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Abstract

In the 2015 Nepal Gorkha Earthquake, the gabion structures such as retaining wall for road showed their high
flexibility to maintain their functions in the mountainous areas regardless that many structures were damaged. In
this report based on the results of the damage field survey on gabion retaining wall, full-scale shake table tests
were conducted and reported to evaluate the earthquake resistance of the retaining wall for road using gabion,
which can be seen frequently on site in Nepal. As the cross section of gabion retaining wall, 3 cases of vertical
type, stepwise type and gravity type with an increased number of gabions were considered. Comparing the residual
deformations of the gabion retaining walls, vertical type did not collapse but tilted forward largely after the shake
test, and showed a similar situation to the damage situation confirmed in the filed survey in Nepal. Other two cases
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suffered only slight deformation and was thought to have the effective structures for application on site. Finally,

FEM numerical analysis and trial wedge method were applied to the experimental results of 3 cases. And the

suggestion useful for earthquake resistant design in the future was made by comparing the active rupture angles

with the positions of the deformation such as crack which occurred in the background after the vibration. Then, it

was indicated that trial wedge method could be also applied to gabion retaining wall.

Key words: Gabion, Retaining wall, Nepal Gorkha Earthquake, Damage survey, Full-scale shake table test
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Photo 1 China bamboo basket in Sichuan Province.
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Photo 2 An example of a gabion that is used for a port
facility with Solomon.

FE3 TP TEFEICHR SN TWLIEEOH
Photo 3 An example of a gabion that is used for river
protection in Fiji.

ZOVWTOFFEFFY L, BF28§ 4 fiz 5
EOTHA Y FHHB LG - D2 T
N2 XHICHFI29F 8 AICIZT DA BB

ELT, B85 Ay FHGRICHED 7 20 3B JIS A



TEERE P NP 3 B SR D M RE L RB K UE I 5 O~ B3

1 U AQEREQE FR - HR . ERE (7 DR
Table 1 History of name, material, standardization of Japanese gabion.
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Fig. 1 Example of a gabion road wall Endured landslides
from the back (point 99).
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Fig. 2 Example of a gabion road wall following the
deformation of the foundation ground (point 81).
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Fig. 3 Site survey area and point number The Araniko Highway (AH42, between Dhulikhel and kodari).
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Table 3 Actual utilization of gabion structure of Nepalese country confirmed by field survey.

i I 14 R MR | P
- oL B O R A8 % 0
W e b -ﬁ#ﬁiﬁj&&%ﬁ@ﬁﬁﬁ P -
(L1 Bz M@¢ EMIEE SN EREALORTEICEERL TN -
-T/ﬁ B YY)
-*m&ﬁ%®ﬂmﬁ§w
B R |- B OS < ITIBT, MEEITEA o EEAK
CHEEMITEANITEAETH Y, FER I M
IR E DL TR A %0
BT |13 LA BB i~k | Ef - =5
CHEMIEIE S L EMARE L TH Y, i I
o UL D ) R 28 % 0
KEIT | - B LB R 5 D 2 th i
CREMEEALEWRARELTBY, #oLHET, HBAZ
e | kB TEOM SR 2 U — e L FI S . "
WV | et ok ig 18 4 L

(B) FALILFE

Y4 ARETRED Z2E G

Fig. 4 Classification example of damage status.
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Photo 6 Distortion of wire mesh and turbulence of top edge.
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Photo 9 Construction situation on site (site A).
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Photo 7 Corroded wire mesh.
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Photo 8 Degradation of water permeability due to influx
of back bed soil and vegetation.
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Photo 10 Construction situation on site (site B).
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Table 4 Result of actual utilization survey.
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Fig. 6 Introduction of filling materials
with different particle sizes.
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Table 5 Comparison of material properties of gabion used for road holding wall in Nepal and Japan.

