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Abstract

This study deals with the microstructure and tensile properties of 600 and 700 MPa-grade high-strength seismic
reinforced steel bars. High-strength seismic resistant reinforced steel bars (SD 600S and SD 700S) were fabricated by
TempCore process, especially the SD 700S specimen was more rapid cooled than the SD 600S specimen during the
TempCore process. Although two specimens had microstructure of tempered martensite in the surface region, the SD 600S
specimen had ferrite-degenerated pearlite in the center region, whereas the SD 700S specimen had bainite-ferrite-
degenerated pearlite in the center region. Therefore, their hardness was highest in the surface region and revealed a tendency
to decrease from the surface region to the center region because tempered martensite has higher hardness than ferrite-
degenerated pearlite or bainite. The SD 700S specimen revealed higher hardness in the center region than SD 600S
specimen because it contained a larger amount of bainite as well as ferrite-degenerated pearlite. On the other hand, tensile
test results indicated the SD 600S and SD 700S specimens revealed continuous yielding behavior because of formation of
degenerated pearlite or bainite in the center region. The SD 600S specimen had a little higher tensile-to-yield ratio because
the presence of ferrite and degenerated pearlite in the center region and the lower fraction of tempered martensite enhance
work hardening.
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Table 1 Tensile property requirements of the high-strength reinforced steels according to standard specification by
countries[5~10].

Yield strength Tensile strength Uniform Total

Reference Grade TSIYS . .

(YS), MPa (TS), MPa elongation, % | elongation, %
SD 600 600 ~ 780 - > 1.08 > 10
KS D 3504 SD 600S 600 ~ 720 - > 1.25 - > 10
SD 700 700 ~ 910 - > 1.08 - > 10
ASTM Grade 80 > 550 > 725 - - -
>
AB15/A615M Grade 100 > 690 > 790 - -
BSt 500S - > 10
DIN 488 Teil 1 > 500 > 550 > 4

BSt 500M - > 8
GB 1499.2 HRB 500 > 500 > 630 - > 75 > 15

B 500A - > 1.03 > 20 -

BS 4499 B 500B 485 ~ 650 - > 1.06 > 40 -

B 500C - 1.13~1.38 > 6.0 -
B 500 AWR - > 1.02 > 2 > 14
B 500 BWR - > 1.08 >5 > 14

ISO 6935-2 > 500

B 500 CWR - > 1.15 > 7 > 14
B 500 DWR - > 1.25 > 8 > 13
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Table 2 Chemical composition (wt. %) of the SD 600S and SD 700S specimens investigated in this study. The
chemical composition and carbon equivalent (Ceq = C + 1/6Mn + 1/15Cu + 1/5V) of the SD 600S specimen
satisfy the requirement of KS D 3504 specification[5].

Specimen C Si Mn P S vV Cu Ceq[5]
Range[5] | <0.37 <0.3 <1.8 <0.04 <0.04 - <02 <0.67
SD 600S
Measured 0.32 0.15 1.08 0.017 0.024 0.04 0.25 0.52
SD 700S | Measured 0.33 0.15 1.12 0.018 0.026 0.04 0.25 0.54
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Fig. 1 Optical micrographs of the SD 600S and SD 700S specimens fabricated by TempCore process. Microstructure
in center, boundary and surface regions of the reinforced steel bar specimens was observed.
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Fig. 2 SEM micrographs of SD the 600S and SD 700S specimens fabricated by TempCore process. Microstructure
in center, boundary and surface regions of the reinforced steel bar specimens was observed.
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Fig. 3 SEM micrographs showing degenerated
pearlite and bainite structure in center
region of the (a) SD 600S and (b) SD 700S
specimens, respectively.

Aol vAzAs 0 54 v 285

oJE B&S EASRAT T AT ARNH EAY

o o]Fg Gt 1 YR we o] FEHO

= BHEH9EE, 4 99e dYs e

x40l YAE 43 dHetol= u Bed Helo]

E g wololE xHe] F4¥ FYelr}. SD

600 Al#e] AF% o] @ WS wZuElAjoE
g 9 18.2 %

g 10mm 2 6= SD 7008 Aol H]al 2}
< e vl ole
HuelE AAY =7, &

o]
2R

o d,:1.0 mm

SD 600S

Viar : 20.8 %

SD 700S

3 mm

Fig. 4 Photographs of the cross-section of the SD
600S and SD 700S specimens. The dn indicates
a hardenability depth determined from a
location corresponding to the average value of
half-fraction of tempered martensite in each
specimen and Vtm means the fraction of
tempered martensite calculated from dn of
each specimen. In the photographs, relatively
dark regions are hardened regions showing the
formation of tempered martensite.
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Fig. 5 Hardness as a function of location of the SD
600S and SD 700S specimens. The SD 600S
and SD 700S specimens fabricated by
TempCore process exhibit a U-shaped
hardness result.
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Table 3 Tensile properties of the SD 600S and SD 700S specimens investigated in this study. The tensile properties of
the SD 600S specimen satisfy the requirement of KS D 3504 specification[5].

. Yield strength Tensile strength Uniform Total
Specimen TSIYS . .
(YS), MPa (TS), MPa elongation, % elongation, %
Range[5] 600 ~ 720 - > 1.25 - 210
SD 600S
Measured 611 816 1.34 8.3 110
SD 700S | Measured 711 908 1.28 6.7 8.8
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Fig. 6 Engineering stress-strain curves of the SD 600S and
SD 700S specimens. Room-temperature tensile test
was performed according to KS D 0802 specification.
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