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4. YVibration Test and Circular Arc Analysis for Full-scale Models of Levee

Hajime TSUCHIDA*
Setsuo NODA**
Eiichi KURATA®*

Synopsis

A series of the investigations have heen conducted for the earthqualke-proof design of soil embankments
which are actually levees. In this paper, the experimental results with full-scale meodels were compared
to the stability analysis with the circular arc method.

Generally speaking the similarity is hardly satisfied between prototype soil structures and small scale
models.  Alse when the experiments are conducted in the field with the prototype structure, it can not be
tested for destruction. The experiments reported herein were carried out with [ullscale models under large
magnitude of excitation and it is believed that the experiment reproduced very aculately the behaviour of
the proto structure under strong earthquake condition.

From the experiments many useful data for the earthquake-proof design of the siructures were obtained.
The collapse along the sliding surface may occur in the sandy embankment which contains a little cohesive
material. The settlement, crack and partial destruction at the top of the model embankments occured and
practically these correspond to failure in the prototype structures.

The circular arc analysis in which the seismic coelficients are distribuled in heiglit seems rational because
the response of the embankment can not he ignored in the frequency range of earthquakes.

Furthermore the vibration table of new type used in this experiment is described in the appendix.

* Chief, Earthquake Resistant Structure Laboratory, Structures Division
##  Members, Earthquake Resistant Structure Laboratory, Structures Division
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(%) (kg/em?) e (kg/em2) | (kgfem?)

0.2 0.784 (.483 0.283

0.5 0.725 1.191 0.691

5.5 0.5 0.714 1.257 0.757

1.0 0.784 2.187 1.187

1.0 0.660 2.389 1.389

0.2 0.662 0.617 0.417
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F-E-1 ROAZEESIE L BB o
Test 3 F=10ton, f=9Hz

W& (m) t=0 {sec) 1=0.01 (sec) | t=0.02 (sec) | £=0.03 (sec) | #=0.04 {sec) £=0.05 {sec)
0 0.080 0.073 0.030 —0.018 —(.056 —0.080
0.5 0.144 0.125 0.049 —(.009 ~—(.095 —0.147
1.¢ 0.209 0.203 0.118 0.015 —0.050 —0.151
1.5 0.253 0.229 0.171 0 —0.147 -0.235
2.0 0.374 0.319 0.177 0.027 —0.149 —0.326
(2.5) 0.352 0.267 0.116 0.005 —(.075 —0.297

Test 3 WEHIHE, f=4Hz

# oE (m) =0 (sec) £=0.03 {sec) t=0.06 (sec) £=0.09 (sec) t=0.125 (sec)
0 0.140 0.105 0.025 —(.070 —(.145
0.5 0.153 0.116 0.031 —3.079 —0.153
1.0 0.174 0.116 0.029 —0.076 ~0.174
1.5 0.206 0.129 0.029 ~-(.088 —0.212
2.0 0.217 0.109 —0.014 —{).149 —(.231
(2.8) 0.161 0.070 0.040 —0.060 0. 171

Test 3 wkEiniE, F=5.5MHz

wWoa  (m) =0 (sec) t=0.02 (sec) t=0.04 (sec) t=0.06 (sec) {=0.08 (sec}
0 0.210 0.185 0.065 —{.065 —(.200
0.5 0.244 0.244 0.122 —0.073 —(.226
1.0 0.308 0.366 0.192 —0.041 —(.215
1.5 0.35% 0.435 0.359 0.071 —0.259
2.0 0.435 0.516 0.407 0.041 —{.340
(2.5) 0.382 0.473 0.312 0.060 —0.282

