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ABSTRACT 

Using a j)oly\iret.hanc photoelastic material, thiek tesi 

specimens of several configurations with bonded end 

tabs are examined for measuring stress intensity fac- 

tors (SIFs) for cracks within and near to bondlines 

in bonded photoelastic models. Effects of specimen 

height, glued end tabs, bondline and crack size and lo- 

cation are studied and analyzed using a two parameter 

model for extracting the SIFs and results are compared 

with cracked, homogeneous rnodel results. 



EpL= 4.7 MPa 

EB= 6.9 MPa 

* manufacturer's value 

;-:;b-:50.8mm 
.; t:= 12-7 mm 

c = 0.22 mm 

Figure t       Test Setup for Bonded Specimens Containing Double Edge 
BondRne Cracks. 
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Figure 2 Gbbal Stress Fringe Patterns for Bondline Cracks in a) Square and 
b) Half HetgFrt Spectmens.. Note effects of imperfections in glued 
joints on top and bottom and slight dissymmeffry m local fnnge 
patterns (Integral Fringes White). 
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Fixate 3       Local Stress Fringe Patterns for Bondline Cracks in both a) Square 
and b) Half Heiglit Specimens. Absence of rotation of fringe 
patterns confimris pure Mode I loading (integr-a! Fringes White). 
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Mode I Algorithm for Homogeneous Case for Converting Optical 
Data into Stress Intensity Factor (SIF) Values. 

fT^ J^^ 
3«^ning with the Giffith-inwin EquatJona, we may^rite, for 
^<ode I, for the homogeneous case 

''' "   (2^ « ^^^ ■*' *^' ^-^  " ^'^       <^^ 

w*T«re: cr, are components o< sto»«. K, i« SIF. r. • are 

■^wsuTBd from crack tip (Rg. A-a «i «• «»on-angiiar 
stress componenls. 

Then,aion9««Me.aaer 

("^W + r « V2 (2) 

***"*• ** " "f^) *»d is constant over the daU ravige, K«^ = 

■F. («i,),i«, 3 maxknuro shear stress in rtz pteie 

^r (3) 

**»"• rSs^ A-t> a =r cndriwigii; and <r :> ramote normal 
s^eacie. 

KAP 

& 
>ince bromihe Slres*-Qp«c Law (wU, = rrf2f where, n . 
tr^ Mnge order, f = materiai fringe value, t = specimen 
ntdoneae, »>en from Eq. 2, 

^jcal plot of nomiafized K^ vs. VF77 for a homogeneous 
.peamen is shown in Fig. A-2. 

Ftguf»A-1: Mod* I Nwr-rip 
Notation 

a^/xa 

3.0-i. 

ZJ-'r 

za-'- 

0.0 I •!■■■( ■*    *    >    L ,j.-,fa. 

(W 0L2 0.4 0.6 0.8 10 
frT 

Figure A-2 - Estiniating Eformalized 
SIF from Test Data 



I^b le 1 - D ata and ^ruBSuJ Its lor V jracKs Wxttun juc >naline 

exp. 
corr. Bowie' 

exp {u = Q.5) {u = 0.3) 

test# a(msQ) b(mm) a/b P{N) K/Ko K/Ko K/Ko 

DS2 7.94 50.8 0.16 74.95 1.14 1.05 1.06 

DS3 12.7 50.8 0.25 74.95 1.09 1.00 1.04 

DS4 17.4 50.8 0.34 74.95 1.15 1.06 1.04 

DS5 20.6 50.8 0.41 74.95 1.23 1.13 1.06 

DS6 25.4 50.8 0.50 74.95 1.38 1.27 1.10 

DS7 27.9 50.8 0.55 74.95 1.37 1.26 1.12 

DS8 7.94 25.4 0.16 74.95 0.93 0.86 — 

DS9 12.7 25.4 0.25 74.95 0.94 0.87 

DSIO 17.4 25.4 0.34 52.68 0.98 0.90 

DSll 20.6 25.4 0.41 50.72 1.00 0.93 

DS12 25.4 25.4 0.50 50.72 1.18 1.09 

DS13 27.9 25.4 0.55 51.01;: 1.22 •1.12 
;■ ■ ■ — ■ 

■"■♦ ■            ■■;." t:     ■■j'lV-'' -.■■■:•-:. :■■ ■ 

• plane stress, no bondline KQ = ff-s/¥a 
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a) 

25 IBM 

b) 

Ftgiiir&S 

4.43 mm 

a^ GFlSfeai: aFfcl^ B) Lodal' S^BSS fringe photos for a Square Specimen 
wffiGVM P'aTalfel'to BondKne. Note reduction in size of the linear 
^t^&^&m^emek. Lack of fringe loop rotation again confirms 
pm& Itlo'Gfe I fWegra^ Fringes Dari<). 

r>Vdt.slX. rt-^Cr'-'- h .''rt. .-Lf" ■J-»K:.VS 
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Table 2 - Data and Results for Cracks Parallel to Bohdline^^ 

w = 101.6 

Test #       a d         h a/w K'lK^ 
SP6         2.78 2.58    50.80 0.027 0.&76 
SP7         2.98 1.19   50.80 0.029 O.SSS 

'■ 

SP8         8.33 2.58   50.80 0.082 l.li3t 
SP9         7.95 1.19   50.80 0.078 1.0^17 

SPIO       13.09 1.19   50.80 0.129 Llia 
SPll       12.70 2.58   50.80 0.125 1.365 
SP12       2.58 2.78    25.4 0.025 0.806 
SP13        7.54 2.78    25.4 0.074 0.876 
SP14       12.70 2.78    25.4 0.125 1.028 

Dimensio ns in mm, * Corrected for 3-D effects to a 2D solution. 

{-.   \:K\j^l   ,^4 LM:^Jc-yLd_-4t:   v:^ r c^y ■ 
J 

jJr-   nck 
■j y 

L.-/^-^^J'-. 

■-*-fs    !   -i   ;                 I-', ''^j;_-i    v^'~ f:_x-i.i-. ri^K     'JT SJUXJ.5^   ni^ , ,jLacU^ 

h l^l'l /--f> Styr.J^JTl-...x_ fC   , C.-J 
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Summary 

In lummairy, results ahov tkac: 

1) NormalB«d SEPs incre«ae witk reiative crack 

lexkgth for both aquzn lod haif height bonded 

specimeos more rapidly thaa iodkated by soiu- 

tionj for unbonded spedmens for both bondllne 

crada and cradcs parailei to the bondline. 

2) Reducing specimen hci(kt reduces normalized 

SIF's for all crack leaftiM m both bondllne 

cracked spedmenj and tho«« cootaining cracks 

parallel to the boodline. Siace Torvik, (1979) in- 

dicated such aa edect in unbonded edge cracked 

spedmeos, this reduction appears to be due to 

spedmea shape rather than a bc»dline effect and 

may be conjectured to apply to the bondllne 

cracked soedmen results as well. 

3) The experiments revealed 

a) No shear mode effect 

b) A shielding effect due' to the bondllne for short 

cracks and those with less separation &om the 

bondllne for the cracks parallel to the bondlines. 

4) Imperfections in the giued tab arrangement were 

clearly shown. 
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