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Currently, the number of construction cases using large-diameter and high-strength steel and high-strength concrete is
increasing due to the trend of large buildings. In the case of reinforcing bars that serve as the framework of a structure,
the continuous state is the best in terms of structural stability. However, for convenience, it is transported and assembled to
a predetermined standard. In this study, a coupler was developed applying SCM440 material with excellent mechanical
properties, not S35C and S45C materials, generally used as coupler materials. To this end, high-frequency carburizing and
heat treatment was applied to the element parts taking into account the taper angle and stress results, reflecting the results
of low- and high-cycle fatigue tests and structural analysis for the applied material. Finally, in the case of a reinforced
coupler fastened with hydraulic SD500 reinforcement bars with diameter D25, a reliability test was carried out using the
mechanical joint inspection method of reinforced concrete reinforcement bars. Results were obtained that satisfied the

characteristic performance values.

NOMENCLATURE

6 = Cyclic Stress

€, = Total Strain Amplitude

€ = Elastic Strain Amplitude

€pa = Plastic Strain Amplitude

o, = Cyclic Stress Amplitude
o'r= Fatigue Strength Coefficient
b = Fracture Strength Exponent
¢ = Fatigue Ductility Coefficient
¢ = Fracture Ductility Exponent

Copyright © The Korean Society for Precision Engineering

Manuscript received: April 4, 2021 / Revised: July 27, 2021 / Accepted: August 13, 2021

x
rhu

ut
i
©° o

fo o & b
4
=,
o

iU ot

mwwp =
A2 9] S A VARl 2 B v
olch! PaEAA A

L
2w
ﬂVF?ZOM“*éﬁleJH}%&,

o
)
ofs
ﬂ“
filo

o e
N

> QN
o
g N &
rlrém&t‘
ox Ao rLl

rl

10 ol ¥ K
lo

o rH.
(o]
ox
2
ofl
_\L
I-ﬂJ
m
_Hl
H
Ho
T

o

i)

L 5

go =~
s
e

A oo
ol
iul r
i)
rH
e
Y,
ok
i
o
e

N
)

i

Ir

Pl
rd
O
o
o .
i3

N
e

o

o

fl.l.;‘;;
BN
L2 o
)

il

3

oo

olN

N

X P s
lo !
Y

i,

i)

X

M

%

i

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.



764 / October 2021 SHEYUISS|IX| H 38 H M10=

Table 1 Mechanical property of materials Table 3 Chemical composition of S45C
SD500 S35C S45C C Si Mn P S Cr
Yield strength [MPa] 575 392 386 0.44 0.21 0.63 0.027 0.029 0.16
Tensile strength [MPa] 689 568 655
Elongation [%] 20 2 19 Table 4 Chemical composition of SCM440
C Si Mn P S Cr Mo
Table 2 Chemical composition of S35C 0.41 0.23 0.65 0.007 0.002 1.02 0.18
C Si Mn P S Cr
0.36 0.17 0.62 0.021 0.022 0.14

Carburization

Z7}= Qlste] ZaEE Bpio] ofPA Ho| EaE EAo] 7
Aot 4= Qi 7| A1 A o] &L AL A A BT £ 9l @ i Carburi
A8 Bl ofelen, oleie] 2eigqt St ofgc). 7
AR oSt AR The] Gl 84 olee FUW 44 B
0] ol BAEE 7T ok

22 Age] ey, Ay
o AZE Wol a7Hu Yokt A3
AR =43 WAool epste] e, A5, HRYE
7 @Eo AR, AE, AFel AQ # Ye FxolH &F
drols Le|Bf e E LelH A LAk 7)Aol
Aol gt W A7k =E L gl

F

B Carburization

Carburization

Fig. 1 Coupler configuration diagram
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Fig. 3 Dimension of low cycle fatigue test specimen
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Fig. 4 Dimension of high cycle fatigue test specimen
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Fig. 5 Finite element analysis model of coupler
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Table 5 Mechanical properties according to heat treatment

N QT C H.F
Yield strength [MPa] 452 700 1,244 -
Tensile strength [MPa] 742 903 1,535 1,418
Elongation [%] 29 12 1 0.8

(N: Normalizing, QT: Quenching-Tempering, C: Carburization, H.F:
High frequency heat treatment)
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Fig. 7 Stable hysteresis loops for determining cyclic stress-strain
curve
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Table 6 Fatigue constants fitted with the Mansion-Coffin-Basquin Table 7 Total strains of two types of materials
equation Total strain
SCM440N SCM440QT SCM440 N £ = 0~005(2Nf)_0'079 T 0.351(21\]/)-0.643
oyIMPa] 920 999 SCM440 QT £ = 0.005(2N) %% + 0.209(2N) "
l? -0.079 -0.058 (N: Normalizing, QT: Quenching-Tempering)
e 0.351 0.209
c -0.643 -0.600 Table 8 Hardness of SCM440 according to heat treatment
E [GPa] 200 210 SCM440 N QT
(N: Normalizing, QT: Quenching-Tempering) HRB 85 243

Hv 103 311

(N: Normalizing, QT: Quenching-Tempering)
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Fig. 8 LCF strain-life curves plotted by superposition of elastic and plastic parts using the Mansion-Coffin-Basquin equation
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Fig. 9 Experimental and predicted LCF lifetime comparison
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Table 9 Stress amplitude for high cycle fatigue test (Unit: MPa)

Level SCM440N SCM440QT SCM440C
1 380 480 720 s 77
2 360 470 700 o
3 340 460 680 ?éi?
4 320 450 660 4
5 - 440 650 0

(N: Normalizing, QT: Quenching-Tempering, C: Carburization)

Table 10 A and B values of the fatigue life equation for SCM440

SCM440 A B  ——— " L '
Normalizing 2917 -0.066 (a) Von-Mises equivalent stress of coupler
Quenching-Tempering 3.078 -0.078
Carburization 3.112 -0.050 e ANSYS

2020 R1

Table 11 Structural analysis results of housing and collet according
to taper angle

Taper angle [°] 12.5 15.0 17.5
Housing [Mpa] 114 355 496
Collet 1,179 1,555 2,248
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Fig. 13 Vickers hardness test results of coupler housing
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Table 12 Technical performance guideline of SD500 coupler

Technical performance indicator SD500
Tensile strength [MPa] 620 or more
Static proof tensile strength [MPa] 620 or more
Static proof residual deformation [mm] 0.3 or less
Low cycle repetition [MPa] 620 or more
Low temperature tensile strength [MPa] 620 or more
High stress repetitive strength E30 0.85E1

High stress cyclic strength residual deformation [mm] 0.3 or less

High cycle fatigue residual deformation [mm] 0.2 or less
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Fig. 15 Stress-deformation curves obtained from SD500 coupler
performance tests
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