The Japan Soci ety of Mechanical Engineers

278

BE#SRESRNEAR - 3L No. 86-0284 B

53 # 486 5 (87 62-2)

BifE 2 WA BT L - RAEROBHIC HILARE

L H OE MM L B K BT

The Dynamic Stress Intensity Factor of Anisotropic Plates
with a Crack in the Matrix

Masao SHIBAHARA and Masahiro YAMADA

An anisotropic model was considered as a rectangular plate made of fiber reinforced plastic with
an edge crack parallel to the fiber direction. Its dynamic response was investigated by comparison
with the results for an isotropic plate from the point of view of the time response of the dynamic
stress intensity factor determined by the finite element method. First, by the qualitative elucidation
for the dynamic response of this model subjected to a step function load, the influence of an
anisotropic composition on it was made clear. Continually, analyses provided the duration time of the
incident stress wave were performed, and according to those results the fracture of the anisotropic
model was predicted and it was compared with the experimental resuits.

Key Words: Fracture, Dynamic Stress Intensity Factor, Anisotropic Plate, Edge Crack, FEM,
Incident Stress Wave

PEAREOMIBICZEL S HENET T 28 arH 5,

1.
w Lo TARFR T, FDOBEWRED O LEEUR

il

VEEE, xBEHMOMERS 2FET 5 5 2 TER
Frhr L THEL T & L RBEE % B9
BT DIl OFESThOATVLSY, —7,
FRP IcRRE\EE L H B AMM IOV T L BEENFHR
FOBSLETHEE IR BAAT, TOHMRED
AR I BEE R HFREEO—DTH 5,

A, ATRD SR, BB RERELLRA
e 57 )L O BRSO SRR % BT TR E R RTIC &
STRALLDTHS, THhbs BAEEFvEL
T, HlCRTH G EAE T RABRS LT
BB TR — A 7 7 A4 N EEE L e 2 Uk
v, BEOR IS X 3O TERFER (- F
OB 2T -7z, 72, 7 7 A N R EF S ¢ 5 LA
DHEFERICOOTHRAL, #s DKL -
TRAMRO SRR EORFIEEBIRL 72,

2. B A&

EREEEE, B SRR XD RETORR

ORI 6L R 1L F 26 B 041 BUMEIS I 5 M, BURS

Zft HRAI61 3 53 22 H.
o ER L SRKETRMS (8920 SR/ 2-40-20).
e g0y (BR)ANRBIIRAT (107 AUSURERE R 2-3-6).

WD S 7 Barsoum O ES 2B, S ERE
LTI EERERSED—2TH S New mark 3
E(R=1/D) ksl EESBEE2IOR
+. BRSO 12 DEFIZ Barsoum OFREREH
v, BT ARTECTARRL L, Hitw b v 7
ZLLT, Y7 bTATRY vy ARRL, £1,
HEEERARIRRIE 0.8 us & L7z, IR MFREE, K2
CRT RO ETHOEAP, P, OBMOZENL % FY
L, Sih-Liebowitz @75 L 72 AT 2 w1
L OEH L.

EFLEL T, T RFVHEE REHMERKS.L
GPa, £7 V v 0.371) 7 7 A8 (HEHMEHRE
72.5GPa, 7YV 1 0.220) #8.6 % & HT 555

30

t9

W=

o287

L/2

M1 wREFLVOBIK TiE

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

B2 RAEE L L RTMIRD MR 279

EREL, N - WBOEESHO T D EHL BT
WRTHEERO LD EAVWS I LT,
E.=915GPa, Er=3353GPa
ver=0.357, Gir=1.29 GPa
CITHEF LR TT, THEAFAERET.

3. BACHILKRY

BRI IS RS S, KRAEE F OB IILR
R K 2HE> 2T 20ENHD, T TERERE
WX DB EERLL, M3 IF0BREEZRT.
K3k Ks 3FEAEHEREK OZF% 100 7T
MLTHY, EFAEROBFTERIZN -5 BN L%
S2TBY, FEREREOHBENBIFTHZ Z Litb
5, g2, EAEROBERIENMERCHE L TE
FETLTW2L00, IZIREAEROER & —HKL
TED, BEFLORAMR T, EROFFEHER
RISk 2 HOTHE L HATETHE I L oibr b,

