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Study on Strain Response Converted from Deformation in Tensile Test of Carbon
Fiber Reinforced Polymers (CFRP)

Yun-Gon Kim!”

Abstract: In coupon test of carbon fiber reinforced polymers (CFRP) as brittle materials, the converted strain derived from total deformation and effective
length was introduced and its advantages were described. In general, measured value from strain gauge is used for determining the tensile properties
of material, but it is not quite effective in CFRP because brittle material can not redistribute its stress and it only represents local behavior. For this
reason, the converted strain response can be utilized effectively as a supplementary indicator, which evaluated the average value of tensile properties
in brittle material and confirmed the strain measured by strain gauge. In addition, the converted strain clearly visualized 1) the effect of initial internal
strain caused by fabrication errors and setup misalignment when applying gripping force and 2) post-response of partial rupture of CFRP caused by
non-uniform strain distribution. non-uniform strain distribution.

Keywords: carbon fiber reinforced polymers, brittle material, coupon test, converted strain

1. A1 2 BAA O E JAAF L MR 2EH <] AlC|A 25 E
2AH WP ES SAT 28y 2EH)R] AlolAlE 5574
AR E7FE 2] H(CFRP, ©J8t BAMFE 7)) 7 A WFES SRR, o] gho] AAHFES thxth=
Ajell vlste] Hlw A 7ol A& Ado] Hojub w1t HAfo] Qithd, o] 2Ed|Ql Alojx| 2] ZAHAINE 417317
A &) 7Fsdte] FE AT AYE FA| o BRFRAY FAMA AHo o3t o] Fr=E tiEZAR] BAHFY AR
F-8-5 3 ok (Kim, 2011) SHAITF HASH S 71 @44 ASTM D3039¢]] W2 H T A|Hol| T 2E &l Alo| A&
r A8AlL AAAER)] oI 543 FRAEA Ble e A F2pstar, o] A ghe] WA} -8 o]k 7ol fr &
TME G T F, A FEHYES 2T Ay g Ao & AAgITh 2R AlHo| thre] 2E YR AR &
B3 il SPLE"__% BEE &7&%} T YA, B A8z Zlo] ARHA, BAIA e g2 EjtelskA Rl ~EHQ)
e FETRE glo] ahd A7 AR A3 E-SYHAIE Aol A o] A3 3k& 21=817] 9138 22] o]t
7HIth= Aotk mebs] g fo] A=E 4AFdstr] Sl H AT AP B AT AR AAZR
A= BEAITTE AetA AR E ook shar, gk s A B 1A EA g2 o, WYX & A8t 1 4489
o] Mg Eo] RI=A] Brix oo} girh Frado|2HE AR S P ES ASste] 2EHRI A
S fo JIFEARS A vl ARG O Al ojX| o} ME = Fou|g ANE TETI, ghAF Al

7 ash, =3 JAFEARS AASI= A=A 3] Axlo] AP AL sAFel= B S A A5k A} 3o}
A5} HPA B ZfolE e st of gty Hte] 7,
E/\P 3§]_/] zl;}go]xl—gdlﬂ-gi_t,:_ /\];]/\—1 l;g 754% oé%

T A v, g = ARAIE Aeke] Jxp) A vE 2= =

o,

o
-~

Fo] FAAEE T8l AT B IHFES A3
2.1 CIZAI™
'A3)e, oot A% E e 2u 2.1.1 AR} FHAA R AREA ) e 18 AH¢
*Corresponding author: yungonkim@daegu.ac.kr S o] OJAEN S WE By . o =achmizl o
Daegu University, Gyeongsan, 38453 , Korea A 5o JAFELLS & AsteleS ST ORE
3 =Rl Ul dF B2 52019 89 1974 3H8] 2 HujFA 9 20199 99 e 3o #A12 2389} o] ) iEES 2EH Q) Ao

3o E2ZAE AlASHFUTL

Copyright © 2019 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

137



A 2RE A4 ZASAL, T EGIA Aolo WAL =
3, 08 F 24 A2 s B A EERE AT 5

ol 7o) 79, Tht) 9l8) wheizlo] Lo garow U
1) ¢7] Wl 7 vhele] WislE melshA) erethe §

