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ABSTRACT

Effects of Fiber Orientation and Contents
on the Tensile Strength and High Velocity Impact
Absorbed Energy of GFRP Composites

By Kim, Jin-Woo
Advisor : Prof. Lee, Dong Gi, Ph. D.
Dept. of Precision Mechanical Engineering

Graduate School of Chosun University

GFRP (Glass fiber reinforced plastic composite materials) composites
has superior strength/density and modulus/density ratios to metallic
materials. In addition, GFRP composites has been widely used as
aerospace and automobile application due to high impact absorbing
property. Among automobile components, structural parts in interior /
exterior application (Structural parts requiring impact resistance) is the
one of promising applications for GFRP.

The property of composites depends on the property of matrixes but
fiber length, fiber aspect ratio, fiber content ratio, fiber orientation
state of reinforcements directly affect the mechanical characteristics of
composites such as tensile strength, impact resistance, elasticity
coefficient, thermal and fracture characteristics. The purpose of this
study was intended to examine the effects of fiber content and
orientation on tensile test, high velocity impact test and IR test in
GFRP composites by varying fiber content and orientation.

From tensile strength, high speed shock absorption energy, and



temperature distribution during tensile test by the orientation and
content of fiber in GFRP, the following conclusions were acquired.
Increment of tensile strength with 0° fiber orientation showed
proportional increase with fiber content. Tensile strength with 90° fiber
orientation showed similar strength value to strength of matrix at
/=0.7 regardless of fiber content.

Tensile strength ratio at 0° orientation was constant regardless of
fiber content, but tensile strength ratio of 90° orientation was
decreased with increased fiber content. For 10wt% of fiber content,
/=0.3 of fiber orientation function had similar fiber strengthening effect
with unidirectional fiber orientation at ©6-=30°. For 20wt% of fiber
content, /=0.2 showed similar fiber strengthening effect with 6=20°.

For unidirectional composite material, there 1is theoretical mixture
equation to calculate the strength of composite from properties of
matrix and fiber content. However, equation for tensile strength with
fiber content and orientation is not available. In this study, empirical
equation to estimate tensile strength out of fiber orientation and

content was proposed.

o = 1.124(wt% +10)+ (wt% + 22.32)J }

O = (11.4+ 1.15wt%)e 005~ 0.0102v1%) ]
Method to analyze temperature distribution during crack propagation
under tensile test of GFRP via IR thermography camera was

suggested. Anisotropy in fiber orientation showed longer fracture time

and lower maximum temperature.
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Through high velocity impact test, critical penetration speed by fiber
orientation and content was determined. Speed (Pressure) near to
critical penetration speed was affected significantly by orientation than
content.

Therefore, composites with unidirectional orientation, such as bumper
for automobile, is effective for high velocity impact rather than critical
penetration speed. This could be elucidated by the fact of less crack
propagation in composite material except critical penetration speed. In
addition, /=0.9 (More directionality) exhibited higher impact absorption

energy under high speed than _/=1.
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Table. 2 Board classification of composite materials by matrix
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(b) After compression molding

Photo.1 Fiber orientation mold
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Polypropylene b Glass fiber

Fig. 5 Structure of fiber oriented specimen
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Fig. 6 Schematic diagram of the experimental apparatus
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Fiber ply

Polypropylene ply

Fig. 7 Schematic of the fiber ply and polypropylene ply lay up
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Table. 3 Distribution of fiber length according to the fiber orientation
function /(Total fiber length = 1,000 mm)
[Unit : mm]

J=0 | /=0.1|/=0.2|/=0.3| /=0.4| /=0.5|/=0.6|/=0.7| /=0.8| /=0.9

R
~

90° | 556 | 455 | 37 299238185139 | 98 | 59 | 2.2
80° | 556 | 459 |37.7|306|244 190|143 |10.1 | 6.1 | 2.2
70° | 556 | 473396 (326|263 (207|156 |11.0| 6.7 | 2.4

