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Strength Prediction of Thick Composites with Fiber Waviness under
Tensile/Compressive Load Using FEA
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ABSTRACT

Fiber waviness is one of manufacturing defects encountered frequently in thick composite structures. It
affects significantly on the behavior as well as strength of thick composites. The effects of fiber waviness on
tensile/compressive nonlinear elastic behavior and strength of thick composite with fiber waviness are studied
theoretically and experimentally. FEA(Finite Element Analysis) models are proposed to predict tensile/
compressive nonlinear behavior and strength of thick composites. In the FEA models, both material and
geometric nonlinearities were incorporated into the model using energy density, iterative mapping and
incremental method. Also Tsai-Wu criteria was adopted to predict the strength of thick composites with fiber
waviness. Tensile and compressive tests were conducted on the specimens with uniform fiber waviness. It was
observed that the degree of fiber waviness in composites significantly affected the nonlinear behavior and

strength of the composites
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Fig. 1. Schematic drawing of representative volumes
and coordinates for unidirectional composite material
with fiber waviness : (a) uniform fiber waviness model,
(a) graded fiber waviness model, (b) localized fiber
waviness model.
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Fig. 2. Schematic drawing showing the deformation of
subelement.

0" =Ap, —Ap, + tan"[] e tan 0;"’} ¥
1+&”
A7l @, e 47 Pla8%9 FIFEE
Aato]l 745 d a4 Wel Ztx¥ste WYE
£ oujaly g go] 39 5 U

t t 1 1
z,'-z x,'-x
-1 52 ! — -1 7 )

L, g, =tan” ——
x,'-x, z,'-z,

g(n)___?_'izl uz_u1+u3_ul
o 2lx,-x x,-x,

@A a4 wygo) Wagel weh Wstehe
BRG] waztg patm, o wakzte uel
07% s e eddez Adsd w7

Afe A HHH?"M] e 7|58 d nadE E4L 31
qu' T M

AEA H]’éﬂ%‘"% 2o mEE7] A o
UR 2O (W)E AT 2 dFdAE 29
g9 4 2971A A&

¢, = tan

©)



u-n 373

W=lC e +lC,,£f,+lC £
2 2 77 2

1 , 1 | .
+=C.ya+=C.ri+=C.7:
2 w2 5 e 5 Y

+C,6,6,+C8,6,+C, 6.6,

13%¥1n%n

“
+ 1 C,e.+ ! C,.e,+ lcws,’,
3 3 mbn 3

+ lcllllgldl + lC*~~~€:1 + lcsmg;:
4 4 7 7 4 7
1 1 1

+ _Cu« :3 + _Cuss |‘3 + —C(m 141
4 Vs it Y 2 ol 12

waE- 98 BAs 9 A9 JuA UEE
we gAd e = 2 o)gs 2aday A

=4 ne 24 92 oen

(o, ] [C ¢, c 0 0 0T,
o, c, ¢, C, 0 0 0ls,
oy, c, ¢, C, 0 0 0|eg,
| |0 0 0 C, 0 0]y,

T, 0 0 0 0 C, 01y,

.l L0 0 0 0 0 C;__}/u

C =C,+C, &, +CL.E

C,=C,+C,&,+Cp.80

C,=C,+C,e,+C, &8

C,,=C,+C, .75 (5)

CS.S = CSS + CSSSS}/ZZJ
Co=Cu+Coui
CI'Z = C CI'J = C C‘J = CZJ

12 132772

2
o
o

o i

/-\
ox

2 0 (E <

oﬂ', OIO

Az, v AEEE
% 24494) 4 4A
o] &3 wHYPHE 1}
tgtoll wet wststs 1|

S AMEE WEFoZN Bl 7t
2R84 e vYE & ojFc A
W9 AU A3 AHE FAA T8k
Newton -Raphson & AM&3tch o|g A vt
bob Ak A HE R 233 2
T2 o7y FAL BEFA5Y AT R T
g 48 5 Ao

& op off o
2L ot g
mE'B“:J‘

ol
ox
E
o
ol
Qg‘_n‘
N

O

W e

o o fo ik (% 1k oo A

o o Sb
Txe R b

I oY dg do (B off B T 41 o ul o

[gld
il

-131-

3. ¢ o

JJw

Gol'denblat 9} Kopnov 7} 2% #lA(tensor)E ©|
43te] ol M5 A= dF 7IEE AL A
AlgE o] %, Tsai & Wu = 58 F7H(stress space)oll
o3 Edol EAgts /A stel WA & A
oA tgd 22 od #3 7] (polynomial

failure criteria) ©] W& A)9tE St

bily "’fsC":a"‘an'l2 +f330'32 ‘*’fss‘fs2 +2fs003=1

1 1 1 1 1
I=wwm MTERPTR R
fome, fo= fi=-r(n A )
33 ‘F:”P;r » 55 Fvsz > 13— 2 11/ 33

%Mol FEA Yoz Az vlaesd 3%
28 AT of 4% $Y% AAE A=
2 F4HE 93 71240 ddsd 1 o =9
H7t dojutta AgeTh 4423 2RAR
Bel SAMgos }37 Qojg Wl FEE o
23 2& £AEd g8z

4. 2 o ¥ E9
A I3 23 MAE FAL ERAR A
He ARstd g 2L EYAE AT

Table 1. Stiffnesses of DMS 2224 composite material

S:gfl'::)s s Value S?g;::)s s Value
Cu 122.45 Cue 124.30
Cin 5222 Chie 228.5
Cum -7896.0 | Cune -30520
Css (Coy) 10.755 Cis (Co) 10.814
Cis (Coz) -122.1 Cisse (Cazz) 113.9
Cissz (Con) -10390 Cissse (Ciazz) -1775.0
Cis (Ci2) 4.2728 Cisc (Ciz) 44150
Co 4.1799 Cus 4.2086
Ces (Css) 4.7281 Cise (Css,) 4.3592
Casse (Css) -3528.0 | Cossse (Csse) -3328.0

Table 2. Strength of DMS 2224 composite material
Strength (Mpa) Values
Longitudinal Tensile Strength, £, 1750
Longitudinal Compressive Strength, Fic 1005
Transverse Tensile Strength, Fy, 83.5
Transverse Compressive Strength, F, 160
In-Plane Shear Strength, Fs 78.0
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Fig. 4 Predicted stress-strain curves for three types of
fiber waviness model (a/ 2 =0.034, ¥, =1.0 for graded

=

fiber waviness model, ¥, =1.0and V,=0.5 for localized
fiber waviness model) : (a) tension, (b) compression.
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Fig. 5 Predicted strength for three types of fiber waviness
model as a function of fiber waviness ratio and
experimentally obtained strength of uniform fiber
waviness model with various fiber waviness ratios

(a/2=0.034, ¥V, =1.0 for graded fiber waviness model,

V,=1.0 and ¥, =0.5 for localized fiber waviness
model) : (a) tension, (b) compression.
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