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Abstract: Double-lgpped bolted joints are the main structure in design of composite lami-
nates T he effect of _the distance betw een holes is taken into consideration, strength of multiple
double-lpped jointsof T300/KH 304 CFRP isanalyzed by three-dimensional finite elen ent mod-
el Based on the rewult of stress analysis, Y anada-Sun criterion is used to predict the ultmate
strength of the joints Experimental reaults show that bearing failure is themain failure type, to-
gether with the net-tension and shear-out types, the curve of digplacement-load gproxmate a

straight line, and Y anada-Sun criterion is suitable for prediction of the ultmate strength Com-

pared w ith the predictions, a good agreament betw een expermental and numerical predictions is

obtained
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Fig 2 M esh of double-lapped joints
A = .594E+07
B =.173E+08
¢ = 287E+08
D = A01E+08
- £oonn
3 X
c= G = .743E +08
D H = 856E+08
E I =.970E+08
F=,
G = .105E+08 C o
H =.140E+08 (b) transverse stress distribution
1= .175E+08

869939
926E+H07
.177E+08
260E+08
344E+H08
A428E+08
512E+08
.596E+08
.680E+08

~TQMEODO W
LT [

-.139E+08
-.943E+H)7
-496E+07
-489299
398E+07
.846E+07
J129E+H08
A74E+08
219E+08

~NTQTmMEUO
(T A A

(c) shear stress distribution

3 45°
Fig 3 Stressdistribution of 45%ly

6.3 mm, 25 mm

4 =-260E+H8
B = -195E+08
C =-.130E+08
D =-.655E+08
E =-70077

F = 641E+07
G =.129E+08
H = 194E+08

I = 259E+08

' (c) shear stress distribution

4 90°
Fig 4 Stressdistribution of 90ply

, 45°
, 90°
, 973 M Pa ,
90°
22
mada-Sun
(1)

Ya

P,



17

626
) 67150N
, 20 mm 30 mm 3
) 56830 N
4 = -192E+08
B = -.156E+08 72320N )
C =-.120E+08
D =-.831E+07
E = -466E+07 ' ’
F = .. 102E+07
G = 263E+07
H = 627E+07
I = 992E+07
151
(a) longitude stress distribution —o-TEM . o—9
70+ 4 Experiment
: /‘ L 2
é 65} /
S
2 60
4 = 753E+07 g :/
B = 171E +08 5
b = 3¢t o8 & sst /
E = 495E+03
F = 555E+08 L]
G — .650E+08 50F
H = T46E+07 1 1 1 A L L L 1 )
I = 842E+07 18 22 26 30 34
(b) transverse stress distribution Distance between holes/mm
6
Fig 6 Failure load curve under difference
| = - 22855408 distance betw een holes
B =-171E+08
o =-113E+08
D = -.554E+07
P i Joint to MTS
G = .117E+08
i =.175E+08 —
1= 233E+08 1 Clamp
(c) shear stress distribution e
] Bolt
5 0° 1 M
Fig 5 Stressdistribution of Oply E - Metal lap
B
(2) P1 ,
7 Bolt
(3)
(4)
) ~— Composite plate
25mm 3
' , 100M Pa
, X 6 mm ;
11. 696 M Pa . . -
Fig 7 Experimental model of double-lgpped joints
0.4434M Pa 100M Pa
23.392M Pa  0.8866 M Pa '
100M Pa ' 6

, Y am ada-Sun



627
& 5d=30mm ) 30
mm )
5d ) [} e/d = 3 - l
, 3d,4d 5d ,
56830N , 67150 N 72320N , (s= 5d),
3d 4d ’
10320 N, 4d 5 . )
5170 N, ’ ,
, 5150N , 0.5 , ,
s= 4d s= &d
23
T300/KH-304 ,
, MTS810 7
( : 3, )
70( T0p 70_
50f 50 g 50
g 30t 3 30} 830l
10} 10} 10r
0 12 22 05 1325 0 2 4 =20 mm
Displacement/mm  Displacement/mm\ Displacement/mm
() §=20 mm (b) s=25mm (cy5=30mm
8 —

Fig 8 Diplacanent-load curve under different
distance betw een holes

20mm

8(b)

9 3

Fig 9 X-photosof 3 holes pecmens

s=30mm

X



628

17

Table 1

1

Exper mental and canputation rewultsof failure load

/mm

N

/%

AN /%

20
25
30

58910
68180
68980

4.67
5.78
2.39

56830 3.5
67150 1.5
72320 4.8

(1)

(2
T300/KH 304

(3)

Y anada-Sun

30mm

2.5
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