] ] SRR R O B
BiGA HL%B 7}'@1%%18)
P : e B M 781 22 ]
FEIE T e -
& WG R (Mg <D BhIk) e T
(3! sS4 FRIE | 104/ A -
e DR A )7 Bk BER &
I Ik ImX2mX Im & & 0.3m™~0.5m
8 B 1 b - 100mm~ 150mm 75mm~ 100mm
g N B o5Smm BEM . p6mm
i #HE : e3mm #H : ¢3.2mm~4.0mm
HORER L B CTERE T CTERE, A -
2N EEEE c BB N EA -
HER S s [EBE  E250mm~ 500mm, JE & 100mm~~250mm s
TS5 L R 100mm~ 150mm A B S0mm ™~ 200mm
HREE A O E D715 Bl X 0 B BIHL X D A -
- . Hi L1 % P 4L )
IREDTEA CEAE T B 7= )
I ] 17> A ]
LR (30082 72 1)
HE RO - i
REAED 7 L L Y

3R th@EBICOWTII S 58 u
EAE G B IO, ﬁ@fé?z?%o 0,

Nz, YO

ZBEE S 0V oMo,
) w—%‘%j\

T o R
L7 §iipBEe Th o /e
333 ffEOREIEI

e R VAS I o P

DY G

A ERFIEAS

18 P2 Gk

r_/El

J,i‘,\j?q

#*ﬁvw% i

S T B B L

FNSNLEREOHRIGE 259, 285D 2 A Lix

%Rk, wANE TR
ks (OE Willke
W XN, HFRORE
BirXETNS P,
LREMDO,

HoHY ITE

3 U8 S

=Cu

T,

1911 f# IZHA7 S 1
IR DFRFE I

- R

C& TR IET
Zabht, T orEx %
EHESERICIIW B SR E R W
FEAEDIEZEDHE TN 0.5 m &%
IN=)LEFE L TE L, &E 0.
T ZEEP T5720% WEZ2E DALY
Lz2 iz <T9“Z§>7‘:?sb’6%%(>.
MEER T\
ﬁ&—abfﬂmbm”%
KE I3RS A3 100 ~ 150 mm {2 1 FIF -
%, HAROH B EIRD R RO/ T

i, U

- %, RN

KERRE S B AL T
S DR 1 3 mm,

INTWW
, M= TR

£6 U EPOFE LR
Table 6 Density of packing material and water
absorption coefficient.
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Fig. 7 Long diameter histogram of sand filling material
of Nepalese country gabion.

60 n ok P
50 | I Y G
g‘w o (R w2 v—F)
-;3 BER (A by 2¥—F)
10
] —R——— - -
o T By A Sy vy wp s E N -8 24
ok % T % % % e e e % Y
NG X X G ¥ X N X N X G X X Y X
% e e, e

Y8 RN SO BHOEE LA RS T
Fig. 8 Short diameter histogram of sand filling material
of Nepalese country gabion.
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Table 7 Damage tendency of retaining wall and vehicle protective wall.
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Table 8(1) List of survey results (points 1 to 60).
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Table 8(2) List of survey results (points 61 to 115).
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Table 9 List of physical properties of each sample.
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s Uc U
s (g/em’) | (g/em’) | (g/em’) (mm) (mm) (mm)
— 21 15 il
(0 TR 270 | 184 | 1.9 1.9 1.0 4.1 190 | 085
7
P A e
PIRFBIFERA | 560 | 171 | 129 1.9 1.0 4.1 190 | 085
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Fig. 12 Principal stress difference of circular gravel -

linear strain curve.
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Fig. 14 Volumetric strain of circular gravel - linear

strain curve.
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Fig. 13 Principal stress difference of breccia - linear
strain curve.
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Fig. 15 Volumetric strain of breccia - linear strain curve.
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Fig. 16 Mohr's stress circle of circular gravel.

500 ‘ ‘ ‘ )

— 0.=32kPa ~1.309~1.339g/cm’
[| — o =64kPa | | 1 P Rt
400 | — oo=po8kpa | D=T~17%
» ; : : : | e=0.431~0.477

[
=3
=}

B AMIETT 7 (kPa)
(3]
[=1
(=]

—_
(=3
=}
T
s [
|
£

N T
0 100 200 300 400 500 600 700 800
TEE )] o (kPa)
Y17 PROE-)ORY T
Fig. 17 Mohr's stress circle of breccia.
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Table 10 Particle breakage rate in cyclic loding tests of circle gravel and breccia.

(a) 1 B
shmEE| =PEE BAEN |TtHTEE| EERET | BEL | SBpme
(kPa) Panin(e/em’) | paalgrem’y | pdgien’) | palgiem®) ¢ €= min
32 1.61 0.675 0.208
61 1.59 1.84 2.7 1.62 0.666 0.199
128 1.62 0.664 0.197
(b) fri

HpmEE | ROEX

BRER | THFEME | EREE | ML | Sanmt

&Pa) | pamin(@/em’) | pamalgem’) | pefem’) | pog/em’) e € min
32 1.31 1.047 0.477
64 1.29 171 132 1.025 0.455
128 134 1.001 0.431
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Fig. 18 Linear strain at confining pressure of each sample
- particle breakage rate curve (with principal
stress difference).
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Table 11 Particle breakage rate in cyclic loading tests of
circle gravel and breccia.

