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Abstract — The current Korea standard provides welding splice details for weldable reinforcing bars. However, such bars are no
longer in production. Nevertheless, certain construction methods necessitate the welding of reinforcing bars, making it
necessary to weld general-purpose and seismic-grade reinforcing bars as well. The issue with existing welding splice details is
that they involve multiple start and end points, which can introduce uncertainties. In particular, applying these details to
general-purpose and seismic-grade reinforcing bars, where welding performance is already uncertain, raises concerns about
potential deterioration in weld quality. Therefore, this study aims to propose a new welding splice detail that not only addresses
these issues but also enhances construction site workability. In this study, tensile tests were conducted on reinforcing bars
welded using two different welding methods double-sided intermittent welding and 10d continuous welding. The results
showed that double-sided intermittent welding exhibited unstable strength in some specimens, whereas 10d continuous welding
demonstrated stable performance comparable to that of the existing Korea standard details. Consequently, 10d continuous
welding was selected as the proposed welding splice detail. Additional tensile tests were conducted under various conditions,
and the results confirmed that, except for SD600S reinforcing bars, all specimens met the failure strength requirement (125 % of
the specified yield stress) specified by the design standards. Based on these findings, the proposed welding splice detail is
expected to enable more reliable welding of general-purpose and seismic-grade reinforcing bars.

Keywords — Welded joint, Double-sided intermittent welding, 10d Continuous welding, General-purpose reinforcing bar,

Seismic-grade reinforcing bar
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(a) Intermittent welding
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(b) 8d Continuous welding

Fig. 1. Welding configuration of reinforcing bar
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(a) Intermittent (b) Double-sided intermittent

Fig. 2. Welded reinforcing bar cross-sectional detail
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Table 1. Specimen combinations by grade and diameter

Grade Diameter Specimens
D13 4-13
SD400
D22 4-22
D13 5-13
SD500
D22 5-22
SD500S D22 5S-22

Table 2. Material properties of test reinforcing bars

Yield | Tensile | Yield | Tensile/ Elon
Specimens|  stress stress ratio Yield gation
(MPa) | (MPa) | (%) ) (%)
4-13 481.7 626.7 76.9 1.30 18.3
4-22 438.7 536.0 81.8 1.22 22.7
5-13 543.0 687.0 79.0 1.27 16.7
5-22 560.0 700.7 79.9 1.25 14.0
5S-22 545.7 719.3 75.9 1.32 16.3
Table 3. KS D 3504 tensile property requirements
Grade Yield stress Tensile stress Elongation
(MPa) (MPa) (%)
SD400 | 400-520 |CXeeeds LiStimes| oo o
the yield stress
SD500 | 500-650 |CXceeds LOBtmes| ) ke
the yield stress
SD600 | 600-780 |CXceeds LOBtmes| g ke
the yield stress
SD400S | 400-s20 |EXeeedsL.aStimes |yl
the yield stress
SD500S | 500620 |EXeeedslastimesi oy,
the yield stress
SD600S | 600 720 |EXeeedslastimes
the yield stress

(a) 5-13 (b) 5-22

Fig. 3. Failure surface after base-metal tensile test
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Fig. 4. Field GMAW procedure for reinforcing bar

Table 4. Welding condition for reinforcing bar

Welding process GMAW
Preheating temperature Room temperature
Electric current 200 A
Voltage 30V

Table 5. Tensile test results of double-sided intermittent

ojof wtzt & A=

Specimens Ten(sli}ﬁ) :t)ress Tensile str(e;s /125ty
4-13 598.0 1.20
4-22 535.7 1.07
5-13 680.0 1.09
5-22 617.0 0.99
5S-22 665.7 1.07
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Table 6. Intermittent vs double-sided intermittent

Table 7. Tensile test results of 10d continuous welding

oo Tensile stress Tensile stress / 1.25 fy
(MPa) )
4-13 611.7 1.22
4-22 544.3 1.09
5-13 650.7 1.04
5-22 661.0 1.06
58-22 636.7 1.02

