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ABSTRACT An experimental study was conducted to investigate the compressive performance of reinforced concrete (RC) columns

confined by transverse reinforcement with 90-degree hooks tied with a steel clip-type binding implement. The steel clip-type binding
implement was proposed to replace lateral reinforcement with 135-degree standard hooks required by KDS 14 20 50 in RC columns.
Ten full-scale square RC columns with different strengths of concrete, different details of hooks in lateral bars and different diameters

of lateral bar were tested under uniaxial compressive loading. The RC column specimens were confined by standard hoops with
135-degree hooks at both ends and 135-degree, 90-degree hooks at each end or 135-degree hooks, 90-degree-hooks with steel clip-type
binding implements at each end. The effectiveness of the proposed steel clip-type binding implement was evaluated by comparing
the compressive behaviors of each RC column. Results indicated that the 90-degree-hooked lateral bars tied with the steel clip-type
binding implement proposed in this study could be used effectively as an alternative to transverse reinforcement with 135-degree

standard hooks in rectangular RC columns.
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Fig. 1 135° standard hooks in RC column hoops

469

by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Sof Az 3900 Zarg] BE-S Y 135° R4 a2
A

= 135°, 02 & E290° 2oLy AE 2 7] F ol A A8k A
-7 HIRSHA skl vk 90° ZarE] & 2 v H 2L
135° =2 a1e] A& 2 A 2ol v gte] 7)) Ak
e g X =Ro] gypdo]x] B A 07 B yE I Qr
(Hakuto 2000). wh=hA], o] 0] k=2 are] At 135°
el 9 o4 6d) 9 U E A Zor] A S
7]]}\%2‘%/\0]‘:‘ EHO]—o] o:’LQ O]E]. 0]31‘5]—0]-,9,—% ﬂ.’j_
7HA) EF A A A AL Sletel ASFE
7}(Eom etal. 2013), 3-2] & ™ A (Choi et al. 2018), 90° 2L
2] & 2t o]F W (Castro and Imai 2004), U2} & H| ]
Zr312] &3 (Lukkunaprasit and Sittipunt 2003) 5-°] A t=
o, Gy 75 olA B 2 V-Eto] o} v-EF
(Hwang et al. 2019)7} A Q=] 7] &= Sk T

Tk, 5 AEE A oS 1 AT, Ale A
2 QA B 7E T ol whE vheFgt o] = A A A Al A
A 852 sl 9= Aot}

H L ARz - A =] golstal Aol A GAl A A7}

7hsst A S99 AdZAE NS th(Park and Kim
2020). 70 A Y A2GA 2 AL 90° A E

|

Zh= md ol wj g QI o] oeke] A s F 7 3
135° 2=4AIE 2he daug ot ded Jdos Srdt

710 7 7 7}%] %) ChPark and Yun 2020).

o] Aol Ak AFA R AL 90° Ay
ZlemEHTo R A5E FASFYS N Ve 45
S 1350 R Y FAE A W ET R E5E T
o) & vl B rhete] AHE A EHE A27EA ¢
slalzf g
o] Od:r“ﬂ Mo TAEES e 715l 900 dareel

& i R B R
StATE éi"O]QOﬂ 7155 2] <ol 7]
R Z(cross-tie)= WA $F A5 7] 9] 7]F &

Jo ot o mu

aANS A=

o:
g
E

=

mlo

il
ot
2
Q
rUhL
N

o v

N

RN
-
do 2

mz o rlr o 1E
2N

O i e
AP

_0|L|

N«"‘J

2

al
90° Zire] Frel Mg A5 vretshr] ot
S T 1359, E}%é? =
stef wjakgih A T M7l 21
= mEe A4 g mAd e Ao e e
ol mhE 7159 < Bl k) oY, 900 A aLe] =
HE QAZA R AEA st whE &g 2are ]
(E5) FH 2AE 715 ] hsuE Bl Mg eE Bk
T7HAI(K) B7EE A elA B 7kstalar ek