(a) 7 B

. A - WTEBE

ko 2 DA=5%E2 DN,

RREES D %) ’ B (%)
c6d-1 2 0.46 0.13
c64-2 139 5.02 0.53
c64-3 10.3 19.98 0.26

(b) o

o S| s E L | frrEERRER

LB = DA=3%EFMON

FRIEE | b o) | B
€641 18.2 0.29 0.92
€64-2 18 2.83 0.78
€64-3 252 20.65 0.90
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DK f e rEe D T & TR TR R By B
FiL7z.

4.5.2 Ml U 29> sl B
FNiIZsHNOHSGELZ2FEEDDH. §RHR &
H#EETOHRNTHY, > ZAF7LATIA4T A
DIV FFTR 2L TnBVEENRDIN
Feled, T8 5 W OREFIEER WTASRED
MrEh o, 2RABMITPNTGWIF 1.0~ 14R
THy, ZofEld, - RNICHBICE SN TS (Y
ZITHHRJNEEE) B 25 DEHA LD T 0
BEALTNDEN, AT 2EIN05mm D
WbDzEER L, ATL 208 Y3 ZHZTNS
720, BBORYLRETHHEESTINS.

BN TY 19129 B Y 2010 B | 20 AR
0,/=64 kPa DR L #2855 = 3B K 018 5 /=i



Sf R g e g e 4 R

o) ODA=1% |
So0s5 | - ADA=2%
& t - o | ODA=5%
=04 | TR oDaion §
I-"E: 0.3 - 1y ! 1 ! - ‘L—-"’_ﬁ-« |
Sz g
= 0.1
=

ﬂ L ] - I Al A 4 Lilll i L i1

0.0l 0.1 1 1 100

W LR IR (V)

Y 19 9 EOEER LY R 2 — R Lk R
Fig. 19 Cyclic shear stress amplitude ratio of circular
gravel - number of cyclic loading.

06 I
- L ODA=1%
05 1 — ADA=2%
b5 o 2 ODA=5%
~ 04 | F [©DA=10%
o 1
£03
-}
02
E 0.1
z |
n L 1 L Lilh) I AL id il L el La i) L ALl lill
001 0.1 | 10 100

R LS (V)
V20 FEOREE LY R R Lk &

Fig. 20 Cyclic shear stress amplitude ratio of breccia -
number of cyclic loading.
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Table 12 Experimental conditions.
B N R A Or T S
(%) (kPa)
Case Ir F e 90.0 - 6.0
Case la £ 1 111.4 6.0
Case 2r FJ e e~ 88.5 L 6.0
Case 2a £ 111.1 6.0
Case 3r ] i P 21.3 £ 6.0
Case 3a A 57.3 6.0
Case 4r o e e~ 95.2 £ 12.0
Case 4a A2 Jii 96.9 12.0
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Fig. 33 Outline of ganoin wall test model.

# 15 RS <S4
Table 15 Conditions of preliminary experiment.
Case A Case B
143 Ex HNEE Ex BHAES
(m) (kN/m?) (m) (kN/m?)
=EH 0.97 15.73 0.95 15.76
== 0.95 15.43 0.90 14.85
= . o
—&H 0.93 15.45 0.90 15.04 GE 18 Xt Ok

Photo 18 Wiring set within gabion.
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(a) Case A (b) Case B
T O19  TEEER O RG E
Photo 19 Tying lines of the gabion wall.

thmt: K .:.d..

