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Abstract

Various testing methods for adhesive strength are prescribed in JIS but no testing method is indicated under no singular stress
field. Usually, strength of materials should be considered for plane specimens where uniform stress distributions can be
expected. However, in the case of adhesive strength evaluation, all bonded specimens exhibit a singular stress field, the intensity
of which (ISSF) varies depending on the adhesive layer geometry. This is the reason why the adhesive strength varies depending
on the adhesive layer geometry. In this paper, therefore, a protruding butt joint is proposed to obtain a constant interface stress
distribution. Then, the essential adhesive strength is clarified under uniform interface stress without localized stress
concentrations. Unlike standard butt joints, where strength is significantly affected by adhesive layer thickness h, it was found
that the adhesive strength in the proposed joint remains constant at critical stress oz = 47.7 MPa, regardless of h. It is also
found that in JIS butt joints, the border at h=0.1 mm allows a distinction between fracture due to internal stress and fracture
due to a singular stress field. In the case of failure due to a singular stress field, by calculating the region (process zone) where
the average stress is the original strength of the butt joint, oz = 47.7 MPa, it is thought that failure will occur at a position
g = 14.7 pym from the adhesive end. This is almost equal to the fracture origin of a rectangular column butt joint reported in
a previous study, and can be said to be a reliable evaluation method.

Keywords :  Butt joint, Adhesive strength, Singular stress field, Ultimate strength, Interface

1. #

G L BIIR OB EAIEL, BEM oS, ®noRE(l, HEENME, =X MR & OFRS»6 TSI 4
M, B ZRGE TR SN TS, & ITEFETIE, BEEERILE BNE LT, a0 BB)®E
ROMZERE 7R E~OFIADIER L TR Y, HE G HOBEMR TN 2 IR ECE MO @ E b~ DR & £ -
TWD. BEEBOM OHERERBREAL JISK6849 (HAPERERE, 1994) ICL-TEDHLNTEY, Ny MEF
13— 127 mm OEMAREE 72 ITER 127 mm O GURA R SL =38mm X2 ZBA5 A THE) LREINT
W5, L, #EREISROTHEITZRVZD, IS BEICE 23y MEFTIEX 1@nd L 518, #EERES
RO & & HITHEETRES T2 (BaK, 1987; /NI, 2024). ZD7-%, BT T b= Rlllran e
oS EZFOFFEEBEShORRDEMITER TS Z LI3EE L. Ny MEFOBSE L] B RIE ShiC
RAFT HDEEIE, BEEM CRAEIS BN EL DD THDH. 20X I, IS BNy MEFTIXF IS HE
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HRAEL, ERHOHIMEO LD ROV BOBLETHDH. TIUCH b LT EEEHEICHY T o 85BRE S
RDFFTEN TR SIVTWRY N, H5 0B CORF RIS /1355 DR S (Intensity of Singular Stress Field) ISSF (274 H 3474UiT,
1(b)D X 51z, #EAETEEIX (Intensity of Singular Stress Field) ISSF —E DM (K, =const.) THRT I &N TX
L. ZhUL, EHEISOERRDEFMOBEN, WHEEWETRT L —EMHE D2 L LAKETHY, BEMFED
RN FNISNEFIC L > TEAEND Z L EZRL TV,

THET, Sl OREIS Y, S E b D WIS O & RO IR EI2BE3 H e A
[CIB b TE o, Ak« KiE (1991) OB - P4 (1993) 13, [EABIBURBRIEIC L > CTHRESHIE OIS )15
DOFPERMEZHREEL, FrREOFEZHR L TS, BFEfh (2012) 1%, AIREZHEE (FEM) IZX->THRLITE
SRR OIS MEO 2 AW TR I 31T DR RIS 5O S (ISSF) A7l T~ 2 2hR e FEA#HE LT
W5, B, FrHEfll (2010, 2014), /NHfl (2016) (XAERIZR R X HAMRET H 2 LT, ZOILIERRE

(SIF) (ZVEH L7 BEE A OMETHMEDOB AMEZ /R L TN D, T b OWFRIZ L - T, BEEEEN (Intensity
of Singular Stress Field) ISSF —ED S (K, =const.) X°, (AR Fim & A D SIF —E DS (Ki =const.) &
LCEEMICRITE D Z EBMEIC SN TE .