[ i

lo 1 g

ro
e Xl

o

(B =

U ooft iy o o) oft 19

oy

B

470 | et=2232|EsE| =2%] MI333 M55 (2021)

2. 3N S|E AAIYA|
21 ZM S8 A2 Hek R M

AHEEHE A FZ A E V)sol 241 H Z(hoops) 2]
oFt135° BF e WAk Al F-& th A shel = ooz 3t
2 TR 13509} ThE 2 by 900 2 11] o] Arato] AH-a)
Bz el A 298 ARAAAN 2 ukeic) 27)

ol A 2s A S 04§M~ Fig. 201 A2 € vle} 2+
o] ket F9 8l S 2714 Pl A %sort Fig
z@ﬂﬂow&ﬂﬂﬂgg1§iﬂamaﬂﬂba*
g S8 ekl U8 AHE A sk e,
A7 BAFet L WAbE 29 ek 0] @7 E Y 27 A
28 7o) FA7E A A EAR o) BRlE St Fig,
2b)2] A 258 AAGA = Fig. 2(a)9} th= A 9EI A
A om Az g A7} golsiths A& Zkw girh. v}
A AA FHE QA AT 2 QAR D53
A2 P75 452 7] il F s ARAE

AZsto] FHHLL W V15 FEY 5L WAL

04.,

rl

22 Zx Y HAFYRL YsAFT oH| Y

Fig. 2(b)2} -2 x7]of Altd A &
ARE-sto] 90° AarE| 5 A& st wH Lo R
A E 7ol digt 459 Aty
AP E flete] md o Aae] s
129 F 570 715 A A7 A== o
Y E $F7E 27 MPa, (D252 &=
ol AA G2, X5 L vl A= o
% ]9,]3].3{_ Fig. 53] A=h N%ng N%Jjﬂg]_ E_O1
‘)Foﬂ ];q_f': Z} A& ;q],] b}jz?,klg zu}sk Eﬂiﬁég e}
3yt il A FE 5w 900 A are]of
A SHE AAEA €] 9] ¥ = Fig. 3(b)ell Lrek

Fig. 3(a)oll WERG vhe} o] 7} 715 A A ¢] =

rO
i)
ox
B

ot i

- ot

A

i}

o)
2 ry

>,
>
ol
Hu 38

m>~ -1)4 N]O
ofo ol -
>
T T U=

B to g
N FE
=2 ¥

1314

1_,
ol
H o
e =
o -
=
N}

M
ry
o
U n)

2
o 0¥ o 2T

i

Oll
o

m& N]
P =5
o,
o

=
32
k9

A
oﬁ
Fri
rr

(b) The initial clip-type binding implement

Fig. 2 The clip-type binding implement
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Fig. 3 Compressive behavior of RC columns with a lateral
bar tied with the initial clip-type binding implement
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Fig. 4 The final form of the clip-type binding implement
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Table 1 Designation of specimen name

Name Content

Concrete strength; N: Normal f,=30 MPa,
H: High f,=60 MPa

Hoop bar diameter; 10: 10 mm, 13: 13 mm

NCI1|New clip 1 ea implement

Criterion of hoop detail (standard)
=Hooks 135° cross

H 1| One hook 135°, another hook 90°

CH

400mm

- o
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® © D10@100
; £ (5D500)
o b1 Or
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@ Re-bar D10(13) @© Clip location 40(60)mm§ e
| ® Hook length 75(78)mm i D600}
a) Clip length according to
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Concrete coating : 40mm D13@200
Concrete strength : 30, 60Mpa (SD500)
PL-10
L £
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(b) Specimen configuration and dimensions

Fig. 5 Details of RC column specimens
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Fig. 7 Test setup for uniaxial loading
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Fig. 8 Final failure mode of RC column specimens
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Fig. 9 Buckling pattern of longitudinal bars at the final
failure of RC columns

