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Abstract — Although a variety of reinforcing bars, including seismic-grade rebar, are produced domestically, Top-Down and
Tilt-Up construction methods still exhibit variability in the interpretation and application criteria for rebending
(bend-and-straighten). Accordingly, this study quantitatively evaluated the mechanical properties following rebending for
domestically produced general-purpose and seismic reinforcing bars. Comparing straightening age (7 vs. 14 days) showed no
effect on tensile strength, whereas straightening after 14 days resulted in a lower fracture displacement than straightening after
7 days. This tendency was more pronounced as strength decreased and bar cross-sectional area (diameter) became smaller.
Regarding bend radius, adopting approximately twice the standard bend radius specified in KS D 3504 was found to be
advantageous for rebending. In addition, within the scope of this study, general-purpose reinforcing bars exhibited a lower

failure incidence than seismic reinforcing bars.
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Table 2. Chemical composition of reinforcing bar (Unit : %)
Grade : 7 Day : 14 Day
C Si Mn P S Cu Ceq C Si Mn 1P S Cu Ceq
413G 0.21 | 0.18 | 0.52 | 0.023 | 0.035 | 0.36 | 0.37 | 0.24 | 0.17 | 0.53 | 0.036 | 0.031 | 0.21 | 0.38
422G 0.20 | 0.13 | 045 | 0.022 | 0.032 | 0.37 | 0.35 | 0.19 | 0.13 | 0.46 | 0.022 | 0.033 | 0.36 | 0.34
4138 0.28 | 0.15 | 0.52 | 0.020 | 0.022 | 0.29 | 0.41 | 027 | 0.18 | 0.53 | 0.020 | 0.025 | 0.23 | 0.40
513G 0.29 | 0.11 | 0.46 | 0.019 | 0.026 | 0.26 | 0.41 | 028 | 0.15 | 0.49 | 0.014 | 0.020 | 0.17 | 0.40
5228 031 | 0.14 | 093 | 0.026 | 0.021 | 0.25 | 0.54 | 0.30 | 0.14 | 0.95 | 0.026 | 0.024 | 0.25 | 0.53
622S 031 | 023 | 1.42 | 0.023 | 0.011 | 0.30 | 0.63 | 031 | 0.23 | 1.45 | 0.023 | 0.012 | 0.30 | 0.64
Table 3. Tensile strength comparison of material vs rebent bars by straightening age
7 Day 14 Day
Gl Meterial Rebending (A) Meterial Rebending B) Comp.*
tensile stress | tensile stress | Rebending/ | tensile stress | tensile stress | Rebending / [%]
[MPa] [MPa] Meterial [MPa] [MPa] Meterial
413G 550.3 536.3 0.975 626.7 625.3 0.998 2.38
422G 533.0 543.3 1.019 536.0 576.7 1.076 5.55
4138 564.0 566.3 1.004 609.0 587.3 0.964 3.95
513G 679.7 678.0 0.997 687.0 452.7 0.659 33.94
5228 751.7 744.3 0.990 719.3 708.3 0.985 0.55
6228 862.7 866.7 1.005 867.3 858.7 0.990 1.45
*Comp. = ‘ A;B xlOO‘
Table 4. Fracture displacement comparison by straightening age (7d vs 14d)
7 Day 14 Day
Meterial Rebending (R..) Meterial Rebending (R,,,)
Grade fracture fracture o fracture fracture 14d AR, 1, * [%0]
. . Rebending / . . Rebending /
displacement | displacement . displacement | displacement .
Meterial Meterial
[mm)] [mm)] [mm)] [mm]
413G 50.2 72.8 1.450 52.5 56.6 1.078 22.29
422G 80.2 97.4 1.214 78.1 88.6 1.134 5.30
4138 71.3 91.5 1.283 63.0 65.6 1.041 18.78
513G 44.4 53.2 1.198 44.8 10.8 0.241 79.88
5228 53.2 65.1 1.224 60.7 69.9 1.152 5.41
6228 56.6 70.8 1.251 56.3 67.9 1.206 4.41
R.; =R,
*AR, |, = ‘ 7dR 1-1d><100‘
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Fig. 2. Effect of straightening age on fracture displacement:

