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Study on Tensile Properties of Carbon Fiber Reinforced Polymers (CFRP) Laminate

with Strain Distribution

Yun-Gon Kim!”

Abstract: To investigate the relationship between strain distribution and tensile properties of brittle material, five types of tensile coupon of carbon
fiber reinforced polymer (CFRP) modified the tab portion in order to have a strain distribution including SO, SD1, SD2, SV1, SV2 were tested. The
ultimate stress and strain of SD2 and SV2 which was intended to have larger strain distribution were smaller than those of SD1 and SV1, that was
more clearly shown in the test results of the symmetric coupons (SV series) than the asymmetric coupons (SD series). In addition, the ultimate stress
and strain of most coupons with strain distribution in this study were decreased when compared to the control group with uniform strain. These results

were analyzed in various ways through 1) the average of the strain values directly measured by the strain gages, 2) the converted strain calculated by
dividing the total deformation by the effective length, and 3) the ultimate effective strain derived from both the elastic modulus and the ultimate load.
The values measured by strain gage indicates response of the local region precisely, but it does not represent the response from whole section. However,
the converted strain and effective strain can supplement disadvantage of gage because they represent the average response of whole section. In particular,

the effective strain can provide rupture strain conservatively, which can be utilized in practice, when the value obtained by strain gage was not effective
due to gage damage or abnormal gage readings near ultimate load. This value provides a value that can be used even when partial rupture has occurred

and is reasonably useful for specimens with strain distribution.
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Fig. 1 Specimen design with different tab details
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Fig. 2 Test setup and typical specimen detail (SV2)
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AR 11_
=S AR vkeh Aol IR HEE A My EAR A2 A L B (A), BRAFE
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Table 1 Summary of tensile properties for all specimens in this study

Testno.  Displ.  Ult load Ult. Stress  Stiffness Measured strain (<10 nmfm) Effective strain ~ Ratio ~ Converted strain ~ Ratio
(mm) (kN) (MPa) (MPa) max average (A)  (B)(x107mim)  (B/A)  (C) (x107mim)  (C/A)

1 2.90 20.8 4025 288423 14900 12670 13956 1.10 19307 1.52

2 3.42 19.9 3861 279329 14738 13729 13821 1.01 22807 1.66

SO 3 3.63 19.2 3720 291809 15345 12411 12748 1.03 24200 1.95
4 344 20.8 4037 291001 13520 12472 13874 1.11 22920 1.84

5 4.05 24.1 4665 292032 16275 15389 15976 1.04 27007 1.75

1 341 21.3 4128 303411 16363 14897 13605 0.91 22753 1.53

2 4.25 23.0 4457 277231 20205 16829 16076 0.96 28360 1.69

SD1I 3 3.01 20.0 3874 310116 14110 13693 12492 0.91 20073 1.47
4 3.13 20.2 3915 292377 13670 11846 13389 1.13 20887 1.76

5 3.81 23.6 4584 311903 18320 15313 14698 0.96 25420 1.66

1 2.06 19.0 3692 301806 13809 11565 12234 1.06 13707 1.19

2 3.20 20.6 3999 268631 13911 10889 14887 1.37 21327 1.96

SD2 3 3.79 21.2 4108 281501 16117 14551 14595 1.00 25240 1.73
4 3.73 19.1 3707 273375 14161 13200 13561 1.03 24853 1.88

5 3.96 21.8 4232 298080 14458 11513 14197 1.23 26420 2.29

1 3.10 22.3 4334 297704 16185 15549 14557 0.94 20673 1.33

2 2.83 21.3 4132 291609 14962 14349 14170 0.99 18847 1.31

SV1 3 3.52 22.2 4314 291630 14236 13194 14793 1.12 23493 1.78
4 3.68 21.8 4220 293662 15657 15350 14371 0.94 24553 1.60

5 3.10 22.6 4374 296323 15865 14805 14760 1.00 20673 1.40

1 2.50 19.8 3833 287208 14173 13666 13346 0.98 16633 1.22

2 3.17 19.6 3807 298381 17438 13995 12759 0.91 21147 1.51

Sv2 3 2.50 19.8 3833 283229 14173 13666 13533 0.99 16633 1.22
4 2.63 194 3770 273766 12300 10367 13772 1.33 17560 1.69

5 3.29 19.5 3791 279474 15315 14567 13565 0.93 21933 1.51
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Fig. 3 Two typical stress-strain responses of specimen with respect to failure mode
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stress |
(MPa)

3500 | s
3000 |
2500 | _/'/_,_,"
2000 ;
1500 - /
1000 - /‘j.-

500 /’

-
E

0 & T T
0 2000 4000 6000 8000 10000 12000 14000 16000

T T T T T T R
strain

(mmymm)
Fig. 5 Strain responses of gages on different location (SV2-1)
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Table 2 Comparison of different tab details

REF.

(T2) SO SD1 SD2 SV1 Sv2

disp.  AVG. 267 349 353 335 325 282

(mm) STD. 0.20 0.42 0.51 0.78 0.35 0.38

srength  AVG. 227 209 216 204 220 196

(kN) STD.  1.41 1.87 164 124 050 0.14

Stiffness AVG. 288519 299007 284678 294186 284412
(MPa)  STD, - 5333 14381 14734 2757 9248
Stress AVG. 4403 4062 4191 3948 4275 3807
(MPa)  STD. 272 362 319 241 98 27

Strain  AVG. 16501 13334 14516 12344 14650 13252

(x10°mh)  STD. 1391 1266 1866 1501 640 1654
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Fig. 6 Test results with tab details
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