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Abstract - In construction sites, the use of lap joint for reinforcing bars is prevalent, However, as the strength and diameter of
reinforcing bars increases, mechanical and welded joint play an important role. This study aims to enhance the practicality of
welded joint by comparing tensile performance between intermittent welding and continuous welding. The findings reveal that
intermittent welding yields similar or slightly higher strength compared to continuous welding. Both forms of welded joints
exhibit reduced strength compared to the base material. However, considering the satisfaction of the conditions required by
KDS, it is anticipated that continuous welding may be applicable in some ranges at the construction sire. In addition, it was
confirmed that the tensile strength of seismic resistant reinforcing bar increases significantly depending on whether preheating
is performed, while there appears to be no difference in general reinforcing bar.
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Table 1. Lap length of reinforcing bar (Unit : mm)
- Compressive Strength of Concrete
tee Diameter (MPa)
Grade
24 27 30
D13 809 763 723
SD400 D22 1,414 1,333 1,265
D13 1,011 953 904
D b
SD300 D22 1,767 1,666 1,581
Table 2. Organizing reinforcing bar variables
Grade Diameter Specimens
D13 4-13
SD400 D22 4-22
D32 4-32
SD500 D13 5-13
D22 5-22
SD500S D22 5S-22
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Table 3. Chemical composition of reinforcing bar (Unit : mm)
Specimens C Si Mn P S Ni Cr Mo Cu v N Ceq
4-13 0.210 | 0.180 | 0.520 | 0.023 | 0.035 | 0.100 | 0.210 | 0.020 | 0.360 | 0.002 | 0.001 | 0.370
4-22 0.200 | 0.130 | 0.450 | 0.022 | 0.032 | 0.120 | 0.190 | 0.020 | 0.370 | 0.002 | 0.001 | 0.350
4-32 0.230 | 0.120 | 0.620 | 0.026 | 0.030 | 0.120 | 0.130 | 0.030 | 0.290 | 0.001 | 0.001 | 0.390
5-13 0.290 | 0.110 | 0.460 | 0.019 | 0.026 | 0.110 | 0.090 | 0.020 | 0.260 | 0.001 | 0.001 | 0.410
5-22 0.290 | 0.110 | 0.450 | 0.032 | 0.033 | 0.110 | 0.240 | 0.030 | 0.400 | 0.004 | 0.001 | 0.450
5S-22 0.310 | 0.140 | 0.930 | 0.026 | 0.021 | 0.110 | 0.240 | 0.020 | 0.250 | 0.002 | 0.001 | 0.540
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Table 4. Material tensile test results of reinforcing bar

Yield Tensile Yield .
. . Elongation
Specimens Stress Stress ratio %)
(MPa) | (MPa) (%) ’
4-13 441.7 550.3 80.3 18.67
4-22 430.7 533.0 82.3 22.67
4-32 460.7 591.3 77.9 26.33
5-13 559.7 679.7 80.8 17.33
5-22 593.3 731.3 81.1 12.67
5S-22 594.7 751.7 79.1 15.00
Table 5. KS for reinforcing bar
Yield Tensile El i
Grade Stress Stress OI(ISO;a) ton
(MPa) (MPa) ©
Exceeds 1.15 times
SD400 400-520 the yield strength 16 or more
Exceeds 1.08 times
SD500 500-650 the yield strength 12 or more
Exceeds 1.25 times
SD500S 500-620 the yield strength 12 or more
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(b) 4-22

(d) 5-13

(e) 5-22

(f) 558-22

Fig. 1. Failure section of reinforcing bar
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Fig. 2. Test specimen welding

Table 6. Welding condition for reinforcing bar

Preheating Temperature 200 °C
Electric Current 210 A
Voltage 36V
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(a) Intermittent welding

Il 1 &

(b) Continuous welding

Fig. 3. Welding configuration of reinforcing bar

(b) 4-13 heating

(d) 4-22 heating

(k) 5S-22 room temperature

(1) 5S-22 heating

Fig. 4. Macro for welded reinforcing bar
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(a-1)4-13 4d