Welded stress / Material tensile stress
Specimens Intermittent Double-sided
welding intermittent welding
4-13 0.974 0.954
4-22 0.999 0.999
5-13 0.937 0.990
5-22 0.882 0.881
5S-22 0.841 0.925
[
[— ;
1 | 10d |

Fig. 5. 10d continuous welding geometry and dimensions
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Table 8. Intermittent vs 10d continuous

Welded stress / Material stress

Specimens Intermittent 10d Continuous
welding welding
4-13 0.974 0.976
4-22 0.999 1.016
5-13 0.937 0.947
5-22 0.882 0.943
5S8-22 0.841 0.885
1,05
i
£ 100 .
g v
‘E 0.95
= [ ]
é 0.90
- o
s
g 0.8 ® Intermittent welding [ ]
Double—sided intermitternt welding
»10d Continuous welding
0.80
4-13 4-22 5-13 5-22 55-22

Specimens

Fig. 6. Welded-to-base tensile strength ratio by reinforcing
bar grade and splice detail
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Table 9. Chemical composition and carbon equivalents of reinforcing bar (Unit : %)
Specimens C Si Mn P S Ni Cr Mo Cu A% B Ceq Pcm |

4-10 0.25 0.14 0.53 | 0.021 | 0.018 | 0.09 0.11 0.02 0.21 0.002 | 0.0003 | 0.38 0.30
4-13 024 | 0.17 | 053 | 0.036 | 0.031 | 0.14 | 0.24 | 0.03 0.38 | 0.006 |0.0004 | 0.42 | 0.31
4-19 020 | 0.15 | 0.49 | 0.022 | 0.036 | 0.15 0.25 | 0.05 0.23 | 0.006 |0.0005| 0.37 | 0.26
4-22 0.19 | 0.13 0.46 | 0.022 | 0.033 | 0.12 | 0.19 | 0.03 0.36 | 0.002 | 0.0005| 034 | 025
5-10 026 | 0.14 | 051 | 0.022 | 0.029 | 0.08 | 0.14 | 0.01 0.27 | 0.020 | 0.0004 | 0.40 | 0.32
5-13 028 | 0.15 0.49 | 0.014 | 0.020 | 0.09 | 0.07 | 0.02 | 0.17 | 0.001 [0.0002| 0.40 | 0.33
5-22 028 | 0.11 0.46 | 0.031 | 0.033 | 0.11 024 | 0.03 0.40 | 0.005 |0.0004 | 0.45 0.35
6-19 0.33 0.15 0.50 | 0.020 | 0.034 | 0.18 0.12 0.09 0.20 | 0.022 | 0.0005 | 0.49 0.39
4S-10 028 | 0.23 0.99 | 0.024 | 0.010 | 0.09 | 0.12 | 0.02 | 0.29 | 0.003 | 0.0004 | 0.50 | 0.30
5S-10 0.31 0.18 1.27 | 0.024 | 0.026 | 0.09 0.12 0.02 0.26 | 0.002 | 0.0006 | 0.57 0.40
5S-13 032 | 0.19 1.22 | 0.021 | 0.025 | 0.09 | 0.17 | 0.05 | 0.23 | 0.003 | 0.0005| 0.59 | 0.4l
5S-22 0.30 0.14 0.95 | 0.026 | 0.024 | 0.11 0.24 0.02 0.25 | 0.002 | 0.0005| 0.53 0.38
6S-19 034 | 023 1.39 | 0.021 | 0.029 | 0.12 | 0.14 | 0.04 | 0.30 | 0.047 | 0.0009 | 0.65 0.45

A5 oM A gl ¥ A2z SElHY, o] Table 10. Ks limits for Ceq of reinforcing bar

+ AFAE T FRAIF O v ARt uet 284 Type Standard value (%)

ol 371 % AGol G A= WerHch B @ SD400 :

% 889 A% AgAol Askel] e o ejet He SD500 :

