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Intensity of Singular Stress under Tension for Bonded Pipe in Comparison with Bonded Plate

Nao-Aki NODA*, Zefeng WANG**, Kazuki [IDA**,
Yoshikazu SANO** and Tatsujiro MIY AZAKI™* **

In the previous research the intensity of singular stress at the end of interface for bonded plate was discussed under
arbitrary material combinations. Then it was found that the bonded strength of butt joint can be evaluated in terms of the
singular stress in good accuracy. In this study the intensity of singular stress for bonded pipe is newly discussed in
comparison with the one of bonded plate. The finite element method is applied to calculate the intensity of singular stress
with varying the material combination systematically. This method focuses on the results of first node locating at the end
of the interface. Until now few studies are available for bonded pipe, in this study, the effect of the material combination
on the intensity of singular stress is discussed by changing the material combination systematically. It is found that the
intensity of singular stress of bonded pipe is 0.8-1.5times larger than the one of bonded plate for almost material
combinations. This investigation may contribute to a better understanding of the debonding strength and initial interfacial

cracking of bonded pipe.
Key words:

Adhesion, Stress intensity factor, Intensity of singular stress field, Interface, Finite element method, Bi-

material, Bonded pipe, Bonded plate

1

R A AT, MHEIT IR F, B &m0 L,
B BHR oA, BEROEIN, HEMER L0, B
FARIR - TERHIL & o T2 AR PERE e P4 < R T
REATDHZEND, HEIEZII U, WEHEEDOF
HBIUMET R ETHIAS AL TWD. E5EFA
IZ R DBEMFOMERNILRT 57203C, ZOEEES
T OFMIENE 2 HEN T B 7201 L < ORFZER e &R
TWna ),

Falt, 8 OIT Figl OHEHEARICE T 2HAEE S
ISR DL S & 72 DHEAE RIS U D5 S H1 5 il
SICH R DB A B, BEAREESNHEL 70D LiFR
SIS ORI PNS LD Z L amT e EHIzo), 20
TR IEE OO e SIS 1355 030 S DN a5 IR S I MR 7e < —
ECEETEHZ EAWLMNC LY. &I, HilER
HOEWTCTHRBROBE AT ). £, HBHABO
T IR RIE NG OMS=—F CEHMTED2 L b
TR L7210, ZhE TS T &7z 2 o ig
Bl & EBREA—E L T D0 FHTH D08, EBEO
PEAEMEL 3 WOERA AT 50 CENEEBIE LT
W7, Uint, flix OMEHLAS YR L TE

i}

DRSS Et LT b O RS- 5720, £2 T, K
FSCCIIEE A (Fig2(a) @ 3 WothEDfREL L
T, I bIEARIN R 6 O & B B BEAE (Fig 2(b) D45 Ft
NGO E K, (Fig2b)ZINCIER L, EEOMEHIZS
OEOFE% Dundurs D/3T A —H o, B 2 HNTHHARD.
Z 2Tl Fig2(b)iZRd XL D12 Fig2()DREEHEAR & B
LT EBZ BN DESE OWNEER, » oDGEEH

a
11t .75
Material A
- o o
| £w Ky 2 125 § E
Lo Na
| % 7 A g 1 ° (] °
O [ E g o o
. (r-0 &055 Koctrimagn = 104+ 0.0643 [MPam®™'*
g 0.5 Perfectly bonded model
Evvi % .25 | © Experimental results
 Average valuc for h = const
T 107 10" 10" 10

Adhesive thickness # [mm]

Fig.1 The fracture criterion of butt joint (K,=const.).
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(a) Bonded plate

(b) Bonded pipe

Fig.2 Bonded plate and bonded pipe.
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Fig.3 Intensity of singular stress for bonded plate and butt joint.
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Table 1 Stress of 0,1z, andratio of 0, 1y /0y Fey-