— X OB OIREE AT T 2356, BEILE T HEMOMBRELIEST 22 N —KITHDL. LnLRnb,
PAEMRFICBWTE, IGEFORVIEMIIHS T 53y MEFAERST L Z L BREETH D720, Friis))
LD Ny NEFORE A2 HE L CTODAFEHIE RS 7= 570, 2070, K 1R T X 512, JIS B K
L8y MEFTIE, FRISIYITIER LI ISSFIC K DHERMEA BRI CTH D, —I7 T, ISR WIS
YT 53y MEFOREZRET 2 Z &1%, NS HUEKIC L 53y MEFOEAEREICK LT, L0 ERLkE
a5 ZLICEMRTE DD EEZZOND. FFRINGZE S 2B TR E LT, #6 fimbmh
DFFEZ i U TR RMER A 2L S TR LB, 1994) OB i ORI A2 it L 7o 22685k (FH
fi, 2019) FFIIN TS, LL, WThoRBRA bilHE OZEEF LY bisEdm L2600, Sk
UEB D RF RIS I 2 R S/ DITIEE S TRV, £, &1 - BREMF (2007) 135E Y H UK OBE R A
ZHEAE L Mieses i /T ES  BREEFHIEEEIZ DUV TG L TV D208, ARBIFFED L 5 IR RIS TG E L 7RV
ROBARE ZIBRKT D &V I BROBLIT R STV

T, AMFRETIE, BEEREIRBOFFREATEESH D VIR L, M IS Y T 285 MEN S b5 %2
H U Sy NEFARET D, BERES 2L A28 Uy MEFRB R 2 R-EL, ZOBSEME 2 FEHRIC
Ko THIE LTz, 1, 18ROy MEFOBAETREE &, S Th 528 LA > MEFOHE IR 4 g L,
PR L BPEBIE X L OBMRIZOWTELET 5 & L biZ, BRSO T ' AV — N HEDS S BEERE DR
T EEIC DN TR 5.
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(a) Critical average stress 6/"° depending on h (b) Critical ISSF K. independent of h

Fig. 1 Critical adhesive strength for S35C/Epoxy JIS butt joint expressed as an average stress 6,/ 1s prescribed in JIS and the

adhesive strength expressed as a constant ISSF K, = F,6/"*h*~* = 0.817 + 0.15 MPa - m®32%,
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2. THLE/RY MEFLBED/\Y MEFORER DT DO

2-1 AWRTIRET HEHLE/NY MEFRR EHBRHH

20T JIS HRIZ A <@E OMFRR S > MkFRBR A 2~ d. £72, M 200)ICAMFE TIRE T 528 L
Ry MEFRBR A 2R, ZHODOMELZFERTRD S & & BT, FEM TS X > TREDIG 0 &2 KD T-.
2N ZEH LA M TFRBR 1L, B USRSt 2 USRS, lsRERRE TN TN ST
BRI DI 0AG 2 AT U, FeRIGTIIGDHAT D & 5 il BR R et Lz, £ 0#EE, t =1.5mm, ¢ =0.25
mm, R =04mm & U7z, #EMICIIHEMAES IR (S35C), HEEANCIT= A UfiE (B IERME 2
T A XA 4 EP-160 MEME(LTUENE) Z6/H L7z, 2 118, AW TRV SRR L OWEM ok E s
R R Da, BITHER & AR OBMAREC T E 5 Dundurs /37 A —4% TH Y, NIFFEMEERTHS.

INiR
I
i
E,wv |
T i
i
Al T : h
i
D=12.7mm
!
i
<
o,
(a) Butt joint specified in JIS (b) Newly proposed butt joint having protrusions

Fig.2 Cylindrical butt joints with and without protrusions subjected to tension a,°. (a) Butt joint specified in JIS, (b) Newly
proposed butt joint having protrusions.

Table 1 Material properties considered in this study.

Material E [GPa] v a B A
Adherend (S35C) E; =206 v; =03
- 0.973 0.174 0.6705
Adhesive (Epoxy) E, =2.64 v, =0.39

2-2 JISNAYMEFEIURHLE/ \YMEFOREG N5

3NTEAFIRIGT) 0 =1 OROEE D /Ny MEFEOSRHE DI ) 5340, (r) &7 X 3(b)iE, X 3(a) DA
ERBERLIZHDOT, r=0 fHTO/NSOWFEFAZ )20 09 <R LT 5. 3b) LV, WwED/NNy MEFET
L, 7 < 0.1mmOFFH TR SRS o = U 20 MBI ICEM L, FRRISIERRBEL TND 2 EMN
5%, E£72, v < 01mm OFPHOISIEITEEBE SARKEWIEEEL 25, 0.1 < r < 6.35 mmOEPH Tl
BERLISDIS L OSMEN L LTV A, L7 ->C, r < 0.1 mm ORISR EE I L C AL T
HY, K1@IRT LI, #EBEIMI L > THEERE. N T 5.