60° | 556 | 495|430 | 364|299 238|181 |129| 79 | 28

50° | 556 | 526|481 | 423|359 293|227 163|101 | 3.7

40° | 556 | 56.4 | 55.0 | 51.3 | 45.7 | 38.7 | 30.9 | 22.6 | 14.2 | 5.2

30° | 556 | 604 |635|64.0|61.4|556 |46.8|357|23.0| 86

20° | 556 | 64.2| 727|802 | 853 |86.1|80.7|67.6|46.6 | 18.1

10° | 556 | 66.9 | 80.3 | 96.1 |114.3|134.3|153.0|161.9|141.3| 65.8

8ooooooooo

-0° | 55.6 | 67.9 | 83.3 |103.2(129.6|166.7|222.2|313.8|482.3(780.0

—_

-10°| 556 | 66.9 | 80.3 | 96.1 |114.3|134.3153.0|161.9|141.3| 65.8

-20° | 556 | 64.2 | 72.7|80.2 | 85.3|86.1 | 80.7 | 67.6 | 46.6 | 18.1

-30° | 556 | 60.4 | 635 |64.0|61.4|556 | 46.8 | 35.7 | 23.0 | 8.6

-40° | 556 | 56.4 | 55.0 | 51.3 | 45.7 | 38.7 | 30.9 | 22.6 | 14.2 | 5.2

-50° | 556 | 526|481 | 423|359 |29.3 (227|163 | 10.1 | 3.7

-60° | 556 | 495 |43.0 (364|299 238|181 |129| 79 | 28

-70° | 556 | 473396 (326|263 (207|156 |11.0| 6.7 | 2.4

-80° | 556 | 459 | 377|306 | 244|190 | 143 |10.1 | 6.1 | 2.2

ol Neol el ol ol el o=l e

-90° | 556 | 455 | 37 | 299|238 |185|139| 98 | 59 | 2.2
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Fig. 9 Schematic distributed fibers according to orientation angle
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Photo. 3 Thermography experiment device
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(a) Long distance

(b) Short distance

Photo. 4 Thermography image of tensile test
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(b) For clamping jig

Photo. 5 Circular clamping fixtures
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Photo. 6 High velocity impact test device
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Fig. 11 High velocity impact test setup
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(a) The side

(b) The front

Fig. 47 Fracture model of complete penetration
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Front
(c) Fiber orientation function 1 (20wt%)

Photo. 7 Complete penetration shape according to fiber orientation

function in air pressure 6bar
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Front Back

Front Back
(c) Fiber content 30wt% (8bar)

Photo. 8 Complete penetration shape according to fiber content in

fiber orientation function _/=0.8
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(c) Air pressure 8bar

Photo. 9 Complete penetration shape according to air pressure

(/=0.5, 0=10wt%)
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Front Back

(b) Fiber orientation function 0.5

Front Back
(c) Fiber orientation function 0.8

Photo. 10 Partial penetration shape according to fiber orientation

function / (6bar, 0=30wt%)
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Front Back
(a) Air pressure 2bar and fiber content 10wt%
A O 7
Py .

Front Back
(b) Air pressure 4bar and fiber content 20w t%

Front Back
(c) Air pressure 8bar and fiber content 40w t%

Photo. 11 Partial penetration shape according to air pressure and

fiber content in fiber orientation function /=0.3
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Table. 4 Result of high velocity impact test

o bar J E Joule) | EA Joule) | EL Joule) EJE;
0 6.79 - - B
0.1 6.4 - - -
0.2 6.21 - - -
0.3 6.62 - - B
0.4 621 - - B
2 05 7.03 - - -
06 7.03 - - -
0.7 6.44 - - B
08 6.48 1.85 463 071
0.9 7.32 407 325 0.44
1 724 3.12 412 057
14.19 754 6.65 0.47
0.1 14.17 8.33 584 0.41
02 14.13 9.01 512 0.36
03 13.87 9.01 486 0.35
04 13.87 8.43 544 0.39
4 05 14.25 858 567 0.40
06 13.98 8.85 5.13 037
07 14.31 9.28 5.03 0.35
08 13.87 9.08 479 035
0.9 13.89 897 492 035
. 1 14.34 7.12 722 050
10wt 19.73 9.08 10.65 0.54
0.1 18.87 895 9.92 053
02 187 10.14 856 0.46
03 19.21 10.98 8.23 0.43
04 19.07 10.16 891 0.47
6 05 20.28 10.26 10.02 0.49
06 20.48 11.27 921 0.45
07 19.57 10.26 931 0.48
038 20.23 10.4 9.83 0.49
09 18.85 7.82 11.03 059
1 18.95 6.95 12 063
2455 1851 6.04 0.25
0.1 95.02 15.98 9.04 0.36
02 926.02 14.52 115 0.44
03 26.25 15.86 10.39 0.40
04 95.45 15.52 9.93 0.39
8 05 25.01 16.1 891 0.36
0.6 9476 15.68 9.08 037
07 95.68 16.18 95 037
038 26.62 14.85 11.77 0.44
0.9 95.34 12.23 13.11 052
1 924.68 13.14 1154 0.47