AAYEL Y Zlo] Fejrsieh B3 JA A3
o) 7%, A FYR0] GAAR T WG L ZHT 5 9
Tl AR ES T 5 YA, o] Tl WFA A7
oY, 2EHS AolA] Ao BE A & ATE
AL 5 Q7] w o] WML W A ST ol 47} ik =3 v
SAGAAUTM) AANNE HEL AZS 5 ou), &

u] AA A Gl £} AZHEE, AR AAAGL TE
317] o} Tk 3 Q1A Z710] LG A AolofA] 1
ZY(slip)o] WA 315 71 glol Al (UTM) B g 3
7451715 SHed), o] WA T Al Aole] BB of
3 AGo] FEY WA A&H o] WBYL A} 1
G5 Aolol A walaly] Wlo] R 97| e) Al WP =
ke 2E0Ql Alolol A 7125 eheth A7) ol f
S 5] QAR WA E AS g AR,

whE A YA Bl A o] MYl o % Yol
AT AAE AR ok FEAB JFE vHA A
o}, ole @ ol 2 =2 o)A AZ 9] X o] wek A gk
o] Hp7h AN B Aol x| o] AnkE TjEgho.R 4§87
o2)¢] Tyl fro] QAL Ao ula) ul$ Bt 4
a4z ol ik,

—_

2.1.2 ASTM D3039

A f-0] QIA -2 1 ol mhef w2 AlEERE(KS
F ISO 10406-2, ASTM D638, ASTM D4762, ASTM D7290
3ol Ao, AxH A E e 9] -5 i 74 ASTM D3039
o WET} (ASTM D4762) A AlAAIH L &Y ~EF QI
Alo| R &) SA S ARESH= W, ©A = Fig. 13 2o)

B _
S (Y | -
g g 561 5
G = L G
1 Mmooz 5G2 3
. |; w8
_”""i:r*rp 2PL)

Fig. 1 Layout of strain gages specified in ASTM D3039
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Fig. 4 Setup for CFRP tensile test
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Fig. 6 Tensile stress-strain relationship of CFRP coupon series
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Table 1 Summary of test results in T1 series (CFRP coupon of one layer)

Test no. Displ. Ult. load Strain (10" mm/mm) Converted strain| Stress Ratio ( if;iﬂi ::(Z)(:lece
(mm) (kN) Left Right Avg. (A) B) (MPa) (B/A) / sequentially )
T1-01 1.74 8.3 10409 7574 8992 11567 3219 1.29 at once
T1-02 1.80 9.60 10766 12431 11599 11993 3724 1.03 sequentially
T1-03 1.89 9.91 12750 11478 12114 12580 3844 1.04 at once
T1-04 1.58 8.99 10440 11140 10790 10507 3487 0.97 at once
T1-05 1.87 9.55 11865 12858 12362 12460 3704 1.01 at once
T1-06 1.73 9.45 10455 12778 11617 11513 3665 0.99 sequentially
T1-07 1.77 9.99 12538 10619 11578 11773 3875 1.02 at once
T1-08 1.79 9.89 11846 10847 11347 11900 3836 1.05 at once
T1-09 1.68 8.96 10960 11701 11331 11207 3475 0.99 at once
T1-10 1.83 9.51 12014 10722 11368 12200 3689 1.07 debond 1+at once
TI-11 1.71 9.39 8878 12033 10455 11393 3642 1.09 at once
T1-12 1.78 9.39 11322 10568 10945 11893 3642 1.09 at once
T1-13 1.59 8.27 8666 11403 10034 10573 3208 1.05 at once
T1-14 1.73 9.62 13051 10626 11839 11500 3731 0.97 sequentially
T1-15 1.58 8.84 9506 11029 10268 10507 3429 1.02 sequentially
T1-16 1.86 9.90 14039 11959 12999 12380 3840 0.95 at once
T1-17 2.49 9.02 12129 12082 12105 16600 3499 1.37 at once
T1-18 1.72 9.03 9796 10745 10270 11453 3503 1.12 at once
T1-20 1.70 9.74 10816 11923 11370 11307 3778 0.99 at once
T1-21 2.05 9.29 6443 11875 9159 13653 3603 1.49 at once
T1-22 1.78 10.13 9552 10955 10254 11853 3929 1.16 at once
T1-23 1.53 8.73 9961 10056 10008 10227 3386 1.02 sequentially
T1-24 1.65 9.38 10983 10646 10815 10987 3638 1.02 at once
Mean 1.74 9.34 10834 11219 11027 11827 3624 1.08
Cv 0.069 0.054 0.153 0.098 0.091 0.110 0.054 0.124
Table 2 Summary of test results in T2 series (CFRP coupon of two layers)
Test no. Displ. Ult. load Strain (10" mm/mm) Conv. strain Stress Ratio ( fua;iﬁiz gtl(ziece
(mm) (kN) Left Right Avg. (A) (B) (MPa) | (B/A) / sequentially )
T2-01 2.58 23.32 16550 17785 17168 17227 4523 1.00 at once
T2-02 2.61 23.28 16682 17550 17116 17420 4515 1.02 at once
T2-03 2.67 23.86 16762 18118 17440 17800 4627 1.02 at once
T2-04 2.96 23.50 18356 18772 18564 19733 4558 1.06 sequentially
T2-05 2.57 22.62 18253 18305 18279 17127 4387 0.94 at once
T2-06 2.37 21.69 15884 16395 16139 15800 4207 0.98 at once
T2-07 2.66 22.84 13739 14500 14119 17720 4430 1.26 at once
T2-08 2.68 23.47 16762 15322 16042 17893 4552 1.12 at once
T2-09 2.76 20.10 15015 14230 14623 18427 3898 1.26 at once
T2-10 2.60 19.43 14042 15902 14972 17300 3768 1.16 sequentially
T2-11 2.46 22.05 17256 14740 15998 16420 4276 1.03 sequentially
T2-12 2.87 24.02 18207 17268 17737 19127 4658 1.08 at once
T2-13 3.13 23.82 19044 17386 18215 20893 4620 1.15 sequentially
T2-14 2.46 22.34 14178 14106 14142 16367 4333 1.16 at once
T2-15 2.88 23.89 16580 16487 16534 19227 4633 1.16 sequentially
T2-16 2.27 21.33 14408 15098 14753 15147 4137 1.03 at once
T2-17 2.67 20.85 15562 17158 16360 17787 4044 1.09 sequentially
T2-18 2.717 24.16 17709 17666 17687 18480 4686 1.04 at once
T2-19 2.73 24.45 18168 16820 17494 18213 4742 1.04 at once
T2-20 2.60 23.03 16567 16724 16646 17313 4466 1.04 sequentially
Mean 2.67 22.70 16486 16517 16501 17771 4403 1.08
CVv 0.076 0.062 0.096 0.087 0.084 0.076 0.062 0.08
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Table 3 Summary of test results in T3 series (CFRP coupon of three layers)

