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ABSTRACT

Geosynthetics are widely used in different ways such as reinforcement of structures in road, railway, harbor and dam
engineering, drainage, separation and erosion prevention. They are especially applied to reinforced retaining wall and slope
or ground reinforcement. Recently, geosynthetics reinforced pile supported (GRPS) embankment was developed to improve
stability and construability of embankments in railway engineering. Extension strains are usually measured by strain gauges
adhered to geosynthetics to evaluate the stability of geosynthetics. However, the measurements are influenced by manufacturing
method and stiffness of geosynthetics and also adherence of strain gauge. In this study, wide—width tensile strength tests
were performed on three types of geosynthetics including geogrid, woven geotextile and non—woven geotextile. During the
test, strains of geosynthetics were measured by both video extensometer and strain gauges adhered to the geosynthetics and
the measured results were compared. Results show that the measured results by strain gauges have high reliability in case
of large stiffness geosythetics like geogrid and woven geotextile, whereas they have very low reliability for small stiffness
geosythetics like non—woven geotextile.
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Table 1, Characteristics of different types of geosynthetics for wide—width tensile strength test

A ) Weight Tensile strength Tensile strain Permeability
Geosynthetics No. Material
/ (g/m) (kN/m) (%) (m/s)
N-150 = 150 -
Non—woven N—300 PET = 300 - > 50 > 1x10-3
geotextile
N-600 = 600 -
Bidirectional W-5 = 150 = 50 <20
woven geotextile — > > <
o W-30 PET 900 300 25 > 1%10-5
Unidirectiondl W-60 > 900 > 600 <1
woven geotextile
G-15 = 600 = 150
Geogrid PET_ =13
G20 (PP coating) = 700 = 200

Table 2. Characteristics of strain gauges used in the test

Table 4. Characteristics of rubber glues used in the test

Manufacturer Tokyo Sokki Kenkyujo Co,, Ltd. manufacturer Daeheung Chemical Co,, Ltd,
Gauge type YFLA-5 Type D—-5251
Gauge length 5 mm Color Light yellow & viscous liquid
Gage factor 210£2% Solid contents 20%1% (at 105+5T x3hr)
Transverse sensitivity 0.0% Viscosity 1,200~1,300cps (at 20C, RION VT-04 #1)
Resistance 21+0.5Q Application temperature —5C~40C
o . . Applicable specimen Rubber, Paper, Wgod, Metal, Glass,
Table 3. Characteristics of instant glues used in the test Plastics
Manufacturer Tokyo Sokki Kenkyujo Co,, Lid, Curing time 10-30 min (at 20C)
Type oN Chloroprene rubber (10~20%),
Component Synthetic resins (10~20%),

Color Transparent & liquid

Applicable specimen Metal, Composite material, Plastics

Time required for starting

15 min
measurement
Curing time 20-60 sec
Component Ethyl 2—Cyano acry—late
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A3 9lek. Bk Table 33} Table 404 212 Alge]
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PN/ ATl
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Diagonal-Machine Direction (DD

Machine Direction (M)

Cross-Machine Direchion (CD)

2 %
A|&e] Foko] 10em HEo] HACR ZHS BAFE &
Video extensometerE ©|-&3}04 QJAAHAE SA 5L 0]

& B2 dHHFES AEsen, SA AR Rl

Table 5. Detail design of wide—width tensile strength test

Direction, MD), X8 Cross-Machine Direction, CD), tj
Z+- K"K Diagonal-Machine Direction, DD) 2.2 ZFZ}F A

£ 23010 BERLEANE SH519ch Table 5
oA 371 Bejo) EEAG RS dAoR
YEAAPEAY 8- Rtk Table o4 oFr
2] 3Z(Bidirectional woven geotextile)= HEZRFgFo] ¢lil

&
=

Zup3ko] 27)0| B8 MD-1, MD-28 X &3}9t).

