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Introduction

« Numerous advantages of textile composites
* High dimensional stability, remarkable fatigue resistance, and so on compared to UD composite

* Necessity of research for the rate-dependent behavior of textile composites

 Tension and shear tests at various loading rates
« Epoxy and carbon textile fabric-reinforced epoxy composite (CF/EP)
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Setup for tension and shear tests 1

« Strain rates: 0.1/min, 1/min, 4/min and 16/min
 Strain rate defined as loading rate/gauge length
* Three repetitive tests at each strain rate

« Materials
« Epoxy :INF-114/INF 211 (PRO-SET® Inc)
« CF Fabric: 1321P plain weave textile (JMC Corp)

« Same configuration for the specimen per ASTM D638
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Setup for tension and shear tests 2z

« Load measurement: Load cell of the loading frame *Digital image correlation technic

: : : . **V/-notched rail shear test
« Loading frame: Instron 5982 (electromechanically-driven loading frame)

 Strain measurement

Tension test Shear test
Epoxy CF/EP Epoxy** CF/EP
0.1/min Extensometer  Extensometer DIC DIC
1/min Extensometer  Extensometer X DIC
4/min Extensometer  Extensometer X DIC
16/min Extensometer DIC* D IC
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Results of tension tests on epoxy

 As the strain rate ¢

e Modulus: t

« Strength and elongation at break:

90

/C? - g B | [ | ]
(a ]
= 60- o
0 ;l
n
= j:-
2 301 vl
© “ ®  0.1/min
é _ ® 1/min
A 4 /min
v 16 /min
0 - . , :
0.00 0.02 0.04 0.06
Axial strain

. Tensile Tensile Tensile
Strain rate .
[/min] modulus  strength elongation
[GPa] [MPal] [%6]
0.1 2.89+0.09 74.6+1.4 5.03+0.70
1 2.944+0.10 68.24+9.6 3.13+1.37
4 3.07+0.15 53.0+1.7 1.96+0.29
16 3.35+0.35 49.843.5 1.50+0.21
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Results of tension tests on epoxy 2

 Fractured surfaces at different strain rate
« Reduction of mirror region implying a decrease in toughness$

0.1 /min

Mirror Mist Hackle
. T

(]
o

1/min

(o))
o

4 /min

Axial stress (MPa)

16 /min

B 0.1/min

® 1/min

A 4 /min

v 16/min
0.02 0.04 0.06
Axial strain

§. Cantwell, W. J et al. (1988).
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Results of tension tests on CF/EP s

* As the strain rate ¢
* Modulus: no significant change
 Strength and elongation at break:
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Results of tension tests on CF/EP a4

* Observation of damage patterns

Horizontal view of fracture surface (YZ plane)

Loading
direction f

Weft transverse
matrix crack

Fracture
surface

X
VA 4 AT
« X axis: warp direction and loading direction
« Y axis: weft direction
« Z axis: out of plane
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Results of tension tests on CF/EP x4

(1) Due to weft matrix transverse crack

* Observation of damage patterns not the fiber breakage Loarding
Vertical view of fracture surface (XZ plane) XT_.Z

15um XT_,Z 30um | A

« Weft matrix transverse crack
* Matrix crack

« Warp fiber breakage

* No other cracks
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Results of tension tests on CF/EP a4

 Effect of rate dependency of the epoxy on the CF/EP

1.Weft matrix
transverse crack

2. Matrix
crack

3. Warp fiber
breakage
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Results of shear tests on epoxy

e Strain rate {
« Shear modulus: §
« Shear strength: {
« Shear elongation at break: |
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1.0940.02 45.5+0.1 7.84+0.90
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Results of shear tests on CF/EP

e Strain rate ¢
« Shear modulus:

- Ultimate shear strength: ¢
* 0.2% offset shear strength: 4
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Concluding remarks

* Tensile tests of the epoxy
- Strain rate 1 5> tensile modulus ¢
- Strain rate 4 c> tensile strength and tensile elongation |,

* Tensile tests of the CF/EP
» Strain rate 4 £> no significant change in the tensile modulus
« Strain rate 4 ©> tensile strength and tensile elongation

 CF/EP tensile strength and tensile elongation |
- -+ Epoxy tensile strength and tensile elongation |

* Ongoing work
 Effects of the rate-dependent shear behavior of the epoxy material on that of the CF/EP
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Questions and suggestions

Thank youl!
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