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Effect to the Compression Characteristics of Gabions due to Different Types of Filling
Material and Steel Wire Mesh

by
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The advantage of gabion structures is that they are simple, cost-effective, and quick to construct, and they are used
in a wide variety of applications in Japan and abroad. However, despite the fact that wire mesh comprising the gabion
has been used for a long time, there are few studies on its basic mechanical properties. Therefore, the design and
construction of gabion structures are mostly based on experience due to the lack of established design methods. In this
study, large triaxial compression tests on the stones for filling into gabion boxes and a series of compression tests on
miniature gabions were carried out in order to understand the basic mechanical properties of the structures. From the
tests, the compressive properties of the miniature gabions were found to be varied depending on the difference of
geometry of the stone and the combination of the shape and direction of the wire mesh. These results suggest that an
understanding on deformation mechanism of gabion structures is necessary for their reasonable design and construction.
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Fig. 1 Classification of damage types of retaining wall along Asian
highway 42°.
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Fig.2 Result of shake table test on full-scale model of gabion
retaining wall”.
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Fig. 3 Result of numerical analysis on full-scale shake table test
using gabion retaining wall”.
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Fig. 4 Comparison between roundish and crashed stones.

(a) Turtle shell type (b) Rhombus shape type

Fig. 5 Comparison of steel wire mesh types.

Table 1 Test condition and schematic results of stones.

Stone material Roundish Crushed

Maximum dry density p gy (&/cm’) 1.654 1.383
Minimum dry density p g (/cnr’) 1.394 1.178
Dry density of specimen p 4 (g/cm’) 1.628 1.363
Relative density D | (%) 90.0 90.2
Effective confining pressure o' (kPa) 50 50
Compressive strength (0 ;-0 ) (kPa) 313.5 216.8
Axial strain &, (%) 4.8 12.9
Horizontal strain & (%) -1.68 1.04
Angle of shear resistance ¢y (" ) 49.3 432

Table 2 Features of steel wire mesh.
Wire diameter | Tensile strength [ mesh size

Specification

(mm) (N/mm?) (mm)
Frame border 1.40 365~378(372.5) —
Rhombus
wire mesh | Galvanized 1.19 361~374 (370.3) 25.1
Turtleshell | “ironwire | 104000 | 314~3036315) | 32
wire mesh
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Fig. 6 Results of tensile tests of steel wire mesh'®.
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Fig. 7 Tensile deformations of steel wire mesh in all cases.
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Fig. 8 Results of triaxial compression tests (CD) on roundish and
crashed stones.

IZIRRZREN I ZHE U QW D03 b D . ARRBRIE, 2 FisE
DRLAFGIR % A7 D AR O RS B OB LR AN T 55
LW TEm SN TWAR, —fRISELRIED 24 LA
BRI, TIRREESOi N « SR EIBRERIE, 3 5%
A OREE 2 n TR BRI AV NS WE Y, F72, &
KPR B L7280, RIS ILOELRIKTH 57723,
BABEENZERNTH D Z ERRESL TS, Dk
TR L DU ERESEDEWVICERT 5 &, AW
AICAT - 725 HEE TR OO T ha 1L, AT
0.62%, EATO040% ThH-olz. WRICHKENLREE LTZ
& XZNTI1.88%, 120%THY, ZNHDOT—Znb
HFEOT T ZHIET D &, #4T 0.63%, EA4T0.40%
D AERERTHLDHEROSMITH LN, EAOD
WIIHSE B TIEMPEME LS, —77, M 1ZF DTk
DB EREESENZEL LTV AL E2 b5,
LR T, BAMEND Z &Ik » T, Bt TUURRRZE
&, —J, A CIIRNZEEIZ R LIbD L HEZR SRS,
6 I=—FaTREEOEMHERE

R =F 2 TIEEOENERE 2 EIE T 5 726, Table 3 12
RT 8 = AOHBR A FEE L. B - ZER0 2 FEO
MWERIREIZ, Faliea 2 EEOPFEDanHEn LR
T BHRIORTRER S — A1, MMBRIRCREN 1, EF
2, WEROMTRAAA 1, EAM 2, MiEDFIHED 5
DB E Ta, MtE ThER LTS LOMHDEY,
RO RS OA OBEEE, KRB =R & R
RIFEHE 90 UMY DFERED & Lz, 7ed, AGBRIZHMIC
TNz, 8 1m, BITE Im, &S Im2EHEL T2
PERELTRT L, SHEZDFIC K A FELAIRERIR T S b e o
WTHRBORRN S 503, [EMRBRER D228 726
Ko 15 A XCHHE LT 5 kBRI A Yl L7-. At
TIL, TEEDM OEIKT 2 e OMF R OHE %
FHME LTEY, HERIIHRGF L Then
—EHORERIT 2 7 U — b OEMEREBERE E AV, 1.0
mm/min OZNCHIEN X - TRER 21TV, JEfE RIS Z M
FOEELIE L. Fig. 9 IZHAIE O I =F = 7IEH
RERAOE T2/ T. WPFhor—2 b, RER%ICE, &
ELJ7 AN DJEMEIZ £ > TRFEFFEA~DETERE T TN DA,



