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A Study on Mechanical Characteristics and Behaviors of FRP Composite with Three
Different types of Matrices under High Temperature

Jung, Woo-young - Jang, Jun-Ho - Back, Min-Ho

Abstract

Fiber Reinforced Polymer (FRP) composites are used extensively in aerospace, marine, automotive, infrastructure, chemical
processing and sporting good applications. A concern with using FRP composites in some engineering structures is their high
flammability and poor fire resistance In this research, material properties of FRP composites at increasingly high temperatures was
measured and verified. The obtained mechanical properties of FRP composites were performed according to ASTM D3039/
D3039M and tested to a wide range of heat conditions with temperatures from Room-temp. to 300 for times up to 30 min. It is
found that the mechanical properties of FRP composites dropped with increasing heat or temperature. The reduction to the prop-
erties was due mainly to thermal degradation and combustion of the polymer matrix.

Key words : FRP(Fiber Reinforced Polymer), Material Tests, Fire, Stress-strain relation, Numerical Analysis
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Material Eq; GPa Gy GPa Vil s MPa na % ag pum/m/°C ap pr glem’
E-glass 72 33 0.09 43 5-54 - 2.6
En longitudinal Young's modulus 71 maximum elongation
G longitudinal shear modulus an longitudinal thermal expansion coefficient
Vil2 longitudinal Poisson's ratio ap transverse thermal expansion coefficient
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Material Em GPa G, GPa Vin sm MPa T %o Pm g/cm3
Epoxy Der332 3.4 1.2 0.35 64 1.9 1.22
Vinylester 1222 32 - - 79 2.5 1.3
Polyester 7241 33 - - 79 24 1.38
En Young's modulus Sm tensile strength
Gm shear modulus T maximum elongation
Vin Poisson's ratio Pm density
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F" =ultimate tensile strength,
P =maximum load prior to failure, N

A =average cross-sectional area,

Chord: A_G
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Erd— tensile chord modulus of elasticity,

Ao =difference applied tensile stress between the two strain
points,

Ae  =difference between the two strain points (0.001
and 0.003)
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Specimen Temperature (°C) | Heating Time (min) | Modulus of Elasticity (GPa) | Tensile Strength (MPa) Ultimate strain
E02 20°C - 21.20 469.75 0.02828
E03 20°C - 20.23 437.34 0.02637
EO07 20°C - 20.88 434.28 0.02677
Average 20.77 44712 0.02714
EO8 100°C 30 19.78 469.08 0.02768
E09 100°C 30 16.60 417.87 0.02715
E10 100°C 30 18.56 441.44 0.02752
Average 18.31 442.80 0.02745
Ell 200°C 30 17.65 443.78 0.02648
E12 200°C 30 16.60 435.57 0.02638
El3 200°C 30 16.44 438.84 0.03006
Average 16.90 439.40 0.02764
El4 250°C 30 11.31 410.76 0.02714
El5 250°C 30 15.70 423.21 0.02754
El6 250°C 30 18.26 375.17 0.02746
Average 15.09 403.05 0.02738
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Specimen Temperature (°C) | Heating Time (min) | Modulus of Elasticity (GPa) | Tensile Strength (MPa) Ultimate Strain
PO1 20°C - 23.98 485.58 0.02580
P02 20°C - 21.50 440.50 0.02774
P03 20°C - 23.69 436.65 0.02516

Average 23.06 45424 0.02623
P04 100°C 30 19.18 430.41 0.02640
P05 100°C 30 19.17 409.07 0.02448
P06 100°C 30 16.16 403.11 0.02556

Average 18.17 414.20 0.02548
P07 200°C 30 13.41 323.11 0.02076
P08 200°C 30 15.25 375.13 0.02497
P09 200°C 30 17.96 365.06 0.02078

Average 15.54 354.43 0.02217
P10 250°C 30 15.54 317.18 0.02144
P11 250°C 30 14.62 330.58 0.02215
P12 250°C 30 14.86 335.12 0.02195

Average 15.00 327.63 0.02185
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Specimen Temperature (°C) | Heating Time (min) | Modulus of Elasticity (GPa) | Tensile Strength (MPa) Ultimate Strain
Vo1 20°C - 22.20 465.47 0.02703
V02 20°C - 23.42 486.37 0.02609
Vo3 20°C - 2542 527.12 0.02537

Average 23.55 492.99 0.02616
V04 100°C 30 23.25 492.32 0.02604
Vo5 100°C 30 23.44 - -
Vo6 100°C 30 21.91 486.63 0.02771

Average 22.87 489.48 0.02688
Vo7 200°C 30 21.27 412.06 0.02473
V08 200°C 30 25.48 480.06 0.02391
V09 200°C 30 23.53 395.26 0.02289

Average 23.43 429.13 0.02384
V10 250°C 30 22.73 388.64 0.02067
V11 250°C 30 24.55 380.21 0.01815
V12 250°C 30 21.65 443.41 0.02617

