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Effect of Stress Ratio on Growth Behavior of Mode III Interlaminar
Fatigue Cracks in High Strength GFRP

Go MATSUBARA™ and Keisuke TANAKA
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The mode III crack growth tests were carried out by edge crack torsion specimens under cyclic
and monotonic loadings with UD laminates (made of unidirectional laminates) and C laminates
(made of unidirectional laminates and cloth laminates) of high strength glass fiber reinforced plastics
(GFRP). The test results of mode III crack growth were compared with those of mode I and II. The
fracture toughness, Guir, was nearly constant during the crack extension of about 2 mm for UD and
C laminates. The fracture toughness value for UD laminates was much lower than that of C
laminates. The fracture toughness increased in the order of mode I, III, and II. Fatigue crack growth
tests were carried out at the stress ratios of K=0.1, —0.5, and —1. In the low growth rate region,
the crack growth behavior was controlled by the range of the energy release rate, 4Gm, in UD and
C laminates. The threshold value of the range, 4Guun, was independent of the stress ratio in UD
laminate, while, in C laminates, the value of 4Gum at the negative stress ratio was about 1.6 times
larger than at positive stress ratio. In the high growth rate region of UD and C laminates, the crack
growth behavior was controlled by the maximum value of the energy release rate, Giumax, as in the
case of mode II.

Key Words: Mode III, Fatigue, Delamination, GFRP, Stress Ratio, Energy Release Rate, Crack
Propagation, Interlaminar Shear, Composite Material

L E — RIZG TR ME— K IORH SRR b
s, 5, RBREICHET S0,
£ RINCBWT HAE— K [ SRR SRR
EETIET IS ORBEIRET 5 T ENEETH
D.

BRE N o At T AF v 7 X (GFRP :
Glass Fiber Reinforced Plastics) DEEHIL, A
VDTHIZENDZEMBAYATY—DT L — BN
TREICELTNS. UL, BHREMRILTIAT - a pegapmEhsE— RIORBALT
%7 A (CFRP : Carbon Fiber Reinforced Plastics) @ 1 BEE— RIIASE Rt AR LT
FEER I3 RRD, B/NEERTHEIA 10m %8 W, N XTERAR DL <, FRP EROTE
??.5«:&7§§Z<, RUER OB BESBRIICRET - meﬁ%ﬁ}ﬁ%?jﬁi%%fw:bﬁ;o’CW‘;(A“’ ®
DA RBEDORMERRS T ENIFEIINETH 5. LA L. JE4E Lee ABIR L7~ ECT (Bdge Crack
ZOHIZ, B TR EEE Uz RE AW E Torsion) AERO~ O3 XZIFTEROME— | IEESR

L% £IT, HHOE TR OMET-FIVEM popae ge— KIoMBE LOARSRESRE

ToRIY, S5RE-RIZNRIBREE-NY | rpppantins,  Suemasu i BT BT EORA
DR S B RAEBZI S ML EF0O O 51 BT REBRERNT (FRP OFE—

%&’%@kﬁ@i 2 ‘/kﬁi@ﬂé:[k& %OW%KKW&'C&B%)@ F m @ﬁ&iﬁi}]‘li{ﬁ%ﬂ"ﬂ% LTW5 an (12)_
T BERCANSIROMENRGEIBE, K e o opprTi, £ BT MBMICHLT, T
HFRICIE- KIATTHCE RIIDRETS. € ) wgpas RS HL G TROL. D0T,
0)7:&5, RK@@%%@%@J%%@?%TC@C:VJ@% ECT gﬁ%%}:ﬁ V)T%M GFRP __Tjra];/___ K @ATEE
* EREN 200548 A 8 A, LERBH BX ARy — b &R — b ezl
BT 1-1). = = ’

2 E8, ZmBAYAER TEMERH® 464-8603 & B LEOIEHLEESD 3BEOIEIIZBWTERIZL
FRIXTEZHT). ‘

E-mail : matubara@ati.khi.co.jp

—110—

NI | -Electronic Library Service



The Japan Soci ety of Mechanical Engineers

EiEE GFRP @€ — P I BRI B SZERC B LI T o E 705

B EEGERABREITY, ME-RIEMMOE—R
DOEHEREEFO O BT B E EBITNLORE
EIMEL-. 351, —AHRL— MNELOBRIOEH
&, —HMI—hERTFR— FEOBROZRER
HEEOMHBRIZDOWTHRA L.

728, B— RIOZZEREEHICONVTORKD
WL, —Am— b O AR & ZBEEREHTHYF
—DEEREEINTNS. —F, CFRP HERzE
BICHWBIERE, —Hhm— bOM#HIH X IHE 0N
73 EDOXERIRREAANCH L THBT 20T, N
REGZAE L BE— RIMRETO ZHOET AL, —
HE— hOWMEEEE AW THS. ZOTEMGE
R TIE, —AFS— S OMMER T LT E8E
BEAMNERT 255 OEBEEEEMITRE L.

