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Parametric Study on the Joint Strength of
Unidirectional and Fabric Hybrid Laminate

H. S. Ahn, S. Y. Shin, J. H. Kweon, J. H. Choi, S. K. Lee and S. Y. Yang
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Abstract

A parametric study has been conducted to investigate the effect of the geometry on the strength of
an unidirectional and fabric hybrid laminated composite joint. Tests are conducted for the specimens
with nine different edge-to-hole diameter or width-to-hole diameter ratios. For the finite element
analysis, the characteristic length method is used, and the tests for determining the characteristic length
are performed additionally. Nonlinear contact problem between the pin and laminate is modeled by the
gap element in MSC/NASTRAN. Tsai-Wu failure criteria is applied to the stress on the characteristic
curve. The finite element and experimental results shows good agreement in strength of composite joint.
Results of the parametric study shows the effect of the geometry is remarkable in the specimens with
width-to-hole diameter ratio less than 2.8 and edge-to-hole diameter ratio less than 1.4.
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Fig 1. Schematic representation of test specimens

Table 1. Dimensions of test specimens

Model d(mm) w{(mm) e(mm) w/d e/d
Al 953 1900 1340 20 14
A2 953 2380 1340 25 14
A3 953 2680 1340 28 14
A4 953 3340 1340 35 14
A5 953 38.00 1340 40 14
Bl 953 26.80 9.60 2.8 1.0
B2 9.53 26.80 1340 28 14
B3 953 2680 19.00 2.8 20
B4 953 2680 2380 28 25
B5 9.53 2680 2860 2.8 3.0

* d @ hole diameter , w : specimen widlh . e : edge distance
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Fig. 2 Test specimens

Table 2. Material properties

Properties UD Fabric
E 131 GPa 654 GPa
E; 82 GPa 65.4 GPa
Gz 8.2 GPa 359 GPa

v 0.281 0.058
Xr 2000 MPa 959.1 MPa
Xc 1400 MPa 692.9 MPa
Yr 61 MPa 959.1 MPa
Ye 130 MPa 692.9 MPa
S 70 MPa 64.9 MPa
t 0.114 mm 0.198 mm
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Table 3 Experimental results of each model

P Ave. o' Ave.  C, Number of

Model ID (&N (Mpa) % S pecimens
TTS 75.77 8725 3 10
TSH 24.34 770.0 4 5
Al BS 991 321.0 6 5
IS 9.72 156.6 5 4
TSH 33.77 735.7 2 5
AZ BS 10.48 339.2 5 5
Is 997 1294 3 3
TSH 41.85 750.1 1 5
A3 BS 10.49 3396 5 5
IS 1041 1204 1 5
TSH 56.12 726.2 2 5
A4 BS 11.00 365.0 4 5
15 10.66 99.7 2 3
TSH 66.36 7143 3 5
A5 BS 11.26 364.7 6 5
IS 10.83 87.9 3 6
Bl BS 10.55 341.7 7 5
IS 7.56 87.3 5 4
B2 BS 10.49 339.2 5 5
1S 1041 1204 1 5
B3 BS 9.86 3193 8 5
1S 10.76 1242 5 4
B4 BS 9.77 316.5 6 5
IS 1076 1245 4 5
_ BS 9.75 3158 8 5

B5

JS 11.45 132.1 3 5

s TTS : Tensile Test Specimen ., TSH : Tensile Test Specimen with a Hole

* 135 : Bearin Test Specimen |, JS @ Joint Test Specimen
» P : Failure Load . ¢" : Ultimate Strength
+ C, : Coefficient of variation ( C.- §/6“, where S is the standard deviation)
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Fig. 3 Joint specimens of each model after fracture
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Table 4. Finite element and experimental failure load

i tlure

Model Rot) Roc) Peyp I;iﬁe Prgy El;ror I;; ode

(mm) (mm) (kN) of EXP (kN) (%) of FEM
Al 166 300 972 N 93 -43 N
A2 177 277 997 B 917 -80 B
A3 208 270 1042 B 915 -120 B
A4 227 258 1066 B 881 -174 B
A5 238 261 1083 B 880 -187 B
Bl 208 309 756 S 57 -246 B
B2 208 270 1041 B 915 -121 B
B3 208 263 1076 B 1015 -57 B
B4 208 262 1076 B 1015 -3.7 B
Bs 208 260 1145 B 10.06 -12.1 B

* Rot : Characteristic Length for Tension
* Roc : Characteristic Length for Compression
* N : Net~Tension Failure , § : Shear~QOut Failure , B : Bearing Failure ,
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Fig. 4 Characteristic Length of each models
based on Parametric factors
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Fig. 5 Ultimate joint strength of each models
based on Parametric factors
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