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ABSTRACT

Tensile tests were carried out with steel reinforcing bars produced by the requirement of the ASTM standards, and test
results of 23 test specimens were obtained that provided fracture elongation determined by KS, ISO, and ASTM standards.
Strictness evaluation of fracture elongation was performed for each standard by analyzing a total data of 130 specimens,
combining 107 specimens performed by previous researchers for reinforcing bars produced by the requirement of KS
standards. The fracture elongation of general structural rebar was similarly strict in KS and I1SO standards, and ASTM
standards were considered less stringent. Although KS, ISO, and ASTM standards showed slightly different strictness in the
fracture elongation requirement for seismic reinforcement, there was no significant difference. Since the necking length
showed to be proportional to the reinforcing bar diameter, it might be reasonable to define the gauge length as a multiple of
the reinforcing bar diameter. Therefore, it is believed that KS standards need to define a single multiple value of reinforcing
bar diameter for the gauge length, and it may be an alternative to define the same regulations for minimum fracture
elongation as ISO standards.
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23 AAE-2 8583 71 H2of Tt #3221 ASTM A7069] T2 &5 517g5kaL itk wEhA] KEPIC Code] T
8= 7N SHA] & AHiol A KS D 35040] Rt =2 AR -3 QAo 28512 H ASTM A7069] AAle 270 THEst
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Fig. 1. Stress—strain curve of steel reinforcement and definitions of elongation (Lee 2023)
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Table 1. Minimum elongation and gauge length for 400 MPa level reinforcement in the selected standards

. . Basic minimum fracture Minimum yield
Standard Classification Symbol/Grade elongation [%] Gage length strength [MPa]
Structural SD400 Less than or equal to D22 |12~16 8dy
KS D 3504 Weldable SD400W
Seismic SD400S Larger than or equal to D25|14~18 4d,
Ductility class A | B400A-R/B400AWR 400
1 . 14
ISO 6935-2 Duct%l?ty class B | B400B-R/B400BWR 5d
Ductility class C | B400C-R/B400CWR
Ductility class D B400DWR 13~17
A615 Grade 60 7~9 .
ASTM 8in. (203 mm) 420
A706 Grade 60 10~14

elongation)& 7|20 & 5P, D32& ZIoh= F9] A-9oll= 530l 3(mm) 5713 wjuitt QA& 254k 4 % o] ¥
flollAl 2 % ZHAAIZITE ISO E32-2 E A9 5HE EHA Y E sto] A|e A7} X4 o AlE ool L& 7gskal
Stk ofdf ISO #EA= D S5 2 A9 17 %2 4 HALES 7|20 % 51, D32 o] A2 fii= 54
3(mm) F7F wfrtch AAlE 25ghE 4 % ol HiS] H9jollA 2 %M FAAIITh ASTM H3-2 AA St 76| 47get
o]Ql 8in.(203 mm)E FHAYE o] A|FT A} A SAAAE ool S 751l Qirt. ojnff X4 ahiAls
ASTM A615 H9] AL 2120] 10~19 mm¥ T 9 %, A=0] 22 mm2} 25 mmY 1 8 %, Z]=0] 29~64 mm< | 7 %0|H
ASTM A706 2] 42 2 E0] 10~20 mmY W] 14 %, AE0] 25~36 mmY W] 12 %, AE0] 40 mm ©]AFY w10 %o]c}. =
73 400 MPa & ©]2]9] o] @ Lo gt EE A S thE 8 (Lee 2023)0]] 82F A 2j=]o] Gl
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Fig. 2. Measurement of fracture elongation (Lee 2023)
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ASTM A6159] FEZLL} ASTM A7069] | AAAE 0] TS0 B4 457119] -2 o= QPGAIE S AA
S19ich. AgEe] W B20] AP IERAES} A1S O 2, Table 29] 1A ol Lkl wlel o] A1E 16-57 mm(3
A& 0 &= 15.9~57.3 mm) AlR|oJ| 4| Grade 60-2 57}4], Grade 80-247}A] Z719] S AT C & 513t A SS $9y5H 2+ &
9] A5 Table 4] UEL Sl

oJ

i

3.2 Al ME H Al U

A AIFH2KS B 08012HKS B 08022] 77 of] wheh Al&FsH i Fig. 30 Uehd Al HO| 7R grip)= QIAAIR 714l
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extensometers °-§3+ JﬂléBEE ZA5191L, Al Ho] mict H Fof| AlFS SR A FS TR Tl =KS, ISO
ASTMO] Al 5 37 Ale]Q] AR E S745to] 7 Ho] whE shaAAlE-S APgstqith A& 3t 457119 AL AIHE 5
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Table 2. Variables of test specimens

