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Abstract

Epoxy resins are currently used as a matrix in a large
number of polymer-matrix fibre composites due to the large
number of compounds can react with the epoxy ring to form resin
systems with a very wide range of properties. They are being
used for fibre-reinforced polymer (FRP) composite industries with
various reinforcements, e.g. automobile, ships, sports,
aerospace, and windmill blades. In the present work, the
influences of plane stress and plane strain on fracture toughness
behavior and mechanism of thermoset epoxy resin with
polyamine hardener were investigated using 3-point bending
fracture toughness tests under various displacement rates
(10’1 -10° mm/min) and thicknesses (4-10 mm). The critical stress
intensity factor (K/Q) decreased with increasing displacement rate
and thickness, and became stable at high displacement rate
(> 10 mm/min) and thickness (> 7 mm). The blunting of crack due
to a localized plastic deformation process, i.e. the formation of
stretched zone and crazes, and the condition of plane stress

were dominated mechanisms for thin specimens tested under low

displacement rate, while brittle fracture and the condition of plane
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strain were dominated mechanisms for thick specimens tested

under high displacement rate.
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nagauul (3u 6a) lumm:ﬁ'him'mgﬂé’ﬂgwwawaumﬂﬁau‘m
%umaaumﬂ‘lﬁé'mwmi:ga/ﬁumaauum (31 6b-c) Favau
mMIdauinannndiouudssrwauuunaiganumsians
waniin Taazifialuuw 45° isuiumssfiannszi sonalwifa
miqué‘ﬂuumﬁmﬁw (lateral contraction) WAZLEAIFNINAIY
LABULUUTEUWNL (plane  stress) ﬁoﬁ?umﬂﬁﬂmaumitaau‘lu%u
nagou moldsarmszduaaslifinin nalnnsuansnlasy
HANTENURANIINENTAANUSULULTZINY DTIR0AARDINUHANTS
UM AT INAVBIVWIAFIAITUINTNANULATIAULLTEWIL (Eﬂﬁ
5a) ‘l,umm:ﬁﬂa"lﬂmﬂmnﬁ’ﬂmU'L@ﬁ”é’mﬁmi:ga &S umanszny
AMNANUATLALLLIZWIL (plane strain) Aa laiiiansgueaaluum
sudhs Ssmemnaasiumisiian K, ifmnasaaadednnmazgy
FUNaFOLRI (gﬂﬁ' 4)
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PITN 1 ANBUSAURINMIUANAN FNINAMVAUTZUIL/ANNVATUATTUIL UazALAREVDI K, VaITUNaFaL

Thickness Loading rate 4 2 Average K,
Stress-strain condition Fracture surface appearance 12
(mm) (mm/min) (MPa.m )
4 10—1 plane stress ductile fracture 2.44
4 10O plane strain ductile / brittle fracture 2.03
4 101 plane strain ductile / brittle fracture 1.70
2 ) 3 .
4 10 plane strain brittle fracture 1.52
4 103 plane strain 3brittle fracture 1.19
7 10"1 plane strain ductile / brittle fracture 2.01
0 . 3 .
7 10 plane strain brittle fracture 1.71
7 101 plane strain 3brittle fracture 1.09
7 102 plane strain brittle fracture 1.07
7 103 plane strain brittle fracture 1.09
10 10'1 plane strain ductile / brittle fracture 2.10
10 10O plane strain 3brittle fracture 1.63
10 101 plane strain 3brittle fracture 1.28
10 102 plane strain brittle fracture 0.99
10 103 plane strain brittle fracture 1.10

1 — Condition shown in Eq. 3 and Fig. 5

2 — Observation from fracture surface as shown in Fig. 6

3 — Area of ductile fracture was less than 5% of total fracture area

YU RAILANT VIt UNaFaLn 4 Wy, MeldsaanTe
10" w.u/mf (31]1‘71' 6a) xUINYUILIBAGT (stretched  zone)
atnstatan luasfiduiimsuaniniflonagaunisldsanas:
10° w.u/wft (31]“?1' 6b) fanwaiiuiaGey lasiufiuassm
famanadesasnissiinduLazanunuiaasiunage
\Aude nsAnvesueuNITLian (shear lip) USLImiaGa
(stretched zone) Lﬂuué’ﬂgmuamna%mnﬂﬁmuLLﬂawmmmu
WANEAN MIFUNANURANZ MRS HLUAUAIMTUANAN VBT
NAROULNY/SANANTEAN 19T Aena lnmsuaniniduiunadeiia
wianiunsiasuud asuwauuuwanaan (ductile fracture) RINA
IiAalusnwanaduuuusziny uaslion K, g0 Tuansiiiuin
mnmnﬁ'ﬂmaa%uwmauwm/é’mwms:ga waad AL AT INT