AR 2ok S 7 AP AP BRo SDowY =001

T 9 10d 94 8 A7 BgolA Qutg o s S

28 L0 & AMgst7] o Aestrtal waE o SD600S <0.67

T (Carbon equivalent,
Ceq)Z &RISFALAL KS D 16529] Auba W2 A& 1
& 2 2] o SR ABS WA
A8 A= Table 99 F2]5191 2.1, KS D 350401 A

AAE S 7] 2L Table 103} 2}

shatg R Mgl ot BE APH TagTol
SHILAA LPHE 2AL YEIE HOE Kol
o, Qukg W] Hls) Y8 WY gade] ¥
o o= FAd o)k Yu g A2 49 U 3}
R 24S F7HA JES gustgrle] Lut

Table 11. Material tensile properties of the extended specimen set

Yield Tensile Yield .
. . Elongation
Specimens stress stress ratio (%)

(MPa) (MPa) (%)
4-10 480.7 604.0 79.6 21.0
4-13 481.7 626.7 76.9 18.3
4-19 492.0 578.7 85.0 20.0
4-22 438.7 536.0 81.8 22.7
5-10 592.7 702.0 84.4 16.7
5-13 543.0 687.0 79.0 16.7
5-22 560.0 700.7 79.9 14.0
6-19 667.3 796.3 83.8 12.7
4S-10 477.0 633.7 75.3 21.3
5S-10 460.7 751.3 61.3 16.7
5S-13 528.7 764.0 69.2 18.7
5S-22 545.7 719.3 75.9 16.3
6S-19 634.0 827.7 76.6 12.7
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Fig. 7. Macro-etched sections of reinforcing bar splices
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Table 12. Tensile test results for 10d continuous welding
(extended specimen set)

Tensile | Welding stress / | Welding stress /
Specimens | stress Material stress 1.25 ty
(MPa) © ©
4-10 583.7 0.97 1.17
4-13 611.7 0.98 1.22
4-19 576.3 1.00 1.15
4-22 544.3 1.02 1.09
5-10 665.0 0.95 1.06
5-13 650.7 0.95 1.04
5-22 661.0 0.94 1.06
6-19 748.7 0.94 1.00
4S-10 624.0 0.98 1.25
5S-10 747.3 0.99 1.06
5S-13 648.7 0.85 1.04
5S-22 636.7 0.89 1.06
6S-19 481.0 0.58 0.64
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Fig. 8. Failure location after tensile tests of 10d continuous splices
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Fig. 9. Load-displacement response of 10d continuous splices
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7] ¥ (Notation)

d  :Barsize

d, : Nominal Diameter

fy :Yield Strength of Reinforcing Bar
A : Factor for Lightweight Concrete
fe : Compressive Strength of Concrete
C :Carbon

Si  :Silicon

Mn : Manganese

P : Phosphorus

S :Sulfur

Ni : Nickel

Cr : Chromium

Mo : Molybdenum

Cu : Copper
V  :Vanadium
B :Boron

£ F: FYKS7|EoNME SHlolE BAIE 848 IS YR AASHAL 3l o, 848 A2 AA) AT A oL AT
ay R FRME 29 &4ol 275l 2ol duh R Wi§ d2oM e §4o] B a5 "rt. 2Al= 71E &40l
A AT A E 5 Ao v EASH 284S o718 o Atk Aol 531, 84 sl titt =g Adel EAske ¢
HHE 9 RG22l o2 YA E A 8ohd, &4 sl AshE 27t At mEbA 71E A 9 EA1H S EYetHA = A%
ASE NS & e M2 8 0IS JAIE Aatia gt & dFoMe i E45-843) 10d 945842 A8t AL o
Fo = A Akt Ald A, T BEEH2 AR AIAA M 2 S HolA|H, 10d A%-852 7€ KS A
SHH| W= FY A 52 TE = AR SlH o] wef 10d 484 S M= SAol& M = At F712 oz o
Gt Mol A A S A 20, SD600S H2 A|9J et He AlFA A AA7]E0] &7-5h= T 7F=(1.25 fy) S =3}
© A0 I wEhA £ oA ARt &0l A E 485k, AuhE H YR8 oM Hop A F 4 w2 840l
7T A2 7E.
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