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Abstract

Phenomenological failure models are implemented to a finite element method for post-failure
analysis of composite laminated structure. In the finite element analysis, stresses and strains were
analyzed on the basis of classical lamination theory with the consideration of material nonlinear-
ity. Behavior of matrix cracked lamina was described by using of shear lag analysis and behavior
of fiber directional failure was modeled with the conception of fiber bundle failure. Conventional
shear lag analysis was extended to take into account in-plane shear deformation. In comparison
with conventional post-failure analysis of composite structure, present method can address stress
state of failed lamina and matrix crack density. Present analysis showed better agreement with
experimental results than previous simple post-failure analysis for stress-strain relation of flat

specimen.

1. M B

g8} A AAE F¥3 EE3o AF
€ Bol ¥ Yo g SEo] FrEHI o2
Qldte] dFzAC] Atz A whel woh AFig
Sl 8FEa, YAE o vhoprid £4H3
4434 74d (damage tolerance design concept) <
aeistd, sEF e A5l Wi H4dE +Palof

e

A, dFARied

@k

27949 ASE A48 AT FTPEe
2A FANZ 2HE 4 vl A7 el ol
A RAY £43 FDE2 A AF AHE 74
Ho| FALh: Aol BAANE w3
o #AsE wielt o Afels FaA WA
oA HAA A% o4 F&dd 4ol 79 B4
$ $32 AxF seFse AR 2
grch EAZE AAY 79 94 Alcel)
=g s4se Paolth o Aot 54
shael Retel 2de A e T



B4 72 275ee] ASRALE % wel #40y 507

Fadol] sl HaduE Aol AFHn v AA
olt}, EiA HEF F2EY Afole HeistA
B2 4o FAlol Aty w4 FEol wol
W, shiokae A AR, ZAakE,
23z 7Ry AriAlz FEEd, 53 mA)
vjdel HRole lmmet A4 LA E 4=
g debd A ez Ade FHE 2
A A FHAF] EAE A HE T2E
9 AFE d43e AL 4o 33U 24 H
o}, 2oz B¥A 4% T8 gdEF Ao
A AT AAAQ gdEdds Boh JHSA
addA T2 H4E +YP&c Uy A"
o] g3}t

AR F24 BHoA B{A HF F2E
Z7|stET e AFNAE A =l uhyge o
<3 2e o7t 2auEYch, wA Chang?&
AfaiEoz Qi A4 e Tsai®% WyE 4
Al sEdA-E M2 HYrigler EAgEol
wAss o9 #eE ZE BAE gz I,
=3 AL AFugggda Ze] AHIddn
7t e 22k A4S el =AsE Y =
d3)o] nletgicl, LeeWy slfo] LAFH 2 3
£z dEd 2E A4S oz e 29y
22 s}t 53 Leew 33UNH LT F8F
o024 Z7E7A BAIE L ot mdldo]
o) §3te] FHEEE &R RgozA 3AYH
Aol on|7t gigich Tsai®& mAafio] w3}
o 3ugl BAol| FARAF A4F File =iy
g, ole AH oz ZiMdiod YA ApLe] 7}
S3Aat BAA} 44§ 5 (lamina) o] A2
T4 sl HZAe Aagle] 5493 #& A4
A7} o =iyl APez Hrlslok sl=7t 8
€ TAA2ZE Qi duAE FAs7E E
o}, zeg]li Swanson®-& o] &8 slof| A Bajald
o] sl BAAFE AYFH o2 Hrlsleg A
Alg Filed melzl 3HEL olAdllA B o olF
2dEe BAANE AP AY A=7kA] A
ol sl Aoz A4EE AAH = E
A Aol gleh

A& d7EHA= HAE 1980d0] kg A
sled B-grAle] R Aq 27| FpEFAd AT
of i3t dAshd =ullsl 48 mule] gel ¥m
Haleh A Reg Ak Ga) 4 (shear lag
analysis) ™93} & <3¢ 49§ (continuum dam-

R

age mechanics) 98- o] &3 #Ao] g}, ¥
U ool ¥ mulg S| gle I it B
AFdFde Wy o FHAANE A FIe
g AA st 2AFdxAe A4 FEE
B}, ol F 8L el sl BFA T
2% @ &7|akEFe AFE v AHEHIA
Aseln sl dFe EnsA Gdvh. d<5A
£ gte] 7= £AH A (damage tensor) ¢} &
Hy 445 Agder T 3o 43 AA
o] Ex3lc}, zejzm HARAANE FaLel
EQ87l AsiME Ackgo] A 2AFAd A
AE a#dol 3n dAFY sEaAE HAI
2y & 4 glojof gk AR AL T2 ql
Zatgol o8 LA BAFE 2ASF ZATE
o] A v|AE Gl N ATFE 3
dgith, Han™W5& Yubdel = stEAeiolA
2AFde Aoz A AAANE BARGE
o A& Ao FH B FI AP ¢
23 th, FTL4aHo ARAAH 4L =Y
dalxe 5o FAA ] A FHrol et
o},

£ d7E 3 &I At Fritsad4
ol A aelq AdAdNHE =5 3
AAEtet A TES &t APES iAES
2 3 Weibull @45 AHFaEdidd =934
271339 Ass AR @, 2gn 9
WA s 5o 43l 7ol st AgdAdsH4
+ Y% F J=F 23S APk 2AFE
o EA=2 A Fe Azt 4gez 54
o] £rt5dtnz xS FYstd wlwst
St o] mHlEie AGAAY AE Hrehe
SHg ARgslglor, REAslde] Wk odEx ¥
THYE Adez Adins: 283 F U=F
A, 2gn 27ised AsE AAH2
2 437 Y8 vdy fdes=z2aRs 4y
a, A7e 2dg £]idq 2AFeF AF
+ 1o g3 BAR 4 e whiE AASL
oAz HA|He s M3t AP H ebdd
o] Aztet w3 o

2. gotaa £45
Aesie, malmle S &Aooz old AR
38 nedshed AHE 7] Asted 28902 AB



=

08

Fig. 1 Geometric and material coordinate system
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Fig. 2 Modeling of in-situ lamina properties degr-
aded by multi-failure of fiber and matrix
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