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Abstract

This study proposed V-shaped tie bar method as an alternative of internal cross-tie for reinforced concrete columns
in order to enhance the constructability and confinement effectiveness of the lateral tie bars. A total of 35 pull-out
specimens were prepared with the parameters of concrete compressive strength and bending angle and embedment
length of the V-shaped bar to examine the bond stress—slip relationship of the V-shaped tie bar. The bond strength
of the V-shaped tie bars with the bending angle not exceeding 60° was higher than the predictions obtained from the
equations of CEB-FIP provision. Considering the constructability and bond behavior of the V-shpaed tie bar, the
bending angle and embedment length of such bar can be optimally recommended as 45° and 6db, respectively, where

db is the diameter of the tie bar.
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Effect of Bending Angle and Embedment Length on the Bond Characteristics of V-shaped Tie Reinforcement
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Figure 1. Detail of V-shaped tie baré
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Effect of Bending Angle and Embedment Length on the Bond Characteristics of V-shaped Tie Reinforcement
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Figure 4. Bond-slip relation
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3 70 10.63 41.02 0.33 2.08
4 80 10.28 51.69 0.50 2.02
5 50 12.83 41.72 0.73 2.51
6 o7 20 60 11.60 47.52 0.65 2.39
7 70 13.76 62.63 0.52 2.70
8 80 - - - -
9 50 10.53 35.79 0.49 2.06
10 57 45 60 10.68 39.62 0.27 2.09
11 70 10.78 4464 0.35 2.1
12 80 10.29 56.01 0.39 2.02
13 50 10.50 38.08 0.22 2.06
14 o7 60 60 10.85 47.24 0.40 2.13
15 70 10.99 55.79 0.30 2.15
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21 50 16.61 41.22 0.49 217
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23 70 15.51 68.24 0.1 2.03
24 50 16.38 55.69 0.18 214
25 60 30 60 15.89 64.85 0.20 2.08
26 70 15.46 73.59 0.11 2.02
27 50 15.70 51.07 0.19 2.05
28 60 45 60 15.60 60.90 0.13 2.04
29 70 15.58 70.92 0.12 2.03
30 50 15.51 56.27 0.18 2.03
31 60 60 60 15.87 69.10 0.31 2.07
32 70 16.17 82.13 0.12 2.11
33 50 10.36 46.02 0.07 1.35
34 60 90 60 10.78 57.48 0.07 1.41
35 70 - - - -
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Effect of Bending Angle and Embedment Length on the Bond Characteristics of V-shaped Tie Reinforcement

Bond stress(MPa)

8
6
4
2
0
0° o 0°

Bending angle of V-shaped reinforcement(°)

(a) 27MPa

10

8

6

4

2

0
0° o o o 90°

Bending angle of V-shaped reinforcement(°®)

(b) 60MPa
Figure 5. Bond stress of V-shaped reinforcement

Bond stress(MPa)

x0° 030°

sl o O o4 a6
g ©90°
5 X
g CEB-FIP R
=15
g o
& o © °
1
05 |
0
45 50 55 60 65 70 75 80 85
1 p(mm)
(a) 27MPa
25
2 &
CEB-FIP
15
31
& x0°  0O30°
0s | 0452 A60°
©90°
0
45 50 55 60 65 70 75
1 (mm)
(b) 60MPa

Figure 6. Bond strength evaluation with CEB-FIP

5. 2 &

7|%E U A22E|o] giFIE PR VR Hx mEde

24 AT W EelE W] Slet A

470

2 st A $A3Y L A IEY HnE §
slo] &219] v H2o] AW AIsHTE B Aol
ANIE 22 B3 U BR100)8 8% Vel Bk
wEo] g AEE 715 FANE W B4
A%l dhet AgeTrt AR, BREaE 715

V) BT W 140) 7|27 S R
94 /\10-]7:1J,}- ]:]-_ﬂ,]— 71—0 ﬁi_(}. 0404];].

1) Fdf $2R522 23207} 60mmoiA 70mmzE &
7Fek o BE7dee} a7 FA | Eoflk 2k 104%,
106%= = ek,

2) V& mEe] o B2ee Azt 30 of| A4 71
=om Azt 457 nff F2ReES A7 3079

Blsf °F 10% #a3i3ict,
3) thF-Ee] Vi Wi AdAollAl= CEB-FIP 44

7188 WESAL, W22t 90°8 A AEAlE 2

FelEonizaly skulg ols)] 7|3l AAEE gha
o} Zof EQFASe| Sl

B3t gag ols) HaksHo| AslEs Hxz)
90" & zZH= ASAIE Alelshd E3lZo|9]
oF Hakg Ao nju]sic)

10 O

Hsae|e )5l 3 el AR 2 b
S A1) SPolel £ Aot R amole] o
AZA Ve ] Wi ARSI A vV
wjze) Rakge-u|TIEy WAS slefsh] Slste} 2
2= B 9 VY waie] 4521w} 2Pl Fau
Sz 3570) Agelt ABAS ARSI VY waay
$AYEL R 60° ofsloll A CEB-FIP 712 Al
o 70 Glgich, VW) ABA W RAES e
shel, VY WY 3 237w 9 Bggelt 7}

2} 4579} 64, oVFo 2 AAE 4= A, oA7IA ¢ =

WA 7ol
FI9E  VE mEZ, RAS, n1E, 280l BRZ



Acknowledgement

This work was supported by Kyonggi University s
Graduate Research Assistantship 2014,

References

1. Korea Concrete Institute. Concrete Design Code and Commentary.
Kimoondang Publishing Company, 2012,

2. American Concrete Institute, Building Code Requirements for
Structural Concrete and Commentary, ACI 318—11, 2011,

3. Lee YH. An Experimental Study on the Strength and Ductility
of High—Strength Concrete Columns Confined by Lateral Ties
Under Axial Loads [dissertation], Seoul: Chung—Ang University;
2001. 143 p.

4. Korea Concrete Institute, Standard Specification for Concrete,
Kimoondang Publishing Company, 2009,

5. Chun SC, Kim DY. Design Considerations and Pull-Out Behavior
of Mechanical Anchor of Reinforcement. Journal of the Korea
Concrete Institute, 2001 Dec;13(6):593—601.

6. Han BS, Kim JK, Shin SW., Evaluation of Confinement Effect
of High Strength Concrete Confined with Transverse Ties in
Reinforced Concrete Columns, Journal of Architectural Institute
of Korea, 2008 Mar;24(3):3-10,

7. Comite Euro—International Du Beton, Ceb—fip Model Code 1990,
Thomas Telforld, 1991, 437 p.

8. Kim BJ, Jin IG, Choi HB, Kang KI, The Effect of Form Oils
on Bond Characteristics of Reinforced Concrete Members, Journal
of Architectural Institute of Korea. 2007 Dec;23(12):89—96.

471