Table 694 = EEHF A|RHE A|Z2HFHLIHMD,

Test times

W5 times for each direction

per each material

Geosynthetics Direction of material Cement of strain gauge
N-150
Non—woven geotextile N-300 MD, CD, DD ) )
N=600 Geosynthetics are firstly
— treated with rubber glues
Bidirectional W-5 ) :
. MD—1, MD—2, DD then strain gauge is
woven geotextile™ W-30 :
Unidirectional adhered to instant glues
ni |recwona‘ W60 MD, CD, DD
woven geotextile
) G-15 adhere to the geosynthetics
Geogrid G—20 MD by instant glue

*1 : there is no difference between the two directions

Table 6. Test result of wide—width tensile strength test

Geosynthetics Direction of material AVG. um?ﬁ;;f?@fﬂ strength Avg, strain at UTS, %
MD 10,76 46,16
N-150 CD 6.19 46,06
DD 7.37 4972
MD 2417 50,58
Ngg&g;ﬁ” N-300 CD 15,25 55.80
DD 19.30 5376
MD 46,70 51,98
N-600 CD 29.49 65,29
DD 30,90 49.05
MD—1 47.35 11.89
W-5 MD—2 41,09 11.30
Bidirectional DD 14,74 12.74
woven geotextile MD—1 29743 1.4
W-30 MD-2 28419 13,26
DD 83.74 21.05
Unidirectional MD 635,88 11.80
woven geotextile W60 D 20.26 1.09
DD 4270 16.01
Geogrid G-15 MD 157.15 11.86
G—20 MD 21192 10,01

90 AFEEMISI=ET HN4H Az



250

200
E
z
= 150
=
5
g
Z 100
2
7
5
(=]

50

350

o] N L)
L < W o
[=} =] (=] (=]

-
(=]

Tensile Strength (kN/m)
o

th
[=]

[=]

250

[ Average ultimate tensile strength (UTS) = 157.15 kN/m I
[ Average strain at TS = 11.86% [
I 200 [
[ E [
L Z L
L =2 L
[ g ot
50 L
E L
- S 100
o Case 1 E L
o Case 2 £ [
s Case 3 50
+ Case 4 L

% Case 5

1 1 1 O
0 2 4 6 8 10 12 14 0
Strain (%)
(a) G-15

Fig. 3. Tensile strength — strain relationships of

r 700
[ Average ultimate tensile strength (U/7S) = 297.43 kN/m
i Average strain at U7S= 11.41% e 600
- £ 500
L 4
N &=
L =
. = 400
r =]
o Z2
r & 300
L )
r e Case 1 =
F o Case 2 [E, 200
s Case 3
- + Case 4 100
= Case 5
A S 0
0 2 4 6 8 10 12 14
Strain (%0)
(a) W-30

Fig. 4. Tensile strength - strain relationships of MD

Average ultimate tensile strength (U75) = 211.92 kN/m
Average strain at U75= 10.01%

o Case 1
o Case 2
s Case 3
+ Case 4
= Case 5
2 4 6 8 10 12 14
Strain (%)
(b) G-20

MD of geogrid

[ Average ulimate tensile strength ((/7S) = 635.88

kN/m
Average strain at UTS= 11.8% ]

Fo

o Case 1
o Case 2
a Case 3
+ Case 4
= Case 5
0 2 4 6 8 10 12 14
Strain (%0)
(b) W-60
of woven geotextile

Awverage ultimate tensile strength ((J7.S) = 46.70 kN/m

Average strain at U75= 51.98%

30 60
[ Average ulimate tensile strength (U7S) = 24.17 kN/m 3
| Average strain at /7.5 = 50.58% C
25 | so F
£ g |
g20 é4o -
= f . f
E 15 r 530
& r & -
L L o L
:a—é 10 o Case 1 =20 F
[ 2] C
2 ° gase g (D -
o asc -
? + Case 4 i -
) = Case 5 -
0 RTINSO TSR B SRS S NN SN S S N T T S ST SN 0 S ST A A B S S 0
0 10 20 30 40 50 60 70 0
Strain (%)
(a) N—300
Fig. 5. Tensile strength — strain relationships of MD of
CD, DD)of| wh2 FENH =AY Aoz H Hat 2[ehel
AFwet It e dEAA 0 JIFHPES] Bk

