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Abstract : The anisotropic mechanical properties were measured for the three orthogonal orientations of plain weave
glass fabric reinforced epoxy resin laminate. In tensile and flexural tests, axial and edge type specimens failed by
pull-out of warp and fill yarns, respectively. In contrast, the thickness type specimens failed by adhesive failure process.
Longitudinal cracking occurred in several of the edge type specimens during tensile test. That cracking caused pop-in in
the stress-strain curve. Defects induced by improper coupon machining caused that cracking.

Key words : Composite anisotropy(&-3tA1 5 o]8H4), Glass fiber reinforced plastic(8-2]4d-5-7438 Zalxg),
Autoclave molding( 2. E5-#| o] ¥ A &), Plain weave prepreg(38 2] 3 2] 3 7)) 77), Flexural strength(3 3 74 %

Nomenclature
AT : axial type tensile specimen
ET : edge type tensile specimen
TT : thickness type tensile specimen
AF : axial type flexural specimen
EF : edge type flexural specimen
TF : thickness type flexural specimen
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Table 1 Chemical compositions and mechanical properties
of E-glass
(a) Chemical compositions(%)
AlO; Ca0 MgO B103 CaF,
14 20.5 0.5 8 1

Si0,
54

(b) Mechanical properties

Dielectic
strength(kV/cm)

103

Tensile
strength(MPa)

3,450

Elastic
modulus(GPa)

72.4

Elongation
(%)
5.0

Z1EW Uof) A Q) Frel i 2 ZH
331 Q@ ¥ o] Bautoclave) ol A o 3 T3
177°Col| A 2417t 2] 8 3= 200°Col| A TA|2F A3}
AA AEstHon Ao ¢E-e 560kPac]$l
oD M =)= 350x350x130mm F17)9] 2o
AzHQom 731789 Tz st AE A
2] 27| = Photo. 1)) R.0]&= nps} Zro] 1.2, mgte

2 e =0} 7]Fo] A9 glow Eetole] 1A
v #dsln YEE= 1.88 gom Pk 2=
F e FEA Rl HF T2 40.53vol % ATk

(b) Cross section view

(a) Surface view

Photo. 1 Surface and cross section of the fabricated composite
using autoclave molding
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Fig. 1 Configurations of tensile and flexural specimen

thickness direction

AT, AF

warp
direction

TT, TF
fill direction

Fig. 2 Definition of three types of tensile and flexural speci-
mens
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Fig. 3 Tensile stress-strain curves of AT, ET and TT speci-
mens
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Table 2 Tensile properties of three types of specimens

. Tensile Elastic . Fracture
Specimen Elongation
type strength | modulus %) energy
P (MPa) (GPa) ° (kJ/m®?)
AT 429 11.57 7.33 1424
ET 439 11.48 7.67 1469
1T 41.3 5.70 0.82 14.2

18 simxsxZstsli=25 MITA H3S, 2000

———— thickness direction of each specimen

Photo. 2 SEM images of fracture surfaces of three types of
specimens after tensile test, (a) axial type, (b) edge
type and (c) thickness type

AAVELzo)l 48 A7k obd BhE 4 24k o
ol FEF& A= AR ofde o 2
7 A9 9] 91 ALZ)S Photo. 201 A H.of Tt
ATAJ O A YALe] &2 A ] Holx] G &l W
gof] A7} o 2 AL oaE s & T Uk =g
st AARZE WAV E3 34 A e
2 o} k. o] @ DAL 3] Fhkol
15 Wkl 217} whgko 2 =) Aol A
gste] ZAre}t vhupbd B
whe} R s Qe ofu) AW
P 87 1A S A S E AboldlA] B F]
A sl ol =31& ) ZAL7) st wo] A9
FHZF 3o o] 2= A o] 7FEdith
FH o 2 ETAIX = ALY &7l ¢l
' sk A shesof ws) o
(pull-outyo] B & AT &} 7o) mpHo] A3 QL
o] kg o) 121 Photo. 2(c)2] TT A} o] A4
AL} 1A} o1z Foll = ato] flom Az
2571 spdel ARsHA =EH o YehtR s
Y3 W3t o FA] 2] 2] A A] 17 7} 3 3
1& & otk o2 gk e o oo &= HAA J
oA F8 sa 7179 s ez
}11 7] (adhesive failure)' 9} w9 -3 A}51U)

Ol

FFOT A

il

o Mo 2
o

R O A A )

N

Jo ©
S~
>
A o
o,

off
i
4z
A

R

o
oy —

N

md oo it oY o rfr o oft ki
b

e
o

32 gelnt oy 54

4F 74w Hlgd oA e g A
A 3l e T A Fnh dibH o= of
23 #wAL A el EAste NAE T 2
& Age it £ H 0w B8 Yo
o LAshHE Ao A A ot FALS EsH &
ZEe gl B7sta 53] PMCAA9
Fdel ot A2 vl =2



Mechanical Properties Anisotropy of Plain Weave Glass Fabric Reinforced Epoxy Resin Laminates
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Fig. 4 Pop-ins in stress-strain curve of edge type tensile
specimen
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Fig. 5 Flexural stress-strain curves of AF, EF and TF speci-
mens

Table 3 Flexural properties of three types of specimens

Tangent
. Flexural . Fracture
Specimen strength modulus of {Elongation enerey
type elasticity (%) 5
(MPa) (GPa) (kJ/m®)
AF 434 18.98 2.58 42.04
EF 463 21.08 2.38 4132
TF 95 10.04 0.97 3.50

———> thickness direction of each specimen

Photo. 4 SEM images of fracture surfaces of three types of
specimens after flexural test, (a) axial type, (b) edge
type and (c) thickness type
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