HrEE K - (R 43(2): 187-195 (2012) 187
Journal of Chinese Soil and Water Conservation, 43 (2):187-195 (2012)

NBEEBRRRERE S 2 REE AR
AEE FlER HE R

W E AWRL T TREEUER = EETURE S AT S AL T e ) T B
ARkl - ProcBeslh SN0 - ek ATl i i — S e AR T A E A
AR o DAL R S B 2R 2 1T By - B L E N S 58 NIt AT e
IRet ¥ e e R A T A TR - SUBREEREUR © SR = RIEIURE A e BRI 5R
FEREME - B BEa IR ErHy - Hh—@RERER - =B/ Az hH
BEPRER > P {oR IR AR - EABEBRBE IR - $HE B AP me - frmEE A
SBREEIESRETR - RETHENNE A & A oK IE - (N B R AL (R IE DT - #F
RS AGRRGEREUR > BRI AR LB T BB R F R S EE 2
AT BRERUER Z B E - R R BEE R

RASESE - ANAIP Y - FERE - IeRE - el - J AR -

Tensile and Punch Tests of Hexagonal Wire Meshes
with Different Weaving and Connection Patterns

Chiwan-Wayne Hsieh” Ren-Sheng Liu Ying-Wei Liu

ABSTRACT Triple-twist and fourth-twist model hexagonal wire mesh panels were weaved for
tensile and punch tests. The test samples consisted of unbroken wire mesh panels and one central cut
wire mesh panels. The binding-joint and twist-joint for the connection of wire mesh panels were also
evaluated. The results of the experiments indicated the ultimate tensile strength or punch resistance
for triple-twist or fourth-twist hexagonal wire mesh panels was similar. As the test reached the peak
tensile force and after one steel wire broke, the tensile force was quickly reduced and the elongation
rapidly increased for the triple-twist hexagonal wire mesh. Similar results were also observed for
punch tests for triple-twist wire mesh. However, the fourth-twist hexagonal wire panels showed high-
er tensile and punch resistance after the wire was broken at the center or other locations. In addition,
twist- joint enables the provision of higher tensile resistance than for binding joint.

Key Words : Hexagonal wire mesh, box gabion, roll gabion, tensile test, punch test.
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Table 1 Engineering applications of gabion
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Table 3 Failure cases of box gabion and roll ga-
bion structures
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Fig.1 Tensile and punch test results of chain link
and hexagonal wire meshes
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(a) Box gabion retaining walls failure case No.1

(o) EFEER TAZHREN 3
(c) Roll gabion bank failure case No.3
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(e) Box gabion slope protection failure case No.5
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Fig.2 Failure cases of gabion structures
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(b) Box gabion retaining walls failure case No.2
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(d) Roll gabion revetment failure case No.4
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(f) Roll gabion revetment failure case No.6
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Table 4 Basic properties of metal wire with di-
ameter of 1.2 mm (=12 mm)
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Fig.3 Tensile force vs. tensile elongation rela-
tionship of metal wire with diameter of 1.2
mm (p=1.2 mm)
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Fig.4 Comparison the tensile test results for Type

I triple-twisted and fourth-twisted wire
meshes
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Fig.5 Comparison the tensile test results for Type

I triple-twisted and fourth-twisted wire
meshes with one cut at sample center
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Fig.6 Failure modes of tensile tests of Type I hexagonal wire meshes with one central wire cut at sample

center



192 HIEE - BUCE - E - NAPEBERMEE ST R B E AR

Bl 7 FTT B = RS B RUH PSRBT Lt
BRit L - SRS BRI BN S, -
HUTR D - SIEE 2B RPHE - B -
R > STRERUR MR A By TR IS - (1
L O — I BT (4 L 0 2 )~ TS
BB 55 - SR B A ARSI R 1N
(16%) » BFRAEMRSHINL) 17mm (18%) - BEABIh 4R
YOI » T =AY S B RL RER P -
5 R (R B 5 1 F M 6 59 TR 2 L
7y » GRS U T MR » TR R
WRAEEBEL R ARYE BB
E o

Bl 8 FDURE AT S BERE 2 SRR S IE
CROTB (T A BAE RA  - DU S R IR A 2
B 5 ST+ AL 0 T o 2 42 Bt
5 ERBREAE O E GBS ER
% AR KRB - & & @B e
B BRAEARESHE Smm (4 6%) > H5ERERH Bl
SRR H 2 L R 2 R A A 2
5o BRI DU FT YRR RAE MR 528
BGP > BRSHRRIEE -
4. BEAAER

NPT T P R B TR0 - OB
HUESE I RSB AR S
B - BRI » R B AR5 2 A BRI -
A2 AR R AR BTL =5 D b 3R

8

Triple twisted
|[(5—=—F1 Without one center cut
G—OG—O With one center cut

; W “‘ ﬂ

@

Tensile force (kN)

N

20 40 60 80 100
Elongation (mm)