Classification Steel bars manufactured by ASTM A615 & Steel bars manufactured by KS D 3504
A706 (present test) (Lee et al. 2011; Lee at al. 2020)
Diameter 16~57 mm (#4~#18) 10~35 mm (D10~D35)
Specified yield strength 420~550 MPa 400~700 MPa
and Symbol/Grade (Grade 60 and Grade 80) (SD400~SD700, SD400S~SD700S)
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Fig. 3. Test specimen of steel reinforcement

4. Ng Zat 24

4.1 OitALES| Helet Hxt

ASTM A6159] FEAL} ASTM A7069] FANAAE 0| TS0l S AJAHHE 45719] A Al@H Foll4 KS, 1SO,
ASTMO] A| F5 0] e mptAAE-S 5 A2 237 A HO] AJE A7 2FKS EF0|| TEole S *Mh AL He

26 | @EDLEO'FE‘J:FL}—_‘S_E}Q‘I Ejé I‘”] '?:l I‘||'Ig (2023)



Evaluation of Fracture Elongation of Steel Reinforcement and Proposal for Gage Length Standard

SF A A Lee et al. 2011; Lee et al. 2020)2] QIAAE A7 107712 E3510], & 130719 AFRE tjAto g BALS 4505}
ct.

Table 3-2 1307]9] TFHAALE A BIRIE S 715, 2 KS YHHLE-8 EH(SD400, SD500, SD600, SD700), KS £ Y7182

H(SD400S, SD500S, SD600S, SD700S), ASTM EXgrade 60, Grade 80)0.& T-E-510] Tk A1-810)2] ZHighat 247k &
HRA(G, 400V E HERH AOITE o714 RN, .0 )= 2 73Sl LR T A8(0) 5784k et} 25gke] Zfolo]tt. g
H [SO HF-2 FEZE 700 MPa 5-2] A2of| tiet 12-& 7431l UA| 2otbal, SD7002} SD700S HLo] tidfiAl= 600 MPa
9] Aol tiet bt A AlE 142 -85 Table 30 UEhd HEeL o] KS #20] wh}4Hg R HAIE T2 ] it dle
HAG, 4 g )= S BE X2 0.99014 Hf 5.92 AA| Hf(total mean) 2.302] Fha HEFH T ISO 320 wheh ARYSE HAl
E 9] ot AlE A6, 000 FTHE 24 02004 T 6.92 A Bt 3.489] = YEMIQITE ASTM #50f) wht
AP HAE T99] Tt AlE R0, 00 )= T HE 24 02014 2 14.52 HA| Bt 5.599] gk Yeti it 7 #5
of| T2 1307} Tt AAlE AlHARE A A 9] Hatgio] sthldle 578 & 1A A S T A&l A
2 & Y Aot} ey XS} FskA 44 o)<l 8in.(203 mm)E YA E 5= ASTM H0f| 2= 7%
7HEAZ A9 i E BEAY R SR KS 20| SO HE0| 2= -¢-H) B & HEdS Hlvke A2 286 Eelth

38 Hu

Table 3. Range of average fracture elongation (4) and range (9,,,,,.) measured by each standard method

Classification | SD400 | SD500 | SD600 | SD700 | SD400S | SD500S | SD600S | SD700S |Grade 60|Grade 80 ;f:;?i
0 (%) [16.9~19.7|13.1~15.910.9~11.7|10.6~12.6|20.1~21.1|14.2~15.2|13.0~14.7|10.8~14.9|18.2~24.1{15.1~16.0 -

KS Orange 2.8 2.8 0.8 2.0 1.0 1.0 1.7 4.1 59 0.9 2.30
0 (%) [19.1~23.7|14.7~17.2(12.0~14.5| 6.7~12.5 |23.7~23.9/14.6~18.9/15.7~16.3| 9.2~16.1 |18.2~21.7|16.3~20.0 -

150 O ange 4.8 2.5 2.5 5.8 0.2 4.3 0.7 6.9 34 3.7 3.48
0 (%)|15.3~20.6{11.1~19.512.8~16.9| 8.2~15.6 |20.0~20.2{12.1~15.5|14.0~17.0| 9.7~24.3 |14.8~21.9|12.6~15.1 -

ASTM O ange 53 8.4 4.1 7.4 0.2 3.4 3.0 14.5 7.1 2.5 5.59

4.2 OiME BFEO| HAY

of|A 7]&5 Hiel o] K, IS0, ASTMO] A #32 it AAlES 34T wf o] A7 H=A 4= o] L 22 ot
E 39 A Al eSS st e B, 01“3 :H:ZFO] O dAT AsHS 870eA & < Qlrk mEbA gt Ed A
o tisto] ZF #20]| whet S o AAE 3 24 BEOIA 7801 Sle HAadAER e o wddAlE 359
AA 42 AT Table 49} Table 5= 7 AL#72] 442 B7I%E Az, S vtdAle gh0)y2 24 EE01M 4

