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Abstract

Recent years, Geosynthetic Clay Liners (GCLs) have been used to repair deteriorated small earth dams as
impermeable materials. In a past study, the seismic performance of the embankment, in which a continuous GCL
was installed in a stairs shape was verified. When retrofitting a embankment with GCL, GCL panel overlap can
be introduced. In addition to a stairs shape, GCLs are used in a straight shape. However, the effects of GCL panel
overlap and difference of installation methods on the seismic performance of the embankments remain unclear. In
this study, full-scale shaking table tests were performed for 3 m embankment models with GCLs installed in a stairs
shape and a straight shape, which were compared with the embankment with a continuous GCL in the past study.
As a result, it was indicated that no change in GCL overlap length occurred due to shear displacement associated
with Level2 shaking. Moreover, comparing the damage survey of embankments, it was revealed that the seismic
performance of the straight shape is lower than that of the stairs shape.

Key words: Small earth dam, Full-scale shaking table test, Geosynthetic clay liner, Seismic performance,
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Table 1 Physical properties of the random materials.
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Fig. 5 Non-linear stiffness and damping ratio.
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FANE T8
Model-B 3 & Tf Model-C T® 170 gal, 440 gal, 530 gal P3RS @, Rl fE, WHAREFBIOL —H -4
SHOBYET —F AT, 2B, Model-A O5E 3T DWNWTIE, SHER FH R frd =483 410 5 25 R X

N7z, .
> Al KT — 5 -
Table A1 Lists of time history data.

FEiRe W% JE 7 — &

X A1 @@A@ﬁﬁﬁiwmﬁﬁ(n%am%%)

X A2 Model-B \Z331F 5 AR (-10em) O A0 IR (170gal IR RE)

X A3 MM%BK%H@6%mméT@MEEW%(U%Mm%ﬁ)

X A4 Model-B {281 % 120cm & & TONEE LS (170gal IR F)

X A5 Model-B 123 1) 5 H A HEE CONMEEEE (170gal JIHERF)

X A6 Model-B 1281} % 180cm & & TONBEILZE (170gal MHEEE)

X A7 Model-B {28 1T % 240cm /& & TONEEIGE  (170gal IR F)

X A8 Model-B {23 1) 5 K T O EISE  (170gal IE )

X A9 Model-C (2351 % HAEPN (-10cm) DO MEEERZ (170gal HIEEE)

X A10 Model-C {281 % 60cm & & TONMBEGZE (170gal MIHREEE)

X A1l Model-C {281 % 120cm /& & TONEEIGE  (170gal IR F)

X A12 Model-C {231} % 180cm & & TONEE LS (170gal K R)

X A13 Model-C {281} % 240cm & S TO B ILZE (170gal MHREEE)

X A14 Model-C IZ3 1) 5 K TOMEEIEE  (170gal K F)

X A15 Model-B (2331 2 PN (-10cm) O RIFBR/KIEIGE (170gal ANHERE)
Al6 Model-B {281} % 60cm & & TOMIBRAKJEIGZ (170gal MR EE)

X A17 Model-B IZ35 (1} % 120cm & & TOMBAKEISZ (170gal IR

X A18 Model-B 1231 % 180cm /i & TOMEAKEISZE (170gal MIEKF)

X A19 Model-B {23 1F % 240cm 5 & TOBBAEIGZ (170gal HI3EFE)

X A20 decmﬁﬁéﬁ%m(1mm)®%wmfm%(W%am%ﬁ)
X A21 Model-C } H56mmméfmﬁwmfmﬁ(n%mm%ﬁ)

X A22 MM%C@# ANZFIT D 120cm 5 S TORIBFKIERZE (170gal AIHERF)
X A23 Model-C D7 — A ZE 1) 5 180cm & & COMBKERZE  (170gal MEEF)
X A24 Model-C D %7 — A28} % 240cm & S TORBRKERZ (170gal JIHERF)
X A25 MM&B@#%XK%H%X%@%@EE(H%ﬂm%ﬁ)