BT7 Type | ZBA LT RESH] 2 ES 2 2
Fig.7 Difference of tensile tests of Type I tri-

ple-twist hexagonal wire mesh samples with
and without one central wire cut

SEREER - R B IRY o SRR AL Fy0200mm - SR
PREJTIV 2R84 - R5T By 40cm>100em > £) ] 2 @544
FEGRSHE T R > DAREEAE FUE - 8 9 Rymifadmast
FASNAL BN  BTE AR ZEATLTIBEE A
it 8 - B 9 BURRIE SRR e B A R E A
U HHE 2 B AR ERT > AN = AP
EEERNESES P EEREE ATRDUR - [H
PubEEI (R - FER E AL E A& 2 W0 4% 18
W R g Em E ARG - EIHPUEESE RS
H APk - RS EEBREPIRS > B ARG

Fourth twisted
| 5—F=—F]IWithout one center cut
O—6—O With one center cut

)
I

Tensile force (kN)
I
A
—Q

N

i ﬁ// ”Mﬂ V\

o \ ! \ !
0

20 40 60 80 100
Elongation (mm)

B8 Type | TBAEEEFEFHI FEFD 22

44 2 =

==

T
Fig.8 Difference of tensile tests of Type I tri-

ple-twist hexagonal wire mesh samples with
and without one central wire cut

3

Hexagonal wire mesh /
[S—=—E] Fourth twisted /

|C—C—O Triple twisted %

N
T

Punch Force (kN)
I

| |
80 120

40
Displacement (mm)
B9 Type Il A E= 5 GHES A 35S VISfFFEE N
CREFER
Fig.9 Punch resistance versus punch displace-
ment relationship of punch test of Type II
hexagonal wire meshes

0



K LR > 43(2), 2012 193

DARREER B RN B R n R R KRB B A > BE
BAREREF B - DB - RKEEE AMLDUE R
eIz - K2 > WENAP B E R
ERIEE A ER - HAPUETR G IR EERE BT
PEGUA B2 B o L el R B B ER DY AR
IR AR 7 < Al O 7R - P M < A A R
VOB AT < s A R B AR Gmask 5K - [ 10 DR
SRR AN AP B E A Bk - e
AR BERER - AE LA ZEANAPEBEnE
ABIRRAEAR TR R —ARBHL - KZ - TR
PaEd  EEARETFHA K  BEEAKRLE
EABEFLIRE - HPNIRE R 2 [H T = B
F B o SFELL ST EAL - RN P @ B
EZE AT -

5. e EAHHEE

A e e BE BB A R AR AR e T - R
FRZ & B A N BRI B S TR — IPRAR Z 4R DA
A > HATE R Z#E 70 RER R
EBEWERS B RITAINER - BRSO
R SRR LS > S5—J5 AR TR iR
BRI HIRFE AN AL MR > RSN AL E
G R— - MEAWRERES T FIT A R IR R TR &
BHEEE BIGREBHELS  HHRZITT 2R
BHEER > QIR T EREE RET O radsm o Hrfest
i R KT Ry 500<300mm > SRR A st A o s
fir - (@ 11 BURot A RS T s i pE e
AL BRI RIE - tHE 11 80N - SRA SRR 2
SEBGURZHIIN - SR SRBOE EHA > BEK
SRR SR SRR A2 Z L RS -
Rz - sRAAAP LB R o RS R
PITHL SRR > HAETEEL A B T Bl oe et R L fi
Al 2 GEFARIL - DL EEEREUR - MRS s
ISR _HG S BRASETAGES  SNER
EHME TS (HEA R R B A - (It - By
PSRz gEaTT -

B~ HREREEE
FIFE T LR AR B - Wt =
FEIEADURS S AP S AT TakEs > DU AT [F) 4
&7 A A L R A SR B - Bl
Sah DlmdEs R 2 emaroc BB - Bkt LEr iz
LN EBBGEH T o TR E AR -

FEPT S BERESTREZ SHE - PRET LB H R
e BEEBmEHE L GREG T (TEARE
LTI - WS REUER IR T -

() =REEJBEE AR
(a) Failure mode of triple-twist wire

(b) TUREEIEAEE ARSI
(b) Failure mode of fourth-twist wire

210 Type Il (@1.27mm) = £ = Br¥esS X S
HOSEH R

Fig.10 Failure modes at the final stage of punch
test for Type II hexagonal wire meshes

16

Joint type
|(F—=—F1Twisted Joint
G—6—0O Binding Joint

12 —

Tensile force (kN)
I

ual

L L ‘ L ‘ L ‘ L ‘ L ‘
0

30 60 % 120 150 180
Elongation (mm)

B TERIFESIFEFRES B
Fig.11 Comparison of tensile tests of wire meshes
with different conjunction patterns