Test no. Displ. Ult. load Strain (10" mm/mm) Conv. strain Stress Ratio ( fua;}[ﬁ;z gtl(ziece
(mm) (kN) Left Right Avg. (A) B) (MPa) (B/A) / sequentially )
T3-01 2.87 31.8 17176 16715 16945 19153 4110 1.13 at once
T3-02 2.99 322 16605 17358 16981 19907 4159 1.17 sequentially
T3-03 3.42 32.0 9712 16121 12916 22767 4140 1.76 debond 1+at once
T3-04 3.19 33.6 12733 18216 15475 21253 4344 1.37 at once
T3-05 3.56 343 17917 17136 17527 23700 4431 1.35 debond 2+at once
T3-06 3.26 343 13692 11697 12694 21707 4432 1.71 debond 1+at once
T3-07 3.58 30.2 14790 16599 15694 23833 3905 1.52 sequentially
T3-08 2.92 30.6 14576 14900 14738 19480 3955 1.32 at once
T3-09 3.25 32.7 14231 16715 15473 21660 4230 1.40 debond 1+at once
T3-10 2.73 34.7 16215 16962 16588 18187 4492 1.10 at once
T3-11 3.82 36.0 15909 17745 16827 25433 4648 1.51 sequentially
T3-12 2.60 32.6 16512 17676 17094 17353 4220 1.02 sequentially
T3-13 3.50 332 17181 17964 17573 23300 4296 1.33 debond 1+at once
T3-14 2.70 31.8 15270 14785 15027 17973 4114 1.20 at once
T3-15 2.90 31.8 13707 14728 14217 19347 4115 1.36 sequentially
T3-16 2.87 33.6 16020 15033 15526 19153 4342 1.23 debond 1+at once
T3-17 2.52 323 14600 14593 14596 16813 4179 1.15 sequentially
T3-18 3.22 32.1 13950 15329 14639 21487 4153 1.47 sequentially
T3-19 3.02 324 13587 14741 14164 20127 4187 1.42 sequentially
T3-20 3.66 35.7 15369 18294 16832 24393 4614 1.45 debond 1+at once
Mean 3.13 32.90 14988 16165 15576 20851 4253 1.35
Ccv 0.119 0.046 0.125 0.103 0.093 0.119 0.046 0.144
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