Maximum tensile load, Pu [kN]
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Table 5. Bend radius settings by nominal diameter

Table 7. Fracture outcomes by bend radius and stage

Breakage occurrence

Specimens |5 5¢s 1.0KS 2.0KS
410G No break No Break No Break
413G Break No Break No Break
419G No break No Break No Break
422G No break No Break No Break
432G No break No Break No Break
4108 No break No Break No Break
413S Break No Break No Break
4228 No break No Break No Break
510G No break No Break No Break
513G No break Break No Break
519G No break No Break No Break
522G Break No Break No Break
5108 Break No Break No Break
5138 No break Break No Break
5228 Break No Break No Break
619G No break No Break No Break
622G Break No Break No Break
619S No break No Break No Break
622S Break No Break No Break

N

(a) 413G

Fig. 3. Representative fracture appearances after rebending
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Breakage rate [%]

5%

37%

Nominal Bend Radius [mm]
diameter [mm] 0.5KS 1.0KS 2.0KS
10 10 20 40
13 13 26 52
19 24 48 95
22 33 66 132
32 64 128 256
Table 6. Test matrix for bend-radius study
Grade Diameter Specimens
D10 410G
D13 413G
SD400 D19 419G
D22 422G
D32 432G
D10 4108
SD400S D13 413S
D22 4228
D10 510G
D13 513G
SD300 D19 519G
D22 522G
D10 5108
SD500S D13 513S
D22 5228
D19 619G
SD600 D22 622G
D19 619S
SD600S D22 6228
A AFY F Teow RSt
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Fig. 4. Fracture occurrence during bending and straightening
by bend radius (0.5KS, 1.0KS, 2.0KS)
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Fig. 5. Fracture occurrence ratio by bar grade: general vs
seismic grade
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Fig. 6. Tensile fracture of undamaged specimens

Table 8. Tensile test results after rebending by bend radius (0.5KS, 1.0KS, 2.0KS)

) 0.5KS 1.0KS 2.0KS
Material Rebendi Rebendi Rebendi
Specimens | tnesile stress eoencing Rebending / eoencing Rebending / eoencing Rebending /
[MPa] tnesile stress Moeterial tnesile stress Moeterial tnesile stress Moeterial
[MPa] [MPa] [MPa]
410G 604.0 572.5 0.95 601.7 1.00 602.3 1.00
413G 626.7 Break - 625.3 1.00 625.0 1.00
419G 578.7 573.3 0.99 566.7 0.98 572.3 0.99
422G 536.0 535.7 1.00 576.7 1.08 533.7 1.00
432G 595.0 598.7 1.01 595.0 1.00 595.7 1.00
4108 633.7 501.0 0.79 636.0 1.00 634.3 1.00
413S 609.0 Break - 587.3 0.96 586.0 0.96
4228 609.0 628.0 1.03 621.3 1.02 622.7 1.02
510G 702.0 701.0 1.00 683.7 0.97 698.7 1.00
513G 687.0 674.7 0.98 Break - 680.7 0.99
519G 688.7 663.0 0.96 698.0 1.01 699.3 1.02
522G 700.7 Break - 700.0 1.00 7253 1.04
5108 751.3 Break - 742.7 0.99 748.3 1.00
5138 764.0 728.0 0.95 Break - 747.3 0.98
5228 719.3 Break - 708.3 0.98 721.7 1.00
619G 796.3 743.3 0.93 790.0 0.99 797.7 1.00
622G 797.7 Break - 786.3 0.99 803.3 1.01
619S 827.7 818.7 0.99 847.3 1.02 848.0 1.02
622S 867.3 Break - 858.7 0.99 861.7 0.99

S sk = AR AL E(EE A2003) 2026429 5
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Fig. 7. Load-displacement curves by bend radius for representative specimens
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