleration seismic motions
because of nonlinear stress-strain relation of ground. Decrease trend in natural frequency of parapet
levees was represented since the natural frequency derived with the frame analysis was reduced with
regard to stiffness reduction of ground with large seismic motions. It is realized that difference in
equations of subgrade reaction coefficient in the frame analysis does scarcely affect calculation of
natural frequency of parapet levees.

It is clarified that maximum acceleration of a parapet wall is estimated with response acceleration
spectrum of high damping ratio at ground surface and barely influenced by natural frequency. The
estimation of the maximum acceleration has more errors in case of large seismic ground motion as
rotation of a parapet wall increases then. In cases excluding the seismic motions corresponding to
level-2 earthquake, it is confirmed that maximum response acceleration of a parapet levee is estimated
by natural frequency by the frame analysis and response spectrum with high accuracy. Examination
with the numerical analysis and the model tests derived that the estimation method can be applied for
seismic coefficient of coastal parapet levees for level-1 earthquake motions.

Key Words: Coastal parapet levees, model testing, numerical analysis, seismic coefficients, natural
frequency
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(a) TYPE-1
S L (i RN B & A R B 4K
N HX plnys-3 [Ga|] [HZ]
AN T3 [Gal]
Ground-1 Ground-2 Ground-3 Ground-1 Ground-2 Ground-3
VASEL3 210 216 207 204 3.20 4.03 6.13
KARTE R 275 268 274 287 2.96 4.49 6.04
EERN3 817 534 482 509 2.04 311 3.14
Dipii 418 401 333 402 2.38 3.72 4.33
Strikei 542 430 347 359 2.59 2.69 4.30
JRIE 750 634 460 447 2.23 2.56 2.72
Subductionif 174 245 215 210 311 4.99 6.35
B IR 56 91 105 78 3.62 5.00 6.74
FH I 23 51 45 42 3.70 521 6.69
(b)  TYPE-2
I BV 8 i RN 3R i A7 $R B £
B [Gal] [Hz]
AT [Gall
Ground-1 Ground-2 Ground-3 Ground-1 Ground-2 Ground-3
VAN 210 248 221 221 3.20 4.03 5.80
RAAPE P 275 260 298 298 2.93 4.46 5.31
I 817 642 703 703 1.98 3.11 3.11
Dipli 418 477 445 445 2.38 3.72 3.30
Strikei 542 524 490 490 2.56 2.69 3.54
JRi 750 819 882 882 2.23 2.58 3.16
Subductionii 174 282 232 232 3.10 4.32 5.54
BRI 56 9 111 111 3.58 4.98 6.23
ES803 23 47 47 47 3.67 5.17 6.37
(¢) TYPE-3
I B A 8 e RN 5 [ A 41 B 4K
; Fi KN i FE [Gall [HZ]
AT [Gal]
Ground-1 Ground-2 Ground-3 Ground-1 Ground-2 Ground-3
VASEL3 210 223 224 192 3.20 5.16 6.44
KA 275 323 258 332 2.96 4.46 5.95
[iDRY 817 524 567 611 214 1.74 2.26
Dipl 418 458 337 477 171 2.96 3.78
Strike 542 393 364 429 1.83 3.33 3.48
JRIE 750 410 447 397 1.43 1.43 2.84
Subductionif 174 271 219 212 281 5.16 7.92
WA 56 100 86 70 5.02 7.64 8.83
AR 23 45 45 40 5.46 8.16 8.62
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AN SEE] - RN AL

R-A.3 AR (AR ] A SR 0 A1) A BT

%’ﬁﬁﬁéﬂ ﬁ%ﬁ%ﬁ%ﬁé BAREE R | HREDO0 #’fﬁ% ﬂi‘%fﬂliﬁﬁ%l;m‘ﬁé
ok HA G o' G (A s o Go

[kN/m’] [kN/m’] m [kN/m’] [kN/m’]