50 DR, RUOK, 5

W, RERRZ, T

Before compression test After compression test

(b) Casel-1-b

Fig. 9 Comparison of deformations of gabion models before and
after compression tests.

Table 3 Compression test Cases on gabion types.

Filling Side mesh o )
Mesh type ) o Mesh type and direction of compression
material direction
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e
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RRomb Criehed
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Rho T Thiehea
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Case2-1-b Lateral
shape stone
Rhombus | Roundish -
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Rhomes T Roumdin ‘ d
ombus oundisl -
Case2-2-b hape tone Lateral Rhombus shape  Turtle shell
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Fig. 10 Relationship between compressive and horizontal strain in
Casel and Case2.
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Fig. 11 Relationship between compressive strain and
compressive stress in Casel and Case2.
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Fig. 12 Comparison between compression stress on all cases.

7 EEEOEMIFIEICET HER
Fig. 12 123 =F 2 7D =M B 1T 5 20— 2
DIEAFIREE D Il & v 3. BIIZIE, &7 — A DO
I & ERMES ) OBRICIHIE R ' — 27 B3 DR h o T
728, Fig 11 TR LT — 21280 5 &=2%, 5%, 15%



PESOM & S ORI E O PIEFED MRS G A 2 51

BOIEMEIS DB LZ. WInor—2 280 Th,
&=2%, SYIRFOIEMEIG /TR & 22 72 5 IT38D H ALY,
&=15% CIXEMES N/ 22D MR TE 5.

SO 5 BRI S S 2 ME R O B 2 R A &

LT _XTDOr—R, o, EP DA DO AWHRHTA K
%75>07L:£E®§i§§%/7~ BT D JEAE IR EE DS AR
BN ERDND. %%E%ﬁ%ﬁfﬁﬁ?%ﬁ\ot#»—xti
Casel-2-a, — 7, mbJEMBRENSFLNRNSTZD
Casel-2-b ThHo7end, Mir—ATWFhbBFME Ik
LI CTEAEZMEH LTS, A ow ABRiiTsa
W@, IR EHEC L7z Casel-2-b TIE, JEMEOT
HBPREL 2D L, HEEDATH D EAOTEAWHRIIN
BT 2 LTz, FIREHRDBHETH 572D D[ IRIK
PIRENERNE L TEZLNS. WZ, Casel-2-a 1%, ¥
FROBAELE T & 2 MO8 IR G NG DI R
THY, Fig6 lTRTHIEREE D %ﬁbfma

8 & B

GHANZ L D HEED A DOEFANF IR, FETOADE
AR L THRASNL DO TH S, Ak, SHEOAEC L
S CHBELETE L, SMEOWMFEIROFHEiNAS T
HOHN, PEEOAIIMIESRFE T THNT S8, KA =
HERRBR E X =T 2 TIERE & O BITEE LV, KB =
HERTRBRIC T B T4 0O B — 7 BRI OO 21T
M Tas13.0%, FATa=48%ThHV, —F, I =F=
THERE O EAEIG I, B ORESH AL > TRD b
DD, &=2~5 %A T-fHETHREIND Z &b, H
FEOLANE— 7B AR LTotk, MOk Y i8S 25
LTbDEBEZXDLZENTES.

JEAERBREE B D, PEEOADIBIRRLE R 2 HIRT 5
EHOM AR & Z DS ROMBE I LY, G
PRI D Z Eidbh ot JEREEC X B M7~D 2
A LIZEE L, FIRF DS KB E S D & BT %
L, FERE ) b REWVRERZ5 T2, B CE BB 21T
IS, TRMICEE T SIEFHEICE s TEERA =R A
EBZ DD, AEFNCHEE S & 5 MR
DOEFATR O BET HLERSH B2 5.

