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Abstract

Fracture behavior of carbon/epoxy laminates under pin loading is studied experimentally and
analytically. Effects of ratios of specimen width to hole diameter and edge distance to hole
diameter on bearing strength are investigated. Characteristic length of the laminates obtained

using HK model has good agreement with the experimental data. The larger hole size induced,
the lower bearing strength is measured under pin loading. The bearing strength and failure mode
could be predicted using HK model and Zhang’s analytical solution of stress distribution around
a pin loaded hole. Chamis’ prediction method of bearing strength is also considered to predict
failure mode and bearing strength. A modification of Chamis’ method is made using the factor of
rupture. The predicted bearing strength by the modified method is reasonably close to the

experimental data.
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Table 1 Mechanical properties of carbon/epoxy laminates
Lami
AmInates | ;. directional [0/90:s [0/ 45/90), [+45),
Properties
E{GPa) 124.1%** 66.14* 48.44* 14.09*
E,(GPa) 8.27*** 66..4* 48.44* 14.09*
G.(GPa) 4.38* 4.38* 14.80* 35.83*
Vay 0.3** 0.028* 0.268* 0.759*
K% - 5.13% 3.21* 1.95*
Xt(MPa) 1551%** 982* 600* 144*
Xc(MPa) 965.3*** 707** 517*=* 181**
Sxy(MPa) - 86.8* 181** 344**

* . Experimental value
** . Calculated using Reference®”
*#* » Data from Hankuk fiber glass Co.
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Table 2 Open hole strength data (unit : MPa)
r(mm)
lami- 0 0.5 1 15 2 3 4
nates
975.8 844.1 772.3 695.0 619.0 538.8 509.3
[0/90],s 918.2 796.0 795.1 662.2 670.4 520.5 531.3
1006.0 854.0 758.6 707.8 715.8 597.3 446.5
1027.0 777.0 814.6 675.2 654.2 555.1 507.1
Iavg. 981.8 817.8 785.2 685.1 664.9 552.9 498.6
618.2 578.4 535.2 460.2 4176 334.6 312.1
[0/ +45/90], 553.0 544.1 413.6 491.9 426.7 366.1 282.6
617.8 529.8 499.7 477.3 406.2 301.6 301.6
611.1 526.2 513.4 4615 443.7 366.9 292.9
r avg. 600.0 544.6 516.2 482.2 4235 353.3 297.3
1509 1315 128.1 119.8 112.8 96.5 74.7
[£45],s 145.1 142.2 1333 124.9 1153 95.0 77.0
145.2 139.1 127.1 1233 103.7 925 78.0
1356 140.1 126.6 122.6 109.6 91.9 79.1
avg. 144.2 138.2 1288 122.7 110.4 90 | 772
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Table 3 Characteristic lengths of the laminates (unit : mm)
Characteristic R,
Lengths R.
Laminates WN model PWG model HK model

[0/90],5 0.818 0.622r0-461 0.399+0.210r 0.25
[0/ +£45/90], 1.34 1.1g0219 1.05+0.140r 0.175

[+45]: 2.02 1.88y0-164 1.68+0.169r 0.342

r : Hole radius
R. : Values of D=3 mm, W/D=E/D=5
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Fig. 10 Fractured specimens of bearing load tests (a) [0/90].s,
(b) [0/%£45/90]s, and (c) [+45]:s laminates
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Table 4 Factor of rupture in pin bearing load test

Laminates E/D W/D Failure Experiments Facter of
mode 1 2 3 average | rupture
2 5 SO 112 1.08 1.06 1.09 1.09
3 5 1.98 1.82 1.82 1.87
3 6.7 1.99 1.81 1.79 1.86
[0/90]5 3 8.3 1.92 1.93 2.04 1.96
3 10 B 1.95 1.90 1.95 1.93 1.91
5 5 1.93 1.83 " 1.90 1.89
7 5 201 1.87 191 1.93
9 5 1.96 191 1.92 1.93
3 33 1.49 1.49 1.46 1.48
3 5 1.47 1.47 1.45 1.46
3 6.7 1.46 1.53 1.52 1.50
3 83 1.47 1.59 1.53 1.53
3 10 1.52 1.45 1.53 1.50
[0/+45/90], 2 5 B 1.53 1.38 1.36 1.42 1.46
3 5 1.47 1.47 1.45 1.46
5 5 1.36 1.39 1.40 1.38
7 5 1.51 1.38 1.36 1.42
9 5 1.47 1.42 1.43 1.44
3 3.3 NT 1.37 1.25 1.27 1.30 1.30
3 6.7 0.478 0.438 0.455 0.457
[+45]s 3 8.3 0.474 0.454 0.404 0.464
3 10 B 0.462 0.469 0.475 0.469 0.462
7 5 0.497 0.446 0.439 0.461
9 5 0.474 0.450 0.454 0.459
SO : Shear out mode
NT : Net tension mode
B : Bearing mode
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