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Effects of Fiber Arrangements on Stress Distributions over the
Transverse Cross Section of Unidirectionally Continuous
Fiber-reinforced Composites

Soohoon Choi*, Wooseok Ji*"

ABSTRACT: Stress distributions dependent on fiber arrangements are studied using the two-dimensional representative
volume element (RVE) model for uni-directionally continuous fiber-reinforced composites subjected to transverse
tensile loading. It is easily expected that the stresses around the fibers are concentrated mainly due to the stiffness
mismatch between the fiber and matrix materials. In this presentation, it is shown that the stresses are not always
increased although the distance between two fibers is shortened. The 2D RVE models, originally having a regular
hexagonal fiber array, is utilized to study the effect of the fiber locations on the stress distributions. As the central
fiber is relocated, the stress distributions around the fiber are obtained through finite element analysis. It is found that
the stresses around the fiber are strongly dependent on the fiber distance as well as the angle between the loading
direction and the line connecting two fibers.
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1. Introduction
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Fig. 1. Base RVE model

2. Modeling Description

2.1 Finite element-based RVE model

A RS sk ARt 71 A A AR ul
ool ule} 22 B} Waksle GRS TS| 9I5 Fig 1
I} 2+ 2%} o XA 9 A (representative volume element,
RVE) wel& o] g5}5ich. Fig 19] RVE Rele G449 7
s Bare] B e et A6 BRES 1 pm(e9l2
o) B FUA AL, 700%S] 4 fEE A
f2 R5T A0 WSt of u) QG 49 7 7
2] dy= 0.276 pm, HEAH 2 40] F7]= 712 9.106 pm, A
2 7.886 ym ZHE ). Fig, 10] $7150] Q= vie} 2
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2.2 Material properties
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Table 1. Material properties of the fiber and matrix material

Fiber Matrix
Silenka E-Glass 1200tex Bisphenol-A
Young’s modulus 74 GPa 3.76 GPa
Poisson’s ratio 0.2 0.39
Tensile strength - 93 MPa
Interfacial strength - 22:58 I\l\//iz

Melro -5-[20]°]1 4 ARE-2E ke s Aol #-8-8t3iet. & A+
off AMg-E B4 %] Table 10 Yrepr} Qlct.

2.3 Numerical analysis approach
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3. Results and Discussion

3.1 Stress distribution of the base RVE model

A-=0] A &2 F-=X(regular hexagonal pack)= ulj g
Z]o] Q)= base RVE modelof 20 MPao] dltdst= o1Atsl=
= 71t &, Soll §1AIRE Co A (Fig. 1] =gt o2 3%
AE 4 9)e] SdE wheh A 2 (radial stress, o,)7}
ZtH-3-H (shear stress, 0,42 7519] Fig. 20| =A8}3L}. 0]
uj 2tzke] Sele sle gin] Z0He-S Slelsl] 913 20 MPa
= A5reFsteitt. Fig. 2(a)oflA] Kol viel o] AWk 5
g JEF ok 7o = 0°9F 180° fA| oA 2| 5
o] Yebgten, 1 gk 7hsiil QI 5= H ek 1.7884)
718t 35.764 MPao|]t}. Fig. 2(b)Q] A& ] HF
o] 25° 155° 205° 335°%J A Hdj7} =lgjom, o] o &
O] A7)= 7haiRl Q17 32 9] 58.0%%1ct.

Fig. 3(a)= A A RVEQ S ol A &3 3-8 (principal
stress)2 W o] =31 Utk 53 Al Wi E &2 Qs -2 A
ol &8 Fx S UEL &S o 4 ok Fd &+
-9 Afet AR Akl 71X Ao A st Rk ThE] 009}
360° 2ol A HAYSH, 717l G- Het 1.8858] =2 4k
= 7M.
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(b) Shear stress, 6y

Fig. 2. Stress distribution along the circumference of the central
fiber

Halpin-Tasi =2 (£ = 1.6)0]| A 13+ S-& 7HJS 19.342 GPa
2, 0.5%2] of-$- 2R @25 H It} E3F Nguyen 5-[21]2
RVEQ] #dsld $8- ¥ E 35 54 RVE 27| 9
G Wz kS-S HojE uf 9l