4ZZEH LB NRFEO R OIS ) 5 e,(r) &R d. 1K 4 THE, B D OAEREIIIGT HALE % L
ErDIFL A & LTS, 2D, 22 LE O Ir = —1.5mm Th 5. X 4b)ZL, K 4D (-1.5 <
r<1.5mm) ZIRFRLELOTHS. K4 L0 O»nD L1, K2b)dZEH LA Ay MEFTIL, 05<7r<
6.35 mm O T T 5 1R o? = LT E A EFELWSIMERE LN TEY, ZOFEK Tldo, (r)IXIT—E
ETHS. r< 0mmOFPHTIE, REIEL RDIFEEIMEITET L, EOEEREE SR TOHRRIS S ORA
ALV, 207, r<0mm OFHPFATHIEIEAEMELZAHL W ENLDOEEXBND., £IT, #£
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212, X 2(b)D ISSF OMRTTAEE, = K, /(0 h =) % LeBIRECRNT L7 2 "9, 2 X0, Z2H LAV o Mk
FTIZISSE MEF 0 TH Y, BEISTIENEL TWRNWI EDNHERTE S, LEN- T, B UAN Y MEFET
1, BEICE ST A M0 < r <635 mmTH Y, ZOMEETIRESGIES oL = LTIF & A EE LV HE
ThoH7zw, ZZHUAEA Y MEFE (B 20b) (ZEEMITHEY T 5 LB 65, £ TRRICTIE, X 2(b)Dp2E
H LSy NEFOBEL TEEM OMEo ] EFESZ L1275,
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Table 2 Normalized ISSF F, = K, /(c°h'™*) analyzed by the proportional method.

h E, =K,/oXh'™*
[mm] Butt joint for JIS in Fig.2(a) Butt joint having protrusion in Fig.2(b)
0.1 0.352 -0.00272
0.5 0.361 -0.0342
1.0 0.373 -0.0151
1.5 0.385 0.00223
/Singular stress . Singulal:stress | O'zoo -1
- P | 1
E 9
= 8 |
-1
Il g
8
5 5
= h=0.1 mm =
3 —— h=0.5mm i 3
L —— h=1.0 mm \-? 2
L — h=1.5 mm ° 1
N 0 - i
0 1 2 3 4 5 6635 6.35 10* 1073 107% 107! 10° 6.35 -
r[mm)] r[mm] J L,l )l
o, =1
(a) (b)
Fig.3 Singular stress distribution ¢,(r) canbeseenat r < 0.1 mm for JIS butt joint under ¢,° = 1 MPa.
0,(r) = 1 (r = 0.5~6.35) o,(r) =1 (r=05~635)
|' r . ) 2.0  — O'ZDO =1
E i ag,(r)=1 3 = 15 3 E t T t I T
; RN oy ———
SR | Frf
E A ' i os e | : =;'50 4
F 1 8w d l =4
P = i =025
b | — h=0.1mm E»o.s 1 I+ h
E i z
; ! — h=0.5mm 10 E,v, ' 4
o i e D=12.7mm
; i —— h=15mm -1.5 |
E - s -2.0
151 0 1 2 3 4 5 6635 11
r[mm] 0 =
(@

Fig.4 Constant stress distribution ¢,(r) = 1 canbeseenat 0.5 < r < 6.35 mm for butt joint having protrusion under

0, =1 MPa. It should be noted that no singular stress field occurs near the interface end.
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3. RRUEOLTVRHLE/ N \YMNEFORERELERED/ YMETF OREEEREDHE

3-1 BEAFEBRROEHLZE & UEIRER

e LRy MEFOBEREZRET D720, RO X IR 2B Uz, B I o i IR 5 80
S35C, EEANTITE A XA AL L —if = R Rt EP-160 24 L7-. WEM oS, 60 &
DT T—HANCHHE Liotk, #EME T & b 2R L CARBE oA ERGEE e (W-113) T, 10
SROYeE%E 3 FEUTVIAE L T\ 5. BIEIE, SEERFROEBEXIF (¥ F v —28) T60°CT 30 /ME LAS
JE%& Tk, BZE8R7C30 oz IT-7-. Z0%, SOHTWAEE5H V BIER IR EIZ 2 Rowk
EMEEEL, RIS CBIIELZT LiA%, BRI T 150°C, 2 R L Tk S¥7-%, 1 R L. mifk
%, RIS IERBRE CRIROT v — X N TIRE L=

SIERBRIT, JEE 20°C, 1% 50%|\EH SN - ERERIC T, BEREFTORE e (AG-250kNXplus)
ZAV, 78 A~y REMEE | mm/min OFEFETHEiE L7z, BB EAHICITs Y —T3% #B) WMo @il E
ARG EE AV, BEERBRAICHITMER L2V 21 LT D. RISl 0B 21T - 72,

