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Article Info Abstract
The problem of overcrowding at the junction of the rebars is very significant, particularly for
Article history: seismic details. Due to bar length limits, splicing of reinforcing bars is unavoidable in

reinforced concrete (RC) structures and may alter the overall behavior of structures under static
and dynamic stresses. Mechanical couplers can thus offer an appealing solution that eliminates
Revised: 2 March 2024 the disadvantages of traditional reinforcement splicing. In the mechanical splice method,

) . couplers are rigid components that are used to join reinforcement bars together. According to
Accepted:20 April 2024 existing research, the failure mechanism of a thread splice under tensile and cyclic loads has
not been sufficiently investigated. In addition, the use of the thread splice needs further
investigation in the plastic hinge areas of ductile members in seismic areas. In this study, two
types of patches are introduced by modifying the method of making a threaded splice and
combining it with rotary friction welding. The goal is to modify the coupler's failure area with
Mechanical threaded splice, a threaded bar and use it in the plastic hinge areas of ductile members in seismic areas. The
cold rolling, splice area in the suggested method is large. Two techniques are used to increase the splice
rotating friction welding, area: cold rolling and rotating friction welding. In total, 96 samples were tested (three repeated
plastic hinges. samples of each type). Threaded couplers (TC), oversized-threaded couplers (OTC), rotary
friction welding splices with threaded couplers (RFWTC), and non-spliced (NS) reference
specimens were tested with and without concrete in uniaxial tensile and cyclic
tests. Evaluations were conducted on the sensitivity to bar diameter, bar strength, ductility,
energy absorption, and failure mode performance. The RFWTC and OTC exhibited superior
performance in terms of strength, ductility, energy absorption, and failure mode, making them
appropriate for use in high seismic zones. The TC is also suitable for use in zones with low to
medium seismic activity. Furthermore, the anticipated model is enough for estimating the
threaded couplers' ultimate tensile strength.
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Sample Specimen ID Test protocol specimen Test protocol
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threaded A-OTC-16C1 Cyclic C, C-OTC-16C, Cyclic C,
coupler (OTC) A-OTC-20M Monotonic C-OTC-20M Monotonic
A-OTC-20C, Cyclic C; C-OTC-20C, Cyclic C;
Welding splices A-RFWTC-16M Monotonic C-RFWTC-16M Monotonic
with threaded A-RFWTC-16C, Cyclic C, C-RFWTC-16C; Cyclic C;
couplers A-RFWTC-20M Monotonic C-RFWTC-20M Monotonic
(RFWTC) A-RFWTC-20C, Cyclic C, C-RFWTC-20C, Cyclic C;
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Specimen Fy Fu fy fu gy €u Me r Ru Ry
Average (kN) (kN) (MPa) (MPa) (mm/mm) (mm/mm) (susp/  (8u/ (%) (%)
€ub) &)
A-NS-16M 104+1.72 126+2.12 520+ 636+ 0.0040+ 0.122+ 1 30.40 - -
8.52 9.92 0.000172 0.004°
A-TC-16M 103+2.52 122+4.92 530+ 622+ 0.0040+ 0.098+ 080 2450 11960 101.53
4.12 252 0.000172 0.0032
A-OTC-16M 107+1.7% 12741.22 519+ 644+ 0.0039+ 0.111% 091 28.46 125.57 99.81
8.67 6.6 0.000172 0.003?
A-RFWTC-16M 110+£3.3P 128+3.68* 523+ 653+ 0.0044+ 0.124+ 1.01 28.20 125.57 100.58
102 182 0.00018? 0.005?
A-NS-16C1 1044+0.54  123+0.5% 5244+ 628+ 0.0044+ 0.132+ 1 30.00 - -
8.54 1.3d 0.00005% 0.0024¢
A-TC-16C1 102+3.14 121+0.80° 516+ 618+ 0.0038+ 0.090+ 068 2368 11794 9847
6.44 3.8° 0.00020¢ 0.003¢
A-OTC-16Cy 109+2.5f2 129+3.64 511+ 658+ 0.0039+ 0.097+ 074 2500 12345 97.52
6.74 18.34 0.00014 0.0044
A-RFWTC-16C:1  11243.7¢ 129+3.64 524+ 656+ 0.0044=+ 0.130+ 099 2960 12520  100.00
114 17.84 0.00018¢ 0.006¢
A-NS-20M 162+4 .50 195+2.1hi 533+ 691+ 0.0044+ 0.124+ 1 28.20 - -
16" 1.20 0.00045" 0.002"
A-TC-20M 163+2.1h 189+2.4h 522+ 660+ 0.0040+ 0.091+ 073 2270  123.80 97.94
4.5h 8.3! 0.00005M 0.002!
