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Micromechanical Computational Analysis for the Prediction of
Failure Strength of Porous Composites

Dae Gyu Yang*, Eui Sup Shin*'

ABSTRACT: Porosity in polymer matrix composites increases rapidly during thermochemical decomposition at high
temperatures. The generation of pores reduces elastic moduli and failure strengths of composite materials, and gas
pressures in internal pores influence thermomechanical behaviors. In this paper, micromechanical finite element
analysis is carried out by using two-dimensional representative volume elements for unidirectionally fiber-reinforced
composites with porous matrix. According to the state of the pores, effective elastic moduli, poroelastic parameters
and failure strengths of the overall composites are investigated in detail. In particular, it is confirmed that the failure
strengths in the transvers and through-thickness directions are predicted much more weakly than the strength of non-
pored matrix, and decrease consistently as the porosity of matrix increases.
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Table 1. Information on finite element models

Series Porosit}l of The number of elements
matrix Fiber Matrix

2D-1 0.1 1325 3157~3167

2D-2 0.2 1325 2812~2819

2D-3 0.3 1325 2455~2462

2D-4 0.4 1325 2101~2134

2D-5 0.5 1325 2695~2792

Table 2. Material properties
Material property Fiber Matrix

E [GPa]| 230.0 |E™ [GPa]| 4.1

EY [GPa]| 15.0

Elastic moduli

v, 0.200 ym! 0.340
1,1 0.071
S, [MPa]| 3530.0 |S™ [MPa]| 41.0

Strength

S, [MPa]| 230.0
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Fig. 1. Micromechanical finite element meshes
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Fig. 2. Young's moduli vs. porosity of matrix

7h ARt ol= A& Wie] 7l wide] #a ' A
o 2 F&FE 7IAH, 8§ yort A= o
ol H& ou|gtrt.

Fig. 32 n]A] 8} ZAk “5‘394 7l S Al Ak 23
olty. 2 ¥ 7IE & A 714 715 =7F 01914 05
7HA] S7he o, atghol oF 302.2% 7St 3, 7]
Al 71 =7t FdstE R e 7] s o) wste] wheh 2]
21.7%2] FAP7E FASHA . 3 W 78 dA Alee 71A
71857} 01914 0.57b4] 7k ), sHatgro] of 373.0% 5
7hstitt. 3L 717 71 =7h S Lt e 71 s
o] whet 2t 9.9%2] HA7F s 7] T A
o] Wah A AL A& 'Y Aleolnh 71w ' Al
= atEA o] wa B Al YB3 Ve dH o= Qe Y
e FE BF A g4 Aol «1’311 7%*351 7] 'IH%_'_—
off & &4 Aol |A 2 Al 71E /A Al =3 R
EA] AL AR o= 7] B H“J M Akl
718 & Al 718 et ohyet A7 71 B4,
FAA Q] 8o efiM = 2AE7] izl
Fo= Ao ¢ les uiRtth

TR m =
2] 711 Qg 8 g A

o FFI
ok

o
Im =

¢

 my

-

ERELE

Poroelastic parameter, T,

Poroelastic parameter, 7,

Average stress, ¢, [MPa]

1
0.8 el
L 7
0.6 — % ’
L g/
04— s
L o Y4 — Ave.
// 2 Max.
0.2 4 Min.
L
0 | | | I | | | I
0.0 0.1 0.2 0.3 0.4 0.5
Porosity of matrix, o™
1
- o
0.8 - L
P s / e
0.6 — S
7 v
i o/
04 %
L w / — Ave.
7 Max.
02— Min.
0 | ! | ! | ! | !
0.0 0.1 0.2 0.3 0.4 0.5

Porosity of matrix, o™

Fig. 3. Poroelastic parameters vs. porosity of matrix
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Fig. 7. Failure strengths vs. porosity of matrix

o] 88.2% (2% 1), 88.7%(3FF A1), 93.1%(7 15 A=)
23R B3 714 75Tt S dstH = Ve vl
o] upet 2o 25.9%((2W % A4, 30.4%GE T AA)
35.0%(71& o=)e] a7l BAsT. 2F g o
B9 71A 718 =7 S71e ul, Fatgro] 84.2%((29 3 <l
%), 86.0%(UE ), 93.3%(7]5 oAE) Aaskith E
g, 714 718 7E Sdste et 7] s o] vigtol| what