1 A26 Model-B O 7 — 2|28 F 5 EFidhi O KT - $hiE 2L (170gal NAERF)
X A27 Model-B O 7 — A28 1T 5 Fiisti oK FEZEN (170gal MIREF)

X A28 Model-B O 47— A28 F 5 Tliistm OB 2L (170gal MK RE)

] A29 Model-C D7 — A 2B D KigDEE N (170gal IR )

[ A30 Model-C @ 47— Z 281 % EiialmE O KT « $hiE2E6r (170gal MR RF)
4 A31 Model-C @ 4 — xmkﬁé?m%ﬁ@*Iﬁu(n%ummﬁ)

X A32 Model-C % — ZIZ3F 5 FiiRHm O a2z (170gal M1 EE)

X A33 @A@Wuk;UW@F<M%mm%%)

A34 Model-B (Z351F 2 BN (-10cm) O INE IR (440gal NIHRRF)

X A35 MM%BK%H66%mméT®MEVEA(M%MM%%)

X A36 Model-B (Z31F 5 120cm & & TOMLEFEJSE (440gal INERE)

X A37 Model-B 12331} 5 HAH HOEH COMEESZE (440gal INHERF)

X A38 Model-B {Z331F % 180cm & & TOMEEISE  (440gal MR HE)

X A39 Model-B (Z2351F 5 240cm 5 & TOMLEFEJSZE (440gal IMERE)

X A40 Model-B 123 1) 5 K TONEEISE  (440gal INEKF)

X A41 Model-C 12383 1F B AN (-10em) DOINEEEISE (440gal AR IF)

X A42 Model-C IZ3 1) % 60cm /& & TOMBMERE (440gal HNRE )

X A43 Model-C {Z331F % 120cm & & TOMEEISE  (440gal MR HE)

X Ad44 Model-C {Z331F % 180cm & & TOMEEISE  (440gal MR HE)

X A45 Model-C {2331 % 240cm & & TOMEEISE  (440gal MR HE)

X A46 Model-C 123 1) 5 K TOMEEISE  (440gal MK KF)

X A47 Model-B (2331 2 ZEE N (-10cm) D RIFRKIEIGE  (440gal ANHERF)
X A48 Model-B {Z331F % 60cm & & TOMBRKITEISE (440gal HNREHE)

X A49 Model-B {23 1F % 120cm 5 & TOBBAEIGE (440gal HIHRE)
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Table A2 Lists of time history data.

M FEZE T Wi ) i — &

X A50 Model-B IZ35 1) % 180cm /& & TOMBRAKEIGZ (170gal K RE)

X A51 Model-B 1235} % 240cm 7 & TO MK EIGE (170gal IR F)

X A52 Model-C {2351 5 N (-10cm) O RIFKEIGRZ (170gal MIHERE)

X A53 Model-C 1235 1F % 60cm & & TOMBRAKEIGZE (170gal MHEE)

X A54 Model-C D7 — AZE 1T 5 120cm & = TOMBKERZE  (170gal IR )
X A55 Model-C O %7 — A 28115 180cm & & TOMBKEILS (170gal MNERR)
X A56 Model-C D4 — ZIZH1F % 240cm & S TOMBUKEGZE  (170gal ANHRK)
X A57 Model-B O 47 — A28 1F 5 Rim DO iE 247 (170gal INHERE)

X A58 Model-B O 7 — 2 2B T 5 Eiighm oK - $hE AL (170gal INERE)
X A59 Model-B @ %7 — ZIZE1F 5 F A O KEZENL (170gal IR RE)

< A60 Model-B @7 — Z|231F % Fili&lm O 26r (170gal MHER)

X A61 Model-C D47 — A28 D KGO EZEAL (170gal MHERE)

X A62 Model-C D47 — 2 2B 5 Eiighm oK - $hE &AL (170gal IERE)
X A63 Model-C @D %7 — Z 21T 5 F A O KEZENL (170gal MR RE)