2 LA S MRS K 2B TREEHIENE, JIS /S > MEF & il U CGRBR O T2 X MIFEL< 25500
Ao 2 M ORBREEEE A HIXRRETH D,

3:2 ZTHLE/NY FMEFOEFBRE

X 512, X 2(b)DZEH LAEER i O B R 2 BEICRd. 22T, 28 UAERER T oBE 8o 1L, WA
(B SIS IR P, %, EAED OWrifE Chr L 72 AFNS 1o = 0, = 4P, /(mD?) THELTZHDOTHD. K51
RTEIIE, ABFIZ L -C, 28 UAGERER i OBE R 385 EIE ShICBfR7e<, o, =477 MPa & LT, 1
E—EEE L TRSINDZEDBHLNE R oTo, T OSBRI TGO, BHIRRRIGE D, ARDA
v MEFOBREZRL TS HDEEZLND. WH Oy MEFETIE, X 300N X 9 ICBEERE CRERIS
TIGDSRENTIEAE L, ZORER, ISR O ORERE 2 BEEET 5 2 L IFREETH L. 4Blo
BRI L > THID TRDI-ZEH LBIOBERE (FIE o5 = 47.7 MPa) 13, #2588 SAITIRTF L2 WA N
v MEFOME, $70b b B OMEe IS T 5. 28 LAy MEFI, T 2BEEAIOBGE M ICBEIR
72 KRS TG ZAR T E DR TH D720, MRIRVEHE G IR T 288 mE ORI IZHE A TR Th 5. S
HIZ, ISR T A — 2 WG & 13820, BRI E W o TfilE 2T 5 2 L bRy, L
NoT, AFRTIRELIZZEH LSy METO X 518, RO R RIG 52+ K S i, #57
FEFFE LM EL, AROEERE oo,

H BN H-OHI 2T PE R S B WO IR EAL, mIREA LD 70 B EHESE BN OTE AN ED SN TR Y, KRS
DA U7 WG HEEFTIL, BEEHREOEEMEE T RE DR E e W o lmffEOMRIE L L THIfFTx 5.

oo

60 0z
. 11111
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Fig. 5 Critical adhesive strength o, = o = 47.7 MPa experimentally obtained for the butt joint having protrusion in Fig.2(b)
represents the essential adhesive strength without singular stress field, which is independent of bondline thickness h.
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3:3 JIS/\y FMEFOEEEE

4 612, IS Ny MEFRBRA OB ERE]S LEEBIE ShE ORERT. BEETE 1T, RBRAICALT
ENDHESMWE 0 =0/ =4P,/(rD?) TELTWA. M6 TO@FNIFRIETHS. M6 Lvbnd kg,
PR/ 13, BEEBIEShAVINES S DI ONTHIML TV . X6 hOROBHRE, B R R =S
DI E ISSF — € (K, = F,0/h1™2 = 0.817 MPa - m%32%) & U Chli&etl a3 L= & & OEEMETH Y,
TROFHME 5 TRO I EIBM O, Th 5. IS Ny MEFOBEREC] 13, WD X o IckTZ LN TE
% (N, 2024).

ys _ Koc 2.31

— — . . 5 —
¢ = W = W, KUC = 0817 MPa mo 329 B Fo‘ = 0354 (1)

ARFZECTIL, RIS GOMSK, 0%, plE ChEf, 2009 ; =i, 2015 ; Nodaetal.,2018) 2 X 0 fi#hr L
7o, W CORMEIRERIZ I T D EEEAI OV -HETERBR B LT & <, NS AT e
LTCWa (BpHfl, 2024). F7z, V7 EERIOR-OF BN EEEE 2R LT, Ny MEFOBEE
& DIST1-OF HERITIFIZERR) TR ZEI 2R 2 & bR s Tnd (BFHE G, 2024).

6 LV, EBER LK, ~TEOEMTROIZEOWMOFERIE, L —&T D2 ENbNnd. £z, K6DE
DR L FROWRROZHIZB L Fh = 0.1mmTH Y, ZHULEFONy MEFETHh = 0.1 mmORFZEEH O
MEa, NMEHND Z L ARLTWA. M6 XVh> 0.1 mmOFH TIE ol <oy THHT20, BRI LY
ENAE LT TWA Z EIFHLNTHS. h=01mmD & XL, ¢/ =0, THDI-0, FEISIIHIC L DREEED,
PERIGIIZ X D RE T O EBIZR 2 L7221 AU 0 B 720 h < 0.1 mmO#FFHO RO Lo X 0 @O EfE
oL THER, AL TFHHETH S, ogld Ny NMEFOAKDOEETHY, op2d EIMEE B 2 572513,
TN EDOEEBRENE LN D 1B LR, LR -> T, h < 0.1 mmOEFHOPAETRE Xop 1 2% LU MHE &
B ETHETES.