o bar J EA Joule) | EA Joule) | £A Joule) EJE,

0 14.1 - - -

0.1 14.1 - - -

0.2 1335 - - -

0.3 13.22 - - -

0.4 13.11 5.63 7.48 0.57

4 05 13.47 6.57 6.9 0.51
0.6 13.13 6.75 6.38 0.49

0.7 137 5.94 7.76 0.57

0.8 13.01 6.35 6.66 051

0.9 135 4.43 9.07 0.67

1 12.78 4.84 7.94 0.62

0 18.66 12.38 6.28 0.34

0.1 19.86 13.02 6.84 0.34

0.2 19.56 11.32 8.24 0.42

0.3 20.57 12.14 8.43 0.41

0.4 20.14 11.17 8.97 0.45

20wt% 6 05 18.97 11.42 7.55 0.40
0.6 18.83 10.59 8.24 0.44

0.7 18.92 10.48 8.44 0.45

0.8 19.48 9.39 10.09 0.52

0.9 18.7 8.6 8.63 0.54

1 19.2 9.6 6.59 0.50

0 22.61 17.22 5.39 0.24

0.1 23.8 16.17 7.63 0.32

0.2 23.35 13.02 10.33 0.44

0.3 24.34 13.76 1058 0.43

0.4 23.04 14.41 8.63 0.37

8 05 24.13 15.03 9.1 0.38
0.6 23.22 13.95 9.27 0.40

0.7 24.26 15.1 9.16 0.38

0.8 24.43 12.81 11.62 0.48

0.9 23.04 9.92 13.12 0.57

1 23.04 11.98 11.06 0.48
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o bar J EA Joule) | EA Joule) | £A Joule) EJE,
0 17.88 - - -
0.1 179 - - -
0.2 18.83 - - -
0.3 19.13 - - -
04 18.63 - - -
6 0.5 19.23 - - -
0.6 18.36 - - -
0.7 18.35 - - -
0.8 19.11 - - -
0.9 19.88 2.87 17.01 0.86
1 18.6 4.67 13.93 0.75
30wt%
0 27.66 18.34 9.32 0.34
0.1 25.26 16.24 9.02 0.36
0.2 24.79 15.43 9.36 0.38
0.3 25.95 16.02 9.93 0.38
0.4 25.37 16.33 9.04 0.36
8 05 24.76 15.36 9.4 0.38
0.6 25.01 15.32 9.69 0.39
0.7 25.23 16.03 9.2 0.36
0.8 26.4 16.21 10.18 0.39
0.9 25.18 136 1158 0.46
1 26.48 146 11.88 0.45
0 24.26 - - -
0.1 25.3 - - -
0.2 23.93 - - -
0.3 24.25 - - -
0.4 23.85 - - -
40wt% 8 0.5 24.87 - - -
0.6 24.81 9.61 15.2 0.61
0.7 24.22 135 10.72 0.44
0.8 25.8 13.96 11.84 0.46
0.9 26.44 12.22 14.22 0.547
1 25.73 13.88 11.85 0.46
2 . 7.08 4.89 2.19 0.31
pp 4 . 13.72 10.29 3.43 0.25
6 . 19.1 14.27 4.83 0.25
8 . 24.19 175 6.69 0.28
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Fig. 48 Relationship between absorbed energy ratio £, /%, and fiber

orientation function / on 2bar
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Fig. 49 Relationship between absorbed energy ratio £, %, and fiber

orientation function / on 4bar
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Fig. 50 Relationship between absorbed energy ratio £, %, and fiber

orientation function / on 6bar
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Fig. 51 Relationship between absorbed energy ratio £, %, and fiber

orientation function _/ on 8bar
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