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Abstract
In this study, adhesive strength is newly considered in terms of the singular stress appearing at the end

of the interface between the adhesive and the adherent. Here the critical intensity of the singular stress is

examined as the debonding criterion for all types of single lap joints having different adhesive thickness

and overlap length. The intensity of the singular stress can be evaluated by the application of the finite

element method focusing on the stress value at the end element of the interface. It should be noted that,

except for the case of small overlap length, the separation always occurs at the edge of the interface caus-

ing unstable growth and final brittle fracture. In this type of fracture, it is found that the critical intensity

of the stress singular field is constant independent of the adhesive thickness and overlap length.
Key Words: Adhesion, Interface, Intensity of Singular Stress Field, Finite Element Method
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Fig. 1 Schematic illustration of perfectly bonded model'**'"

Thickness 12.7mm

|
$35C | ;
[E.=z1ocpﬂ ¢
v1=03 B o0
i o
. . .
POxy resin | 0.05,0.1,0.3,
E»=3.14GPa 06,1,2,5
v,=0.37 EE%E;_‘
l
$35C —_| |
! 00
o
O
oo
|
127
(a) Specimen'”
|y
— 15kt 21=068
2 15| . N
Q{?‘ 1 - [e) (o) o Y il
2 0751 §
g 05 T
M 025 | -
0 : S—
107 10" 10° 10

Adhesive thickness # [mm]

(b) Relationship between K, and 7'

Fig. 2 Criterion for adhesive tensile fractures of bonded
plates'”"

144 V7 buo=r AFERZEFE Vol 16 No.2 (2013)

A OBEIERHE L UCTHI, BRE L Z2BER IR e v 07,

ZZTARMZE TR, FIREANZ 2T 5 HMMERE by
Wk X FOMIEIL DA & B F] & O FHHNG T O YRR
BN OmME K, TRl TX 50 %2 BoEDOFEFEF Y % 1
WTHEZ1T 9. — &I, HMELA DL E T O
&, FUEGEER L BRI X o TH U7z E WIS
552 ETHEL S, BARMICIE, Park & ' OFERHEF X
) B E QG bk X AR IR 2 B FRIG % O i
S K, TERD, K, =—ETHRHTEDLDPEHT 5,
Park & DOHfZETIE, BB B L OHAER ORI L ER5
Ba LB L %00 FRMEBIC A U s Ed L Ko, 20
KE S THREFMZIT>Twb, T2, ZoMicdbanZ
TE I ETRFMEIHGE STV B Y wFholi
EDMH A CHAERZ RS LN TEY, EHNL
MCAETH B, —F, FERIEIIGOMSIL, BigEkms
7 % LR C O WA R S 72 SR TS
INETIIE, B LCTAHERITH A 2 LA ST
W2 DT WM B X O O IR R TR B %
BNV, AREFRETIEEES L OEREOBIN S
RIS NGOM S 2 V5,

2. BEOEMELREHLERIFORBRER

KREFFETIE, Park & W OEBIERTHOWTEF LB LY
5 RIEAE 8 S OFHEEO A REIC OV THE 2179 o FEBR
T, WEMIZT VI = 554 6061-T6, HWHEANC TR
FVRPEAFIDH SN T WS, Table | (WS B L OB
ER OMIOTER, Fig. 3 \CEBRTHV SR BRH OF
WREENFIURT, BRI, 2P 225mm &% 559
2O EHEEL-DDTH S, BERBOIES 1,13 0.15
mmA2509mm ¥ T, RS LIE15mm2*550mm T
fli 2 I2EESE 5N T 5,

Table 2 35 & 0" Fig. 4 (25 [IREAWHEAE RS P, 271
RER A10 % B 72w i & 2RO BIFRDSIZ I E R
BTHHIEHND, FNOIZFMEMmEE L 4 Ui HED
EZUIEEL, TNPALREINRIET S & THITL T

Table 1. Material properties of adhesive and adherent'®

. Young’'s modulus £ .
Material Poisson’s ratio
[GPa]
Adherent 6061-T6 68.9 0.30
Adhesive Epoxy resin 4.20 0.45
Plate width 25mm
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Fig. 3 Schematic illustration of single lap joint
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Table 2. Experimental results'

Specimen No. 1, [mm] t, [mm] P, [kN]
A10 10 0.15 6.87
Al5 15 0.15 10.57
A20 20 0.15 12.41
A25 25 0.15 14.17
A30 30 0.15 14.56
A35 35 0.15 16.41
A40 40 0.15 18.09
A50 50 0.15 18.22

A25-30 25 0.30 14.32
A25-45 25 0.45 14.26
A25-90 25 0.90 14.19
A30-30 30 0.30 16.91
A30-45 30 0.45 16.12
A30-90 30 0.90 15.37
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Fig. 4 Adhesive tensile strength'”
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Table 3. Dundurs’ parameter and the order of stress singularity
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Table 4.