PUITF O TIE, X5 THEOLNT0p 230 T, h < 0.1mmOFiFH TIXWNESIC X 2088, h > 0.1 mmO#;:
P CIIA IS S L ATENE U B L 2, Fat Ry — % W E R E O S H1EIC DT &L
5.

o0
60 ARAALL T O-Z
-‘\Essentia] adhesive strength I I T I I
50 L \ / ap = 47.7 [MPa] | M~
"""" S i
% E,v |
— 40 AN E 171
§ s N :
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.
20 | / -\\ . EZ, v, i
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¢ T 03295 :
0 L 1 ;
1072 1071 10° 10! | 111
h [mm] s

Fig.6 Critical JIS adhesive strength expressed as ¢/'® = 2.31/h%3295 MPa for JIS butt joint in comparison with the essential

adhesive strength oz = 47.7 MPa without singular stress field for butt joint having protrusions.
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4. JISNy MEFORERORADISHSHE TAER Y —2DFEIZDNT

2)D JIS /N MEFORBIS A2 m T 572018, MEIRECBE R E U5 2 FmOEE S ) 5o, (r)
ERETT 5. K718, TS Ny MEFICER T2 K0 20 = 0, = 2.31/h%325 L L= L &0, K104
0, (N0, ZRT. HAEBESITh =0.01~1.0mm ETEISETWD. K7 X0 D1LK T, ZOEGIS
IFK e —TFEDRIETRDIZ S DT 2D DT, FismirE ORGS0, T XTOHERBES T, B TR
FWLIfR L —E LD, T, BBATREOIS o, (r = 6.35)] 02, (ZEHTHUL, h <0.1 mm DIFETIE
0,(r = 6.35)|;00_5, > 0p = 47.7MPa TH Y, h 20.1 mm TiL, 0,(r = 6.35)|,00-4, < 0 = 47.7MPa & 72> T
5. Ny METFOREETRIENoy = 47.7 MPa TH 5 £ & 2L, h <0.1 mm OEFEIL, BERANEOIGHIZE -
THHEET 21397 CTHDH. DD, EEREEINR <01 mm OEEE, h =01 mm OEEITHT T, BMiERME%
BEZDHRETHD.

200 v r v
o _
— h=0.01mm g, = O-C(h')
& 180 — h=0.05mm [ ] ]
=
= 160 —h=01 mm O
z 140 — h=0.5 mm E :
R | — h=1.0 mm I'L i
S0 b Ky 0817 i i
3 : 0:(r) = 17 = o335 r i
1100 ¢ A ! h
5 3 T
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£ 5 E;v, :
5o D=12.7mm
= 40 i
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N et L]
105 10* 10 102 10! 10° 635 o, = o.(h)

r [mm)]

Fig.7 Critical singular stress distributions ¢,(r) for butt joint under ¢° = o, = K,./(F,h*™*) = 2.31/h%32°5, Dotted

curve shows asymptotic solution o,(r) = K, /r'~* = 0.817 /%329

200 e o =o.(h
— h=0.01mm z c(h)
180 — h =0.05mm [ ] I I l
—h= R
— 160 ‘: z'; mm !
% 140 —h:10 mm El’ vl :
- =1.0 mm — 1 i
T-ﬁ 120 GZ(T)LKM under g;° = gp Al T :
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_ 4 80 . 1under o) =0, Ez' V2 [
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S
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40 | i
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______________ 11T
S VP S PR —
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Fig.8 Critical singular stress distributions ,(7)|,s04 for butt joint under ¢° = o, = 2.31/h%32%5 for h > 0.1mm, and
critical singular stress distribution 0,(1)|,<o, for butt joint under o¢;° = gz = 47.7 MPa for h < 0.1mm. Dotted

curve shows asymptotic solution o,(r) = K, /r'*~* = 0.817 /r%32°5,
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4.1 EBBESHEL (h<0.1mm) BEOHMEH

X812, JIS /Ny MEFIHERAT DiE G S1%, h <0.1mm OFAEIZIE 0 = 05 = 47.7 MPa, h >0.1mm D3
HlliZoy? = 0, = 2.31/h3295 L L7z & O REIE 1554 0,(M) heors 07N nso1 27T, K8 LV, #EERES
/N E VA <01 m DG ORI 15350 0,(1) lheor 1F, B HLEBOIE X, 0,(r = 6.35)|pcor = 05 =
47.7MPa TH Y, FEITBEORRIETL, B CORT K, —EOMWHIREL D HIRWIE1E o Tnd. Lizdio
T, h<0.1mm OFFRISTHY, K, < K,e THY, RSO OBEITECRWEE 2 D, —T, R
WHEBOIE, JEWEFE (0.1 <7 < 6.35mm) To,(1)|peos = 0g = 47.7 MPa L 72> TWN%. 20720, H5EE
JEE M3 R <0.1 mm DAL, TS Ny MEFOWNEROIG T30, (1) |haor = 05 £ 12D TEET 5 &
Ezohb.