Ground-1 89.8 25920 | Y=+1.0~+05 45 716 23,147

TYPE-1 Ground-2 89.8 58320 | Y=+0.5~+0.0 35 618 48382
Ground-3 72.9 79380 | Y=£0.0~05 35 618 73,089

Ground-1 89.8 25920 Y=-2.5~-3.0 7.0 9.1 26819

TYPE-2 Ground-2 89.8 58,320 Y=-1.0~15 55 814 55,533
Ground-3 72.9 79,380 Y=-0.5~1.0 5.0 765 81326

Ground-1 89.8 25920 | Y=+4.0~+35 05 8.8 8,127

TYPE-3 Ground-2 89.8 58320 | Y=+4.0~+35 05 8.8 18,287
Ground-3 72.9 79380 | Y=+4.0~+35 05 8.8 27625

=-A 4 B R AR [ R BRI 31T S AUWTRIME RS L OV A MTRIPEAR T 3

(a) TYPE-1
Ground-1 Ground-2 Ground-3
[Y=+1.0~+0.5] [Y=+0.5~+0.0] [Y=0.0~-0.5]
ATy Go G GolG' Go G’ GolG' s G’ GolG'
[kN/m?] | [KN/m?] [kN/m?] | [kN/m] [kN/m?] | [kN/m?]
I\ 10,730 | 0.464 23043 | 0476 36,867 | 0.504
AR 9,760 0.422 22826 | 0472 34310 | 0.469
[LRD:3 3461 0.150 9,781 0.202 19,332 0.264
Dipi 5157 0.223 12,321 0.255 20660 | 0.283
Strike 23,147 5171 0223 | 48382 | 13673 | 0283 | 73089 | 22852 | 0313
JRIEE 2912 0.126 7511 0.155 17403 | 0.238
Subductionit 8,245 0.356 22860 | 0472 35678 | 0.488
IR 15340 | 0.663 33926 0.701 29420 | 0676
S 16785 | 0.725 36,792 0.760 52504 | 0.720
(b)  TYPE-2
Ground-1 Ground-2 Ground-3
[Y=-2.5~-3.0] [Y=-1.0~-15] [Y=-0.5~-10]
AT Go G Gu/G' Go G’ GolG' Go G’ GolG'
[kN/m?] | [KN/m’] [kN/m?] | [KN/m’] [kN/m] | [KN/m’]
I\ 10290 | 0.445 22423 | 0463 36055 | 0.493
KA 11,566 0.500 23956 | 0.495 34717 | 0475
I 2,777 0.120 7,146 0.148 8,546 0.117
Dipi 3,748 0.162 9423 0.195 11412 | 0156
Strike 26,819 3,997 0173 55533 | 11441 0236 | 81,326 | 1393 | 0.191
IR 2333 0.101 4,304 0.089 5138 0.070
Subductioni 7,042 0.304 21,764 | 0450 31,251 | 0428
IR 18,401 0.795 37,110 | 0.767 55207 | 0.755
I 19,791 0.855 39,922 0.825 61,174 | 0.837
(¢) TYPE-3
Ground-1 Ground-2 Ground-3
[Y=+4.0~+3.5] [Y=+4.0~+3.5] [Y=+4.0~+3.5]
AJIE: & G GolG' & G’ GolG' e G’ GolG'
[kN/m?] | [kN/m’] [kN/m?] | [kN/m’) [kN/m’] | [kN/m’]
YN 2,844 0123 6,389 0.132 9933 0.136
KARTEBE 2,465 0.106 5,801 0.122 8,891 0.122
iURD; 1,495 0.065 3694 0.076 5,055 0.069
Dipii 1,821 0.079 4661 0.096 5783 0.079
Strike i 8,127 1,859 0.080 18287 | 4533 0094 | 27,625 6,268 0.086
JRIE 1,298 0.056 3155 0.065 4573 0.063
Subductionit 2,694 0.116 7,468 0.154 9811 0.134
IR 3,792 0.164 9,029 0.187 13604 | 0.186
A 4,109 0.178 9618 0.199 14440 | 0.198
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Maximum acc. (Response spectrum) (Gal)
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