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Splice Performance Evaluation of Fastening Coupler According to the Slope

Length of Internal Fasteners

Hyun-Suk Jung', Chang-Sik Choi”*

Abstract: In this study, in order to improve the splice performance of mechanical couplers, two new mechanical couplers with different connection

modes were developed with rebar(SD400). The stress analysis of mechanical couplers with two different connection modes was carried out. Uniaxial

tensile tests were carried out with type of steel, connection mode and the slope length of internal fastener as variables to analyze the influence on the

maximum tensile strength. Building upon this previous work, the specimens that met the code in uniaxial tensile test were fabricated and static loading

test and cyclic loading test were performed on the basis of Korean code(KS D 0249). The results of this research are as follows; (1) The tensile strength
of steel and the slope length of internal fasteners have a certain influence on the maximum tensile strength. (2) The connection mode has some influence
on the stiffness, slip and stiffness reduction rate of the connecting rebars. The results verify the feasibility of the proposed enhanced mechanical coupler

in the field.

Keywords: Coupler, Mechanical splicing, Internal fasteners, Slope length, Splice performance evaluation

.M E

&

A Y E A FANM= A2 ool we A% 5l
S| 9 2 18] B ol &2 S0k 5e], F2 AHgshE 2
o1& WAl Ao, FHOIST 710l 2ol gk A
e Ao Welshy] whe] Ye] AHghs ol At
Aze) AL AW FHE ol R FAR A2 Yo| F4
3 Z7keol me} 2aelE epdo] ojein] Aol
| ZA A3l AE2] 7|&d ) An] 9 718 5ol o) H
f3te] Aol A &-83817]7F of k. o]l Wisl 7]A1% o] &
< AFolEH gAlole] BAS netehr] fiste] A= A
Al H ol FH o2 1970 At FA7EA] @Al thek
ShA| A-8F I Ak Ly 7)Ao -2 ARSIt o] &
gAlol et o5 45| Aol 7F A s EAIA o k. wh
A B AFolME 71 olsa ol tiit A& Bekst
7] f18ll =2 71A14 ol A& AgstaL, ol s AIE

e
r

¢

=] o]

ot

S
O
o

'A3)¢, rFrista skl A EF e WAl R

3|9, Sista AEFEE wS

*Corresponding author: ccs5530@hanyang.ac.kr

Department of Architectural Engineering, Hanyang University, Seoul, 04763,

Korea

B =l tig B0 52022 92 309 7HA] 818 2 RUjFAIHE 2022
108350 B82S ARSI

Tz k3001 Fo] AR o
2ol go FREH (T

FEZAL 1997). UAto] 22 H & WAk 32o] o] 5 2o
EE:] 719 Z3ehs o= @AM AlgAdol AN ©]

FHE A E 5 7197 918 375 ARg3liof sk |
7ﬁf°l ATH (Bae, 2015). WAoo & A& 2= AT
(D29 o)’ AHE- Al o] &7} A9 H I T Tl g
AMRS 71887 ool B A= %
< 73-9- (D16 °©]3}) o9 HZe| Hof 1A
= Atk (Kwon et al, 2011). F714] o] &2 21g] o] S A2

Aol wpe}t 9=, A Tte] 31 FRA B AlE
’do] Holxitk= @3 o] UTh (Lee, 2018). =3 A
A7) A mjeldoe)e) oJ3ke | =] 7] wj &l &
ol'd = Itk (Kim, 2002).

HiE 2 Aol A ARbE Ad2] A e e 7ed 2
frbglom Eo8 2HS & Q= Aol vk T3 WA
2P A E H2] AEE GRISH |17 oA HARE A A A A
Zeie wAlA AAIF o] 7] wZoll Ao AAGHE
A FRJIT = Aok 122 SR A vl SHAE
AHE-EFA] gFotA] B el 71Hs 8ttt

B2 AFoAE A2 HEZ 71A2 oo

PR & AjFstaL

Copyright © 2022 by The Korea Institute for Structural Maintenance and Inspection. 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.

11



olgA4% NPL Eal 1 ATE T 712 Hlaske) &
AN A AN A Ze) o) A5t ALl thal AZs A
Ak,

2. HES 0|&¥'T Bt AH

21 2 7|AA o2 =Uie| 7IE

KDS 14 20 52014 17+ o] & d o] 7]1A|12] o] 2 A A3
o] A= FEEL] 1.254] oo A=E

o

AR 1135
& 5 JEF FASIL ATk ACI 318-1400 4= 2 71412
o] &2 A E=E AA7E FEZES 1.259) ol e B=
E 038 5 JEE S, CSA-A233-04014 E 77
2] o] 59 JIFAEE A AAVIEFEA =] 1.2000 1%
AEE AT U Tl 71AY oleE d2e AR
55 A &= 1L10H] o) RSt 780l Sl

webA -9 7122 vlmsi AZele] ol &l
A2 M7 E GEEe] 1254 ol FLshA FAEE 2
2 STk T 9] 71412 o] 0] A7) % WIS Table |
o eI

