¥ 12E%3H HREWHERRNB Vol. 12 No. 3
1995 4 8 § COMPUTATIONAL STRUCTURAL MECHANICS AND APPLICATIONS August 1995

EEMHER 1 BESGMBRITSH
RWE FE %

(R E BB 1% B, AL 3, 100080) (FBETKEYEMEHER)

W R N=ATHRREEEMI | R NERHET T ERIT . AR
ERAETSHLEARE, RATHAETK, T HERE5ECHMAT T LK.

X@iE ESHRL AR/ T RRGLJ R
38 TB331;0346.1;V214. 48

i

1 5

BRESGHHMEFRILIBR ZNH 8 THAMEEZHBRERK, SRESTER
g EEMlBEAEATHEREEEZN TRRR, U BRE SN I RNRBERG
BT HELEFENXRE FRELT ZR I ARG HTENR it a0, |
2, XM AATE R TIOR3 T B SRE SR X e e 68 E AT ER
TR AXFHARTEN —K+FEBE &P R G G 0 i (4 (B ENF 4 8
I R RERRRERAT T HE, SHEEREEBT T X,

EHERTAMHBRIWRAEERSHBRMIEA TRAERETRMBREREREE,
MR R E AN BAGE , HHEERTRAEHRMN. HT RRX—EE, AXRA
“ 1 JC (Interface element)”, 88| T A g 25 R .

2 ERAFTMER
HRCIISHE 1 FFRES ENF R ey 1 B REE BB IR G, A1 T W FRAR.

Rep E, G R 6 R A N 5
¥EE!‘1 j@?\%ﬁ(fﬂﬁ,a'—ﬁPﬁﬂ@ﬁﬁﬁn a |4

YRR I T 1 BRI A T l
R HREET K GFAR ———Ja=2n

K, = r(xa)V:H %)) T A T_

B 1 #4055 ENF K4

AF
(%)”ZH =0.368 — 0.0717(s/d)

+ 0.0045(s/d)? + 0.5450(a/s) + 0.4900(s/d) (a/s) — 0.0209¢a/s) (s/d)?

AXF 19944 9 A 24 HIgF,



262 HEEMAFERLNA 12 %

2% s,a,d ME 1R, 0 HRETHEBT S .

=37 (3)
EHNRERT K G LT EERRRKE G BREARND TN,
S‘ll 533 1/2 2513 + SSS 1/2 72
G, = \/—7“5—“)/ + 5. JVEKA €Y
S,ﬂﬁiﬂﬁ‘ﬁigfﬁﬁ,id=l,3,5° 1 %J%mrﬁj 3 %Egﬁﬁ]o
S =1/E 1S53 = 1/E33,813 = — vi3/Eyy =— vyy/E3,85 = 1/Gy (5)
3 HRTITE
3.1 HME5RAH

# %K 00,/90,/0,/90, 35 X B4 2 Y Bk £F 42 1 58 X 5 R B L e 9 ig T300/8911 B & 4R,
T 24 BRIZEHE &R, B8 ZTURKERE N 0. 125mm, R EE d=3mm, F K 6=12mm,
TE S P % T 2kN,

3.2 M9

FE AR ERA—$, KR 19mm, FRIME 2 iR, X AR MERF s=17.
S5mm (1), (I E A &, FHATURE XA — 82 BT AT S NBE-FHE
MAETEE, MamsFRYE L HRMEFAARTUESHTERE a=5mm,

X —
Ip

AN

M2 ARTEHE
333 FET
L ER AT S EMEEAHRA, ERLE EARE T “A ET” (Interface
element)”, VE K #2 fill [F] B 2b 38 , ST FP 2 K “Inter 3 7, 734 WL 3CHR (6],

3.4 HMEBH
T300/8911 B[ AR AY S PEERES BN T -
St F 0°)2  E, = 145. 9GPa; E;;=8. 85GPa;G;=5. 3GPa,u,;=0. 32 (6)
StF 90°R E\y=E;;=9. 67GPa,G3=3. 38GPa,v;;=0. 30 7
3.5 tE4ER

HRTIHEMH ABAQUS HRAB TR . H 3 BRERMIERE MK (EL) 5
W4 (LB L, TR BB S RAPIRE R E TR B4 5 5 25 A RE0E M
Ry SMEE(EEF DB MM Hihg. dE 4 T L, ELEREEAARIEAS
B, RAB/NB BB, B 5 70, RGUE 7w A R B RIRHEAY.



38 KEXRF:ROMRRIBREKARTOMN 263

CEEEE e e g
2

B 3 NS G R L

HRITEF ABAQUS "[LIHHAL B4 & W A A 895 R 7 B wl LASR B I0 39 1
A AN S T REREN, 23R 4 R0 A T RS54

Bl 6 f& A7 v BT KU Y R BORE (& £ E Y19 s I 7 ih 2. O OB SR LS 00 L A R
TR 2RI 4038 . B A L, TE A TR AL BT Y ) 0. R EFHIN S0 B . B4 RIESEL ENF &
RS ZHRARE 1 MR R . & 7 BASF ST KL R FE CF OGRS H
BN A 2. AR, 5 6 R WIHA X NERNETEE S, TR ,0.t 0.5 0.
KBZ., H=ZAMNAFEHE ooca PRSI,

0.08
0.06 L Y +4+4+4+ P
~
N
0.04F S -
. “ \
—~ I “.\
z 0m .
c +
< ok
» )
2 .
& -0.02} .
-0.G4
\\*\\
-0.06+ \k\
-0.08+ ; “N
-0 1 i i , )
0 1 2 3 4 S : :
PR E AT HAYEER +(mm)

B4 ROEMRY SRR O
RABERTHHEITE T ENF RFH J B0 MRS RN 272, 20bD R 2 53 bR}
JROETRRENRE., X FAUFL, L /=G, . TEAR 52O 5@ MR RTNE
—B'INTFR L, HRTFRETH=FFEEL.