5 e

ol#fdt Az & uf|, o] AFeA] AtE FAFe] A F
A AR =75 ZAYE FEHE L oA A3 0
FebA 1350 2ol ok tls st F A S FREEE 3t
I Qs ACE gy webA 1350 2FAIE AAE
Zh= m Aol gidl] 90° Zare] Fig A S Ad%
2 A& P2 o7 ghAsie et 135° k= 2ae] A

H10NC1 ¥

(b) f,=60 MPa, Transverse bar D10

T;f:? ol

AE 2 AR R EY TEYEL AT S AL RO

Z FoE)

A

o

Tl
|
]
[m
18]
i
oy
FM
(ls!
B
2
ru

bal
NI
jis}
08
0%

27 #E EAL ZAYE AFH L W Hl T DA ol u}
2} J e B k) e, SR o] 28] v E &2
Lo wpe} thA 2ho]

£ o)A ¢kokrh

Fig. 8(a)%} 8(b), Fig. 8(c) 2+ 8(d) ] B2 F-E] 7] &2 &4
YE 4S5 SRl whet A a2 EL] 987t o
2 ZQ 0 A7 el 9l Ao w dukEh o=
ZAYES JFAE Sl upel 242 A| Ak = gk o
U7} 27] W&l Aoz Atz o] 3t o] -2 vty
A wATo BT 1P E A E 75 olM A5
Elwt}. I3 Fig, 8(b) 2 8(d) 2 5-H 22 E A A7+ o=
7+ 60 MPa’l 7|5 ol A w A o] F A o] 75 2] #HF 5
ol 71 A= FEFE e F k. A E S E 7]
FolM A7 13mme WHET O R F&E He 7]F 247
E gt W u @l 2o] &4 iAoz A Ao 2 AA

22|15 Z= fEZeR PAE HIEIRIE 7|82 YEAS | 473



10 mmel W A2 FaE 75 vte] HzetA gk
702 bt A4 o] 45 7o) 2w o] At
9 43 7159 A% b3 A% 2 o] wanA 2

ortt.
Flg 9(a) 2} 9(b)-4 H]EETH ZAYES] AFH =T}
E A

%ﬂ%%%EO%ﬂﬂEﬂ%ﬂm&ﬂﬂﬂHﬂﬁw
ol2iat o)z MA e £AE Ado R 2 o
E7E 52 7504 A7 ert,

ol g3} e Az E WA= Aol e Al 2
o A2 2) v] 2] 40, 60 mm Ak 2L Tl H
A o.% Bt obe] 2wl £ FEYE S ket
W A7) 43L& F7HA71E Qo] AF 9] A 715 A
ZoE|E Y 0 A2 242 AGT 5 e PR 19

i}
w

o0& Ao And,
42 HZ WA $ YDE| Y4 HlD

Fig. 10> 2t A @A o] HF 9] A| w]H 9] Zarg]

9 AA S Ad Ao i st W E kS vl wsto] UrE‘r
W Zlo)t,

Fig. 10(a)2} 10(c)= W& 2] A7 10 mmo| 1L ZAE
MAA7)F =73 E 30 2 60 MPad) 7] %52 Zare] Fio] 1)
¥ 9§13 PS5 v wste] vebd Zlolth 325 Zare] A
S wAHATORE 7E5E T 1T AP ANI0CH, HI0CH)
3 Fo| = AR ZH 8 Eo 1350 Zarg] Fito] A 2ty
o] 9l Ao vEbskth BESE90° Zare] F-ito] A 29
A7 A& AT O 5 F AHANIOCH,
HI0C)E X2 ae] 3A AP A 2} 5L skA g2 Al 74X
90° Zri1g] o] 7|5 AR 9= o7 Wiy FAS 1
o] A 911 AAFA 7} AR ZA Eo] wil o] Q= Ao

