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Three-Dimensional Mechanical Properties of

Thick Advanced Composite Materials

D.M. Kim, HW. Sonn and C.S. Hong

ABSTRACT

Testing methods are examined to investigate three-dimensionaI. mechanical charac-
teristics of thick advanced composites, and basic properties are measured. Especially, the
shear strength and Poisson’s ratio in the transversely isotropic plane are examined in
detail with testing method. Slotted shear strength specimen is suggested and investigated
to determine transverse shear strength which has not been obtained yet. This test speci-
men provides uniform shear stress distribution and narrow stress concentration region
along the test section. Also, this test gives expected failure mode and stable strength data

in the transversely isotropic plane.
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Fig. 1 Curing cycle for graphite/epoxy com-

posite.
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(a) thin laminate cured by cure cycle (a) (x75) (b) thick laminate cured by cure cycle (b) (x75)

graphite/epoxy composite.

Fig. 2 Photomicrographs of cross section for
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Fig. 4 [0] tensile specimen after fracture.

9t B3yl BA A
EE IR
& Zeolth, Fig 59 6ol 4 2 vhel Zo] 1-2
3 2 shgro] WAL,
94 B e AG5e Ml s1xe 7
5739 el mhueg malrh

ol@A 9 AYAs} Table 13+ 200 vhet 2
of. Tableo] s M ube} Zol, - & o] w4
o] AMEe) BEYY BeeHe ms}
() £ 594 A Boll4 7H 4 AR 0,58 4
o, ol WA ABol AL 1] Drhgtel T
@A ohedl o® AslAn[9], o] % meelwl e

o X

ofy
R

vasl(Ba/Ea) M2 cevniiiinnn, BN (4)

Fig. 5 [90] tensile specimen after fracture.

Fig. 6 Tensile fracture modes in the trans-
versely isotropic plane.
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Table 1. Engineering constants of thick graph- PFEQ HgupEe] of g Bg8ich olwe EHe
lte/eDOXy Table 20_“ L}»_?,}— o1 I:}'
Torayca SKC EAAHF/ANEHA BB s Yty ez
(P3051) USN-1250 HFG =
AQeurarel FEAEE AR B ghow
E,(GPa) 127.8 134.0 135.4 Eahg, B AR A= B3 AEe] u)as]
E., E,(GPa) 9.4 10-3 o6 o, 43 BolHe ghe Yok Auge s
Giz, Gis(GPa) | 4.2 55 4.8 o rEue] Wl WS ChFshm HgsnE
G, ;(GPa) 3.1 3.2 3.2 -
z [10,11], o1& F¥ 5k 9 F719 A77t 279
Viz, Vi3 0.28 0.33 0.31
1 ]:}_
Vas 0.52 0.53 0.52 .

Ei(i=1, 2, 3) : Young's modulus in i-direction
Gij(i' j=1, 2, 3) : shear modulus in i-j plane
\)ij(i’ j=1, 2, 3) : Poisson's ratio

Table 2. Strength of thick graphite/epoxy

(T:;gg;:? Usnorzso | HFG
X (MPa) 1726 1758 1933
X! (MPa) 1051 - -
Y, Z (MPa) 61 52 51
Y', Z' (MPa)| 141 207 -
S, R (MPa) 612 (88%) 52¢ 840
Q (MPa) - 74¢ -

a : Result by [10]sT (a) Fiber direction

b : Result by [£45]2s
c : Result by slotted shear test
X, X' : tensile and compressive strength in 1-direc-

tion

Y, Y' : tensile and compressive strength in 2-direc-
tion

Z, Z' : tensile-and compressive strength in 3-direc-
tion

S : shear strength in 1-2 plane
R : shear strength in 1-3 plane
Q : shear ‘strength in 2-3 plane

3.2 4549

IF SPA s FHFAE X, Y 73] 935
o] ASTM D 3410-75[3]¢] +3¥8 ¥y es s
dEAYE S Tk ABe HEHA et Fig. 7 Typical fracture modes of compress-
= Fig. 7ol vheb gl A7 o] 9052) B+ A Ive test specimens.

(b) Matrix direction
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B A vas)] £ o $EE 2EE g Y
oy, [+45]ps0] AR AF AAelAd Fxbe
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AE o] A%k w4y AEE BolEEg, o =
2 ARAEE Fihrlods B FAdC] S &
T Ak, 2 Y -HYEE FA4e] &2
B4 HEAAE e de Sl
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U3 el Gt 4 (3)F o835k A
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(a) [¢45]ss : prepreg thickness=0.05mm

(b) [#45]2s : prepreg thickness=0.12mm

Fig. 8 Typical fracture modes of 245 angle-
ply laminates.
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Fig. 9 Geometry and FEM modeling of slotted shear strength specimen.
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Fig. 10 Stress distributions along test section
(s/t=0.8).
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Fig. 11 Stress distributions along test sec-
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Fig. 12 Shear stress distributions of thick
and thin specimens.
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(a) Loading fixture

(b) In 2-3 plane

(c) In 1-3 plane

=

Fig. 15 Fixture and typical fracture modes ot slotted shear strength specimens.
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