F iz, PEELOEMEIREE IS AT IR A OME B AR O
EWIZOWTIE, ARI%EM L 8 &7 — R8T LR
JEDRK  Fe/NVr— 2%, Wb ER &R Licar
MEICED D ThoT-. TXTOr—RIZEBWT, [EHE
WRED M ~DIEBH UBNEL D &, FIRR % el E
AL G, BULE OO IR E A3
L, @O DRSS TV, B, &fos | iERER
FERN G, B AREIEIREE BT TR T2 D, AR e R
BT WEEZ OGN D, B, EHEMEYORE ET
HERAD=ALTHY, BREERE LI LT, &5
MF M E RO D NN D Z EETRETHHEDOTHD.

BT, RBFZEIE, (AR HE M 2021 F T
Bk & 2 0 i U=, IERRBR O FEE I, B R
Bt CYIE) OHZEFEFR O T8 2157, 2 ofh, ZB)
ﬁ%%ot%%%u_ﬁbfﬁa%ﬁﬁéﬁﬁfka

s EF X #®
1) E.g, “Knowledge of gabions”,
Association (1963) Public Interest Incorporated

Ed. Japan River

Association of Nationwide Disaster Prevention.

2) Japan dJakago Association, “Construction method
guidance and explanations” (2023).

3) T. Kokusho, T. Ishizawa and T. Hara, “Slope failures
during the 2004 Niigataken Chuetsu earthquake in
Japan”, Earthquake Geotechnical Case Histories for
Performance-Based Design, pp.47-70 (2009).

4) H. Nakazawa, S. Manandhar, T. Hara, D. Suetsugu, K.
Kuribayashi, T. Nishi, T. Sakuraba, T. Kariya, Y. Kochi
and Hazarika, “Report on damages caused by the 2015
Nepal Gorkha earthquake”, JAEE International
Symposium on Earthquake Engineering, P-2-36, 9p
(2015).

5) T.Hara, D. Suetsugu, S. Manandhar, H. Nakazawa, K.
Kuribayashi, T. Nishi, T. Sakuraba, T. Kariya, Y. Kochi
and H. Hazarika, “Damage survey on gabion structures
in the 2015 Nepal Gorkha Earthquake -Outline of
survey-“, blst Japan National Conference on
Geotechnical Engineering, pp.1657-1658 (2016).

6) T.Hara, H. Nakazawa, D. Suetsugu, K. Kuribayashi, Y.
Tadokoro, K. Miyoshi and H. Zhang, “Field survey on
damages of gabion structures caused by the 2015 Nepal
Gorkha earthquake and examination of specific
measures for earthquake resistance improvement”,
Journal of JSCE (A1), Vol.74, No.4, pp.I-586-597 (2018).

7) H. Nakazawa, T. Hara, D. Suetsugu, T. Nishi, K.
Kuribayashi, K. Miyoshi and S. Shimomura,
“Experimental evaluation on earthquake-resistance of
road retaining wall using gabion”, Journal of Disaster
Research, Vol.13, No.5, pp.897-916 (2018).

8) D. Suetsugu, T. Hara, H. Nakazawa and Y. Tadokoro,
“Evaluation of earthquake resistance of retaining wall
using gabions by laboratory tests -Part.2 Lateral loading
test for model gabion retaining wall’, 53st Japan
National Conference on Geotechnical Engineering,
pp.1797-1798 (2018).

9) T. Nishi, T. Hara, H. Nakazawa D. Suetsugu and R.
Shibahara, “Evaluation on numerical analysis for
earthquake resistance of a retaining wall using gabions”
The 15th Japan Earthquake Engineering Symposium,
pp.397-406 (2018).

10) H. Nakazawa, T. Nishi, H. Kurihara, D. Suetsugu and T.
Hara, “Basic study on deformation evaluation of steel
wire mesh for rational gabion structure design”, EPI
International Journal of Engineering, Vol.2, No.2,
pp.109-115 (2019).

11) T. Hara, Y. Tadokoro, D. Suetsugu, H. Nakazawa, T.
Nishi, K. Kuribayashi, H. Matsuo and K. Miyoshi,
“Study of earthquake resistance rating method for
gabion retaining walls (Part 1) - Elemental tests of filling
materials”, Japan Society of Civil Engineers 2017
Annual Meeting, pp.481-482 (2017).

12) Y. Yoshimura and S. Ogawa, “The influence of the
primary properties on the void ratio and shear
characteristics of granular materials”, Journal of JSCE,
No.487, I11-26, pp.99-108 (1994).