3.2 Normal stress 0°, 30°, 60°, 90°

A Hil ol &9 2 el A er VA IF

(b) 30°

Field-1, Max. In-Plane Principal

‘.’ TN ‘-’
(X X X
BTN

(Avg: 75%)
+1.885e+00
+1.745e+00
+1.604e+00
+1.464e+00
+1.323e+00
+1.183e+00
+1.042e+00
+9.015e-01
+7.610e-01
+6.205e-01
+4.800e-01
+3.395e-01
+1.990e-01

S IRNE .
(@

Field-1, Max. In-Plane Principal
(Avg: 75%)
+2.993e+00
+2.735e+00
+2.477e+00
+2.220e+00
+1.962e+00
+1.704e+00
+1.447e+00
+1.189e+00
+9.314e-01
+6.737e-01
+4.161e-01
+1.584e-01
-9.925e-02

Max: +2.993e+00 [
Elem: PART-1-1.205
Node: 26 .

(b)

Fig. 3. Distribution of the principal stresses (a) for the base RVE
model (b) when the central fiber is close to the neighbor-

ing fiber
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At o] of 3452 Fig. 2 Aute} 2ol 20 MPag 5 U35}
7¥shlet. Fig. 3(b)oll= F4e] A7t 0° ygFe g o]Fat

(d) 90°

Fig. 4. Normalized radial stress distribution along the circumference of the central fiber
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Table 2. Effective transverse stiffnesses with different fiber

locations
Base 0° 90°
0.75d0 19.442 19.430
O.Sd0 19.476 19.431
—_————— 19.428
0.25d, 19.544 19.445
0.125d0 19.585 19.460

S =3¥sto], o]u]z] AJh (digital image correlation, DIC)
£ 500 4 7 SFUT APE 228 woio
ofg] 7jo] 7t EAsh= AA S A9 2Hdel 9
sl A % g 30| H& S7ksHA ek A 7 ATt
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73X (effective transverse stiffness)¥ C0O A4-9-= 0°, 90°
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3.3 Shear stress 0°, 30°, 60°, 90°
Fol |IAEE A/-E 0% 30°% 60° 90° RFO R o]-5Al7]
HA AebdeF §9& S35k 1 A3E Fig 69 UER
Atk o] off, Aehy3F 822 base model Ao thH]gk 5
&S ot 7] 918f Fig. 2(b)oll A L3t 2o Ak -3k
o2 Htsfslitt. Fig 7ol Al ol Wk Aaxt 2
4 Ao wE 2o g2 W3l S HoFal Qi Fig
6()ef Zo] HFE st W T2 WFo = FA0S
], 2|t Aghge Hy SATYE 336° 154° 154° 151°0]
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o, 0.125d,21 7% 09118 2 743} th E3] base
modelof A} Zthgh-S 7HAE 335° 9]2]ell A= HI A5}k 7}
7HIA 5 Aegg o] Haxstol, 0.1254,21 79~ 0.8094)

2 Zasts Ao 2ok

79 o]s Wako] st Wk 71 30%04 90°F FFsf
7, CO A Bell MRS 60° Lol A WAL F7)e
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Fig. 6. Normalized shear stress distribution along the circumference of the central fiber
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FFL 71AE AL Fig. 6

3.4 Interfacial strength
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= WS Ao 71X A BANA ZE7E AlY WA
ek et 2 grelof s Afe} 71 XA AA oA 2
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Y

oZ

2 oft 1St ofo

(c) 60° (d) 90°
Maximum principal stress
50 (MPa) 20 50
30
o0
330
300
270

Fig. 8. Maximum principal stress distribution of central fiber

translated in 0° direction
0
60
30
06
330
300
70

Fig. 9. Maximum principal stress distribution of central fiber
translated in 90° direction

Maximum principal stress 9
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Fig. 10. Normalized applied tensile loading
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4. Conclusions
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