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Development of the Big-size Statistical Volume Elements (BSVEs)

Model for Fiber Reinforced Composite Based on the
Mesh Cutting Technique
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ABSTRACT: In this paper, statistical volume element modeling method was developed for multi-scale progressive
failure analysis of fiber reinforced composite materials. Big-size statistical volume elements (BSVEs) was considered to
minimize the size effect in the micro-scale, by including as many fibers as possible. For that purpose, a mesh cutting
method is suggested and adapted into the fiber model generator that creates finite element domain rapidly. The fiber
defect model was also developed based on the experimental distribution of the fiber strength. The size effects from
the local load sharing (LLS) are evaluated by increasing the fiber inclusion in the micro-scale model. Finally,
continuum damage mechanics (CDM) model to the fiber direction was extracted from numerical analysis on BSVEs.
And it was compared with strength prediction from typical representative volume element (RVE) model.
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Fig. 1. X-ray CT Image of fiber-reinforce composite

Fig. 2. Before and after the dynamic simulation of 40 x 40 fiber
bundles
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Fig. 3. Overlapped area of fiber geometries and finite element

domain
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Table 2. Comparison RVE model based CDM and SVE model

based CDM
SVE-based CDM
Method RVE-based CDM[8] ase
(Proposed)
Based on failure index
Initial from micro mechanics [Based on Weibull distri-
failure of failure with micro- | bution of fiber defect.
level stress
Continuum damages
from following equa- | Continuum damages
Material tion from numerical results
Degradation L (g“)m for SVE model with
dy yip=1-e me\g;, fiber breaks
) Mlc.ro-scale stiffness Micro-scale stiffness
Required Lamina level strength .
. . ‘ Micro-scale strength
properties for micro mechanics .
L distribution
modification
golu, o= AA G Y Folth nAd S ST} AAY
o g2 Aol Sl WY M, & SUASBAS, 14|
oo iz g el e Egeh el svEmdel
AT Er Aol At F- M & 7387 HldEliAl
T T e] & Adesfjof st e F35 Alpo] Ao AR
4 olgie}.

B AT A (9] A§ whe vl 43 AE
stol 4 A s el o] 41 4] ) o] )41 23}
2R Husad) et ol flolA ek MME-MPDM
wpulah v st Table 29} 2},

REAR 54 D AAGClH = nAF g HlolH =
R AT A ()2 4] 3) SVEe] A4 AFe =Y
Fslo] 4§ shho] w2 AshA S 25K o A4kt
o} gebA o 2|55 A4S Wavt glong $YSE
A2 vpAst o) ok giAl A mdL 127
918l 95 5 Adefoll wh2 A kel it *l%* R
7P Fasirh o] 5 ©Y Af-(single fiber)o] Q1A R At

2ol A grsle] o] §lEE Tt

IM7 A o]l Tt k9l ol Thet e Table 37} 2-&
Weibull £ £ 5 up 2t} A A 2l of oo upek
+= x5 7]7] Y3 %moﬂ/q FAE 23 EAA AR

TE TN
25 SE5t0] 34w PAsk 24 A fe st
Table 3. Material properties for IM7 fiber
Diameter Critical crack density Ultimate
(um) A, (0) (breaks/mm) elongation (%)
5.0 3.02 1.81
Tensile Strength Weibull parameters
Xy (MPa) 0, (MPa) m
5313 401 6.65




256

Kook Jin Park, SangJoon Shin, Gunjin Yun

Table 4. Number of fiber breaks for RVE, SSVEs and BSVEs models

width and Included
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