4. RFYTROBHRIZL ZEE

29, BEFOBFEEHO BN 2 EE £ TR

eI, BFILEERICA T v TROIEHESAS L
TGS DM AT, K4 HEDRISIRE 2R
T, B4 CRT LS CHRERETE, AFRGEE R
T TRIGEBATHEBEEE T 2R NEIIRE2 A
Ty TEE RS, BICIL BN RED S
DEZ>THBDNb»S, 3L oEsn
fo BN ST IR R Ko ORFE R 2R/ T, £,
B 6%, 5 DEAERDREE % Sih o O MTHRES
WS- TERTAERL TRLL LD T, MoK

Crack Bt

g Plane strain
A Bl o 77 elements
482 nodes
vaviell
X i
i
N
¥+ fored
JBS‘ u)J -4
.30 ) Detait-B

B2 ERHH (a/W=04)

BRBEEDOEIEZEE o(=15T4m/s) L D EHEL - &
HEADEIFEEEFE > TH 5, H6i1z L,
WIHADIL S B0 R 2 BB R L - TRARZ LD LR
2T A, ZHIFFTROASICIEDII B bt D ot
BHOMERSTVALDDORERELEL NS,
OB D, 2WREEEELTAHEE VA Y —
Bio kD JECHBILTHENT25DTHD, 20t
PIEBEIHEHERICOAMEEL, SHRESTLSZL
LEZONL®, H6IRLA—SBB I EERED
NP2 RHOBEBET, EET VBT EHESR
a8 UEREOBREICHENST 37, BRIz,
D% 20~30 %A /-, WL 28580+ 248
MERLTED, ZOHMEFSI2HBREBEVIEY
KEL LT3, IO, 2HEE»SFEL
PAGTTEMPER TR BT Z L & DD
TNl 2BReEIOND,

BT, M5 b - TRAMEOBRICDE AN,
FEAURICIEB L THEHNEBRACE L R >TWw3ED
pib;h, TrbbREAERTE, IMOTE L)
HEAMRL D LRETHY, FLERAOEECLS
Wl Bs TR *OEMARVE R >Twa Db

).
0
.t o
3.?:'2' 'A?\o——o/
e B/ el @
% / e
A
ey Q
Z -6 ¢ o Isotropic
Vi
x [ @ Anisotropic
%+ P
-
A b
Q 0.2 0.4 0.6 0.8 1.0

Crack length a/w
B3 Kk KoE:xHURME

30
° .
25 // \b //c&“)\ -
022179 MPa. N To. e
.G 2.179 MPa G g0 ne
20 / VAN o
i ‘ / "
/ /
Zis / o
o S J/ 0 1260.0us
Q ) ® T=832us
X! /
o 0 ® A
. )
°
Q5 o
o
O Q M

A .
0 10 20 30 40 50 60 70 80 90 100 MO 120 130 10 150
Omstance from crack surface y (mm)

& 4 EHEDZIZRE

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

280 s X WAEE L A AERDBICNERER
»h, iz, REFEEF L TEEEFEORBIES 7=, ASEEHEE L TE, TRYEROERFETE
EHLONTED, TOOEHNEOEITRENKE L, SR TwRTLDOERE->7. BT TIRAFRIGS
BEHSEL o TVBEILICLBEEZSND, WiEOE—{Ho Lk 6/2DEBE TORRREB T
. & THERTARERLTH D, FEFN TEHPERTRS
. RREO f KR TELER S NS b DR ARGAE L LT
27, 50RO E XTI, Ko%iﬁ%fﬂsﬁ W,
FIeERL, FOELREBEETIDESR
— BB S OHEBECIEBREIOELC 12 P— Step wave
e To 24}
HENEOREREsEE TSI ickd, 22T, Lol R ey
ARG RO R b 0 2 & TH, B E{To LACTLERDY a :
0.8+ a/wsz0.8 .
1.2 ---- [sotropic % -
——  Anisotropic %
1.0+ 20.
| Ks{a/w=04)_
AO.8~
e\ L
%0’6 o E\oTime {us) 2 250 300
? Lstameon [ o - M8 Ko ORMEER (SHED
02 e e Step wave
== To= 40ps
Q . Q . N 1.0 e —— Tg=100 s
60 80 100 1201_. w(us) 160 180 200 220 Ks (alws04)
08 a/w=0.8.
B 5 A7y LD K, OREEAEL ~ 06
€as 04 i)
204 gulw=0.2)v.’,"“
1.5} Q2
g %6
gyo =0t
2 & 9 Ko ORMIBEN (RAMER)
0.5
° ot/ s = s 037 Spatic theoretical / Ve
N /
© 6 Ko ORMSEL (FHER / yav:

f ) 09263}

g L§ / 5% *%=100us
G  —— Experimental = // Y. e
. goa iy - A/

7 ~0-0-0- [sotropic
0.1F P ~0—0-0- ANISOiropic
’ —¢—x—x- Pulse wave
/ {Isotropic)
) o 0 . ; ) N . .
0 0.5 1.0 0 0.2 0.4 0.6 0.8 1.0
T/ Crack length a/w
® 7 AHICE B 10 RETZ KoDE—-71#

