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Effect of Surface Treatment on the Fatigue Properties of

Glass Fiber Reinforced 3-Dimensional Braided Composite

Beom-Joon Kim* and Tae-Jin Kang”

ABSTRACT

The effect of surface treatments with silane coupling agent on the static and dynamic fatigue
properties of S2-glass fiber reinforced composite have been studied. The dynamic fatigue tests
were performed to understand the fracture mechanism of 2-D and 3-D composite by calculating
the secant modulus with different structure and interfacial strength. The tension-tension fatigue
test results showed that the structure of reinforcement was major factor to increase the fatigue
life in the braided composite and the interfacial adhesion strength had a role as the minor factor.
From the calculation of secant modulus, the surface treatment is an important factor for the
2-D woven laminate composite for resisting the crack propagation. However, the surface treatment
was not as important as in the 3-D braided composite because the 3-dimensionally integrated
structure of the reinforcing fiber shares the load more uniformly regardless of the interfacial
adhesion condition between the fiber and matrix.
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Table 1. Physical properties of S2-glass fiber and

unsaturated polyester resin.

Physical property SZf{ﬁlaarss Porlgseis rf er
Density(g/em®) 2.46 1.25
Tensile modulus(GPa) 86.81 4.50
Tensile strength(GPa) 4.58 0.02
Maximum strain( %) 5.40 1~5
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Table 2. Tensile properties of S2-glass/polyester

composites.
Tensile Tensile
Strength of | Strength of
Surface Treatment unnotched notched
composite | composite
(MPa) (MPa)
2-D Woven | Untreated 560.0 417.4
Laminate v-MPS
Composite | (1.0wt%) 678.5 489.2
3.D Braided U;lfﬁ;té&d 859.5 702.7
Composite (1.0wt%) 946.8 838.0
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Fig. 1. C-Scan of untreated(a) and silane treated(b)
2-D woven laminate composites, increasing
the stress level during the tensile test.
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Fig. 2. C-Scan of untreated(a) and silane treated(b)
3-D braided composites, increasing the st-
ress level during the tensile test.
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Fig. 3. S/N curves for untreated and silane treated
2-D woven laminate composites.
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Fig.4. S/N curve for untreated and silane treated
3-D braided compsoite.
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Fig.5. Modulus degradation of untreated 3-D brai-
ded composite during 647 fatigue cycling at
406MPa (a) and 38719 fatigue cycling at
229 MPa (b).
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Table 3. Fatigue life of 3-D braided composites.

. . Modulus | Thres-
Trene | Sress | Meduus ot Thrs | hod | Pt
old Po-| Leve ife

ment | (MPa) | (GPa) eGP | (%)
520.2 26.6 24.3 91.4 59
543.4 30.9 25.0 81.0 101
515.6 30.3 25.4 83.8 181
405.7 29.1 23.6 81.0 257
490.2 30.2 24.8 82.1 258
Untrea-| 406.0 31.4 25.8 82.1 647
ted 3-D| 386.6 30.6 25.4 83.0 888
braided| 389.3 3L.7 21.1 66.6 1104
com- | 381.4 30.3 23.1 76.2 1749
posite | 347.2 30.4 22.2 73.0 2940
238.0 31.3 26.0 83.1 37475
229.0 30.7 25.0 81.5 38719
238.0 29.7 24.2 81.6 42729
244.0 35.8 28.2 78.9 44487
250.0 4.4 27.5 80.1 59226
240.0 31.9 26.9 84.4 166807
459.8 31.0 21.8 70.3 307
505.1 30,7 19.0 61.9 331
476.2 28.7 17.3 60.3 346
449.3 32.1 16.4 51.1 393
486.1 32.2 22.6 70.3 537
435.9 32.4 25.2 77.9 602
1.0wt%} 425.5 31.0 20.0 64.7 764
v-MPS | 493.6 29.2 18.8 64.4 832
treated | 383.1 27.0 17.1 63.2 3130
3D 402.9 33.0 19.8 60.0 3617
braided| 289.0 35.1 23.2 65.9 3716
braided| 289.0 35.5 22.1 62.3 5091
com- 267.0 39.8 29.8 74.8 7190
posite | 246.0 39.0 27.7 71.1 11192
252.0 37.2 26.9 72.5 21030
250.0 43.1 31.3 73.0 21910
249.0 32.5 20.7 63.8 29508
246.0 39.9 28.8 72.1 52493
260.0 31.7 17.3 54.7 71377
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Fig.6. Modulus degradation of silane treated 3-D
braided composite during 764 fatigue cycling
at 426MPa (a) and 52493 fatigue cycling
at 246 MPa(b).
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Fig.7. Stress vs, strain curves of untreated 3-D
braided composite during 38719 fatigue cy-
cling at 229 MPa(a) and of silane treated
3-D braided composite during 52493 fatigue
cycling at 248 MPa(b).
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Fig. 8. Hysteresis calculation results of untreated
3-D braided composite during 38719 fatigue
cycling at 229 MPa(a) and of silane treated
3-D braided composite during 52493 fatigue
cycling at 246 MPa(b).
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