Fine mesh( e/ W=1/3%) Rough mesh( epi/W=1/3*)
ol o
v,FEM y,FEM
RAW G;{TEM RAW U;{?EM
Oy M -
0 1.640 0 1.246
(0.609) (0.609)
1.365 1306
8 4
133 (0.609) 13 (0.609)
1320 1.001
8 4
2/3 (0.609) 2/3 (0.608)
) 1.286 . 0.975
373 (0.609) 33 (0.608)
1262 0.956
8 4
43 (0.609) 43 (0.608)
1.243 0.942
8 4
5/3 (0.609) 5/3 (0.607)
a=0.3, =0
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Table2 Ratio of ag{,_FEM/aif}gﬁEM (e =0.8,8=03,E, =1000[MPa], v; = 0.2554, E, = 113.8[MPa], v, = 0.2066).
B B B
emin/ W UXO{FEM/U;I(DOL:EEM yg FEM/ 0 FEM UZOJ,FEM/O-ZPOI,‘;EM Tx}]I,FEM/T)}C)}l;Z‘;EM
Material Mat.1 Mat.2 Mat.1 Mat.2
i"“z"_ls 0.5253 0.5254 0.5254 0.5254 Mat.1 Mat.2 Mat. 1 Mat.2
i"“z"_u 0.5250 0.5253 0.5252 0.5252 0.5254 0.5253 0.5253 0.5254 -
Table3 Ratio of ai’;.gPFEEM ofsen (@ =08, =0.3,E = 1000[MPa], v; = 0.2554, E, = 113.8[MPa], v, = 0.2066).
emin/ W r({[;%M 0 FEM z(gf[i"EEM 0 FEM G(I)I;TEEM z() FEM TPIFEM/ X, FEM
Material Mat. 1 Mat. 2 Mat. 1 Mat. 2 Mat. 1 Mat. 2 Mat. 1 Mat. 2 )
emin =27 | 1.0207 1.0207 1.0148 1.0135 -0.1283 0.8847 1.0206 1.0207 ‘ @ H
emin =277 | 1.0204 1.0204 1.0163 1.0154 0.2291 0.9267 1.0204 1.0203 ‘ lTlTI
Mesh
dependence © © x x x x © ©
s&dependence:x, independence:o
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(:: = (:l:)z =& ® FERELY, KABELND.
(Ero™")" = (&0 )" = & ) uPIPE
N N ~ ~ ~ T
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60
[( PIPE) — v, (GPIPEY ] E[( eIPE) — v, {(GPIPEY + (GEIPEY! }]
1+ v E;, — (1 +vy)v,E
_ PIPE PIPE (10) — ( 1/7172 277271 ~pIPE
[( )" - vy ] = 0 (V1 — V)B4 o A7)
L7=MR»T , L7785
~PIPE ~PIPE
Vi _Va)\ pipe _ ( (500 ) 11 ~PIPEN1 _ (~PIPEN2 _ ~PIPE
(El Ez) 020 E, E, () (G20"°) = (G20 °)* = Gy
L72%. RO BRI 7 v 7 OEIIZANT, __ V1 —v)E By wo™ g
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[(~P’PE I — v, (GHPEN] A(18) & (14), X(15)IZXAT D &
_ - [( ~PIPE\2 _ vz(gzPOIPE)Z] =0 (12) ~PIPE\! _ (1 +v) (1 E; — v EE, uf(I)PE (19)
oo (A +v)WE, — (A +v)vE Ry + W
it(u)%i@zt&:ﬁ)\@“é &
(5P1PE)1 1+v, E ~PIPE)2 _ A+v)E, —vENE,  up™ (20)
16 Jo_ 271 (13) o0 (1 +v1)v1E2—(1+v2)v2E1Ri +Ww
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60 F7-, A(6)lc
RADERA3)EY, KABFHND. (GPIPEYL = (~PIPE)2 = (FRIPEYL = ($EIPEY2 = 0 (21)
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Fig.4 FEM model for bonded plate.
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T DI LCUL T O L 9 efifEN & 5. SEmOT A -
G IREF g INC BT, S o R s 14
DO XIE, Dundurs /X7 A—4 o, IZX DRI ND D
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BISHOMEE o, f OHZLY RSN, 22T
BRSO S 2T 57 2A—2D 55, ETR
TEAEEEID R T o v FIVWCEarT 5. Fig5 1213(a, )
=(0.5,02) L [T L7= & EOEAFITRIT A6 7R LT
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Table 4 Non-singular stresses of bonded pipe ;0. rpy €€ in fig.1(b), J{]’-%,FEM:see in fig.1(a).
s i i LT 7.
Mat.1 Mat.2 Mat.1 Mat.2 Mat.1 Mat.2 Mat.1 Mat.2
emin=2""° 0.0 0.0 -0.0193 -0.7428 -0.0880 0.0
emin=2""" 0.0 0.0 -0.0193 -0.7427 -0.0879 0.0