o 49 a = . a ==
LL(ﬂﬂﬁﬂ'ﬂvlﬂJlJﬂ’]iLﬂﬂﬂ%LLﬂﬁﬂEﬂi’NLLUUWE‘nﬁ@]ﬂ UG’ﬁﬂ\Tﬂﬂvlﬂﬂ’ﬁ

wanwnuurliduivne Linsnaswudsswanuuwanaan
(brittle fracture) UAZNATNINANNATDALLLTZUIL FINALAAT K,
@ Teorewinemalfousdasananinanuiiussuwiy (%u
nagouL19/aannszan) Wiluaniwainuiedsaszuy (Tu
NARDUNUI/EATINTZF) AUAIVBINTUANFNIZURAINN 1S
NEUITZTRININITULANANLULLRTAST (ductile fracture) WAZNITHANKN
wuuLsE (britle fracture) S9azsanalyien Ko Sum1aganin K,
Tunsdifianuasoauuuszn i uan s Lan (@annszganin
10 WU/ uazANURUIINNNTN 7 1) TagRufansuansines
URAIANHMENITLANANUU UL a@ﬂé’nwmzﬁuﬁanmmnﬁn
PYBITUNAFOU FNTWAIULAUTZUIL/AULATIATIUIL LR

ALafEYBY K, DNLEAIAIANTIIN 1
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5. /71l
WNANIZNUVDIRATWAINLABIZUID (plane stress) WA

ANULATEATEUNL (plane  strain) Afldawg@nssuuaznalnnig

o A A a . g o
wAnnaadnaslulananeandisdu (thermoset epoxy resin) 7l

ad o

a a . & A o v & @ % =2 % a
Iwdtaiiu (polyamine) Lﬂumiﬂml%Lmam"lﬂgnﬂnmmmﬁ@m
=

bending) n1olddasaiszedsg (10" A

§133@ (3-point
3 & .
10° WN./WH) LAZANURNTUNATOL IUIAG99 (4 119 10 LX)
mnwamsﬁnmmmmagﬂ"lﬁﬁaﬁ
1) anuiduannvaunailuwndiendisduduguana
’. AL o a a & A o o
WBInandunuIan lasduual iyl uiuui3 e Neas1nITe
iasanfidanaszindnmunweizildmelsluanaifiants
Taauazrianonuszately wssnlddsdoniadn gsualidrainy
wwuarned luanzfidananszgs fualdmelsluanaloades
a"wLﬂuéfaﬂdﬁm‘umﬂgﬂumsﬁwmmﬁ'uﬁ: fanuAnaIINT e
2 A
Fadvwag
2) A1IN0A2090UTTNAUAMUTNVDIANMULAY (K,,) VBITU
. -z » :
NAFOUANRILABOATIAITELRZANNAULANTY LlapRvuraduas
A A o ' a Py Aa
asfl ladamniazgandn 10 su/wf lugunaseufidanunu

a

7 unz 10 AN, lwamel K, vasBunageuiiininunu 4 au.

' ' { { P & ' -1 3
anadat1IdaliladialiNansnA1Tzaduad 10 69 10° W /wf
lasBunagaunnalnunuifidl K, drfigaaglugag

112
1-1.3 MPa.m
3) ABRINITUANRNVITUNAROUNEATIN1T2R Y/ TUNAFOL

U9 UWRAITBUNNTIAOW (shear  lip) WAZUSLIWEAAD (stretched

A o o AL o A a
zone) SailluanumzvadnalnnisuaninnAuiuIanndinng
WasnLU8IIMIAUULWAIRAN (ductile  fracture) LAZENINAA
WuLuuIziy SIRalH K, 89 Tuansfivuianuaninueadu
nageumulddanniizgyunasaun uaasfiana lnmauaniin
PRI SV L o a .
Aldauwivian ladasfouudasauwiauuuwanadn (britte

fracture) L lUENINAULATHAUULTZUWIL wazlA1 K, 6

6. inAnssnlsznd
ATV LA LA IUULIULAENMIFHUARUIIN FUNY
NOINUFRLABBNNTIVY (AN1.) HUWNNUALNITUNTIBWURITIA

(21.) uazaudinaluladlanzuszizquiand (MTEC)
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