(a) WHHEY

(e) 152 xiEg ™ (Case A) (f) 152 28Eg% (Case B)

T 20(1) SRR OB E 5 R ET

Photo 20(1) Process from the construction of the gabion wall to the end of the experiment.
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(i) 15¢2 deggie, —?E’J (Case A) () 152 ooggps '%E’J (Case B)

(k) 252 oo (Case A) () 257 %453 (Case B)

(m) 2532 %FEDI Fw (Case A) (n) 252 =8EDY 55 8 (Case B)

S 20(2) WEHEEFOLEENSF T £ T

Photo 20(2) Process from the construction of the gabion wall to the end of the experiment.
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(p) 252 Z=ffr 5 (Case B)

(q) 35¢2 T8E3™ (Case A) (r) 352 7i3Eg " (Case B)

(u) 257 oo, ?l_:i (Case A) (v) 25¢ 9 ool ;—Eﬁ (Case B)
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Photo 20(3) Process from the construction of the gabion wall to the end of the experiment.
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;'L‘J (Case A)

(z) ZEWHELTRNIAY T —DFY BIUERE T~ (Case B)

(aa) S 543k (Case A) (ab) J# 2 5+ 5% (Case B)

GE 20(4) TEEEFORIEN ST BGE T T

Photo 20(4) Process from the construction of the gabion wall to the end of the experiment.
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(af) R DAEST

(ai) 203 gal FURH: (aj) 257 gal J7R B

T 20(5) RO EN 5L R £ T

Photo 20(5) Process from the construction of the gabion wall to the end of the experiment.
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Table 16 Measurement results of the test models.

2019 2

(a) Case A
MEIHHERBERE (m)
=21 HE (m?) |BCUER (kN) | HFEEE kKN/m’)
= ms BITE
1B 3.200 0.930 1.050 3.12 48.28 15.45
VAZ3E! 3.250 0.950 1.100 3.40 52.40 15.43
3k H 3.150 0.970 1.000 3.06 48.07 15.73
£ K 3.200 2.850 1.050 9.58 148.75 15.53
(b) Case B
MEL R HRAAEE (m)
br—22 HHE (m®) |BICYES kN) | BAEEES (kN/m)
] =S BITE
128 3.400 0.900 1.100 3.37 50.63 15.04
2Ex B 3.450 0.900 1.150 3.57 53.01 14.85
3k H 3.350 0.950 1.050 3.34 52.68 15.76
£ K 3.400 2.750 1.100 10.29 156.32 15.20
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Iy L, SRREIZOWTIE, ﬁ%%@_
EEREEFSFELL, YRR O AL 65,
132, 203 B X257 Gal & L /=. f&is, Case B 13,
# 181253 No3 OFURS ICT TIZA P vk &<
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Table 17 Sensor installation positions.

=2 A s —Z B
ZE®S (M) FESS (M)
R Zfiust PR S Zfugt
HEELER R == 0.88 0.90 0.77 0.85
T8 1.05 1.05 1.06 1.04
HPEE2ER
EE 1.80 1.81 1.76 1.77
TR 1.95 1.96 2.03 1.94
EPEESERE
- 2.65 2.73 2.59 2.69

7 18 iR — 2
Table 18 Shaking test cases.
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Case B |tp&EfKFEAMI ;&ﬁiﬁb

MRS — X

WN(0.05~30Hz)

65gal = WN
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203gal = WN
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gl w N




TEERE P NP 38 BB DS M RE S RB L UE

2 U7z No3 O-Fip MR DBH T — 5 &2'Y 3412
A9, No.2 @ 65 Gal TH =L 7= PRICHBIT 5 7
TOMRAREREELDE, Case A, BEHITHE
FFRNEYRTE D, - %, GEBEOANI LY
TS E, FiEOZ W Case BIZBWT, FERICH
SN 75}4}]} L TCWBREITMNHMN D, TgER 0
T OMERRBEICEL T, SRR SRS AIRIChT
T, f%’"?bfmé*%ﬂ MWhohd. £/, Mk No3
IZBIFHMES HERTHO, 51z, Case B TlE, 7~
VFEE QIEEETORGBNA NI IR MAR B E
DENMELENTNS,

Y 35 CHEEERE i DR S K DA S - K e,

[n#ENo.2]
(Case A)

(Case B)

1% 50 1 10

(a) i&a/%owrggl

—T L == WlIGr — LS —TI 0L == aWO202 — DY
- = W00 —i == =Wl 08 —T 0

(b) R

s ACC 0 L0

"i}@%w i oo

T

EwERr EE = o
@ ¥ FE ¥ % =« B 3

2T ¥ E¥ % B -

(c) HEkFHR 2

TEOWS — o B IED
NIICBT B FMTAR B E ORI O 2% A
T R E O/ s, S OEEETE
D, Bi5h D Case AITW L, g2 Case B
WIRERE REICF Yy T2 ENLN5. 2B,
A DOHEICATY 4012, TRTORDS 75
F—yEagiklz,