o Case 1
o Case 2
2 Case 3
+ Case 4
x Case 5
10 20 30 40 50 60
Strain (%o)
(b) N—600

non—woven geotextiled

Hoj3a 9o, Fig. 31} Fig. 4, Fig. 5o|l4= 242
Hol Ao 1e|e ARet A AR, HAE A2

3

70

4
=
e

AEH QA OIX| MEtO MY HIt



_/
_/
7
ﬁ 12 »)3/
9 a
10 s
5 <
§ &
g & s
= o
g 6 &
> o
_g T OCase 1
s 4 zﬂ?ﬁ( o Case 2
& & aCase 3
2 F &/@X + Case 4
x Case 5

0 2 4 6 8 10 12 14
Strain by strain gauge (%)

(a) G-15

Fig. 6. Comparison of strains measured by strain

(MD)o]| tfigh Q13-H 241 Hojct Table 63} Fig. 3
~Fig. 504 BZo] 2] Q12| EAR(G-15, G-20)2} &%
A R(W-5, W-30, W-60)+= Q137 wo] A7)0 TAGlo]
Hf Q=7 HH = it AR FEC] 10~11% 3
T2 AHo R 52 BAASE Bl vhdo|, 2
2 E A Z(N-150, N-300, N-600)= Z A7 E 0] A] <]
Bt ARG EC] 50%PERA uf - F2 eHIAE
HolEg o 4= ok T3 AlRAFHol o Het <l
AP A LA Fo|A MDD CDE= 11% P =S et
A9 DDoJA = o] Rtt 2 QAP ELS Lehfjo] Bh4
Alg7h Za, RA = AR F Sl Auglo] BE A

f
2
>
=2
o

Mo
rlo
)
o
ol
&
i
T
o
e
o

3.2 AE A OIX] MHZ} MY 24

3.2.1 X|2O2|E A2

Fig. 6oA= X218 = A& 2F5(G-15, G-20)] o
o) 2EAACNNE Fasto] ST FEAFEAY
2342 HolFL A1g3tol 57
QAN REE AT QAPAY BT SEd Aol
o o3 ZAE ARG ] A FUSHA ehde o
% 9tk ol MeelEg] Zp4o] A Ewlo] WY
EB4G o] 27 % e Llﬂe 31l 2

=1, Video extensometer=

92 UZESHRAS=EY H14H M4

14

—
B
12 v
E10 « LB
£ -
§ 8 D,x?‘@
= ag{g”
L o
= 6 af
B y
P )&'@X o Case 1
E 4 ;gﬁgﬁ oCase 2
@
%E%E o Case 3
2 r e + Case 4
ﬁ * Case 5
0 1 L

0 2 4 6 8 10 12 14
Strain by strain gauge(%)

(b) G—20

gauge and video extensometer (geogrid, MD)

3.22 XL A=
Fig. 7~Fig. 9ollAl= AE A& 3EE(W-60, W-30,
W-5)ol| tisff AEF A C|XE F2lslo] 433t F-=2]
AN diatE Hojed, o] 21 ;i‘?‘i ] Hy
e A @12 =0] 9ok thEA| MD WRFe] A Zofi=
iEEﬂOW] Aol 2]t Q1A E0] Video extensometer
ARERE AP EE T 2] Y A3 e
‘:‘% 20~30% 45—4 Apo|7F M = Q5= & = Sick

CEAA £BE B B Tl SHAE A
QAN RAA7IE S AFgILEA G4l 2 3
PR 44845 Ax Al 273

5.rl
ox.
R

[T-E
=
oot Ay
1
=
EN
N
lo

I>Jf
o
£ 1o
S og
EO
Nl
W e

HATE0] qum a7 UrE‘rUr%
5} | 571 $fsto] ARG-El= L
AL AAe] Tt u].gzs}oq A
l Ss] F2REA] FAG a2 A o] A A=t
S u|x]7] gEo g sEch CD Wake] 2z o] A
MD ®afe| 2o Mt Aol fARE dikE o