22 FZzio| QA gl 23|

3 AToIA AQkshs AT ARGl ek B2

(Tight-lock Coupler)¥} 924 (Press-on Coupler) &2 W11
Nom, A& o] AL =4, U4t ST EE AT
AA2 7122 AA= Fig. 13 Fig. 201 VeRATH =
7Aede AT =Y E WA AZstar 54 FelA T+
ol So17kA A8 HAAIES Fall d 2ol F2ho] H=A
s o 2 3013 4= 9lom L HE gt A A sl &
Y HE X2 1A 2 o]t Yoojin, 2020).
r:g_x]—/\l AZe= A2 4% A 2U4, <88 17
xq],] wﬂi xﬂﬁs}ﬂ s ol AFsdstd wAle

= 4:#«] 71*3«] ol Yl et ZUHE AR

W25 G251 2 E Ed) "ol ML F= o]
t}. olo] e} AZo] ko & Q1gslFol Agstd AE
o] 247Nk & ol AS I A= TS etk &
YEE 294 E st 2yt o SHIEES WA
A2 4 9t A= O]%i:ﬂ]_l‘:__‘ =z9)2]9} &|He HE
AHo] 74 & Y& vltha Aoy ulite) 2 B
5= Fig. 33} Fig. 40l YERH.
23 ZM M=AlA

2 AFSKS D 3504 (A2E2AYEL 37 7140 =

A3 A 20| D19 1143 H(SD 400)& AF&-3kiTh ASE

Tapered
fasteners
T Sleave -
EBody ..’/:T
“Sight .
window N isItDm;s Sight
e, Body window;
Sleeve
Fig. 1 Detail of Press-on coupler Fig. 2 Detail of Tight-lock coupler
Table 1 Code provisions of mechanical splicing
Code Scope Content
8.6.1(3) . . o . ..
KCI . . . - Mechanical spliced greater than 125% of specified minimum
Mechanical and welded splices shall be in accordance .

2017 . . . . yield strength f,

with the following provisions Y
ACI 25.5.7

318-14 Mechanical and welded splices of deformed bars in - Atleast 1.25 f, of the bar.
tension or compression
CSA 12.15 - At least 120% of the specified yield strength £, of the bar but
A233-04 Splices of deformed bars and deformed wire in tension not less than 110% of the actual yield strength of the bar
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(a) Press-on coupler (b) Tight-lock coupler

Fig. 5 Detail of Tapered fasteners

Table 2 Material test results

Specimens Yield strength Tensile strength
(MPa) (MPa)
Rebar (SD400) 482.4 607.3
SM 45C 450 688.6
SCM 440 661.3 908.9

—
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Fig. 4 Force distribution of Tight-lock coupler
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Table 3 Specimens list

. method Tapered fasteners
Specimens Materials of
P of coupler 0 d 1
contract ©) (mm) (mm)
P-SM-L11 11
P-SM-L19-1
SM 45C  Press-on 19
P-SM-L19-2
P-SM-L23 23
P-SCM-L19 19
P-SCM-L23-1
SCM 440  Press-on
P-SCM-L23-2 23
P-SCM-L23-3
17.5 4
T-SM-L11 11
T-SM-L19-1 :
sM4sc  Leht 19
T-SM-L19-2 -lock
T-SM-L23 23
T-SCM-L19 19
T-SCM-L23-1 .
scMma440  Light
T-SCM-L23-2 -lock 23
T-SCM-L23-3
*Note :
P-SM-L19-1

I— Specimen ID: 1,2 ,3

Slope length: 11mm, 19mm, 23mm
Materials: SM(SM 45C), SCM(SCM 440)

Method: P( Press-on), T(Tight-lock)
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Table 4 Splice performance evaluation

Tensile strength (f,) (MPa) f, = 1.25f,
Slip (Z,;,,) (mm) L, =e¢xL<03
Stiffness (£) (MPa) Eyg,, = 09E 1,

. . 0 By — E,

Reduction rate of stiffness (%) — X 100%

1

f, = Yield strength of rebar

L = Length of the specimen

e = Rebar strains

Oy

0.95 o,

0.02 o,

Load control " Displacement control

(a) Static loading test
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(a) Press-on Coupler (b) Tight-lock Coupler

Fig. 7 Location of strain gauge
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0.057, LEnd

(b) Cyclic loading test

Fig. 6 Loading protocol
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Fig. 8 Stress-strain curve of tensile test

