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An Experimental Study on Earthquake Resistance of Small Earth Dam

- Estimation of Earthquake-Resistant Performance of Embankments
with Sloping Core Zone and Geosynthetic Clay Liner -
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Abstract

In this study, full-scale shaking table tests for embankments were carried out in order to estimate the earthquake
resistance of small earth dams with geosynthetic clay liner for a short supply of clay material which requires
sloping core zones at many sites. In the experiment, two types of embankments of 3 m of height were
constructed in large soil containers respectively. The dynamic behaviors of embankments were observed
by two sinusoidal waves equivalent to Levell (177 Gal) and Level2 (471 Gal) earthquake in experimental
condition respectively. After Level2-shaking, several longitudinal cracks were occurred at the crest of the
embankment with geosynthetic clay liner. However, it was confirmed that embankment with geosynthetic
clay liner had been keeping its function after shaking because of no water leakage to the downstream side.

Key words: Small Earth Dam, Full-Scale Shaking Table Test, Geosynthetic Clay Liner, Seismic Behavior, Residual
Deformation
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Photo 1 Slope failure at the upstream embankment
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Photo 2 Longitudinal cracks on the crest of Kotoribami
dam.
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Photo 3 Longitudinal cracks on the crest of Tsuru dam.
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Table 1 Specifications of shake table.
B B Tt &
BAKEHES 12MN (1,200 tonf)
BHmE 20m X 15m
E#jA=R TH1LL—FEE B BERE
R AM FKIFE(XY) #E@)
=R NERE
900cm/s? L1k 1500em/s? BLE
(RAHEEEE)
BREE 200 cm/s 70 cm/s
BRER +100 cm +50 cm
KEEEY FAEEEY
HEE—AUF
150MN=m Ll E 40MN-m LE
L TRARZFT DI LN, AW kg

=fiolz.
RHIBROIHFAIH 2D, FE ST TIHLR S
AR O3+ = R E i R RS (E -
T4 T A) R Wik, RESEFOEREE L
AN, S AEERETE 1,200 t, S AETE HENS O
B MR E 1A Y 900 em/s?, #TE 1,500 em/s?, B
B IAT £100 cm, FHTE £50cm TH O, Z& 3
m &2%f 29 P RO DIELA QRS O R RS
HAE SLT AT R EE LTS,
FRORICHLTUL, YR27TFREY I, XM
AR —hOMH2 -3 PEEBEB IO EHEAY Ser
FHEL, TR2TF 6 KD, %%%ﬁ@%i%%ﬁ
Liz. Z0%, EKEERIIXZIRTSOFSTEZE
B L, B8R, TE-F4 72 R%
JEH LW EHEERE A (293 Z8 R)1Icq
B, o2 F Tz, f—’ét”i\?"f@*”%'@@?%ﬁ (A
DD, HF 2L, WIS 2ESON=YD
FRIEICR OB Moz, TR 28 F 2 FITiE, #ASA
ARG OB 2L, M 02 ITHT
L LEOE TN oz, £, 5E 61TA AT,
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AAH, AT R 2HBL, 2F- A TEDO2 £
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%410 %

2017 § 2

Photo 5 Full scale 3-dimensional shake table.
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Photo 6 Construction of a soil container.

FE TSR
Photo 7 Installation of soil containers on the shake table.
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Fig. 2 Detail drawings of soil containers.
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Photo 8 Mixing sand with core material.
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Fig. 4 Grain size distribution of embankment materials.
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Fig. 5 Compaction curves for embankment materials.
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Table 2 Permeability test results.
. ; FAAREL
Mkt fEAE (m/s)
At D (AR 2mm) 6.80 x 107
HAe e WoRAG T (BNRES) 3.06 x 10 -
(R4 T D KKLFE 2mm) '
HaxtoZ (KK 19mm) 9.42 %10
HAe e WoRAG T (BENREES) 239 x 10 -5
(F 4 £ O KRR 19mm) '