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

e 2 WA L R RO ST IR 281
7+ \ A\
6t e Crack grew \ o Crack grew
: o Crack did not grow 8 ® Crack did not grow

"t E. M,

R
2

Stress (1 {MPa)
~
5

3 -
2t
1k
Static theoretical
0 A, A i e
[¢] 0.2 0.4 0.6 0.8 [Ny

Crack length a/w

11 =ZERRAGICH (FHER, To=100ps)

%:1.37{<%>2_0'9242}2 ..................... (1)

To & LTk, 40ps, 100pus D22 8BH & L. &8,
9B s N Ko OFFEAE L2 RT, B8, 912k
LEDLDRDAT v THEOER LR CHEEFICRL
TH D, & L OEAMERIZ AT v FEHEORERICEM
LicbDem->Twa, 10wk, M8, 9ickir3
Ko DE—2f%7T. K10 Tit Ko i3 o0 THRL TR
LTH5, 27, ZOFEDAHICHTE R To O FFEEF
BRIV ABEARR LTAT v ZHOBEEN SR
DILbDLEAURICDEXEITRLTHD, /LR
BeasLEFATEEDCHHENS I oibh
5, EFMRE BAERCD BT, To=100p
SOEFIRETFRAEROIEIBEL LS5 00D,
BT DOHBEELRIZTEEEI-HL TS, Lzt
T, (RICHEEN RO maximum  stress  intensity
criterionVic k> TR IS T3 51F, &2 THRE
SIBED To OFEIE, FAEROBER» BN
HROIGEDOBIETFHNERETH I LI LTk
5,

RICH 10 DR A HICHEETHETY, BEHER
EDHERToN, Thbb, AR CHELETF
LOBEE EERL, FIRP L AMOFRIC L D ER
TEMUI, FORBR, MRS CAEE R, FHMH
#30.525 MPa«vVm, RAMHH10.686 MPa-/m Th
D, B+ L L T maximum stress intensity crite-
rion AL TH 10 OFSE & 0 2 RERBWBIGT o
DFHfERHHE L7, THo=100pus DFFIC DX FER%
B 11, 120R 7.5 11, 12 )i g oherma=tic k
3P LEFCGRLTH S, £ TR L1 O HEED
HRIC &R, FREREC LD FHIEE, @

*ee FLEM,

&

Stress i (MPa)
x wr
e

]
@9
e

[*] 02 0.2 Q-6 0.8 1-0
Cracklength alw

B 12 s RERBKGIEN (RAME, TH=100us)

(ZHDERLUEE) O (ZENERL ko
BE) OERERCHY, I EBEL LTV
EWz B, F, B120RAMROBELERT, 12
B—-HLTOENETRABEREC L 2 PREZS
DLR>TEY, BEORROIT D BBIEDOLENK
EVE bR BREE > TB,

6. #& El

R s B HELL BRAEEF VOB EBRERE
RHTIC LD, RO LD L EREE,

(1) A7y 7REEBRENERZITBED Ko D
BRI (L ke, cDOEMARELEE 8% L,
EEFEDRFHEOERE LT K OFELBEELL 3
MNP ELDTHSD,

(2) ABNCNEORFERMEEEL THIT2T-
R, BRURETA K OE—HIcEHT SRS
W, REEMOEB TIERAER L EFUROBRIZIE
E-BLTBY, EAEROERL S BABEROESE
FHlBHLBETRETCHI LN S,

B, KIFRIE XA ERFRIC L 2ETHD, £
RBERER— HER-OEBOT NI LHEHELEET,

X 7

1) @iziE, Sih, G.C., Int J. Fract. Mech., 4-1 (1968), 51.
2) el LM, B, 52-474, A (BZ61), 460 ; %8 o LM,
51-470, A (853 60), 2418.

(3) Barsoum, R.S., /nt. J. Numer. Mech. Eng., 11-7 (1977),
85.

(4) Sih, G.C. (Liebowitz, H. &), Fracture, 11 (1968), 108,
Academi Press.

(5) # (8), OB, (8 46), 537, B EHER,

(6) Sih, G.C., Embley, G. T, and Ravera, R.]J. Int. J.
Solids Struct., 8-10 (1972), 977.

(7) R, BRI ITEAM, (8 51), 216, H3/AfE.

NI | -El ectronic Library Service