(b) 4-13 continuous welding

(b-1) 4-22 4d (b-2) 4-22 8d

(c-1)4-324d (c-2)4-328d

S
(d) 5-22 continuous welding

Fig. 5. Tensile test specimens of reinforcing bar
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Table 7. Welded tensile test results of reinforcing bar

Material 4d Room Temperature 4d Heating 8d Room Temperature 8d Heating
Specimens Tensile Stress Tensile Stress Tensile Stress Tensile Stress Tensile Stress

(MPa) (MPa) (MPa) (MPa) (MPa)
4-13 550.3 536.0 544.3 537.7 518.7
4-22 533.0 5323 532.0 526.0 518.7
4-32 591.3 548.0 535.0 533.3 553.3
5-13 679.7 637.0 606.3 627.7 621.3
5-22 731.3 645.3 628.7 580.3 604.3
58-22 751.7 632.3 686.7 635.7 649.0
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Fig. 7. Tensile strength - Displacement curve of welded rebar
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Table 8. Occurrence of failure in the elastic

2s¥s - 259

Specimens

4d Room Temperature

4d Heating

8d Room Temperature

8d Heating

4-13 1
4-13 2
4-13 3

No Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

422 1
422 2
4-22 3

No Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

432 1
432 2
4-32 3

No Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

5-13_1
5-13 2
5-13 3

No Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

5-22 1
522 2
5-22 3

No Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

No Occurrence
Occurrence

Occurrence

Occurrence
No Occurrence

No Occurrence

5822 1
5822 2
58-22 3

No Occurrence
Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

Occurrence
No Occurrence

No Occurrence

No Occurrence
No Occurrence

No Occurrence

Table 9. Comparison of initial stiffness

Ssedimeis Material Stiffness Welded Stiffness Decrease Rate

[KN/mm] [kN/mm] [%]

4-13 12.45 6.18 50.36

4-22 33.89 11.75 65.33

4-32 44.39 12.62 71.57

5-13 13.68 7.56 44.74

5-22 42.71 11.75 72.49

5S8-22 35.80 11.74 67.21

Decrease Rate — Material Slt\j[f;?:rsizl gt?fi;ilssesd Stiffness % 100
ESt Fig. 7°] 95l €8S AP 39 o7 HH A FHl| 15.9% TAE W, Continuous Welding-=
9§01 BAol A §lo] 2717440] Aol ws] 522 AWM Hel 20.6% FAHk. wekd 87 &
o A ol T 5 Utk WA Table 92 TP AT A4 €10 e 29l & W ot k.

HollA AP ARA S APsto] ZAj} G5 27 KDS 14 20 50914 #29 &40l AxUS
34L& Hlugt ZAztold, &HE ZAPstA HA  1.25f = St 2, Continuous Welding®] A
44.74%-72.49% Z 71734 0] A% Ao Z sHolFT}), £ 7 B E glsHy] o AAZ AT v/t 2R

Table 73} Fig. 70| oJstd of|d ] A3 of Feof
9lo] 84 T oA=L wAo] QAL R} 7FAT
= 07 FQlHCT}. Intermittent WeldingS 5S-22 A

s,
Welding ?_] +7r
o, 5-22 A2 A|d

olo] 9lstH 5-13 o A& O] Continuous

9 AAZAL 0.6%2] xFo]E Ko
9] Continuous Welding Q17 =

st = A6 AR5 A|189%) 20241 44 139



A |
Vg 2A

Ao g1lols Il

i

[

HAZRAL 7.2%9] Apo| &2 A 240 WESHA| &
2 7102 FRlHrt mekA] SD500 HToA = ARESH
< 0= Continuous Welding A4 2] A|Qte] & g 5}ct.