7L, HE 2.56m ToMREE T AV LR T WY,

FE-2 AR R L RS
Test 4 F=10ton, f=9Hz

o {m) t=0 (sec) $=20.01 (sec) | £=0.02 (sec) | #=0.03 (sec) | £=0.04 (sec) £=0.05 {sec)
0 0.047 0.038 0.025 0.006 —0.026 —0.044
0.5 0.082 0.078 0.060 0.034 0.011 —0.060
1.0 0.101 0.126 0.101 0.040 -(.010 —0.060
i.5 0.160 0.193 0.190 0.131 ¢.036 -0.107
2.0 0.144 0.248 0.268 0.176 (3.033 —0.150
(2.5) (.190 0.307 0.340 0.209 0.020 —0.137
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Test 4 Pk, F=4Hz
WO (m) =0 (sec) $=0.03 (sec) t=0.06 (sec} {=0.09 (scc) $=0.125 {sec)
0 0.106 0.072 0.013 —0.069 0.011
0.5 0.105 0.064 0.009 —0.057 —{.103
1.0 0.101 0.058 0.008 —0.053 0.101
1.5 0.134 (.089 0.027 —0.063 —{.125
2.0 0.137 0.059 0.020 —0.059 —0.157
(2.5) 0.118 0.079 0.020 —0.079 —{0.118
Test 4 TR, f=6Hz
woox (m) =0 (sec) £=0.02 (sec) £=0.04 {sec) £=20.06 (sec) {=20.08 (sec)
0 0.232 0.194 0.041 —0.138 —0.232
0.5 0.252 0.247 0.133 —0.073 -(.252
1.0 0.246 0.317 0.211 0 —0.246
1.5 0.321 0.419 0.383 0.107 —0.232
2.0 .255 {.451 0.451 0.216 —0.176
(2.5) 0.177 0.569 0.726 0.588 0.177
KL, WE 26m CoOMRREEINDUI STy,
F-E-3 (NSRS U TS
Test 7 F=10ton, f=9.85Hz
WX (m) =0 (ton) | £==0.01 (sec) | £=0.02 {sec) | {=0.03 (sec) | ¢=0.04 (sec) $=20.05 (sec)
0 0.068 0.049 0.012 —-0.015 —0.055 —-0.071
0.5 0.092 0.100 0.063 0.012 -().052 «(.100
1.0 (.103 0.160¢ 0.132 .083 0.017 —0.069
1.5 (.052 0.259 0.272 0.212 0.104 —0.078
2.0 0.074 0.340 0.447 0.420 (. 287 0.021
(2.5) 0.125 0.453 0.558 {0.460 (G.256 0.046
Test 7 kiR, f=4Hz
Wox (m) =0 (sec) $=0.03 (sec) | £=0.06 {sec) £=0.09 (sec) t=0.125 (scc)
0 0.065 ¢.037 0.009 —(.037 —0.074
0.5 0.060 (.026 4} —0.052 —0.069
1.0 0.069 {.060 0 —0.026 —~0.061
1.5 0.062 0.039 0.008 —(.047 —0.054
2.0 0.072 0.064 0.032 —0.008 —0.064
(2.5) 0.099 0.079 0.039 —0.020 -0.099
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Test 7 WhEiE, f=6.94Hz

mos (m) t=0 (sec) £=0.02 (sec) t=0.04 (sec) £=0.06 (sec) £=0.08 (sec)
G 0.322 0.175 —0.055 ~(.239 —{3.322
0.5 (.301 0.275 0.052 —0.241 —{}.344
1.0 0.258 0.353 0.172 —0.181 ~-(.336
1.5 0.155 (.435 0.427 0.093 —0.296
2.0 —0.263 0.534 (.670 (.526 0.051
(2.5) —1.063 —{.473 0.630 {.906 1.073

BEL, 3% 2.5m TORBIREETHLAVBhTWIWY,

#=-E-4 Rrifie e L BEA T
Test 10 F=10ton, f=9.5Hz

WX (m) £=0 {sec) | £=0.01 {sec) | £=0.02 (sec) | 1=0.03 (sec) | £=0.04 (sec) t=0.05 (sec)

0 .074 (0.043 0.014 —{(.023 —0.070 —0.074
0.5 0.079 0.072 0.056 ¢ -0.053 - (3.079
1.0 0.046 0.071 0.095 0.071 —0.027 —0.071
1.5 0.025 0.074 0.152 0.133 0.0562 -(.046
2.0 —0.021 0.038 0.156 0.220 {.103 0.038
2.5 —0.048 0.011 0.151 0.403 0.347 0.179
3.0 —0.0416 —0.136 0.032 0.592 0.776 0.312
{3.5) —0.0628 —0.397 «~(3.066 0.331 0.727 0.529

Test 10 FhigKER, f=4Hz

wmox {m) =0 (sec) t=0.03 (sec) $=0.06 (sec) £=0.09 (sec) 1=0.125 {gec)

0 0.099 0.080 (.062 —0.003 —0.099
0.5 0.166 0.114 0.066 --(0.013 —0.111
1.0 0.087 0.097 0.051 —0.029 —0.100
1.5 0.103 0.122 0.057 —0.022 -(.106
2.0 0.100 0.156 0.038 —0.021 —{0.100
2.5 0.123 0.190 (.092 ~0.011 —0.126
3.0 0.144 0.320 0.152 —0.016 —(3.200
(3.5) 0.152 0.251 0.152 0.007 —0.152

Test 10 [hiHIER, f=6.67II

o

woOoX (m) f==0 (sec) t=0.02 (sec) t=0.04 (sec) t=0.06 (sec) t=0.08 (sec)

0 0.183 ¢.092 -(.029 —(.133 —0.159
0.5 0.254 0.180 —{.008 -(.116 —0.254
1.0 0.228 0.228 0.044 —0.104 —(.258
1.5 0.250 0.340 0.128 —0.044 —0.275
2.0 0.153 0.417 0.241 0.035 -~0.170
2.5 0.017 0.358 0.462 0.238 —0.092
3.0 —0.296 0.200 (.920 0.744 0.264
(3.5} —1.005 —0.596 —1.178 —{.066 0.331
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