i
&
)
o

2|t 41.2% (278 Q). 46.2%(33F A1), 47.7%(7 15 F
e)e] WAk WAL ol 71H 71FE @ 713 e
of AR f& WA A%, /1% B AR ohje} &
7] Shés B, HE v AEolE A G 7che
A& ofmjgic. Ea, 7149 Q1 ATt 2, 3 WA Qg %
w0 Aol ) Aujzlo|t, AA] |4 e A B S
B9 BE A% Ak 7149 A FERck ofe v 4
FHt S A3k 714 Z1BE 019 0, 7] 35
£ 73 9.16 MPa(2 Wk ¢1%}), 8.34 MPa(3 WJsF Q1) X
2 s 7= 16.62 MPa(2 3k @13}, 16.04 MPa(3 HaF

-

ol M1 1K) 7B 0.19] A4
welo]X|gk 7] 19| Q1 7 410 MPac]] u]m3ko] B3]

olch. w3k, 7| BES} FAY4E 7] W HE
HEL A4H 02 Hol Ak AL walth. 7|1 F e o
A9 2,3 WRF Qg et Zol Hlmd v)zo] Flsh
A EABA L AT, 714 7 BEI BAFESE ke
= glo] WoXi ARE BUL FAstrt. ol F B 4

5.2 2

R L CE A L
St ulA 5} AAF B sk 713 T AG AR 3
e Aestich nlAeet A4 By fRas HS
Bl HE WA AR, 713 B AL e FES s
STk shé s 3 v sk ad A Al 2] 5
& et shebil A4 el 3% vk JmE Uieo] 4
S50k ASE SR B A%, 713 B AL, T g
AR FYU 71 BE el A 713 jgol uket B st

ke HHAY Tk A e Ze] At 7 HAS 2l
Shelek. &, AA| 715 A F4S 27 dme]
Aol v A8} AL BH O AUE N WS

7 At



72 Dae Gyu Yang, Eui Sup Shin

7|

o

o] =2 20151 = A (7] A AT s1) o] Aoz
SHH ol AT 4| 912 rob 0 €16 (No. 2014M1
A3A3A02034622).

it

REFERENCES

1. Looyeh, M.R.E,, Samata, A., Jihan, S., and McConnachie, J.,
“Modelling of Reinforced Polymer Composites Subject to
Thermo-mechanical Loading,” International Journal for Numer-
ical Methods in Engineering, Vol. 63, No. 6, 2005, pp. 898-925.

2. Mcmanus, H.L.N. and Springer, G.S., “High Temperature Ther-
momechanical Behavior of Carbon-Phenolic and Carbon-Car-
bon Composites - I. Analysis,” Journal of Composite Material,
Vol. 26, No. 2, 1992, pp. 206-229.

3. Mcmanus, H.L.N. and Springer, G.S., “High Temperature Ther-
momechanical Behavior of Carbon-Phenolic and Carbon-Carbon
Composites - II. Results;” Journal of Composite Materials, Vol.
26, No. 2, 1992, pp. 230-255.

. Yang, B.C., A Theoretical Study of Thermo-mechanical Erosion

of High-Temperature Ablatives, Ph.D. Dissertation, Pennsylva-
nia State University, 1992.

. Biot, M.A. and Willis, D.G., “The Elastic Coefficients of the

Theory of Consolidation,” Journal of Applied Mechanics, Vol.
24, 1957, pp. 594-601.

. Carroll, M.M., “An Effective Stress Law for Anisotropic Elastic

Deformation,” Journal of Geophysical Research, Vol. 84, No.
B13, 1979, pp. 7510-7512.

. Sullivan, R.M. and Salamon, N.J., “A Finite Method for the

Thermochemical Decomposition of Polymeric Materials — I.
Theory;,” International Journal of Engineering and Science, Vol.
30, No. 4, 1992, pp. 431-441.

. Wu, Y. and Katsube, N., “A Thermomechanical Model for

Chemically Decomposing Composites - I. Theory, Interna-
tional Journal of Engineering Science, Vol. 35, No. 2, 1997, pp.
113-128.

. Matsuura, Y. and Hirai, K., “A Challenge of Predicting Thermo-

Mechanical Behavior of Ablating SiFRP with Finite Element
Analysis,” AIAA/ASME/SAE/ASEE Joint Propulsion Conference
& Exhibit, 49th, ATAA 2010-6975.