Stress distributions on the interface of specimens A25, A50 and A25-90 when ¢, = 1 MPa
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(a) €ip =37 mm
r A25 AS0 A25-90 O i Topew VM rEn
[mm] | o) T o L e T O T PEM Lo Tk
0/3* 108.089 —34.3491 82.2182 —26.1290 108.513 —34.4831 | 0.760653 0.760690 1.00392 1.00390
1/3* | 609108 | —17.5542 | 463257 | —13.3538 | 61.1477 | —17.6315 | 0.760550 | 0.760718 | 1.00389 | 1.00440
2/3" 45.8040 —14.9598 34.8342 —11.3807 45.9878 —15.0364 | 0.760506 | 0.760752 1.00401 1.00512
3/3% | 363691 | —13.4622 | 27.6575 | —10.2414 | 36.5270 | —13.5417 | 0.760467 | 0.760752 | 1.00434 | 1.00591
4/3° | 31.0483 | —122658 | 23.6104 | —9.33110 | 31.1985 | —12.3473 | 0.760441 | 0.760741 | 1.00484 | 1.00664
5/3% | 27.6319 | —11.3873 | 21.0119 | —8.66264 | 27.7833 | —11.4705 | 0.760422 | 0.760728 | 1.00548 | 1.00731
6/3° | 252208 | —10.6877 | 19.1718 | —8.13018 | 253777 | —10.7719 | 0.760158 | 0.760704 | 1.00622 | 1.00788
(b) €y =37 mm
r A25 A0 A25-90 O Topew o et
[mm] O-/»\.?EM Tﬁ.zfis.wi Gé.;—‘OEM T/»\.;-“UE.‘\J Gﬁii‘jao Tﬁ?gﬁ@” O'é.?ﬁ.w TQ%IS-'EM O-I:‘is/:w Tgf:'a;w
0/3° 166.786 | —52.9838 | 126.890 | —40.3108 | 167.437 | —53.1844 | 0.760795 | 0.760814 | 1.00390 | 1.00379
1/3° | 94.1356 | —27.0860 | 71.6106 | —20.6078 | 94.5200 | —27.1886 | 0.760718 | 0.760828 | 1.00408 | 1.00379
2/3° 70.8597 —23.0856 53.9015 —17.5648 71.1500 —23.1754 | 0.760679 | 0.760855 1.00410 1.00389
3/3° | 563325 | —20.7848 | 42.8489 | —15.8144 | 56.5654 | —20.8701 | 0.760643 | 0.760864 | 1.00413 | 1.00410
4/3° 48.1488 —18.9467 36.6227 —14.4159 48.3503 —19.0295 | 0.760615 0.760866 1.00419 1.00437
5/3° | 429020 | —17.5971 | 32.6310 | —13.3891 | 43.0839 | —17.6794 | 0.760594 | 0.760870 | 1.00424 | 1.00468
6/3° | 392053 | —16.5215 | 29.8186 | —12.5708 | 39.3742 | —16.6036 | 0.760576 | 0.760875 | 1.00431 1.00497
(©) €ip = 37" mm
r A25 AS0 A25-90 O oM Toren oyt Tt
[mm] O';\.ZFsEM T;r‘\.ZFSE."// Gi‘.?ﬁw Tﬁ‘.i“(;:‘,’w Uﬁiﬁ? Tﬁ?gﬁ&" Uﬁfiﬁw TKA\'?I)-'EM O-:‘\,i'SEM Tgf:'ﬂw
073" | 257283 | —81.7065 | 195713 | —62.1545 | 258259 | —82.0100 | 0.760692 | 0.760704 | 1.00379 | 1.00371
173" | 145378 | —41.7664 | 110.581 | —31.7721 | 145961 | —41.9196 | 0.760645 | 0.760710 | 1.00401 1.00367
2/310 109.493 —35.5907 83.2818 —27.0748 109.940 —35.7181 | 0.760613 0.760727 1.00408 1.00358
3730 | 87.0972 | —32.0480 | 66.2452 | —24.3799 | 87.4589 | —32.1644 | 0.760589 | 0.760731 | 1.00415 | 1.00363
4/31° 74.4815 -29.2193 56.6482 —22.2281 74.7940 —29.3262 | 0.760567 | 0.760733 1.00420 1.00366
5/3'% | 663951 | —27.1436 | 50.4968 | —20.6492 | 66.6754 | —27.2447 | 0.760550 | 0.760739 | 1.00422 | 1.00372
6/3" 60.6994 —25.4900 46.1641 -19.3913 60.9560 —25.5860 | 0.760536 | 0.760741 1.00423 1.00377
(d) €y =3"" mm
r A25 A50 A25-90 O M Toren e o rEM
mm] | O3Fy Ty Lo Ty rEm oyrmt | Tora Oy T e L Th e
0/3" | 396.766 | —125.975 | 301.826 | —95.8324 | 398250 | —126.441 | 0.760715 | 0.760726 | 1.00374 | 1.00370
1/3" 224377 —64.3886 170.680 —48.9821 225.258 —64.6264 | 0.760684 | 0.760726 1.00393 1.00369
2/3" | 169.059 | —54.8550 | 128.597 | —41.7302 | 169.735 | —55.0544 | 0.760663 | 0.760736 | 1.00400 | 1.00364
3/3" 134.534 | —49.3942 | 102.333 | —37.5760 | 135.084 | —49.5722 | 0.760648 | 0.760737 | 1.00409 | 1.00360
4/3" 115.084 —45.0352 87.5367 —34.2601 115.560 —45.1967 | 0.760633 0.760740 1.00414 1.00359
53" | 102,616 | —41.8377 | 78.0522 | —31.8277 | 103.046 | —41.9899 | 0.760624 | 0.760742 | 1.00419 | 1.00364
6/3" 93.8343 -39.2910 71.3715 —29.8904 94.2297 —39.4337 | 0.760612 | 0.760744 1.00421 1.00363
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