Y 3612 § T3 IR IC & B CERSE S DT E
BN AT, YO (a) IZICEERE O 2, -
4 (b)iE, 8F T RNBF FFRIIBITH = FHEAE
S, WEHERBXIUT Y kB g TBTARE LY
Dx A% LTS, (a) ITa §I=8ERF O Case A &
Case BOD "8 %9 5 &, AW BIF 24T L[ 31X

[n#5ENo.3]

(Case A) (Case B)

i :bb‘%f'%\’ BV

wolel WO WOZ OF e W2 08 e WD 85

2BV 2L 7 (Case BIZRE)

BT DR R

'Y 34 TFE R (No.2, No3) DT —%
Fig. 34 Time history data of shake tests by sinusoidal wave (No. 2, No. 3).
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Fig. 35 Acceleration response distribution at the front of the gabion retaining wall. (Shake test No. 2, No. 3).
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Fig. 37 Time history data before and after shaking.
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Fig. 39(1) Fourier spectrum and transfer function of gabion wall.
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Table 19 Changes in natural frequency for each shaking.
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Table 21 Specification of shake table.
Loading capacity 500 ton
14.5m x 15m (217.5m2)

Hydraulic pump system

Table size (area)

Power supply
Shaking direction
Excitation force

Horizontal (1-dimensional)
3,600kN (four 900kN actuators)
940cm/s2 for 200 ton
500cm/s2 for 500 ton

100cm/s

Maximum displacement  |+/- 22cm

Maximum acceleration

Maximum velocity

L 60 300
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Fig. 41 Histogram of filling material.
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Table 22 Physical and shear characteristics of gabion
filling material.
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PR e i | o
T p, (glem’) 2.653 2.736 2.702
HE MR L pa  (glen’) 2.631 2.726 2.689
K= w, (%) 0.8 0.3 0.5
HEEBRE n, (%) 22 0.9 1.4
—HEMRE ¢, (MN/m?) | 109.1 199.0 124.3
ERAREK E., (GN/mY)| 423 542 48.2
BT VUt v 0.310 0.273 0.233
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Fig. 42 Grain size distribution of decomposed granite soil.
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Table 23 Physical and shear characteristics of material
for ground model.

Density of soil particles Pa (g/cm3) 2.657
Maximum particle size D,.. (mm) 19.0
Fine content (<0.075 mm) F. (%) 6.1
Mean particle size Dy (mm) 1.61
Uniformity coefficient U, 19.5
Optimum water content Wop (%) 11.6
Maximum dry density P dmax (g/cm3) 1.880
Plasticity index 1, NP
Cohesion cy4 (kN/mz) 20.5
Angle of shear resistance by ©) 38
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Fig. 43 Cross-section of full-scale model experiment.
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24 AT S ik A 2 (Case2)
Table 24 S-wave velocity of the model ground (Case2).

FEXRE(m) o —
0535 ACC-1 ACC-5 ACC-9 ACC-13
2535 ACC-2 ACC6 ACC-10 ACC-14
1525 ACC-3 ACC-7 ACC-11 ACC-15
0515 ACC-4 ACC-8 ACC-12 ACC-16
SKRE, Vs (m/s)
97 103 75 143
91 91 91 125
INIR BT
100 83 62 125
100 167 77 200
120 100 88 125
71 125 91 167
85
R 62 R 111
125 167 50 111
111 120 100 88
AT IR . . . o
162
(Gab 48 62 83 91
250 200 67 83
58 70 86 94
45 56 43 100
244
77 , 200 100
59 34 143 83
- - 120 100
, , 100 77
313
R 77 143 167
143 125 125 91

() &7 oMY

(b) BT (# % OETITH T 2 HH)

FE 23(1) LBOEFEMSEOVET

Photo 23(1) Process from preparation to end of experiment.
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Photo 23(2) Process from preparation to end of experiment.
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Photo 23(3) Process from preparation to end of experiment.
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(n) 29— —7)L %

GE 23(4) FRMOEFRMSEDOET

Photo 23(4) Process from preparation to end of experiment.
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TE 23(5) FRMOUEFEBMNSEDOUET

Photo 23(5) Process from preparation to end of experiment.
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() BUARDFH(A )%izﬁ%@ﬁgf’& C S5 (h)

FE 23(6) LHBMOEFEMOEDODET
Photo 23(6) Process from preparation to end of experiment.
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Table 25 Conditions of preliminary experiment.
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Table 30 Deformation and crack position of back ground after shake test.
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