4 A64 Model-C O 47— Z|231F % Filighm O 26 (170gal MHER)

X A65 EIA OB X OMEE (530gal IIHERE)

X A66 Model-B (2351 % HAEN (-10em) OIS (530gal R )

X A67 Model-B {23515 5 60cm 5 & TOMGEEEIGE (530gal ANHERF)

X A68 Model-B {23515 5 120cm & & TOMEEIGE (530gal MR

X A69 Model-B 12351 D EHAH O TCOMMEEISZE (530gal MIRERE)

X A70 Model-B IZ35 () % 180cm /& & TO ML ILZ (530gal MR HF)

X A71 Model-B {23515 5 240cm 5 & TONNEEIGE (530gal MERF)

X A72 Model-B {2351 5 Kt T ONEFEIGRE (530gal MNER)

X A73 Model-C (2351 2 HAEN (-10em) DI EE IS (530gal R )

X A74 Model-C {2315 5 60cm 5 & TONLEEIGE (530gal MIERF)

X A75 Model-C {2315 5 120cm 5 & TOMEEIGE (530gal MR

X A76 Model-C {23515 5 180cm H & TOMNEEIGE (530gal NERF)

X A77 Model-C {23515 5 240cm 5 & TONGEEE IS (530gal AHERF)

X A78 Model-C {23515 5 Kt T ONEFERRE (530gal MR R)

X A79 Model-B {2351 5 HMEN  (-10cm) O RIBRKEIGRZ (530gal MIHERE)

X A80 Model-B IZ351F % 60cm & & TORBRAEIGZE (530gal MHERE)

X A81 Model-B (235 1F % 120cm & & TORBRAEIGZ (530gal MI4ERE)

X A82 Model-B (235 1F % 180cm & & TOMIBRAIEIGZ (530gal MI4ERE)

X A83 Model-B (235 1F % 240cm & & TOMBRAIEIGZ (530gal MI4ERE)

X A84 Model-C {23551 % N (-10cm) O RIBRKEIGRZ (530gal MIHERE)

X A85 Model-C IZ31F % 60cm & & TORBRAKEIRZE (530gal MHERE)

X A86 Model-C D% — ZIZF1F 5 120cm & & TOMBRKEIGZE (530gal ANHRKE)
X A87 Model-C D% — ZIZ31F % 180cm & & TOMBRKEIRZ (530gal MNHRKE)
X A88 Model-C D% — ZIZF1F 5 240cm /& & TOMBRKEIRZE (530gal ANHRKE)
X A89 Model-B D7 — A2 T 5 KGO TE N (530gal MERF)

X A90 Model-B O 7 — 228 F 5 Eiifhm oK - e (530gal IN4ERF)
X A91 Model-B @ %7 — Z 28T 2 T A O KEZENL (530gal MR RE)

X A92 Model-B @ %7 — R 28T 2 FHiAm O a2 AL (530gal MR RE)

X A93 Model-C D7 — AZEB T D KGO TE N (530gal MEREF)

X A94 Model-C O — 228 5 Ejiifhm O KT - SN (530gal INHERF)
X A95 Model-C @ %7 — Z 28T 2 T A O KEZENL (530gal MR RE)

X A96 Model-C O %7 — R 28T 2 T A O iE 2N (530gal MR RE)
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A 170 gal 3"¥s45 B
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Fig. A1 Base displacement and acceleration time histories (170 gal).
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Fig. A2(1) Acceleration responses of the base in Model-B (170 gal).
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¥ A2(Q2)  Model-B [ZH51F B Ef#H (10 om) OFTE S L F (170 gal JHR%)
Fig. A2(2) Acceleration responses of the base in Model-B (170 gal).