33 QRS gad g AARA

84 AYL A9 Aol mAlof 15 Fas

= 9ol o] Al AP A et FALS Btel

Sofof g}, Fig. 804 842 AW AR ek

XS FAT 4 9or, 4-32 AYHL Aot
840] Brbs AGoA S E A0 ekt

SAR APAFRY vk X2 Fo) AP 7

=g

2l

A

(-1) 5S-22 4d (£-2) 5822 8d

Fig. 8. Failure location of welded reinforcing bar

140 =7} 7%0}e] =57 236 A3 (B A1893) 20241 49

M2 AL gAY 4 Yt
= R
ERE R
A9 WS
obdl ghelo] o
540l vk,
A A 870 ARA AT SRAHNA wAs)
L 8% 2RO A% AP} s A9olA
ot 84 Akl WA BV} ThG F THs A
ok R AYHL Fig. 83} o] §7 A% 4
Q Ao A TR o SHlEm, AFOE 2
7 R M5 Ao] ek Az,
wehd feassAETel A e XS
HEAAS 1, SHUFOR AT T GhH B
o=z malt},
Table 80 J3h8l 5220} 5522 AR A 34}
o] WL RS AT 5 Jor, mAo ule} g
o §7 A WAsHE 27 sherel o

= Slek WebA 2 Aol H4niee)

¢

Z

4L oo |

AN fe o
é _lol[
2}

S|
olo
W -
e
i
oZ
ol
o
N, oM

o)

o o

[0, o o it

Jo X
Ir
u}
B
ofl
ot
19
of
oo
o
Hu
r'O
o
oo
)
N olﬁl
% olr
S 2

Mo o K rB Rl fE oy

oty to e K
o

oX,
-,
O.?‘t.'.
o
M
ny
S
o
o
w
=2
1o
ot
oft
ofl
S,
)

o Hir

o rlo

K-}

=
wn
w2
o
[\9]
1o
W
)
(V)
>,
)
=)
0,
=

flo n
>,

(o ok

o Goll A F/dutek FAYol
-22 AL KS 7|E0) A A9k

Zokal leH, 522 Aldd

=
S|

o
(i
i)

ol
Sk
)

=]

i~

W

2]

[\
2 5
c

fr A rlo 2 op P

auf
B
oft
ot
N
T
o
2=}

(a) Intermittent weld

w

(b) Continuous weld
(d) Continuous weld detail

(c) Intermittent weld detail

Fig. 9. Stress distribution of reinforcing bar



L o o
=

£
au)
—
&
(on
o
=
2
lo
_O‘l',
He)
k&
[\o]
i)
i
w2
)
[\S)
>
ol
H,
1o
oS M Hr B O

W A%z A% e o Ao Hls) vwA
° Aoz gl wAjo FEt obdol wat
W Aot 249] Gapo] AX W, 8 F WA o}

i

Ol

Ztaw)o 2 old) A5t 224 9] W7t o

3t 821(E, ¥7

AJsto] Bt G Go A THE RS 7540l Aot ot
A BA ] Ax Frol &3 F u|A]= d&Fol gk 7t
Aol A7t HQd Ao Holrt

34 829 A48 o1& 4G THsolR AR

S5 A A= ARl E W, B Al

ol HA AFAE Q

7] Wizl o] 7]&<] ' o

Welding9] A8 7Hs4d= 4
& QoA AR o] S 2T W, SD400

9] 3% D13-D327HA]+= ©]& A] Continuous Welding

02 g3o] 72 Aol=t 7HE . |, SD5009] 4%

KDS A7 7|&A 875ts =S USR] X
s Aoz Slsle, FMvidto] WS A2 19
S}t o} Continuous WeldingS AF8-5ko] 874 0]2-S A5y
oF7] & o2& o= Helrh B3 X8 Ho A+
OBt E AT o)A Fho] ofgeon ZbHel
A7E F9) ST WAt 9L Aolet e,
Table 10. Hardness value of surface hardened part
Specimens Vickers Hardness(10 Hv)

4-13 173.0

4-22 223.0

4-32 257.5

5-13 214.0

5-22 300.0

5S-22 301.0
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Fig. 10. Surface hardness measurement location
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7] Z.(Notation)

d,  :Nominal Diameter

f,  :Yield Strength of Reinforcing Bar
A : Factor for Lightweight Concrete
f.r  : Compressive Strength of Concrete
C : Carbon

M,  :Manganese

C,  :Chromium

V' :Vanadium

M, : Molybdenum

C, :Copper

N;  :Nickel
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