A-OTC-20M 166+2.9h 195+3.1M 530+ 683+ 0.0038+ 0.097+ 1.01 2552 128.14 99.50
9.3h 11t 0.00008! 0.002!
A-RFWTC-20M 169+2.1h 199+2.9 534+ 697+ 0.0044+ 0.124+ 1 28.20 130.76 100.20
12" 4.4h 0.00008" 0.005"
A-NS-20Cq 161+1.2 196+0.8 514+ 686+ 0.0046+ 0.128+ 1 27.80 - -
5.4 2,941 0.00016! 0.003!
A-TC-20Cq 160+2. 11 187+2.1% 510+ 641+ 0.0040+ 0.090+ 0.70 25 124.50 99.22
7.1 3.6% 0.0002% 0.003%
A-OTC-20Cy 169+2.5% 196+1.31 534+ 686+ 0.0039+ 0.097+ 1.00 2501 13346 103.90
7.2k 4.5i 0.0001% 0.004%
A-RFWTC-20C1  168+2.6% 198+1.71 540+ 693+ 0.0045+ 0.126+ 099 2800 13482  105.05
7.0% 6.0! 0.00026* 0.002i
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Specimen Fy Fu fy fu &y €u Ne n Ru Ry
Average (kN) (kN) (MPa) (MPa) (mm/mm (mm/mm) (Eusp/ (eu/ &) (%) (%)
) Sub)
C-NS-16M 104+1.  125£2.1  520+8. 637+ 0.0040+ 0.110+ 1 27.50 - -
78b 2 82 102 0.000172 0.003
C-TC-16M 103£2. 122433 520+ 619+ 0.0041+ 0.083+ 0.75 2025  119.0
5P 2 4.12 250 0.00012? 0.003" 3 100.00
C-0OTC-16M 106£0. 124£1.6 518+ 645+ 0.0044+ 0.097+ 0.38 22.00 124.03 100
8 2 1.32 1.32 0.00001° 0.004¢
C-RFWTC-16M  107+0. 126£1.0 523+ 650+ 0.0045+ 0.112+ 1.02 24.90 125.00 100.58
82 2 4.6* 1.32 0.00012° 0.002¢
C-NS-16C: 105£0.  125+£0.8 538+ 630+ 0.0045+ 0.098+ 1 21.80 - -
5¢ ° 3.3¢ 4.1¢ 0.00008¢ 0.002¢
C-TC-16C2 104+1.  120+£0.8 517+ 619+ 0.0039+ 0.091+ 092 23.30 115.06 96.09
4¢ f 6.4f 0.5° 0.00021F 0.003f
C-0OTC-16C2 108+0. 129+2.1 514+ 659+ 0.0040+ 0.090+ 0.92 22.50 12250 95.54
5t g 6.7 17.0F 0.00005f 0.002f
C-RFWTC-16C;  112+0. 129+14 522+ 673+ 0.0042+ 0.102+ 1.04 24.30 125.09 97.02
5¢ g 1.4¢ 1.0f 0.00012f 0.002¢
C-NS-20M 162+4.  198+0.8 539+ 693+ 0.0043+ 0.109+ 1 25.35 - -
sh h 17" 3.7t 0.00029" 0.004"
C-TC-20M 163+2.  187+2.1 523+ 662+ 0.0044=+ 0.083+ 0.76 18.90 122.82 97.03
1h i 5.0 7.81 0.00012" 0.003!
C-0TC-20M 165+1. 19514 528+ 693+ 0.0040+ 0.086+ 1.01 21.50 128.57 98.00
2hi h 2.9h 2.9h 0.00024" 0.004!
C-RFWTC-20M  169+0. 1994+2.6 539+ 693+ 0.0044+ 0.111+ 1.02 25.80 128.60 100
8 h 8.2" 3.7t 0.00021" 0.003"
C-NS-20C; 164+1. 198+0.8 521+ 688+ 0.0048+ 0.110+ 1 2.300 - -
4ik i 3.3 1.9 0.00013 0.002
C-TC-20C: 161+1.  184+1.4 516+ 649+ 0.0039+ 0.081+ 0.73 20.75 124.00 99.04
9i k 0.9 1.0 0.00013' 0.002k
C-0TC-20C2 168+£0. 197+0.5 530+ 685+ 0.0039+ 0.088+ 1.00 22.60 131.48 101.73
5K i 0.5% 1.6/ 0.00033' 0.002!
A-RFWTC-20C1  168+£2.  199+1.7 539+ 693+ 0.0044+ 0.111+ 1.01 2520 133.01 103.46
7! i 6.9! 6.1! 0.00027" 0.001™
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