Y A3(1) Model-B 2B} % 60 cm & X TOFEJE A (170 gal FHR%S)
Fig. A3(1) Acceleration responses at 60 cm high in Model-B (170 gal).
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Y A4(1) Model-BIZHBI1F 5 120 cm & S TOEAJ J& & (170 gal 1RS)
Fig. A4(1) Acceleration responses at 120 cm high in Model-B (170 gal).

60 : T T 60 : T T
40 - E 40 - .
20 F E %‘; 20+ E
™
0 W O
R
=20 g 20 F i
40 + N 40 i
-60 1 1 1 -60 1 1 1
5 10 15 20 25 5 10 15 20 25
FFE (sec) BFfE (sec)
60 T T T
40 - E
% 20 F E
o,
=
20+ E
40 + i
-60 L L L
5 10 15 20 25
BFf (sec)
Y A3(2) Model-B 2B 3 60 cm & I TOIMRJE j&F (170 gal FR%)
Fig. A3(2) Acceleration responses at 60 cm high in Model-B (170 gal).
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Y A4(2) Model-BiZ#B1F % 120cm & S TOMEFE o4 (170 gal JHRS)
Fig. A4(2) Acceleration responses at 120 cm high in Model-B (170 gal).
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Fig. AS Acceleration responses at overlapped GCL in Model-B (170 gal).
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Fig. A6(1) Acceleration responses at 180 cm high in Model-B (170 gal).
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Fig. A7(1) Acceleration responses at 240 cm high in Model-B (170 gal)
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Fig. A6(2) Acceleration responses at 180 cm high in Model-B (170 gal).
®:X, Y, ZhMH
A X, ZJ71A)
X @ XF5[H)
60 . . . 60 . . T
AB-31X
40 AB-31Z ] 40 ]
20 . N’\;\ 20 .
™
0 W 0
=
20+ E 20+ E
-40 E -40 | .
-60 L 1 1 -60 1 L L
5 10 15 20 25 5 10 15 20 25
R (sec) M (sec)
60 . . . 60 . . T
0 —AB33 “ E— T
20 . % 20 .
0 %‘ 0
=2
20+ E 20 E
-40 - E -40 .
-60 L 1 1 -60 1 L L
5 10 15 20 25 10 15 20 25
R (sec) B (sec)
Y A7(1) Model-BIZHBIF 5240 cm M 5 i d S TOMNEF o & (170 gal J7RS)



B SR R R AR E 4255 2019 F 1R

60 : : : 60 : : : 1
AB-36X
40 - 1 a0r AB-36Z 1
N‘é’ 20} A N‘\é 20 A
iid jiid
w O w0
B B
20 F 1 20F 1
40 b 1 40 F 1
-60 L L L -60 L L L J
10 15 20 25 5 10 15 20 25
BFfE (sec) BERE (sec)
Y A7(2) Model-B IZH1F5 240 cm TOF R F jou 4 (170 gal FERES)
Fig. A7(2) Acceleration responses at 240 cm high in Model-B (170 gal).
60 : : : 60 : : : 1
—— AB-37X [ AB-38X
40 —— AB-37Y| 1 40 —— AB-38Y] 1
—— AB-37Z —— AB-38Z
20 1 < 20F 1
E E
W0 w0
% %
= 20 . = 20t .
-40 1 40 F 1
-60 1 1 1 -60 1 1 1 J
10 15 20 25 5 10 15 20 25
B (sec) B (sec)
60 T T T
——AB-39X
40 - —— AB-39Y] 1
—— AB-39Z
20+t 4
g
W0
)
=
= 20t .
40 4
-60 1 1 1
5 10 15 20 25

BFRE (sec)

Y A8 Model-B {ZH1F %5 TOMEF & & (170 gal FHRS)
Fig. A8 Acceleration responses at the embankment crests in Model-B (170 gal).



MEE (m/s?)

MERE (m/s?)

MEE (m/s?)