Table 5 Tensile test results

£ fi/1.25f,

Fail d
(MPa) (=1, OK) ature mode

Specimens

P-SM-L11 ~ 270.6 054 - Slip failure
P-SM-L19-1 3205 0.64 - Slip failure
P-SM-L19-2 3775 0.76 - Slip failure

P-SM-L23 4882 098 - Fracture of sleeve
P-SCM-L19 550.6 1.10 OK Fracture of tapered fasteners
P-SCM-L23-1 580.0 1.16 OK
P-SCM-L23-2 6039 121 OK
P-SCM-L23-3 601.7 120 OK
T-SM-L11 ~ 300.0 0.60 -
T-SM-L19-1 3451 0.69 -
T-SM-L19-2 2784 0.57 -
T-SM-L23 2448 049 - Fracture of sleeve
T-SCM-L19 600.5 1.20 OK Fracture of tapered fasteners
T-SCM-L23-1 579.7 1.16 OK
T-SCM-L23-2 6136 123 OK
T-SCM-L23-3 6156 123 OK

Fracture of rebar

Fracture of rebar

Fracture of rebar
Slip failure
Slip failure

Fracture of sleeve

Fracture of rebar
Fracture of rebar

Fracture of rebar

fi = Tensile strength of rebar
f, = Yield strength of rebar

L23-1 Al&@A)7F A2 A7 FZEA T 125% ahS =3
3% A gjeke] oaf Aol FREUTE I Al AlFA <]
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32 AlEA| mhe|ret
[e)
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(a) Press-on Coupler ('b) Tight-lock Coupler

Fig. 10 Fracture of sleeve

Fracture o

(a) Press-on Coupler (b) Tight-lock Coupler

Fig. 11 Fracture of tapered fasteners

Fracture 1
of Rebar I

(a) Press-on Coupler (b) Tight-lock Coupler

Fig. 12 Fracture of rebar
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Table 6 Specimens list
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Table 7 Static loading test results

Specimens T-SCM-L23-SI P-SCM-L23-SI
Specimens Rebar Experimental Methods Tensile strength (MPa) 597.2 576.6
T-SCM-1.23-SI Stiffness(0.7,) (MPa) 151,741 180,086
Static loading . )
P-SCM-L23-SI D19 Stiffness(0.9/,) (MPa) 176,335 204,357
T-SCM-L23-CI (SD 400) ) ) Slip (mm) 0.08 0.02
Cyclic loading )
P-SCM-L23-CI Failure mode Fracture of rebar ~ Fracture of rebar
600
500 — -
500 m]/: 1, (KC) ?.figﬂtiigf
” , /—’/J_:J
—. 400 Stress =“}r Stress = 0.90,,
& = 300 —
= 00 i =
3 | ' 5 2oy | S =0.02mm
® 00 % ! @ I
1
! 100 —
100 _t : P-SCM-L23-8I Slip = 0.08mm
' T-SCM-L23-S|
o | | ! ’ !
0 0.02 0.04 0.06 0.08 0.1 4] 0.001 0.002 0.003

Strain [mm/mm]

(a) Stress-strain curve of static loading test

Strain [mm/mm]

(b) Slip of static loading test

Fig. 13 Stress-strain curve of static loading test

16 SH2IPESFICLSX|H2|25tE =27 ® 267 M 45 (2022. 8)



71 o] 12 E FalA ol fEFE<] 0.002E ERS:
= e A e e J%Q A A Bl AlolA 9 3k
%30 0.07mm, 0.17mm 2] Z3}-5 &15H3 2.1, KS D 024991
TAE 0.3mmE THE3H= 218 SIS

AEA 3057] 9HE 71 o] A WiskE-S Fig. 1590 W
ERATE B AlRA Y] W sE0] 3% o[ E YER L A
71 A9l G T} 90% o) dol B2 §HA 7] Yol E3E
Atk webA, AlRA Q] A= 7} 7]l TSt o] 34
58 S Ao g k) 138 ke g A g Ay
= Table 83} Z+o] YES T

Table 8 Cyclic loading test results

Specimens T-SCM-L23-CI P-SCM-L23-CI
Stiffness (E) (MPa) 188,519 188,076
Stiffhess (£;,) (MPa) 184,615 185,164

Reduction rate of stiffness
Ey— F
( (mE 1><100%) (%) 2.1 1.5
1
Residual deformation (mm) 0.17 0.07
400
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0.07mm
100 —
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o |
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Fig. 14 Stress-strain curve of cyclic loading test
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Fig. 16 Stress-strain curve of static loading test
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Fig. 15 Reduction rate of stiffness under cyclic loading test
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Fig. 17 Stress-strain curve of cyclic loading test
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