PIPE

Table 5 Singular stresses of bonded pipe (Total stress—Nonsingular stress) o; o e

:see in fig. 1(b), ofjkh ppassee in fig.1(a).

e/ W OfoFEm — Ofo rem OforEm —Og0.7m T0.rEm —Oh0.rEM 10 PEM 140 FEM
Mat.1 Mat.2 Mat.1 Mat.2 Mat.1 Mat.2 Mat.1 Mat.2
emin=2"° -0.7412 0.4562 3.0313 0.6598 0.6600 0.2008
emin=2""" -1.0756 0.6622 4.3999 0.9578 0.9579 0.2913
Table 6 The ratios of singular stresses at the interface edge 0/ gy see in fig. 1(b), a/k0 ppysee in fig.1(a).
Urpol ,IIJ'“EEM _5;’01,};%1\/1 O-ZPOI,FI’?%M _6;(2{57%M Gep(g,ﬁm - ~6P(§,[1’~7%M T{"ZI{)’E‘EM _fle([)’,i"EM z
A oS oE¥Fom T e =
Mat.1 Mat.2 Mat.1 Mat.2 Mat.1 Mat.2 Mat.1 Mat.2
emin=2"3 | 1.0207 1.0207 1.0207 1.0206 1.0207 1.0207
emin=2"" | 1.0204 1.0204 1.0204 1.0203 1.0204 1.0204
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Table 7 Maximum and minimum values of ng’FE/KgLT(bad pair).

B

-0.2 | -0.1 0 0.1 0.2 0.3 04 | 045

0.1

0.808 | 0.923 | 0.999
0.807 | 0.845 | 0.896

0.2

0.794 | 0.879 | 0.999
0.794 | 0.840 | 0.888

0.3

0.882 | 1.000 | 1.249
0.832 | 0.874 | 0.939

0.4

0.879 | 1.000 | 1.114
0.829 | 0.862 | 0.911

0.5

0.870 | 0.999 | 1.069 | 1.382
0.830 | 0.856 | 0.893 | 0.953

0.6

0.842 | 1.002 | 1.047 | 1.172
0.842 | 0.859 | 0.884 | 0.927

0.7

1.000 | 1.034 | 1.101 | 1.383
0.865 | 0.885 | 0.915 | 0.963

0.8

0.998 | 1.023 | 1.064 | 1.160
0.885 | 0.897 | 0.916 | 0.947

0.9

0.998 | 1.014 | 1.035 | 1.075 | 1.210
0.920 | 0.927 | 0.937 | 0.953 | 0.980

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

Upper: maximum value, lower: minimum value

Table 8 Maximum and minimum values of GZPOI’I;%M /%%,T-"EM-

B

-0.2 | -0.1 0 0.1 0.2 0.3 04| 045

0.986 | 0.998 | 1.000 | 0.998 | 0.986
0.975 1 0.990 | 1.000 | 0.990 | 0.975

0.1

0.947 | 0.981 | 1.000 | 1.020 | 1.036
0.931 | 0.963 | 0.992 | 1.002 | 1.013

0.2

0.953 | 1.000 | 7.036 | 1.082
0.904 0.929 | 0.971 | 1.000 | 1.030 1.098

0.3

0.932 | 1.000 | 1.044 | 1.111 | 1.191
0.898 | 0.941 | 0.988 | 1.019 | 1.152

0.4

0.921 | 1.000 | 1.045 | 1.119 | 1.252
0.875 | 0.913 | 0.961 | 1.000 | 1.132

0.5

0.898 | 1.000 | 1.041 | 1.111 | 1.259
0.861 | 0.892 | 0.933 | 0.985 | 1.059

0.6

1.001 | 1.035 | 1.093 | 1.234
0.862 0.880 | 0.912 | 0.958 | 1.000 1.405

0.7

1.000 | 1.028 | 1.073 | 1.158 | 1.377
0.878 | 0.902 | 0.937 | 0.976 | 1.186

0.8

1.000 | 1.021 | 1.054 | 1.109 | 1.228
0.891 | 0.906 | 0.929 | 0.963 | 1.000

0.9

1.000 | 1.013 | 1.032 | 1.063 | 1.116 | /.162
0.924 | 0.931 | 0.942 | 0.960 | 0.989 | 1.000

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

Upper: maximum value, lower: minimum value
Bold: bad pair , Italic: equal pair , Normal: good pair
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