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Abstract
Recently, the composite material becomes more popular and its usage is kept expanding from
aerospace to civil structures such as bridge decks and irrigation and drainage pipes. The major cause
for the popularity can be found in its high strength, light, and excellent anticorrosive properties.
Nevertheless the methods to accurately predict and analyze its structural behavior are extremely limited.
This has been the major reason circumventing more prevalent use of the composite materials in civil
structures. This study is a pre-study to develop the analyzing models for accurate prediction of the
composite material structures. Thus, various tests were performed for GFRP pipes to estimate material
characteristics of GFRP in this study. And stress-strain relation of GFRP was suggested as a bilinear
relation.
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© 4%E 24 (Unidirectional)

@ & 27} (Bidirectional)
@ 494 AdH 27 (Discontinuous Fiber)
@ Az B7 (Woven)
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Specific Weight (g/cn) 2.5
Tensile Strength (N/mrf) 1800
Young's Modulus (N/mr) 7400
Thermal Coefficient of Expansion (m/mK) 5
Thermal Conductivity (C) 0.8
Glass Fiber E-Glass

#* 2. weldwe VAN, E22H sS4

g} = E-Glass S-Glass C-Glass AR-Glass
Tensile Strength (GPa) 3.45 4.3 3.03 25
Tensile Modulus (GPa) 72.4 86.9 69.0 70.0
Ultimate Strain (%) 43 5.0 438 3.6
Poisson’s Ratio 0.2 0.22 - -
Density (g/cm) 2.54 2.49 2.49 2.78
Diameter (tm) 10.0 10.0 45 -
Longitudinal CTE (10-6/TC) 5.0 2.9 7.2 -
Dielectric Constant 6.3 5.1 - -

* 3. 7]uN R A, By &

0z

s = Polyester Epoxy Vinyl Ester

Tensile Strength (GPa) 20-100 55-130 70-80
Tensile Modulus (GPa) 2.1-41 25-4.1 3.0-35
Ultimate Strain (%) 1-6 1-9 3.5-65
Poisson’s Ratio - 0.2-0.33 -

Density (g/cm) 1.0-1.45 1.1-13 1.1-13
Tg () 100-140 50-260 90-140
CTE (10-6/C) 55-100 45-90 21-73
Cure Shrinkage (%) 5-12 1-5 5.4-10.3
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AM8-EE  GFRP #29 22 A8 P40 Huis Zake] 7+ T7hd G ALE Asheld

AR [& 0% F AR 50840 0m)]| 3 E gl/ex)
@A 1 2400 24 32.2 Draction
A& 2 2350 24 32.3 (T
A8 3 2340 23 309 .
NEA 4 2311 25 242 a2 8. #xel ZsH(ongitudinal
M9 5 2394 A 305 direction) % 213 WsHtransverse

9 2359.00 24.00 30.02 direction)

£5 2 AgAe A

A@A F5H7 A4 (cm) A t (mm) Z b (mm) SHA (or)
NEA 1 (TF-1) 30,925 4153 19.687 0.8176
AFA 2 (TF-2) 30.940 4140 19.623 0.8124
A @A 3 (TF-3) 30.942 4383 19.647 0.8611
N @A 4 (TF-4) 30,962 4157 19733 0.8203
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Load-Displacement Relationship (TF-2)

Load-Displacement Relationship (TF-4)
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Stress-Strain Relationship (TF-2)

Stress-Strain Relationship (TF-4)
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1500 /
1000 2 ?‘/ 1000 -2 ?7"’/
500 frr=or N T2+
ag 15, P2 EbM = AE (TF-2) a8 16. 7#2HH ERMAI S ME (TF-4)
6. BT A
T TF-2 TF-4 Average
1 7 El (kgf/cm) 10096000 6199000 8147374
- AEHY 0=<£<0.000095 0=<€<0.000124 0=<€<0.0001095
9 7} E2 (kgf/cr) 0 0 0
© AL 0.000095 < £<0.0006 0.000124 < £<0.0006 0.0001095 < £<0.0006
3 27 E3 (kgf/cn) 360000 350000 355000
= 289 0.0006 < £<0.0056 0.0006 < £<0.0062 0.0006 < £<0.0059
4 Tgr E4 (kgf/cn) 0 0 0
C LR 0.0056<¢ 0.0062<¢ 0.0059<¢
EG = (kgf/cr) 2800 2760 2780
g2y vy E 0.0096 0.0106 0.0101
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3.4 Resin-Mortar 52| ¢tx4AE
FElAdF2 BE 4 23 g4 HF 5o GFRP
& F43k= Resin-Mortarg®] 4549 T3}
Atk o] 2L PYEFAS &FInE TR
S gAY Ade oy 22 2 #1098 2o
B AdASE B 11 @ 29 24~259 #rh
o
Load F
ag 17. 39e Q& Ald
E 7 neldaed =X 5o Zursr o1& AE 2y
= ol =3 aF F3 A= E Poisson’s Failure
(mm) (mm) (kgf) (kgf/cd) (kgtf/cnt) ratio(n) strain %
Fiber-1 25.38 411 799.25 766 132259 0.151 1.923
Fiber-2 24.83 4,18 732.02 702 182243 0.208 1.808
Average 734 157251 0.1795 1.8655
E 8. Z AldAle HHA
AEA FE 973 (mm) =] (mm) T (mm) GAaA (em)
- CF-1 309.250 50.154 4.898 46.828
CF-2 309.400 50.038 4810 46.027
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Stress-Strain Relationship (Comp. CF-1A}
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Stress-Strain Relationship (Comp. CF-1D)