4-2 EBEBEHEL (h=0.1mm) DFEOHHFHELUVTOERY—2 DTk

X 8 1T L 91Z, h =01 mm OFREDIEII540, (1) | psoalE, K7 Dh =0.1 mm OS54 LRI TH,
SRV OB BN S0 A0 1L, R CR K, —~EOWiiE s —E L TW5b. £, MBRAWNEOS I,
0,(r = 6.35)|ps01 < 05 = 47.7MPa ThH 5. L7=D-> T, #EERBEINKEZ VA 201 mm OFAIE, @E D/
MEF TR BIESND, FEMHHENEL L.

ZIT, K9ITRT LI, FREIEIEAAE U TV DEEEIICIW T, I o (h ) B3, K5 D%
BAE R DA DT B O oy = 47.7 MPat % L 2588k (T atRxy—2) 2825, X9 OF O
TRTEM & A L v VORI RRRIEIEAE U TV BER, ® 0,()driysE L &9 RIEEE UL, B
DL og (h re)lE, RQ)D X HIZEKSND., ZITC, MBS T 28K TH D

B

1
oo (1) == [ 0ot @
B Jo

22T, RQ)Do,(1)|pw=g, T, Koo = const BB LV HEZBND.

KUC
oz(r)|U§°=Jc = 12 3)
K3 &EXQ)IRAL T,
1 ("B K K,.11 .18 K
_* oc _toc|l 2 _ foc a1
og(h,1p) = rBfo 17 dr . [Ar ]O — T (4)

L7eho T, rgld, DX ST %.

= e B

K5I, og(h,15) =47.7 MPa, A =0.6705, K,. = 0.817 MPa - m®32%&Z{CAJiE, 7rkAY -t 1L
rp =147 umA G55, FAD (2020) 1F, IEMUMAED JIS /Ny MEFOMEELER 21TV, R AIER TS
20 um L Th B LHIE LTV 5. AL TR O T RIS 15O T2 J1 75305 (h, 15) = 47.7 MPa k725 X 9
WRDI=T = O g = 14.7 umiY, ZOBEIBIEOREFE L L~ L TW5. MRS Of
PHIdZr < 10~100pum (h =0.1~1.0mm) TH 572D (X3, XI8EM), RIS/ CHENEL S &, Fimih
BT EAIN e 3ag (h,15) = 47.7 MPak 72> TWH EBZ HZ LITH Y THDH. Leh> T, Ny MEFET
X, FUESRES ORI 72 S 50 (h, 15) = 47.7 MPalZFE LTZ & ITHENAEL D EEZ HNS.
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100

0 _
E‘ F Oz = Jc(h)
L B
Z L f a,(r)dr I I [ | [
r%_“ 80 | 0 /_'\‘C:
< | 2 Eyv,
E—' L og(h,1g) - 15= f a,(r)dr — 1
g 60 o :
£ L
I L Al T, | lh
o TP - I I
& | ‘ 1
=1
% 40 : E,v, :
¢ i D=12.7mm
L - —_
& 20 ] og(h,15) = 47.7 MPa i
— 1 |
X 15 = 14.7 pm : ‘
&y
0 : | IRy
107 103 10 107 10° 635 o =o.(h)
r [mm]

Fig.9 Estimation of process zone size rpz from Eq.(2). Since the essential adhesive strength can be expressed as o = 47.7

MPa, the process zone can be estimated from (1/13) for 5o, oP=a, dr =47.7 MPa.