() f,=60 MPa, Transverse bar D10

2 LB RbE, 900 Zane] Fato] ) 2 Y ddd =
2 A&ER ko nHto 7 33Ey F A A (N10H1,
HI10H1)9] 74-F-, & st 2| A| w7 2] 90° ZHarg] o] 7]
T A S0 R HolAn FEO R B E @S
Eoﬂu} 3], ﬂaE«l %% = 60 MPaQl 213 A of| A

o] &2 W7 A o2 WA

Fig. 10(b)2} 10(d) 2] Bl ZF-E w] A 27 13 mm<l 7]
oNA ZAE AFA L) wE dae F79] 9]

Flo ofn

Z iM—Ea— HolA| ¢&& & 7 Ut
100 YERd HEe} 2Eo] o] A ?011 *1 A Qb 2 =9
7&%& WA T 900 Aae] s Agst njE o
7 A& A(NIONCI1, NI13NC1, HIONCI, H13NC1)
JM A= AR 28 Ed 23] 90° darg] 7} 5
L QL= ARl E Al skaL itk o] 8} o] A &
AR Z A& 900 ZAarg] P23 1350 A F
I o N u R AA SHY AALAE DS
2= 1350 FFd g g giss FEanE B3 e)
= AS g g Sl
ol da e HE 9 F Zare] F4e] nuEHH, o]
of| Al Akt A 23 AAFAE 90° 2l E A
P H e o)al} o rEE V) 1350 EE A A
Zb=m 0% IJF4EE 7| s s TS5
B3 Zlo =7 daEn

r2 oy o —u i

kgr&ﬁ‘ﬁmloﬁoﬁrﬁ

BEoro Moo orlorlr Koot

N ot

mlm e

43 7|82 FUxo} UFHYH| Hlu

20 20(MOLIT 2016b)°ll 4] A A 3}= 0.8x (7, )KDS P

1 n
24 F, 549 A5 v

Table 21 YEFY AT}

(d) fk—60 MPa Transverse bar D13

Fig. 10 Hook deformation patterns of lateral reinforcements at the final failure of RC columns

474 | et=2232|ESE| =2%] MI333 M55 (2021)



Table 2 Test results overview of RC columns under concentric axial loads

Ultimate strength Strength gain factor
Specimen Jeu dy Py Prpe | P,=0.8%(P,) gps|  fo [0-85f,, (£) Piest
(MPa) | (mm) | (%) | P, |Compare % | (kN) (kN) (MPa) | (MPa) I Compare % | ©»

(kN) | to standard * | to standard
1. N10CH 5,642 100 3,700 29.66 1.11 100 1.100
2. N10OH1 10 ]0.276 | 5,153 91 3,206 25.70 0.96 86 1.005
3. NIONCI | 31.5 5,817 103 3,870 5,128 31.02 | 26.8 | 1.18 106 1.134
4. N13CH 3 | 0497 6,751 | 120 (100) |4,804 38.51 1.47 | 132 (100) | 1.316
5. N13NClI 6,976 | 124 (103) | 5,029 40.31 1.50 | 135 (102) | 1.360
6. HI0CH 8,726 100 6,779 54.34 1.04 100 1.050
7. H10H1 10 ]0.276 | 8,645 99 6,698 53.69 1.03 99 1.040
8. HIONC1 | 614 9,004 103 7,057 8,309 56.57| 52.2 | 1.08 104 1.084
9. HI3CH 3 | o497 8,995 | 103 (100) | 7,048 56.49 1.08 | 104 (100) | 1.083
10. HI3NCI 8,556 | 98 (95) |6,609 53.00 1.04 98 (94) 1.030

Note: f.: 28-day average compressive strength of concrete; d,: diameter of tie; p,: volumetric ration; P,
load (ultimate strength); Pg;: calculated forces of the longitudinal bars; P,
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Fig. 12 Deformation of the clip-type implement in high-
strength concrete column specimens
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Fig. 13 Additional experiment column section
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Fig. 14 Axial load-strain curves of longitudinal bars in RC columns
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Fig. 15 Axial load-strain of transverse bars in RC columns
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