N BRI A AR D — D OFHE GNP A ORI IS Z 2580 & FD

®: X Y, 25N
N X, ZHA

AC41 ACA0 AC-39

60 T T T 60 T T
AC-01X
40 AC-01Z] T a0 T
20} . Ry .
g
5
0 0
b
=
=
20} . 20 f .
40 . 40 .
60 1 1 1 60 1 1
5 10 15 20 25 5 10 15 20 25
B (sec) ¥ (sec)
60 T T T 60 T T
- AC-03X
40 —— AC-03Y] T 40 T
—— AC-03Z “—
20} . 2 a0t .
g
5
0 0
b
=
=
20} . 20 .
40 . 40 .
60 1 1 1 60 1 1
5 10 15 20 25 5 10 15 20 25
B (sec) ¥ (sec)
60 . ; ; 60 . ; ;
AC-05
40t . 40 .
20} . ) .
g
X
0 0
b
=
B
20} . 20 .
40+ . -40 .
60 1 1 1 60 1 1 1
5 10 15 20 25 10 15 20 25
BERE (sec) FEE (sec)

Y A9(1) Model-C {ZH1F é%z@;‘@w (-10 cm) DFTEE S E (170 gal FERS)
Fig. A9(1) Acceleration responses of the base in Model-C (170 gal).



PR (m/s%)

HNIEEE (m/s)

§s SR SR T AR A 425 4

2019 F 14

'Y A10 (1) Model-C [Z31F % 60 cm # X TOE o % (170 gal 71355

Fig. A10(1) Acceleration responses at 60 cm high in Model-C (170 gal).
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Fig. A10(2) Acceleration responses at 60 cm high in Model-C (170 gal).
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Fig. A11(1) Acceleration responses at 120 cm high in Model-C (170 gal).
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Fig. A11(2) Acceleration responses at 120 cm high in Model-C (170 gal).
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Fig. A12(1) Acceleration responses at 180 cm high in Model-C (170 gal).
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Fig. A13(1) Acceleration responses at 240 cm high in Model-C (170 gal).



PR (m/s%)

HNIEE (m/s%)

N BRI A AR D — D OFHE GNP A ORI IS Z 2580 & FD

B (sec)

Y A14  Model-C [TB1F 25 TOME R & & (170 gal FHRS)
Fig. A14 Acceleration responses at the embankment crests in Model-C.
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Fig. A13(2) Acceleration responses at 240 ¢cm high in Model-C (170 gal).
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Fig. A15(1) Pore water pressure responses of the base in Model-B (170 gal).
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Fig. A16(1) Pore water pressure responses at 60 cm high of in Model-B (170 gal).
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Fig. A15(2) Pore water pressure responses of the base in Model-B (170 gal).
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Fig. A16(2) Pore water pressure responses at 60 cm high of in Model-B (170 gal).
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Fig. A17(1) Pore water pressure responses at 120 cm high of in Model-B (170 gal).
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Fig. A18(1) Pore water pressure responses at 180 cm high of in Model-B (170 gal).
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Fig. A17(2) Pore water pressure responses at 120 cm high of in Model-B (170 gal).
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Fig. A19 Pore water pressure responses at 240 cm high of in Model-B (170 gal).
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Fig. A20(1) Pore water pressure responses of the base in Model-C (170 gal).
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Fig. A20(2) Pore water pressure responses of the base in Model-C (170 gal).
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Fig. A21(1) Pore water pressure responses at 60 cm high of in Model-C (170 gal).
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Fig. A21(2) Pore water pressure responses at 60 cm high of in Model-C (170 gal).
O : [IBKIERE
30 ; : : 30 ; ; :
25| 1 55 [ P 1
20 F 1 20 F 1
15 . £ 15t .
10 1 g 10 1
st A X st A
$
0 oo
[ ] w5l ]
5 &S
10 b 1 10 b 1
-15 - g -15 4
220 I I I 220 I I I
5 10 15 20 25 5 10 15 20 25
EERE (sec) BFfE (sec)