NN
flo

2

l-ﬂ
1o

A

gt

_v;

E3h DD waFe] A ZojA = QAstEo] 2Hgakes =
7)ol 2E#H AR o] oJFt QlAHE Eo] Video exten-
someter S ARESE QI ER L 27| Yehta, Q1As)
So| S7I%tel it Jog A L}F/H}% gL HolF

g, ol A WEFe] NS A =W AlR9]

-
"l T =
SIS Fol W AR AL HoiEA 2o

o:
o{rl
ook

AN



14

- 14 ~
4 e
12 r v 12 7
—_ e —_ e
X s = = o
= < -z 10 D§ e
=} e =] e
Q o % V2
£ = [u] P
: g st ‘
& K s e
& & -,
bS < 6 2
£@ .
z z AAAA 8 7
g oCase 1 E 4 AAAA dﬁg OCase 1
7 =3 7 4 oo
© Case 2 s | ;‘6@50 o o Case 2
L A Case 3 & Case 3
0 . . | | | T 0 L L 1 L L L
0 2 4 6 8 10 12 14 0 2 4 6 8 0 12 14
Strain by strain gauge (%) Strain by strain gauge (%)
(a) MD (b) CD
Fig. 7. Comparison of strains measured by strain gauge and video extensometer (woven geotextile W—60)
14 — 14 -
s 7
e
12t 7 12 o
= e —_ K x
< o e > e X
= pa = - )
= o0 {PDD z 10 P X
= 0 g TN
g 0 2 g8 L ).<‘)<
= 2 N &
£ < i
s 2 6 | X X pae Aaﬂo o
= = X ]
= 0 Case 1 5 Eéjj:éj @@@@ O Case 1
£ g W o Case 2
5 oCase 2 g : ++
n 1 #ﬁib_# * 4 Case 3
s Case 3 : + Case 4
+ Case 4 = Case 5
0 2 4 6 8 10 12 14 4 6 8 10 12 14
Strain by strain gauge (%) Strain by strain gauge (%)
(a) MD (b) DD
Fig. 8. Comparison of strains measured by strain gauge and video extensometer (woven geotextile W—30)
14 14 =
e e
o s a
12 } o e 12 e
. g © v — v P
S o s g 27 x
= ° R Z 10 X
= v 5 7%
E 7 = )</ X A
5] A 2 g | *
R A = I pa
o, o X0 A
z 2 x A% o
= T 6 r X X ‘IﬁDA ADC
z O Case 1 z » . f@% = O Case 1
= =
'E o Case 2 8 ﬁg{ﬂ@iﬁ-p*’ © Case 2
a 171 AeF ¥ T & Case 3
o Case 3 .
+ Case 4
+ Case 4 = Case 5
0 2 4 6 8 10 12 14 4 6 8 10 12 14
Strain by strain gauge (%) Strain by strain gauge (%)
(a) MD (b) DD

Fig. 9. Comparison of strains measured by strain gauge and video extensometer (woven geotextile W—5)

gk uehd, MD ko] A ool sto] AFIUS AEH BHS A Aol vy
S MT 4 G ATRANES 22 T Aolnl, DD W] HmeJAE 2EAAlA o



