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Statistical Analysis of Tensile Strength of Single Fiber Based on Weaving
Patterns of Glass Fiber Fabrics Using Stitches

Pyeong-Su Shin*, Yeong-Min Baek*, Jong-Hyun Kim**, Dong-Jun Kwon**"

ABSTRACT: The application of stitches during textile weaving can potentially damage the surface of the fibers, thereby
affecting their mechanical properties. In this study, we examined the surface condition of glass fiber fabrics with
applied stitches and investigated changes in their mechanical properties via tensile test and its statistical analysis based
on stitch fixation patterns. Surface conditions and damage levels were observed using a reflective microscope and FE-
SEM and tensile strength was measured using a UTM. Microscopic observations revealed that 90° fabrics,
characterized by lower stitch fixation frequency but higher strength, exhibited fewer cracks of larger size. In contrast,
45° fabrics displayed opposite characteristics. As a result of the analysis of the Weibull distribution of tensile strength
of glass fiber, both fiber types showed similar distribution patterns in a total of two locations: low and high tensile
strength sections, similar fracture patterns on the surface and interior. However, the frequency of fractures and tensile
strength levels varied depending on the stitch fixation frequency and intensity. This study confirms that the
mechanical properties of fibers are influenced by stitch fixation patterns.
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Fig. 1. Schematic of single fiber tensile specimen
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Fig. 3. FE-SEM images of glass fibers: (a) from 90° fabric; and (b) Weibull distribution; (b) weak section; and (c) strong
from 45° fabric section
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Table 1. Mechanical properties of glass fibers

L. Diameter Tensile Strength Tensile Modulus Tensile Elongation b
Fabrication Angle (um) (MPa) (GPa) %) cov
90° (2 2095 (435)Y 68.5 (9.1) 3.07 (0.5) 20.8
45° ' 2073 (322) 54.7 (8.6) 3.79 (0.4) 15.5
a) Standard deviation (SD) of fiber tensile strength
b) Coefficient of variation (COV) of fiber tensile strength
Table 2. Weibull distribution parameters of glass fiber
Total Low Strength Area High Strength Area
Fabrication Angle - 5
o B Q B p? a, B, q”
90° 2276 5.1 1683 10.0 0.38 2496 11.3 0.62
45° 2210 7.1 1926 10.8 0.57 2474 11.6 0.43
a) Scale parameter for fiber tensile strength
b) Shape parameter for fiber tensile strength
¢) Low strength population
d) High strength population
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Fig. 7. Scheme of glass fiber surfaces: (a) from 90° fabric; and
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