Average 22.98 404.09 0.02166
100 100
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I 7. EEA E 2HSlof fEt 4 A8
Composite 28 2% (0O PFRVIAIT (GPa) 7= (MPa) Ho HEE
20 20.77 447.12 0.0271
. 100 18.31 442.80 0.0278
Woven fabric/ Epoxy
200 16.90 439.40 0.0296
250 15.09 403.05 0.0274
20 23.06 454.24 0.0262
. 100 18.17 414.20 0.0255
Woven fabric/ Polyester
200 15.54 354.43 0.0222
250 15.00 327.63 0.0219
20 23.55 492.99 0.0262
L 100 22.87 489.48 0.0269
Woven fabric/ Vinylester
200 23.43 429.13 0.0238
250 22.98 404.09 0.0217
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H 8. Mechanical & Thermal Properties of Materials

Name Properties Value
FE-3H, 1 248
A, 200
Steel e — —
227 A, 11.7 x 107/°C
AA=E 66.9 W/m/K
e3AT, En 25,000 MPa
EMAISE, Ex 19,500 MPa
A eAIS, Gy, 7,500 MPa
Poisson HI, vi, 0.20
QM6408 3-8, X 310 MPa
=3 4= 349, X, 221 MPa
=3 HH-$9, X 114 MPa
G Al 14.4 x 107%/°C
QATE 0.0335 W/m/K
A, B 31,500 MPa
AT, Exn 20,000 MPa
At 374, 7,000 MPa
Poisson HI, 0.22
Q9100 =3 59, X, 621 MPa
3 3= 53, X, 476 MPa
=3 AT g9, X 121 MPa
I A, a 14.4 x 107%°C
AR =S 0.0335 W/m/K
£ U FTH JHs B




o, 2 FREHEORZ AR Qe A3 A
=P AT Ao AR £EE

doprgitt. 29 21 FEIERFRIEAIS] 250°Ce] AEdst

o] 74k A7 Fxwol),

T a9 229 9 23w 7 wjlEEA H 2o 9%t
EATAES A83 faAmde] ARk ZiR)) 2 SRk-
74 Hoi AFS wlagk Aok 19 229 19 230
& A=) fFrEldRelEAle, el E=
7353 - 31 AR B st AR XS Holal 9}
I frepdfalddsH 2] A9 Hd 4mmEA OE T
AFRT ¢ e AP B¥XE Holw gt} ol A¥gAy
oA freldrmldol=E2e] AT 7HAE0] 3% VIR
s Belol 7|0 AoR dAddnt wEhA A 1
olxe] A7 EAX|e] Wish= FRPAIEE &85k ZNEAQI
T2 A% o] ¢k 100°C7HAE A (resin)e] % 3Fo]

L

MESCParan 120041 07-Dec-E 072000
Fringe Stop_Load_Case_1, Step), TomiTimes0_+ Dofomation. Displacemants-(HOM-LATERED] (22)

O3 21. 250°COj|M2] W3 Hi=tmto] XE 2=

10
OEpoxy
z 8 B Polyester
E OVinylester
£ 6
g
g 4
2
S 2
0 . .
20 100 200 250
Temperature ()
J8 22, ofEEIAY s Z[CHXE H|D
10 OEpoxy
£ 8 MPolyester
E OVinylester
E 6
@
£
E 4
2
0 .
20 100 200 250

Temperature (°C)
38 23. ljEEAH 18 F|of XM& Hm

AR Aot 100°C o] eoq =AW} F
7FEREE A wstel] w2 gRke duiEeR A vehd
o= e B a7a9E g8l & 5 ok
4.4 £

A BRlae 44 RoklA i) AsE g
3L AR oyt shdell =2E A MiEY2Y} 7lAs
AR Eall 9 spehkgol o 715t Shlbde AA A
HhSo] . 7P wo] 2ol= WEY: 33FE AN
ate] exdslel] we E3E JA5ES S48k A4
TEES AEHstE dotusith. & Ayl Ui 4L o
-3 2t}

(1) £ Al A" 7 53ise 250 s
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) AT A FEAdmEzE =T b AL 7
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BT 7P 2 AasS Btk

4 FRfEdzEHEE O F AsRy AT,
W= & asS Bl 7P & APl d
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B HgolaH 2 &g 2" 20 FA] o2 YERE
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S Q1 3k

(6) AA| a12lxe] A7 E4%)] Wsh= FRPAIRE 2
B3 ARl F2E AT Slo] ¢ 100°C7HA=
A (resin) A3t 3 FFo] FhH oz Agkort
100°C o] 1o g 2EFIr} F7RE AW
sl w2 JdF AdFez 7 Jehhe AS 3

47 A7E Bal] ¢ % At

E 9. MEERA 8 M |XH|

2 8

¥

e

Weight of |, .
. FRP Weight of Average
Composite|  # . fiber orlo | ViV o
con}posne (unit : @) %)
(unit: g) '
El 1.60 1.02 0.64 0.47
R Ry 1 1 4 4 4
2] .63 .05 0.6 0.48 7
E3 1.71 1.11 0.65 048
P1 1. 1.32 X 52
PRy 99 3 0.66 0.5
Zgo & P2 2.02 1.32 0.65 0.51 49
= P3 2.08 1.26 0.61 045
PEREY Vi 1.61 1.09 0.68 0.52
v~ V2 1.52 1.05 0.69 0.53 53
B2 7y | 147 | 102 | 069 | 054
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