#3

= da [ S S (CUB) jig . 17

Table 3 Triaxial compression test results.
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Fig. 6 Results of liquefaction resistance test.
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Table 4 Specifications of GCL.
ET ik
=T Kz
5l 5 &
kN/m 132 16.7 J1S L 1908 M'LL
R e MBS 5cmx25cm
wf/,“" 115 91.1
iy JIS L 109 Efl
SRS 192 203 YT Tk
N R
1< R S
N 918 638
S JIS L 1908 #n
mm 8.29 HIEME 2kPa
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Fig. 9 Schematic of test banking.
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Table 5 Water contents in test banking.
M ER 7 v F DB a7 I
fig T 051k Ny Rp—F— FL—Fk Ny Fr—F—
[ EREIE S 0 4 6 8 10 6 8 6 8
RI FH25(C _ _
T % % 12.4 12.0 12.3 11.2 114 114 10.9
i B B
T % 5% 11.8 12.1 12.0 11.6 10.7 15.0 15.4
B E% Wop=12.6 Wop=15.7
HE o [ o] o] o] o] o] o O | O
#6 %&%P‘: 2BV B alEe A
Table 6 Soil densities in test banking.
(ZEas RN 27+
fi 051k Ny Rp—7— ZL—F Ny Rr—7—
LRECIE 0 4 6 8 10 6 8 6 8
RI EH25(2 _ _
T %% 84.5 94.1 96.7 97.2 97.0 94.0 94.9
7 B B
T %% 83.3 94.0 98.7 99.5 101.4 102.1 102.5
BRI % >90
HliE x [ o] o] o] o] o] o] o] o
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Photo 9 Compaction using a vibrating roller. Photo 10 Compaction using a plate compactor.
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Fig. 10 Relations between compaction number and
degree of compaction.
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Fig. 12 Test results of PANDA.
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Photo 12 Spreading embankment materials.
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Photo 13 Compaction using a vibrating roller.
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Table 7 Degrees of compaction and water contents for each layer (in the case of sloping core zone).

HESR

M FHE T E 07.5;% =] EiRFE| 1EB | 2/88 |3fBE | 4B |5/88 |6/8B | 7/2E |8/EB | 9/8E (10/BE |11EE|12/EB [13/BB |14BE|15/ER
JEE - 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
DIEFH () | - 981 | 9591003 | 953 | 980 | 964 | 944| 934 | 954| 97.2| 953 | 962 950| 994 974
RIEHE: | DERAM | - 99.2 | 976 1038 | 983 [ 101.3 | 1000 | 960 | 945| 958 | 989 | 96.1| 968 965 1003 | 993
SUBLH Lo DIES/AN %) | - 961 | 942 968 | 924 937 931 | 929 | 922 | 947| 958 | 948| 958 941| 979 963
(6@7) EIKEE (%) - 13.0 12.8 12.2 13.3 12.1 11.9 12.7 12.6 13.0 12.3 12.8 13.8 13.3 12.3 12.2
DA (%) 98.1 | 100.4 99.9 | 100.0 | 101.5 | 100.8 98.1 99.5 99.1 | 100.8 | 100.1 97.7 | 100.9 99.8 98.3 98.5
pmms |2 [ 16| 125] 135] 24 3] 121 ] 120] 126 tief vief vaa[ vis[ 113 6] t12] 124
- i D (%) - - |1000] - - 984 | - - 985 | - - |01 - - - -
EIKEE (%) - - 153 | - - 159 | - - 155 - - 155 | - - - -
8 SEIZBUIzMmE D AR —R )
Table 8 Degrees of compaction and water contents for each layer (in the case of GCL).
e | mEemE | T B |%mE|1EE |25 |9EE |4EE |SES |oEE | 7EE S |9E 1088 |11EE|12/8E 1588 |14 E | 15Ea
bk - 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
DIEF# (%) - 98.1 95.9 | 100.3 95.3 98.0 96.4 944 934 954 97.2 95.3 96.2 95.0 99.4 97.4
REHE | DESAM | - 99.2 | 97.6] 1038 | 98.3] 101.3 | 1000 | 960 945| 958 989 | 96.1| 96.8| 965] 1003 | 993
SUSLH L o DIEEMN™%) | - 961 | 942 968 | 92.4| 937 93.1| 929 922| 947| 958 | 948| 958 | 941| 979 963
(e|§7|> EKEE (%) - 130 | 128 122 133 121 119| 127 126] 130 123| 12.8] 138 133| 123 122
D (%) 98.1 | 1004 | 99.9 | 1000 | 101.5 | 1008 | 98.1 | 995 | 99.1 | 1008 [ 100.1 | 97.7 [ 1009 | 998 | 983 985
w2k [ 1] 125] 1351 124 131] 121] 120] 126 t1of vief w21 nis[ 113 16 112] 124
— s DfEE (%) - - 1000 | - - 984 | - - 985 | - - 1001 [ - - - -
BIKE (%) - - 153 - - 159 | - - 155 | - - 155 | - - - -
300 I RS |
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Fig. 13 Distributions of degree of compaction and

water content.
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Fig. 23 Changes of displacement of embankments during filling water (GCL).
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Fig. 27 Base acceleration time histories.
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Fig. 28 Base displacement and acceleration time histories (150 Gal).
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Photo 18 State of the embankment crest in the case of GCL.
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Photo 26 Distribution of cracks on the GCL embankment Photo 27 Confirmation of the lime filled into the cracks
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Photo 30 Confirmation of the lime filled into the cracks in Photo 31 Confirmation of the lime filled into the cracks
the south north side of the GCL embankment crest. along the GCL on the bench-cut surface.
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