ZAE QPR EGORYE AR A2
o AR ITkK] 4] FOBE o]F meldt
2% Aow e

3.2.3 RAx Az

A-ohs thE2A AR el dAgll 2
Z)of| 9Jgt Q1A S E-0] Video extensometero]] &Jgt Q17+
g ERh shels] 27 Uehde & 4 ol Ea
& S e 2% A|=ol MDEC DD €
8 Aol7t 27 Uepton], $2E0) Fo] &2
ol Aol AA YETE oAl AEFIACIA
e
R
—_ 7
= i
< 7
= R4
)
ks
—? o Case 1
g o Case 2
n
4 Case 3
x Case 5
8 10 12
Strain of strain gauge (%)
(a) MD
Fig. 10.
14 2 .
s ° e
R 12 fo P a
= 4 7
gl p e
£ # 7
§ 8 ¥ /‘/
|3 #
S 6 f v
= § e oCase 1
g - o Case 2
g 47 ’
@ e & Case 3
2 ‘,'/ +Case 4
_/'/ % Case 5
0 1 1 1 1 1
0 2 6 8 10 12
Strain of strain gauge (%o)
(a) MD
Fig. 11
94 SZESYREA=EZY HM14H H4E

Fig. 10~Fig. 1204
N-600)0] tis] ~E
AN EAY AFES HolFx

£ B A2 3FFHN-150, N-300,
AAACIAE Fasto] a7t P
Fedl, Alee|ee) 2ol
g1l

%E0] Video extensometero] o]3F QIAHS
Hep 2| Ueh= o]z A/dol ofskaL A1%d ol
Z320] ool Alme] S HBH 57 sl
4] AFHRAIE ARESER oW, o] AL AA

froll amEo] FowA RAZO sAG7E 2A H3
Sjo] e Azel meEr e, AEdelAolx
5P| Sl AT 2TYHAE H3 WHL 2
Az AR AL Eol=d TS Ao
e ) P e A= Rte) et ienate) L= 4
T 7)ee] TRYAAS ALgSE A8
Flom e AEelAo)Ao] oJa] A= <)
A2 7] ol2i ez AZgel i
A RTh B4 HAS ol Zlo] wigkale, o

HAISH] Sl 7o) ofst Saxo] 23leh 2

2 o
r
-|n:
:‘é

'\T
-

Hzr Hz et o

r4>
rE mlm

fru

| _1
=
i
T

7

O
N
rk

ZH0]

i)

X
2L,
2

2

o H

2o

oXl oX
o rE dr Hr

r

LA 1]

N

ya o Case 1

e o Case 2

e 4 Case 3
+ Case 4
= Case 5

+ 6 8 10 12 14
Strain by strain gauge (%)

(b) DD

Strain by displacement (%)

Comparison of strains measured by strain gauge and video extensometer (non—woven geotextile N—600)

14 vy
P
B
12 e
— e
& 7
10 7
3 -~
£ r
3 8 .
! v
Tré' /'/
< 6 Va
> s
- a aCase 1
g 4 /—/ o Case 2
& < & Case 3
2 +Case 4
= Case 5

4 6 8 10 12 14
Strain of strain gauge (%)

(o) DD

. Comparison of strains measured by strain gauge and video extensometer (non—woven geotextile N—300)



—_
&~

./.
7
12 4
v
— Vd
o
e rd
=z 10 s
5 V
=] e
g 8 7
R v
o s
.2 6 K e
-i 4 oCase 1
=) e
= 7 oCase 2
= 4 P
ﬁ‘- % ACase 3
2 £ + Case 4
3 % Case 5
0 “ 1 1 1 1 1

4 6 8 10 12 14
Strain of strain gauge (%)

(a) MD

rd o Case 1
e o Case 2
A Case 3
+Case 4
= Case 5

Strain by displacement (%)

4 6 8 10 12 14
Strain of strain gauge (%)

(o) DD

Fig. 12. Comparison of strains measured by strain gauge and video extensometer (non—woven geotextile N—150)

270l o] Ajze Rrhio] AElojor & RO
Apet.