5. JIS/\y MEFORBEEEICHNT Ho, DERAE

JIS Ny MEFIZHOWTIE, ZNFETEL OWFEEICL Y, iz OMEFLAEE T, EEREE I 2L SE-EE
o, (h) SHIE STV D (f%7l< 1987, Reedy and Guess, 1997, Qianand Akisanya, 1998, Akisanyaand Meng,
2003, Naito et al., 2012). =(2)iZ FIX, 7R RY =B IETDH I EICL ST, TNLIERDT —H D)
O, FrRIGOMEO R _ffﬁéﬁ“é&%ﬁ&@ ETHITHZENTED., 22T, #3RK(1987)D S35C/Epoxy resin
A (WerkEEaE Al 36 KU S35C/Epoxy resin B GEMEEEH) & W2 IEMUMAFED JIS /N MEF O FEERE Ko (W) %
W, B OBE R Eoy 2 PRI LT, TOREEZRIBLOERAITRT. TRV =10, 15 = 10~25 um
DFEERE L. 22T, oghrg) =(1/rp) fOTBoZ(r)|UZ 0 g mdr (L, r>0.01mmiZ72 % &Ik )5 A
0, (1) | 980 =y WL D 72> T 2 2 & (K10 28), K(O)D X DT, BIOHEiF [0~ 133 Dix
180, (1) oso=gohy = Koe/T* A2 IV, BEOYEIH[eg~7p )13 FEM I 05041 2 BffAs oy U CHRLM LTz, g0l 3efig & —
BT 2 &iHr < 0.01 mm THAUTTEEICHETE 25, ABFETIE, ¢ = 107*mm & L7z, ENENDORIZHTT S
K, OfElE, TFHE (2014) OfHTREREZFIHE L.

1 f K "B 1 (K, "B
o) = A [+ [ o, openitr) = et + [ 0] ©
0

B B o

F3IBLOE4I1TE, DXL TRD oz (h, 1) DTFHNE: S RO ERFERD 7T 7 B EZEDT-9H
KHPIRL TS, £z, R3BLOEK 4 PORFOEEIL, FRIZ K 2850, (h) D3ag (h, r5) & U KE i
[0.(h) > ag(h,15)] 2R L TN, £3LRAMLHNDHEIL, LYV ABLULYY B EBIT, h =005
mm TiE, og(h,15) < a.(h)TH Y, h =0.1mm TiZ, o5(h,15) = 0, (M) THDHTILE D, h =03 mm Tidog(h,15) >
o. (W) 725, ENZEhugE L TRD o (h,rp) D THIEIE, LY ABXOL YU B EHIZHS Ny MR
DEBLZOEKEL-TEY, F, BEBEBEIRMIOEVEEINNWI ERbND. 202 &b, itk
%< OEBRT — X REMINTND NS Ny MEFOEEE®REo,(h) & VT, rp = 15 umfEE S ET UL, £
D3y MEFOR RO NSRS oy 2 THIT 5 Z EBNFRETH Y, v METFOIRE X2 DR KGR %2 7
THIENTES.
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Table 3 Predicted adhesive strength oz (h, 1) obtained from Eq.(6) and the average adhesive strength
o8ve(rg) = Yr=50- 65 (h, 1) /7 for S35C/Epoxy resin A (Suzuki, 1987).

1
og(h,15) = T—fOTB 0,(N)|oso=g,mydr [MPa] 100
h B o.(h) o |
[mm] r5=10 rg=15 r5=20 r5=25 [MPa] § %0 | Jg‘f(rs = 15um)
2 = 50.44MPa
[pm] [pm] [pm] [nm] g 70 t
0.05 52.66 49.33 47.94 46.13 < 572 g0t
0.1 59.73 5398 | 5061 4734 | =533 e °0
= 40
0.3 52.32 46.60 42.84 39.33 >325 P
0.6 52.91 47.14 43.30 39.67 >259 § 2 |
s I o Experimental result o)
1.0 55.33 4937 4537 41.58 >22.6 E 10 | o Average value for h-constant
& 0 . s
2.0 58.27 52.07 4791 43.94 > 184 L oon oo o0 ]
5.0 62.00 54.57 49.84 46.46 > 134 WW
ofve(rg) | 56.17 50.44 46.83 43.49 -

Table 4 Predicted adhesive strength o5 (h,r5) obtained from Eq.(6) and the average adhesive strength
ofv(rg) = YH=30 gy (h,1g) /7 for S35C/Epoxy resin B (Suzuki, 1987).

1
L op(h, 1) =gf0r30z(7‘)|a;°=ac(h)dr [MPa] N 11— —~
O'C( ) ?90 [ O.gvzz(rB — 15um)
[mm] r5=10 rg=15 r5=20 rg=25 [MPa] E %0 e = 65.72MPa
[um] [um] (um] [um] [ A
0.05 69.85 65.09 63.10 60.67 < 76.8 560 ¢
0.1 79.89 71.70 66.93 62.44 =714 w0 |
S 40
0.3 81.12 71.83 65.75 60.18 > 49.7 § o |
O
0.6 86.16 76.36 69.85 63.83 >412 S o
«g [ O Experimental result
1.0 63.91 56.72 51.94 4748 >253 2 10 | ® Average value for h—constant
2.0 65.13 57.91 53.09 48.57 >19.7 e VR
0.001 0.01 0.1 1
5.0 68.99 60.45 55.03 51.17 > 13.6 hW
afve(rg) | 7358 65.72 60.81 56.33 -

1012, $iARDOERRME0, (R) % HWTFEM it L7z, LY A, ¥ B Olie® = o.(h) DR IS5y
fio,(r)Z 7. K10 LV, L A TIEIEEERmONT OIS Eo,(r) = o.(h) £ 72> TnH Z v, a.(h) >
o DHIH, 700 H, h < 0.1 mmOFHHTIE, Rl Cidle <, BB PNE HIE LTS ATREMED & 5.
F72, LYV BIZBWTHRBROER LD, 2O LI, ag&RDDHTET, JIS BEHEEe, & DHIND,
WEDOAE U DAEZHERITH Z LN TE 5.

