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ABSTRACT

In this paper, the total procedure for composite laminate mechanical joint (ASTM D591
Proc. A, B) from fixture design to test analysis was showed. Composite laminate
mechanical joints were analyzed using the FEM(Finite Element Method) and compared to
test results. A progressive failure analysis was applied to FEM to analyze the failure
behavior of test specimens. Three failure theories - maximum stress, maximum strain, and
Tsai-Wu were applied to FEM to predict test failure load. General parameters for

composite laminate joints were reviewed and the differences of bearing strength were

compared with major parameters.
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Table 1. Test matrix and test IDs
Joint Type Fastener Stacking Sequence No. and Plies" Test ID?.
01 [45/90/-45/0/-45/45/90/0/90/-45]s DS01-BF, BH USS01-BF, HH
02 [45/90/-45/0/-45/45/90/0/45/-45]s DS02-BF, BH USS02-BF, HH
Double Shear Bolt 03 [45/90/-45/0/-45/45/0/45/-45/45)s DS03-BF, BH USS03-BF, HH
/ / 04 [45/90/-45/0/90/0/-45/45)s DS04-BF, BH USS04-BF, HH
Single Shear Hi-lok 05 [45/90/-45/0/90/0/-45/90/45/01s DS05-BF, BH USS05-BF, HH
(Unstabilized) 06 [45/90/-45/0/-45/45/0/45/-45/0]s DS06-BF, BH USS06-BF, HH
07 [45/90/-45/0/90/0/-45/0/45/0]s DS07-BF, BH USS07-BF, HH
08 [45/90/-45/0/0/0/-45/0/45/0]s DS08-BF, BH USS08-BF, HH
1) Plies : 1 ply = 0.19 mm (0.0075 inch)
2) TEST ID : XX XX = XX = XX
XX(X) : | Joint Type, DS(Double Shear), USS(Unstabilized Single Shear)
XX : | Stacking Sequence No. 01([45/90/-45/0/-45/45/90/0/90/-45]s)
X : | Fastener, B(Bolt), H(Hi-lok)
X : Fastening Torque, F(Full), H(Half)
" | Full : 88-9.4 N+ m(78-80 Ibs « in), Half : : 4.3-4.9 N * m(38-43 Ibs * in)
-XX 1| Specimen Number
Table 2. Fasteners and Allowable Loads[8]
Fastener Nut(Collar) Dia.(Inch) Strength(MPa) Allowable Load(kN)
Bolt(NAS6804) Nut(MS35650) 6.35 mm (0.25) 1103 (Ftu) 34.9 (Tension)
Hi-lok(HL12V8) HL97 6.35 mm (0.25) 653 (Fs), 817 (Ftu) 20.7 (Shear), 25.9 (Tension)
- 1200
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Table 3. Test matrix and test results
Test ID Pmax(kN) Fbru(MPa) Failure Code Test ID Pmax(kN) Fbru(MPa) Failure Code
DS01-BF 23.6 1005 Bl USSO01-BF 221 950 BBB+T3T
DS01-BH 23.6 1011 Bl USSO1-HH 19.5 818 BBB+E3H
DS02-BF 24.8 1051 Bl USS02-BF 22.3 960 BBB
DS02-BH 243 1039 Bl USS02-HH 19.9 849 BBB
DS03-BF 247 1027 Bl USS03-BF 22.0 947 BBB
DS03-BH 24.6 1045 Bl USS03-HH 19.9 826 BBB
DS04-BF 18.8 1056 Bl USS04-BF 20.1 1046 BBB
DS04-BH 19.9 1028 Bl USS04-HH 17.0 873 BBB
DS05-BF 23.9 1007 Bl USS05-BF 235 1013 BBB
DS05-BH 23.8 989 Bl USS05-HH 20.7 876 BBB+T3T
DS06-BF | 24.9 1039 Bil USS06-BF | 21.9 938 BBB
DS06-BH 252 1033 Bl USS06-HH 19.6 828 BBB+E3H
DS07-BF 241 1002 Bl USS07-BF 22.7 960 BBB+T3T
DS07-BH 24.6 1048 Bl USS07-HH 2141 854 BBB+E3H
DS08-BF | 25.1 1027 B1l USS08-BF 221 934 BBB
DS08-BH | 252 1084 B1l USS08-HH 19.1 813 BBB
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Table 4. Lamina Properties

Property Value Unit
Ei1 130.5 GPa
E22 9.1 GPa
E33 9.1 GPa
vi2 0.33
G12 5.06 GPa
G23 3.54 GPa
G31 5.06 GPa

Xt 2298 MPa
Xc 1373 MPa
Yt 72.7 MPa
Yc 234.7 MPa
112 110.0 MPa
elt 0.015
elc 0.010
e2t 0.008
€2C 0.025
y12 0.025
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Fig. 15. DSO01-BF 3D Analysis Result
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Fig. 17. USS03-BF 3D Analysis Result
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Table 5. Test and FEM Results Summary
Test ID Test Result Failure FEM Pmax (kN) by failure theory, (R.E?, %) Note
Pmax (kN),(S.D") Code Max. Stress Max. Strain Tsai-Wu
DSO01-BF 23.6(0.3) B1l 22.9(-3) 20.9(-11) 16.9(-28)
23.5(-1) 19.4(-18) 13.5(-43) 3D Model
DS02-BF 24.8(0.3) B1l 22.8(-8) 21.5(-14) 17.9(-28)
DS03-BF 24.7(0.3) Bl 23.4(-6) 22.5(-9) 18.2(-26)
DS04-BF 18.8(0.6) B1l 17.9(-4) 17.6(-6) 14.2(-24)
DS05-BF 23.9(0.3) B1l 21.7(-9) 21.2(-12) 17.4(-27)
DS06-BF 24.9(0.4) Bl 25.2(1) 23.4(-6) 19.3(-23)
DS07-BF 24.1(0.4) B1l 23.6(-2) 22.9(-5) 18.8(-22)
DS08-BF 25.1(0.3) B1l 25.4(1) 24.6(-2) 20.0(-20)
USSO1-BF | 22.1(1.6) BBB+T3T 18.9(-14) 12.6(-43) 10.6(-52)
USS02-BF | 22.3(0.5) BBB 19.9(-11) 13.1(-41) 10.7(-52)
USS03-BF | 22.0(0.4) BBB 20.9(-5) 13.9(-37) 10.8(-51)
12.2(-44) 11.7(-47) 11.7(-47) 3D Model
USS04-BF | 20.1(0.3) BBB 14.3(-29) 9.4(-53) 7.6(-62)
USS05-BF | 23.5(0.6) BBB 18.5(-22) 12.3(-48) 10.4(-56)
USS06-BF | 21.9(0.4) BBB 20.4(-7) 13.8(-37) 10.7(-51)
USS07-BF | 22.7(1.5) BBB+T3T 19.2(-15) 13.2(-42) 10.5(-54)
13.3(-42) 11.6(-49) 10.5(-54) 3D Model
USS08-BF | 22.1(0.4) BBB+T3T 20.3(-8) 11.9(-46) 9.2(-58)
1) S.D(Standard Deviation), kN
2) R.E(Relative Error, %) : (FEM Pmax - Test Pmax)/Test Pmax




28 a4 - AN -

Test Load vs. FEM Results (Failure Theory)
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Fig. 21. DSOX-BF FEM & Test Results
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