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



264 REMAFRENA
0.02
4 AP — .
0.015+ e
—
I N
001 - *\*‘ ‘*..,_*
005 ST
2 0.005F » .
E bt LA M,
. ol 3
R LE T I A E ) s
= et
= -0.005F e
x [P
001F e
“0015 - B -
o I l 1 1 1 i
0025 1 2 3 4 s 6
ERREYNATAKNES z(mm)
Hs5 ZEmEMRETAMECOMS
0.0 p—p———1 # # * —# .
—
~0.1+ /./ J
3 -0zl ]
=
S | 4
& 0.3
&
-0.4 ———%—%— J \z 7
—A—B -8 .,
-0.5 ®
-—o—e—o— (,,
-0.6 ) 1 n L 1 i 1 ! 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
BRI TS ER z(mm)

B 6 FERTRAHRR NN

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.




34 KRAE EAMBRIHALNERITAMN 265

5
ok e "\\‘\/'j_j_t:ﬁt—¢|f:;::;_‘:;i'[+'i:+.ﬁ‘,.,;._ I - PR
—~ T
e .
a"“; 5 | /’/_,/
yO //
Y 4
= -lOF /
o !
15}
2g 3 10 12 ¥ 16 S 20
A B E X 15 3 % BRI 4 4R z(mm)
B7 WREPEETEHNS
k1 HEBEBEG HARTERAMERLERNILEK
bl % AR (D) ERTHE
EEBHE G, (k]/m?) 1. 48 1. 68 1. 67

MEREH, ERALARXNDOEAXOHERERBBREG M, FRERNEHNRESH,
E\ s Eg,Gisfl vy, m%ﬁ%%ﬁﬂﬁ[ﬂ 9%m?i+ﬁ/l-\\it

A, = 2 (Qi)eChy — hyi] (8
k=1
B; = % Z (Qi)ilhi — i\ 9)
k=1
Dy =+ ) @lh — At (10)
=1

RFi=1,3,5:m 5 h NE LB E TELT. 2 HERGEH, Q) N L BHHRIES
BLESKGE,(DHERMHH TESHZANHREXARNFZE S EER HHET K
B, RS X EARERE. Ayl By, Diyar 310 B 6 AR 4L 1 B R8I BE 5 25 it O BE A G
Xt FAIOEHRERFOL B,=0, 8 A5 D, 7] LAE B8 AR 0 % 80 ST R RHE & 1] S Bt
YL TRIER, T EK S y TI(E 2 TIEDH RN SH, TREN EnyEx G155 v P LA
R,

4 HKiIE

KRABERTIETHET ENF Z48 I HEARGWERBERE G A“FHEIL" R T R

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



266 WEEH HFRELNE 12 %

S R R AR IR AR XE ST HA R EER TSRS ES. ME KFETUATH
th J2 ] 7 R0 58 AR L 52 64 BT 2004 1RD A

2 F X #

1 Reeder ] R and Crews Jr. J H. Mixed-mode bending method for delamination testing. AIAA Journal,
1990,28(7):1270~1276

2 Russell A J. On the measurement of mode I inter laminar fracture energies. Defence Research Establish-
ment Pacific, Victoria, CANADA, DREP Materials Dept. 82-0, Dec. 1982

3 Barrett ] D and Foschi. R O. Mode I stress-intensity factors for cracked wood beams. Engng. Fract.
Mech, 1977, 9(2):371~378

4 RRE.LEHAU RN F. N F i A,1980,10(2.3):99~112

5 Zhang S and Leech C M. FEM analysis on mixed-mode fracture of CSM-GRP. Engng. Fract. Mech.
1986,23(3):521~535

6 User s Manaul of ABAQUS version 4-8

7 ORMEF. L EMAEMG ) FHRE T AT E IR F HAE,1992,84~88

A FEM analysis of mode 1 crack in a laminated beam

Zhang Shuangyin
(Institute of Mechanies, Chinese Academy of Sciences, 15 Zhong Guan Cun Road, Beijing, 100080,P. R. China)

Abstract

An analysis of mode- [ delamination crack in a laminated composite beam is presented.
The well known end-notched-flexure (ENF) specimen for measuring mode I fracture ener-
gy release rate G; was analyzed by finite element method (FEM). A difficulty encountered
in the finite elment analysis is that the displacements of nodes on the two banks of crack are
always overlaped with each other in the computation by ordinary FEM; this is not reasonable
and renders an inaccurate result. To overcome this problem, the so called “interface
element” was used. The calculted results of displacement and strss indicate that this method
is very effective.

By using this FEM, mode- I fracture energy release rate G, of the ENF beam specimen
made of T300/8911 carbon fibre reinforced bismaleimide composite laminate was computed.
The FEM result of G; was compared with those predicted by theoretical formulas in the ex-
isting literatures. It is proved that the predictions of FEM and theoretical formulas are in

good agreement with each other.
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