UED IS, Tt A —org 20 U CORD IS R oglE, /Ny MEFORERIGOM & X DR RIREE,
Tbb, FEMOBE®REe, 2R LT, IS Ny MEFORIIBEZMRQFHMIT S Z &N TEH. F,
o.(h) > o5 & 72 D45 EIE X O TIE, BREBRA PO ) CHEEST 27RO &H 5 Z LR TFHITE 5.

6. # B
JIS BT K 58y MEFTIL, BEEImE CREEIC IS E L 5720, HERE ST &> THE e, 32k
T 5. FBRISHEDECRWEEZETRIR ThHIUT, BEREIIM ET2b0EEX6N5.
ABFZETIE, HAE SRR ORI G OBENZEH LR Sy MEFZRE L, Ny MEFOARDOHEAE R %
FEEC LR, ZZH LAy MEFOAROBAE A LB Oy MEFOHGETRE O R 2TV, RIS
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Fig.10 Critical singular stress distribution ¢,(r) for butt joint under o;° = g,.(h). Dotted line shows the predicted adhesive

strength 05"¢(r3) from Eq.(6) when the prosess zone size 1z = 15 pm is assumed.

TG L BEENRA U DO 7 vt A — 23S B RE ORI TR W TG L7z, 5L F o v
TH5b.

(1) FREISTIG DA U W LA Sy MEFOME & L CTop = 47.7 MPaRERRIZ LV G o7, ZOEIX
RIS DGR N Z DNy METFOBREEZRTLOT, IEHEFO B OMEICHY T2 0B 25
N5, WHEO/N Y MEFETIIERIS BN VIRINCIAE L, TORE, IGHEP O O RS %2 H1E
WET D2 EIIRETH D, B LAy MEFORBA 2 HET 5 Z & T, Y1 CREM OBEREN GO
boltEZLNS.

(2) IS Bk THIE SN D EH Dy MEFOHERE]S 2 ER TR & 25, ZOMEIIHEEE STk
LTRELSENL, h=02mmTiE, ¢/ =29.5+05MPa. h=3mmTiE, ¢/ =105+ 0.15 MPaZi5G b1
7. 2B DML ISSF —EDEZ T L Vel =231/h03295 L R S5, 05 = 47.7 MPa% LIRE L E 25725
i, h < 0.1 mm T, Sl O B PIEIS 23R (0.5 < r < 6.35 mm) To,(r)|p<o1 = 0p = 47.7 MPa
LD, T, EEREEES B CHEOR <00 mm OBAE, Ny MEFEOWNEOIS 750, () ey = 05 &
PR B AT 5.

(3) BEAETRAE NN ISSF —E TR I DHh 0.1 mm DA TIE, 25T ORF RIS IGO NN 72IS 08, 25578
oy = 47.7 MPal iR D5 CRiET %, Z o (Frt 2y —2) ZROIEHER, rp =147umTh o7, =
O~FErg =14.7 pmiX, WS ESFEO JIS /3> MEF ORI SRS 20 um [ TH 5 & D IKmBILED
fER e K<L TEY, Ny MEFETIIREIRT ORI 7208 T D30g = 47.7 MPa & 72 255 THEERE T 5
LEZHND.

@) 1Ek% < OEBRT —F PNEESN TN D, JIS Ny MEFORERE. % AT, BRSO\ 5 TR
Fop B RD72. 15 = 15 umfRE L HE L CTRD7Z IS Ny MEFDozlE, 1FEAEDRTop >0, THY, BEX
ZORKRMEE G2 5. £17, 0, > 05 & 72 DPEAETBIE S OFIPHTIX, BB NEL OIS CHISE 2 iTREMED B 5.

AHFF21X, JSPS BIWFE: JP21K0318 DBIRRZZ 1T 7=, F£7-, AWIZEOFEBRIZBWT, HAENH Ht Ghris
WFZEAT), EIREE RS #HdR (BRERKER), @A W #EEER (AASCEERS) X EERS 2 -7, RBAE
fUE, MREEHIER (KOKFRFPUE TA) Oz, Z I LT, BEoEs2ET.
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