194 HIEE - BUCE - E - NAPEBERMEE ST R B E AR

HR R A H AR sl A5
PEFF o INbT R SR B & - AT EREET 8L
FARBE S Z RN A B - e IR S 4Eht
FEHAUMEE AR - BRA 2B T5
ZEER

H/NRT 5.0emx4.3em RS AP @ Ag L HEk
BRsERBEUR - —EEIURE e BN AP &Rl 2 AR
SREEREARML > EhE R BB ok
bt - ZENAPeBEEES T B E AR - B
WA N R AR ERGEIR S VR A w4
W AR S R > FLRSREA B2 BT -
535h - ZIERIRE A > B EIEIUE %
WA AL > PRI AE 4R 2 o8 445 1 L U Rl o
TR =BRE -

HASEBRGSRET BB AATSEEZ
PR E AR DU AT - EEE AGBRE AKE T &
[BHER - =RNAP AN g E AR A
e )z RN AP B E AR EREE TS E -
A8 B e A A ORI S - 2 e E AT
ZBNAPEEE SR > =AY 30% o TUREN
T 2l 4 o B 1T ol - A BE B BETE P e ik s
DURRZRE -

RHEsBERERER AP SBRERER R
FENY - ERZENRALRE o B REBBAR R ZIN]
e > HEims AR TS amH - K2 A
PR FH i<t B L ARG PR B — BR 2 AR RERE - N BE S
i Ry AR B AR (5T » FE R RS ] -
R TR -

R < B M A P T AR S SR 2 NP I 2
MR R - WA E 2 S BEE AN e SUERE T
AT DSE A IET 2 Sk 2 TAR ISR R B Y
Th-

AN
AT E RS ERFEZ RS (NSC 98—2622
—E—020—003—CC3) ZHFEAED) Rl S a A
TR BT R - R R A A IR A EHR
MR TREZEPIAIEEES > (RS ART SR ST -

ZENRK

L SREGE - ERE (2006) > AR RECRE TAZ
M CHLRGR | AL KRB AR TRENTFEFTRR

10.

11.

+-EHSC o (Wu, R.S,, and Liao, K.Y. (2006). Con-
struction and Failure Behaviors of the Gabion on
River Bank. Master thesis, National Central Univer-
sity, Taiwan, ROC. (in Chinese))

BT ~ ZEEEE (2005) 0 | &IEAELESE &
RIRZWR, - BILEEEEAETE RS
ZfEERSZ © (Chen, T.C., and Tsai, L.Y. (2005).
Research on Application of Wire Netting Gabion in
Retaining Walls. Master thesis, National Taiwan
Ocean University, Taiwan, ROC. (in Chinese))

CNS RS HEAE 1247 (1995) » T CNS1247 : 257k
§EFEeERE | o (Chinese National Standard. (1995).
CNS1247 : Methods of Test for Hot Dip Galvanized
Coatings. (in Chinese))

CNS BHZRAEAE 2111 (1997) » TCNS2111 : £J&E
FHEERERE |- (Chinese National Standard. (1997).
“CNS 2111 : Method of Tensile Test for Metallic
materials.” (in Chinese))

American Society for Testing and Materials A975.
(2008). ASTM A975: Double-Twist Hexagonal
Mesh Gabions and Revet Mattresses. (Metal-
lic-Coated Steel Wire or Metallic-Coated Steel Wire
With Poly (Vinyl Chloride ) (PVC ) Coating ).
American Society for Testing and Materials A370.
(2008). ASTM A370: Standard Test Methods and
Definitions for Mechanical Testing of steel Products.
Muhunthan, B., Shu, S., Sasiharan, N., Hattamleh, O.,
Badger, T., Lowell, S., and Duffy, D. (2005). Analy-
sis and Design of Wire Mesh/Cable Net Slope Pro-
tection, Washington State Transportation Commis-
sion and U.S. Department of Transportation, Federal
Highway Administration. (www.wsdot.wa.gov/biz/
mats/Geotech/WA-RD612.1WireMesh.pdf')

Officine Maccaferri, S.p.A., Agostini, R., Cesario, L.,
Conte, A., Masetti, M., and Papetti, A. (1985). Flex-
ible gabion structures in earth retaining works, La-
banti e Nanni, Bologna.

Officine Maccaferri, S.p.A., Agostini, R., Ferraiolo,
F., and Papetti, A. (1988). Flexible gabion and Reno
mattress structures in river and stream training
works, Section two, Longitudinal structures, Bolo-
gna.

Officine Maccaferri, S.p.A. (1982). Rock fall protec-
tion netting for roads. Railways and housing, La-
banti e Nanni, Bologna.

Officine Maccaferri, S.p.A., Agostini, R., and Maz-
zalai A, P. (1988). Papetti Hexagonal wire mesh for



K R © 43(2), 2012 193

rock-fall and slope stabilization, Labanti e Nanni,
Bologna.

2010128272 W
2011 £ 08 B17 B {&F
201ME10H 188 #Z
(A pifcm e 2012 4 12 H 31 H)