SHAL Y= Aiﬁﬂ%{&mdam)i URe 6/ 0t aara) ) BRI B 4E B E WERH 20T 0] ZH0/ 6,1 0nd0r )] BT
2 T}l Al 2710] YASI T Wkl 4 Q. ofuf YHkE28 H2o] YA KS D 3504, ASTM A615, ISO 6395-2
Class BOJ| A 71+% 3]-f ZAAAE(by requirement for general structural reinforcement)= Ue H]-&2 e o, 718 4
9] AAG2KS D 3504, ASTM A706, ISO 6935-2 Class DOJJA] 11753t %4 41-8(by requirement for seismic reinforcement)
2 U u182 Ueolc. S BETHEUs 483 ol KS D 35045 kT2 83} 218 22| HAANEES BE
sk 5k 1] ol

Table 4= KS #30] THE6l =S AYike ALS vt o= 3t 444 B7F Z23o|o}. Table 40] LRt Hel Zho] ukz.
HH(SD400~SD700) 75 H AAA v]&-2] HtgH(mean of average)= KS & -85 749 1.20, ISO #522 2831 74
1.18, ASTM B3-S 2831 74-9-2.089] gh& BRItk wfehA] KS o] W&ok S A4k Juh2-8 o] tiaiA=1S0

A

B Ho oo
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Zo] 7K AAs}L, KS HEL IS0 H2T} 2 2}o]E HolZ= ko ASTM EE2 AA o2 9 d4sitta 3 4= ik
KS 3#2o| o8 A4 W18 EH(SD400S~SD7008) thet A2/g HIE&-2] Batgl2 Table 40] LiER v} Zo],
KS ¥3S A3 742 131,180 B2S 2835 42 1.28, ASTM B2 283 42 1.299] gk R oIk whaba] KS #3of| gt

EHe S AL YA Aof diet 24 AitEe Al 7HA] #522] 440l RARIT AL & 4= Sl
Table 5= ASTM A6152] FEIL}F ASTM A 7062] H|AAAE Hz0) WSS S A IS o2 A4S ¥

= Y = -1
7} A3}t Table 5o WER ule} o] ult2-g Aol figh #2202 H7IRt 44/ vl&2] B2 KS 58 4877
% 1.57,1S0 EEZ 283 739 1.49, ASTM E2-2 2871 7-9-2.089] b2 Ho| 2=, SO HE0| 7H YASIALKS B2

IS0 &7} 2 2ol Kol A= Qo] ASTM HE-2 At o2 © ddeiha & 4 9l

AX
ASTM A6159] FEAI=LF ASTM A 7069 2 AAA1E FE0] TS A A2t s yIE Ao digt #&
o= It A4/ vlEo] W2 KS BES 8% 45 1.57, 180 BES 283 45 1.44, ASTM EE2 283 4

1.329] g5 Ho|H & KS HEFo|YISO H#0] Hlsto] ASTM Ho]| thA JAsictal & 4= it

Table 4. Strictness evaluation of the fracture elongation for reinforcement manufactured by KS

By requirement for general structural

) f By requirement for seismic reinforcement
Measuring| 0 reinforcement

Method | d,4040ra| SD400 | SD500 | SD600 | SD700 |Mean of | SD400S | SD500S | SD600S | SD700S | Mean of
(400 MPa)|(500 MPa)|(600 MPa)|(700 MPa)| average [(400 MPa)|(500 MPa)|(600 MPa)|(700 MPa)| average
KS range |1.00~1.44|1.06~1.45|1.04~1.20(1.06~1.31 - 1.13~1.40{1.04~1.39|1.25~1.49|1.08~1.49 -
average | 1.18 1.25 1.13 1.23 1.20 1.27 1.23 1.38 1.34 1.31
1SO range [0.90~2.45/0.95~1.33{0.85~1.39|0.77~1.26 - 1.13~1.53]0.94~1.60/0.96~1.70{1.09~1.71 -
average| 1.52 1.18 1.01 0.99 1.18 1.40 1.29 1.22 1.20 1.28
ASTM range |1.47~3.14/1.52~3.93|1.67~2.38|1.49~2.14 - 1.24~1.610.91~1.35|1.10~1.56|0.77~1.78 -
average| 2.08 2.46 1.95 1.82 2.08 1.43 1.15 1.33 1.25 1.29

Table 5. Strictness evaluation of the fracture elongation for reinforcement manufactured by ASTM