2
200 / 200 F=ad
0 0.0005  0.001 0.0015 0.002 Dsz(:: 0,003 00035 0004 0.0085 0.005 0 0.0005 0,001 0.0015  0.002 Osfr(:: 0.003 00035 0.004 00045 0,005
a8 20. S-HYE A ¥ EMA T M aE 21, S8-HEE #A Y EMA T MH
(CF-1A) (CF-1D)
E 9. EFMASTo AH
T CF-1A CF-1D CF-2A Average
| 7 El (kgf/cm) 411023.86 646684.79 294552.01 450753.55
- g9 0=<¢e<0.001169 0=<£<0.000743 0=<£<0.001667 0<£<0.001193
2 2z E2 (kgf/cm) 161903.30 138558.50 110280.90 136914.23
- AL 0.001169<¢ 0.000743<¢ 0.001667<¢ 0.001193<¢
FEG T (kgf/cn) 1003.683 1003.684 955.964 987.777

a3 22, MEA M ¥ stE =d

E 0. A gAH HA

O# 23 He £F 2K

Al g A Z b (mm) FA t (mm) %] h (mm) @2 (ar)
CR-1 29.40 8.98 39.92 2.64
CR-2 29.37 9.12 39.90 2.68
CR-3 29.25 9.05 39.86 2.65
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ZE 11048 a2 et A M
L F A et
A a] R 5% A= Secant Modulus, Tangent Modulus
(kgf/c) EC(50%)(kgf/cmf) ET (kgf/cm)
CR-1A 1110 B.74E+05 2.16E+05
CR-1B 1106 2.43E+05 1.51E+05
CR-2A 1110 1.61E+05 1.10E+05
CR-2B 1106 8.26E+05 1.66E+05
CR-3A 1110 2.69E+05 1.55E+05
CR-3B 1106 3.75E+05 1.79E+05
Average 1108 4.08E+05 1.63E+05
Stress-Strain Relationship (Compression, CR-1A) Stress-Strain Relationship (Compression, CR-38)
1000 W 1200
a3 24. 23-HEE A (CR-1A) aE 25 32-wEE A (CR-3B)
E 12. GFRPEZHo| aFws B A
3 ERixin =37 E BAAsF E Poisson’s Failure
AE A Z(mm) | FA@m) |
12 o T mm (kgf) (kgf/cif) (kgf/cit) Ratio strain(%6)
TPL-1 25.17 8.40 556.49 264 136495 0.146 0.459
TPL-2 2351 8.53 524.21 243 108834 0.087 0.636
TPL-3 25.35 8.42 792.17 371 106184 0.104 0.705
Average 624.29 292.67 117188 0.112 0.6
¥ 13. 3wsk QI TAE AldA MA
NEE %) 7 (cm) %7 (mm) Z(mm) 2l 4 (cm2)
TP-1 31.68 7.853 19.637 1.5421
TP-2 31.724 7783 19.687 1.5322
TP-3 3171 7.557 19.590 1.4804
E 14, SWsF QI XAIY Z3 U ERMA S MY
A A E2 (kgf/cm') =3 A= (kgt/cr) Strain at Failure
TP-1 140751 1471.795 0.007349
TF-2 141345 1587.179 0.007527
Average 141048 1529.487 0.007438
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3.5 GFRP HZ&E&o| clgad Z s B 128 49T AGEE Zoln,
#*9 FEAFEAL A S resin mortar—«] z F 133 F4E WY A AHEE AEA
o) B4AE MHY F T ARE 43T GRP 4 A9 2 AF Ageln, 299 A% A Ao 19
Fwol O ARAYL FANGT AGWEE £ 26 R a9 273 2ok
AR 54 59 A% 2 GHLT 2o we
Load-Displacement Relationship (TP-1) Stress-Strain Relationship (TP-2)
4500 B V.a 1600
s _
3500 e / e 23 /
oo / %1200 /
l‘g'zmm / g . /
1500 132 / @ 600
/_-——/ 400
1000 / [
0 1 2 3 D|S:Iacemem (fnm) [ T 8 [ 0,000 0.002 0.004 0.008 l;.::aoit:‘ 0.010 0.012 0.014 0,016
% 26. S AFAIE stE5-HY 2 % 27. 3WE AFIAYE SH-HEE A A
(TP-1) TZh e XA 4F (TP-2)
E 15 BUE SEAE 20 U SAAS MY
T T e Al CP-1B CP-1D CP-2B CP-2D Average
1 7zt El (kgf/cif) 398648 799143 259311 584980 510520
2 F7 E2 (kgf/cnf) 161771 170157 126384 152196 152627
T+ AAA 0.000649 0.00037 0.001038 0.000485 0.0006355
=3 A% (kgf/cm) 837.767 837767 888.871 883.871 363.319
¥ 16. GFRP XS @e| Zuwst A=AI8 AEA XY
AEA T2 97 (mm) #°] (mm) 7 (mm) SA A (o)
CpP-1 316.80 50.152 8377 31.168
CP-2 317.24 50.097 8.228 '719.877
Stress-Strain Relationship (Comp. CP-18) Stress~-Strain Relationship (Comp. CP-2D)
PN 900

Stress (kgf/cm®)
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2 20. sk 2EA|E ZHap ¥ ELMA S LMH
T TR g Al CP-1B CP-1D CP-2B CP-2D Average
1+ El (kgf/cm) 398648 799143 259311 584980 510520
2 T+ E2 (kgf/cm) 161771 170157 126384 152196 152627
T+ BAA 0.000649 0.00037 0.001038 0.000485 0.0006355
=38 7= (kgf/er) 837.767 837.767 888.871 888.871 863.319
3.6 GFRP ’“%j_.‘_*gl Zdtat ?‘J?EMEJ ZtAlo] =2
A GFRP A& g3l 45A18E Pkt
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