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Natural Frequency Characteristics of GFRP Pole Structures for Civil
Structures with Different Fiber-Volume Fraction

Sang-Youl Lee'

ABSTRACT: This study carried out finite element vibration analysis of pole structures made of GFRP, which is based
on the micro-mechanical approach for different fiber-volume fractions. The finite element (FE) models for composite
structures using multi-scale approaches described in this paper is attractive not only because it shows excellent
accuracy in analysis but also it shows the effect of the material combination. The FE model is used for studying free
vibrations of laminated composite poles for various fiber-volume fractions. In particular, new results reported in this
paper are focused on the significant effects of the fiber-volume fraction for various parameters, such as fiber angles,
layup sequences, and length-thickness ratios. It may be concluded from this study that the combination effect of fiber
and matrix, largely governing the dynamic characteristics of composite structures, should not be neglected and thus
the optimal combination could be used to design such civil structures for better dynamic performance.
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Fig. 1 Representative volume element loaded in the 1-direction
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Fig. 3. ANSYS and ABAQUS modeling
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Table 1. Natural frequencies (Hz) of composite poles for different
fiber-volume fractions and symmetrically layup sequences

(L/h=50)
Fiber-volume fraction (%)
Layop | \iode | 20 40 60 80
Sequence
I 257.4 326.3 430.8 710.6
(0] I 1501.2 | 1894.4 | 2499.5 4177.8
111 2063.0 | 2528.3 | 3325.4 6080.9
v 3772.6 | 4787.7 | 6320.2 10393
I 3444 453.1 569.5 775.9
I 19122 | 24756 | 3127.3 4512.0
(0/90/0] 111 2062.8 | 2528.0 | 3325.1 6080.8
v 46702 | 5968.4 | 7613.0 | 11392.0
I 345.4 454.5 567.1 776.71
I 1919.2 | 2486.0 | 3138.3 4517.2
(0790701 I 2062.7 | 2527.8 | 3324.9 6080.7
v 46924 | 6001.8 | 7648.1 | 11392.0
I 379.6 502.9 620.6 806.5
[0/90] I 2061.9 | 2527.6 | 3324.8 4665.0
4 I 2062.6 | 2677.1 | 3359.4 6080.7
v 49489 | 6331.5 | 8042.0 | 11838.0
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Fig. 5. Mode shapes for different fiber-volume fractions ([0/90],,)
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Table 2. Natural frequencies (Hz) of composite poles for different
fiber-volume fractions and anti-symmetrically layup
sequences (L/h=50)

Fiber-volume fraction (%)
L
WP Mode | 20 40 60 80
Sequence
I 356.2 469.6 584.0 786.4
[0/90] II 1939.6 2506.7 3168.3 4551.7
II1 2063.2 2528.4 3325.6 6081.1
v 4666.2 | 5944.5 | 7602.5 | 11559.0
I 368.9 487.8 603.8 797.1
[0/90] II 2008.4 2527.2 3276.0 4613.3
n2 11T 2062.3 | 2603.7 | 3324.3 6080.6
v 4832.8 6176.8 7861.9 | 11714.0
I 373.0 493.6 610.3 800.7
[0/90] I 2030.9 | 2527.8 | 3311.1 4633.7
n3 III 2062.7 2635.2 3324.9 6080.7
v 4887.0 6251.8 7946.2 | 11766.0

I

v g

(@) 20%

() 40%

(©) 60% (d) 80%

Fig. 6. Mode shapes for different fiber-volume fractions ([0/90],,,)
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