2. R B FH &

2.1 MEBIUERE AR OMENT, ATERY
~OLE U A — hOMMEZ T 5, KFED
— NORMEC E TR, BHRIC 180CEELOR LB
TRFBEH3651 2V, REBE OREEMRIL,
—HM— hOHEFHEE L AR CAEUD
REFRTB) &, —HRIL— b 4 E SRR TRED >
— N I KERHEIZEB L7 0 ZBER G CHlRE
o) o 2fBEE L. —H— ORI
¥, UDWRECHKE BIZHBHEF AN (ERHOERE
HEEEE AN & U RTRED > — b OMEHERD
mfalg, RBREEFAMISEL £45° £ R
Fr oM, aiROISR U

REBARER 1ISRT. BRAFIRIZ BCT B
TH5. RBRAESIE L=60m, EXIZUDKRT
t=9.8mm, CHT t=10.3m TH5. ABRHIEBIZ, 45
~60mm ZHEH L. 72d, UDHROBIEU AR ER
T L=120 mb Wz, PRI, RERHIRES
SUZEX 125umn DRYUA I R7 4V L% 2KEAT
HZEICKDEAL. FIHIERESIE a=5m, 10mm,
15mm D 3 FEFHE L 7=,
2.2 BEBRSRM BUEUAMRBRBIOESRBRT
IE & HITBR-HEY—R -2 U 0 @R
AR 100kN, +10kNm 2z, FESDOERED A
1213, RBEORD RN, BEC AR,
1° /min OROFEE—E TITo7. FEHRABIT, M
U RiE— @B AT 2. Ak R=0.1, 0.5, -1 @
ITEEET, MR UEEE [=0~5H TEML. EERE
ISRIBAGHTH S, EREIOFHNI, BEC AL
RBROSE, RBRTICGABRNICBEZ DI TilBRik T
21T 200 fEDNFREMSE % WL THfIE N SaHEIL 7=

EITAREBROGE, ERETK 3 mBIZEH R 215 Eh
SHEOAN L THERU AR E FRRICEHIL 7z, £z,
E#EFEL TWERWEOZRHESIT, BERLEK
N=500 [EMRIZEHIL 7-ESIRO AL MLy Da 2T
FAT D AMBRET S ETRD7Z.

2.3 IXRIFE o) FMEERIS M T
BT MCI Modified crack closure integral)iZ® Z M
LTz, 9 ZRSEREE S BIRG 5/XT A—H1T
13, BRIFIVFREBR G, & TRV FMBEREH AG
ZRWE. AGIE, AW SNSAG= G,—G,;, T
1372<, ATER® & FRRICEEEIF AP O_FICHHIT S
UFoXTEE L.

AG =G x(1- R)2 = AP’ X(Gm/PZ) = (D

I max

ZIT, Gy / P2 FEM ARHTIC & 0 skeb 5N B BT
FHT B LI HRETH S, Ak R OB
B, RAREEP,ETHEAP =2, 725,

. RBRER B SLIUER

3.1 ECTEHBAAE X 11T Lee 2L /2 BCT &
BRO%RYT. ZORBHOWMESILTS517 2 AC
WSO ERL D AROTREINS. 5L, B &
t & LIRBHOEESES EES, 1 IR

VIR A0, SRR 2 AT
c.d. WL 0
P ut’(4B-3a)

LMo T, B— RO RIVFMBINER GpldRkXT
xIha,
G =££=% e (9
m 2L da  ut’(4B-3a)°
2P, B HAMBIZE > EZRNSRBRO Gl
R@ITBNWT PV 24706 MLY TIZEFETHUIZRWN.
ZZTERT iR G4 DFHIINEBREMRTS) &,
Suemasu “° L [AIERIZ ECT iRBROARTICE > 2R NS

Fig.1 Edge crack torsion specimen.
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Fig.5 Relation between normalized energy release rate

and normalized position from load point for pin jig.
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Table 1  Fracture toughness values for mode I,
I and ML
unit:J/m”
Material Gie | Gic | Gme g'c ((ch tested by
nc nc
IM6/R914 || 180 | 490 | 920 || 0.37 | 1.88
IM6/R6376 290 | 700 {1030 || 0.41 | 1.47
T500/R914 || 220 | 500 | 930 || 0.44 | 1.86 || Lee SM.

T500/R922 || 170 | 600 | 840 {{ 0.28 | 1.40 (6)
T500/R6376 |} 280 | 660 |1210 | 0.42 | 183
G40-800/R6376{| 322 {1060 | 1419 || 0.30 | 1.34

uT500/111 || 145 | 563 [ 794 | 026 | 1.41 | Hoio (11)
Ave. || 0.36 | 1.60
T-glass/#3651 | 613 | 1747 {(2795) 035 | - Ma(tls)‘(’g;fa
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