4. 71%

=

2 AiloAe EEAS Bt 2
o||9] Sl E A=gre] AFAS Hrlaly] Y&l &

AR AT G Ao TRl 2ERet A% 35R 9
HAE IER 5 F 85R0) ERARE HOR ol
AR ZEYFFEMD, CD, DD)2 ~EdIA 0| E &
2ah YEAPFEAYL hbspl Sastaon, 49d
e 24, ok chet ek

(1) Ae2z|=ojx= Erol 24 %{P@ﬂﬁé—' ARE-t
o] Farek AEFH A0 Vloﬂ S

’% iy "F Qlth
(2) MD$} CD | 2zof| A= 11+
glelA o] A|of oJ3t ¢1AHEE 0] Video extensometer

2 AHgR WP B A ek HaE U

PR GPoR AE

ERYH, 20~30% A 9] xfo|7} vRAE) 4= 9le-8 of
4 Sl webd, TRAAS] Jake ned 4 9l
FHBAME FESI] e EE Ese WHe

b== K<)
2HQ9sl= Zlo] npRE Aoz woiwch
(3) DD Hzol A= A5 Yzbi Yo 2 st 5

of Alzof FHEHAA Fol B Hstso] A&
Sh= 270l 2EHIAI0]R]of o3t I FE|
Video extensometerS ARE-SH QAHGEHTE 2
VPRI, QlksEo] Z7heol weh ) wAte] Ut
g o]E 11

4 701—/\410] Okz‘s]-_]’l /‘\_]_XI—/HO] o = _‘T‘_Zlfoﬂ/\ =S

of U 7S —.L—E':/—\jEl = Z%H;Qo] AL 5=
Zlo] v g Ao|rt
Acknowledgement

This research was supported by a grant(15RTRP-
B067919-03) from Railroad Technology Research Program
funded by Ministry of Land, Infrastructure and Transport

of Korean government

References

1. Boyle, S. R. (1995), “Deformation prediction of geosynthetic
reinforced soil retaining walls”, PhD. dissertation, Univ. of
Washington, USA, pp.391.



96

. Cho, S.-D., Lee, K.-W., Lee, H.-Y. and Chang, K.-S. (2006),

“A case study on behavior of high-raised reinforced soil
wall”, Journal of the Korean geosynthetics society, Vol.5,
No.4, pp.1-8.

. Huang, C.-C. (1998), “Investigation of the local strains in a

geosynthetic composite”, Geotextiles & Geomembranes,

Vol.16, pp.175-193.

. Kim, Y.-S. and Won, M.-S. (2001), “An experimental study

on the deformation properties assessment method of geosynthetic
reinforcements”, Jowrnal of the Korean Society of Civil Engineers,
Vol.21, No.3-C, pp.243-255.

. Koerner, R. M. (1996), “The state of the practice regarding

in-situ monitoring of geosynthetics”, Proc. of I" European

Geosynthetics Conference, Netherlands, pp.77-86.

. Lee, K.-W., Cho, S.-D., Han, J.-G., Hong, K.-K. and Lee,

J.-Y. (2009), “Reliability of tensile strains in the various
geogrids measured by strain gauge”, Proc. of the Fall 2009
Geosynthetics Conference, Sunchon, Korea, pp.59-67.

M43 Haz

10.

. Leshchinsky, D. and Fowler, J. (1990), “Laboratory meas-

urement of load-elongation relationship of high strength
geotextiles”, Geotextiles & Geomembranes, Vol.9, No.2, pp.
145-164.

. Sluimer, G. and Risseeuw, P. (1982), “A strain-gauge tech-

nique for measuring deformation in geotextile”, Proc. of 2
International Conf. on Geotextiles, Las Vegas, USA, pp.835-
838.

. Won, M.-S., Kim, Y.-S., Kim, H.-J. and Park, B.-S. (2007),

“A study of the measurement of nonwoven geotextile
deformation with strain gauges”, Journal of the Korean
geotechnical society, Vol.23, No.4, pp.25-32.

Yoo, C.-S., Kim, S.-B., Byun, J., Kim, Y.-H. and Han, D.-H.
(2006), “Behavior of geosynthetic reinforced modular block
walls under sustained loading using reduced-scale model
test”, Journal of the Korean geosynthetics society, Vol.5,
No.1, pp.1-7.



