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Fracture in composites is composed of complex micromechanical networks of cracks. These
damage mechanisms, which include fiber bridging, transverse matrix cracking, splitting, and
migration, can provide a degree of resistance by redistributing the loads away from the stress
concentrations and blunting the crack tips. The resulting increase in the critical energy release rate with
crack extension is referred-to as a resistance curve or R-curve. The role of R-curve effects on the rate
of crack propagation in fatigue is the subject of current research. An experimental study was conducted
by Yao [1] to quantify the significance of fiber bridging in the delamination growth in multidirectional
composite laminates by comparing quasi-static and fatigue R-curves. He observed that fatigue R-
curves are less pronounced than quasi-static R-curves. Analysis methods capable of capturing R-curves
are not yet mature, especially in fatigue. Yao’s results were used in an effort to evaluate a recently
proposed [2] cohesive zone model (CZM) for both quasi-static and fatigue. The quasi-static R-curve
behavior is modeled using a cohesive layer superposition approach [3]. The model utilizes the CZM
developed by Turon et al. [4] and assumes that the quasi-static cohesive law is also the envelope of the
fatigue damage. The fatigue model also relies on intrinsic relationships between an S-N curve and its
corresponding Paris law. Damage is assumed to accumulate at a rate dependent on the displacement
jump and described by a damage accumulation function. The parameters of the model are obtained by
fitting the integrated form of the damage accumulation function to an idealized S-N curve. The
assessment of the numerical procedure is done by evaluating the method’s ability to capture Yao’s
rates of crack propagation for unidirectional (UD) laminates. The analysis results indicate that the
numerical model can predict slope and the offsets in the Paris law observed in the experiments for short
cracks. However, as cracks lengths grow past 35 mm propagation rates are overestimated. Additional

work is underway to understand this discrepancy.
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ABSTRACT (IN GREEK)

Avanton XovekTik@v Xtoryeiov (Cohesive Elements) Bacwspévav
og Anoteréopoata Kapmorov Kénmong S-N ywo tnv Movtehonoinon
AWoTPpOURATIKNG ATOKOAAONG o€ XuvOeTa YAka

Avatoi A. M1tpov

H 0pavon oto cuvBeta vk yapoaknpiletal amo cOvOETO LIKPOUNYOVIKE OIKTLO POYLOV.
Avtol ot unyavicpoi Bpavong, oTovg omoiovg aviket kKot 1 Yepvpwon wvav (fiber bridging), pmwopotdv
VO TPOGOMGOLY L0 LOPPT AVTIGTOONS AOY® TNG CVOKATOVOUNG TMV QOPTIOV HOKPLE 0To To onueio
OLYKEVIPMONG TACE®MV Kol TO Okpo NG poyuns. H moapatnpoduevn adénon otov pvBuod
anelevfépwong ehaotikng evépyelag (ERR) pe v avénon tov pnkovg 814000nG TG pOYUNG
avaPEPETOL G KOUTOAN avtiotaong 1 R-curve. H emppor| tov R-curve poawvopévov otov pubupoig
O14000MG POYUDOV VIO KOM®OT amoteAel ovtikeipevo ovyypovng épevvag. O Yao [1] extéleoe
TEPOUATIKY] EPEVVO Y10, VO TTOGOTIKOTOIGEL TO UEYEDOG TNG EMPPONG TNG YEPLPWOONG VAV GTNV
avamTuEn SCTPOUOTIKOV OTOKOAANCE®Y GE TOALOIELOLVTIKA GUVOETH KOl Vo, cuykpivel TNV
emidopaon Twv R-curve poavopévav og nu-otatikn Opadon kot Bpavor vro kénwon. [apatipnoe 6t
N KOUTOAN 0vVTIGTOONG Yo TNV KOTMOT NTOV AYOTEPO £VIOVN 0T’ OTL Y10, TV NU-CTOTIKN Opavon).
Ynohoyiotikég péBodot wavég va povreromocovy kaumoreg avtiotaong (R-curves) Ppiokoviot
OKOHO O€ TPAOO oTAd10, Wiwg o 0Tl apopd otnv komwon. Etol, to amotehécpoata tov Yao
ypnoworomnkay oty mpoondbewo va aflodoynbel éva mPOGEATO ONUOCIELVUEVO HOVTEAO
ovvekTikav ototyeiov (Cohesive Zone Model-CZM) [2] yw nu-otatikn Opavon kot Opadon vro
komwon. H ocounepipopd yapaktmpildpevn amo v R-curve poviehomodnke ypnoyLonoimvIog o
pébodo emaArniiog oTpdoe®V cLVEKTIKOV otoryeiwv [3]. To povtéro expetariedetor to CZM mov
avantdyOnke omo tov Turon et al. [4] kot voBétel 0Tt 0 QS VOLOG TOV GLVEKTIK®V GToLYEl®V glvar 0
@AakeA0Gg TG PAGPNS Kot Yo TNV kOmwon. To povtédo yio v kOmmon eniong PacileTon oe gyyeveic
oxéoelg peta&y g koumoAng S-N kot tov ovtiotoyo vopo Paris. H PAaPn Oeswpeiton ot
OLGCMPEVETOL PE PLOUO EEAPTAOUEVO OO TNV UETOTOMION KOl TEPLYPAPETOL PE LKL GLVAPTNON
ovoompevons PAdPnc. Ot mapduetpor Tov HOVIEAOL VTOAOYILOVTOL OO TNV TPOCEYYIoN MG
KOvOVIKOTOmMUEVNS S-N' KaUTOANG 0o TV OAOKANPMOTIKY HOPEON TNG GLVAPTNONG GCLCGMOPEVONG
Brafng. H a&ordoynon tng vmoroyiotikng pebodov exteleitoar a&loA0ydVTOG TNV KOVOTNTO TG

nebodov va avamapdéet Tovg puBovg dtddoong pmyung Tov tapovsioce o Yoo yio UD covheta. Ta



amoteléouato dgiyvouv OTL 1 avdivon etvarl wovh vo, TpoPAéyetl v KAlon Kot PETOKIVION TOV
YPOUU®V TOV VOROL Paris mov mopatnpeitol 6To TEPOUUTIKO OTOTEAEGLOTO YI0L UIKPEG OE UNKOG
pOYUES. Q06TOCGO OTOV TO UNKOG TNG dad0ooNg TG pOYUNS Eemepdoet Ta 35 mm ot pvBuoi dridoong
extiuovtor Aavloaopévo. Emmpocetn dovAeld mpémel va yivel @dote va vIapEEl KaTtavomorn g

JLIKPIoNG AVTNG.
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