By requirement for general structural . . .
) . By requirement for seismic reinforcement
Measuring 1) reinforcement
Method | d,14dara Grade 60 Grade 80 Mean of Grade 60 Grade 80 Mean of
(420 MPa) (550 MPa) average (420 MPa) (550 MPa) average
KS range 1.07~1.83 1.33~2.71 - 1.07~1.83 1.33~2.71 -
average 1.31 1.83 1.57 1.31 1.83 1.57
1SO range 1.13~2.09 1.13~1.81 - 0.99~1.80 1.22~2.02 -
average 1.59 1.39 1.49 1.37 1.51 1.44
range 1.53~3.17 1.69~2.63 - 0.99~2.22 0.99~1.58 -
ASTM
average 2.05 2.10 2.08 1.41 1.24 1.32
4.3 1z 20|

3
FLAALL v7o] As]7] HH0] W Fo| L o Zo]o] HYAE ALgstelE FUsH
A1 7o) R 5 wfehd o) Wy o] n2 1)) Zonecking length)2} HY 2] Afole] TA} uekeiAlg gt 2

=2
7) ok 8 A\ Bt 5ael) 9gat ol S Zhertel BAS)S QAT ol sk Aol el
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7] 9I5to] o] AollA] =8 H AW QPGAIE T F AW 23702 Y7 AolE S5, Fig. 49} Table 60 A3t
£ UERfSIH:

Fig. 4= A ASE U7 dolQ] SAC =, 7H A A5 vlA 4ol9] Bargh2 F2M 9] XHE=R Ve ltt Table 623
< A5 U7 o1 HH A, ot ) 2 B A E0l S Bt W BOT ¥, ook ang/ d) B A B (L o avg/ b imean
#= YERATE Grade 60 H-2 Fig. 4(a)oll e HERF o] ot Y7 o7t A A Fofl AP 02 H]Hoh= H3FE HolAl,
Table 60 LFER Be} o] AL 2152 1.3~1.8812] A= 1.59] A B (1, ok, a0g/ i) an e HEFH AT Grade 80 2
2 Fig. 4(b)ol Uehd vie} o] Y7 o7} A X 5ol st A% TAE Uehf A= Eokou, tix& o2 H 2150 S7F
ot Y7 ol F7Foke= B3 YR YUt Grade 80 9] 7-9-= Table 60f] Ureld v} o] Wt w|7] o7 E A&
9] 1.1~1.88H9) AR 1.49] A Bt (1, o, avg/ b ) ean s FEFHATE. THbA W17 o7} A4 0 2 Ht X 53t AF <)
v TA7} ek gk 2 9lo m g A EE A X2 0] uj4g AR Ao gAY Ao g AztEh

120

® o
o o
O X
(o]
883388
[o]: 1]

Necking Length [mm)]
' @
(=] (=]

Necking Length [mm)]

I~
o

8

aEo
a
o0

MW
o

eeg

=
o

(=1
(=3

7 16 25 34 43 52 Bl 7 16 25 34 a3 52 Bl
Nominal diameter of bar [mm] Nominal diameter of bar [mm]
(a) Necking distance of Grade 60 steel bars (b) Necking distance of Grade 80 steel bars

Fig. 4. Fracture Elongation of ASTM Reinforcement

Table 6. Average necking length (I,,..) and [,, .../ d, ratio

' Grade Diameter d, Average necking length [, ... 4., Lo Jd, Mean
(yield strength) [mm] [mm] neekavgt o (lngck,avg/ dy)imean

15.9 (D16) 24.8 1.6
19.1 (D19) 28.4 1.5

(fzrgdidf,g) 25.4 (D25) 32.0 13 1.5
43.0 (D43) 76.2 1.8
57.3 (D57) 87.5 1.5
15.9 (D16) 223 1.4

Grade 80 25.4 (D25) 27.8 1.1 4

(550 MPa) 28.6 (D29) 30.5 1.1 ’
43.0 (D43) 77.3 1.8

5.2 E

o] ATl A= 130709] A IFAIH AFof gk 24 0 2 KS B, 1SO I, ASTM H0] tigh HA A4l 249 ¢
A3l Aol 24t e, ek 2 e TS0t
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1) KS #20| HEs1E 2 AR ekt 28 HHSD400~SD700)0] that 7% 8 A4 u]8-0] HHZES ISO H20] 1.18
T 7P AASHL, KS #52 1.202.2 SO #5232 21015 HolA|= o ASTM 52 2.082 4 os 9 ¥4

2) KS HEo] Tt AR WG HH(SD400S~SD7008)0f gt 735 1 AA/d B2 Bakgh 1SO #20] 1.28,
ASTM EZ0] 1.29, KS EZ0] 1.31=, A 7}x] E39] HZAJo] SAlsict1 wets
3) ASTM A6152] FEL L ASTM A7062] X|AAAE ol THEoHe S A4k Zé%% URHERE Aol izt 20
2 715t Q74 H] 29 BFZFS IS0 0| 1492 7 4 As1T, KS BEL 1.572 ISO &7} 2 2}o| 2 Ho|x|= ¢k
O ASTM E5-2-2.082 AtF 0 & d Aslcha weteh
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