Y A22(1) Model-C {23135 120 cm # S TOEWAL &4 (170 gal FERES)
Fig. A22(1) Pore water pressure responses at 120 cm high of in Model-C (170 gal).
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Fig. A22(2) Pore water pressure responses at 120 cm high of in Model-C (170 gal).
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Fig. A23(1) Pore water pressure responses at 180 cm high of in Model-C (170 gal).
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Fig. A23(2) Pore water pressure responses at 180 cm high of in Model-C (170 gal).
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Fig. A24 Pore water pressure responses at 240 cm high of in Model-C (170 gal).
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Fig. A25 Vertical deformations of the embankment crests in Model-B (170 gal).
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Fig. A26 Vertical and horizontal deformations of slope of the upstream side in Model-B (170 gal).
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Fig. A29(1) Vertical deformations of the embankment crests in Model-C (170 gal).
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Fig. A46 Acceleration responses at the embankment crests in Model-C (440 gal).
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Fig. A47(1) Pore water pressure responses of the base in Model-B (440 gal).
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Fig. A48(2) Pore water pressure responses at 60 cm high of in Model-B (440 gal).
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Fig. A49(1) Pore water pressure responses at 120 cm high of in Model-B (440 gal).
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Fig. A49(2) Pore water pressure responses at 120 cm high of in Model-B (440 gal).
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Fig. AS50(1) Pore water pressure responses at 180 cm high of in Model-B (440 gal).
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Fig. A50(2) Pore water pressure responses at 180 cm high of in Model-B (440 gal).
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Fig. A51 Pore water pressure responses at 240 cm high of in Model-B (440 gal).
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Fig. A52(1) Pore water pressure responses of the base in Model-C (440 gal).
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Fig. A53(1) Pore water pressure responses at 60 cm high of in Model-C (440 gal).
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Fig. A52(2) Pore water pressure responses of the base in Model-C (440 gal).
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Fig. A53(2) Pore water pressure responses at 60 cm high of in Model-C (440 gal).
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Fig. A54(1) Pore water pressure responses at 120 cm high of in Model-C (440 gal).
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Fig. A54(2) Pore water pressure responses at 120 cm high of in Model-C (440 gal).
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Fig. A55(1) Pore water pressure responses at 180 cm high of in Model-C (440 gal).
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Fig. A55(2) Pore water pressure responses at 180 cm high of in Model-C (440 gal).
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Fig. A56 Pore water pressure responses at 240 cm high of in Model-C (440 gal).
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Fig. A57 Vertical deformations of the embankment crests in Model-B (440 gal).
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Fig. AS8 Vertical and horizontal deformations of slope of the upstream side in Model-B (440 gal).
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Fig. A60 Vertical deformations of slope of the
downstream side in Model-B.
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Fig. A61(1) Vertical deformations of the embankment crests in Model-C (440 gal).
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Fig. A66(1) Acceleration responses of the base in Model-B (530 gal).
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Fig. A66(2) Acceleration responses of the base in Model-B (530 gal).
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Fig. A67(1) Acceleration responses at 60 cm high in Model-B (530 gal).
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Fig. A67(2) Acceleration responses at 60 cm high in Model-B (530 gal).
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Fig. A68(1) Acceleration responses at 120 cm high in Model-B (530 gal).
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Fig. A71(1) Acceleration responses at 240 cm high in Model-B (530 gal).
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Fig. A70(2) Acceleration responses at 180 cm high in Model-B (530 gal).
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Fig. A71(2) Acceleration responses at 240 cm high in Model-B (530 gal).
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Fig. A72 Acceleration responses at the embankment crests in Model-B (530 gal).
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Fig. A93(2) Vertical deformations of the embankment Fig. A94 Vertical and horizontal deformations of
crests in Model-C (530 gal). upstream side in Model-C (530 gal).
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Fig. A9S Horizontal deformations of slope of the

(530 gal ¥R%)

downstream side in Model-C (530 gal).
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Fig. A96 Vertical deformations of slope of the
downstream side in Model-C (530 gal).



