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Pull-out Behaviors of Headed Bars with Different Details of Head Plates

o " /8 g £7/F @ d77/o B YU

—

Park, Hyun—Gyoo" / Yoon, Young—Soo™ / Ryoo, Young Sup™ / Lee, Man Seop

sk

Abstract

This paper presents the pull-out failure mode on Headed Bars and prediction of tensile capacity,
as governed by concrete cone failure. 17 different plate types, three different concrete strengths
and three different welding types of specimens were simulated. Test variables are the reinforcing
bar diameters connected to headed plate (e.g., 16mm, 19mm and 22mm), the head plate shapes
(e.g., circular, square, rectangular), the dimensions of head plates (e.g., area and thickness), the
types of welding scheme for connection of reinforcing bars and head plates (e.g., general welding
and friction welding). Headed Bars were manufactured in different areas, which shape and
thickness are based on ASTM 970-98. Calculation of Embedment length in concrete is based on
CSA 23.3-94, and static tensile load was applied. Pullout capacities tested were compared to the
values determined using current design methods such as ACI-349 and CCD method. If compare
experiment results and existings, Headed bar expressed high strength and bigger breakdown
radious than standard by wide plate area and anomaly reinforcing rod unlike anchor.
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Table 1. Nominal Head Dimensions

Nominal Head Dimensions
Standard Bar ini
Designation Minimum Mgg;zm Minimum
Number Thickness Sectional Area Width
(mm) (mm?) (mm)v
10 10 710 19
13 11 1,290 22
16 12 2,000 25
19 14 2,840 35
22 16 3,870 37
25 16 5,100 40
29 18 6,450 43
32 20 8,200 51
36 22 9,700 55
43 32 14,500 65
57 25,800 30
/ Reinforcing Bar
Head Width J
I<-’|
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Head Thickness

Fig. 1 Headed bar
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Fig. 3 Fracture Behavior of Single Headed Bar
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Table 2. Test Group

Group Welding types Diameter Variables
1 Friction Welding D16 area, thickness
D16,D19,D22 -
2 General Welding 1 D16,D19,D22 Aspect Ratio
D16,D19,D22 -
D16,D19,D22 area, thickness
3 General Welding 2 D16 -
D16 Aspect Ratio
D16 -

Table 3. Test Variables

Test variables

Details

Concrete strength

280kgf/em”, 360kgf/cm?

Reinforcing Bar Diameter

16mm, 19mm, 22mm

Plate types

Circular, Square, Rectangular, Elliptical

Plate area

Aspect ratio, area, thickness

Welding Type

Friction welding, General welding 1&2
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Fig. 4 Headed Bars in Test
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(d) Elliptical

Fig. 5 Design of Headed Bar Each Sape

Table 4. C(Circular) Series Details

EdolE2] AlFALE th3 82 Table 4 ~

Table 75 B9 & 22 q1rh®

Fig. 6 Friction Welding

Thickness Area

specimen Diameter A(mm) B(mm) .
(mm) (mm®)
Cl Di6 51 51 10 2,042.82
C2 D16 51 51 12 2,042.82
C3 D16 51 51 15 2,042.82
C4 D16 41 41 12 1,320.25
Ch D16 61 6l 12 2,922.47
C6 D19 61 6l 14 2,922.47
C7 D22 71 71 16 3,959.19

Table 5. S(Square) Series Details

Thickness Area

specimen Diameter A{mm) B{mm) )
(mm) (mm®)

S1 Di6 45 45 12 2,025
S2 D19 55 55 14 3,025
S3 D22 65 65 16 4,225

Table 6. R(Rectangular) Series Details

Thickness Area

specimen Diameter A(mm) B(mm) )
(mm) (mm?®)

R1 D16 32 64 12 2,048
R2 D16 37 55 12 2,035
R3 D19 38 76 14 2,888
R4 D22 44 88 16 3,872

Table 7. E(Elliptical) Series Details

. . Thickness Area
specimen Diameter A(mm) B(mm) »
(mm) (mm?)
El D16 36 72 12 2,035.75
E2 D19 44 88 14 3,041.06
E3 D22 50 100 16 3,926.99
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Fig. 7 General Welding Type 1

Fig. 8 General Welding Type 2
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Table 8. E(Elliptical) Series Details

Strength 28 days compressive strength(kgf/cm?) | 28 days splitting tensile strength(kgf/cm®)
280 2786 25.6
360 3579 316
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Fig. 14 Concrete Tensile Breakout
Cone in CCD Method

Head Z&0lE Aol ot Headed Barse]

N rﬁ

—‘H Hzﬂ of 7% (Anchor) ¢} &
g7 =R W AR Ey.
2

o) A FAYE AFAET}F A HA KA
2H AHarx e o2 BuAd] st 9
= 7HHojr}). ohA] Zal, Fig. 132 ACT 349-97414
ol Atgl EaEL] & #¥(cone breakout)E B
et & ¢ oh(B)

4.2 AC1 349-97 Revision

AMAE ACI 349-979 4+ & =¥ =493 CCD
el Ade w2 ok AFeFeelA, 22
HE 2ol BugEE AR o 350 TaE
2AE Atole] AAtzhe o 35°eke Tl atel A4
a4

4.3 CCD Method

CCD Method= 23 E9 U338 A
4, ZaE @719 adg ndr olAL 1%
shEstill ZAUE 29 FAdEE saug 2
Y E FAT Ato]e] FApzEE of 358 7Hg s
o] A4rech Fig. 145 CCDEHel o8] ol/dst &
vgiple Boke] FAYE FAE HERL o
I;}_.(7)

S5-u9l BARY

348 DI6 9 Fefe
| B2l sh5- s 2ol

R AT wolAY
]%(Cl C2, C3)=

H
A3 A

—

—%E

=

’

al

a2 w99 2ads A9
29| 4ol YA 42 ol
@ A0E Ve 2 5 A9
B §HR97} BolAe 2
Ao g4 % Qe F2

101



14 — — GW2-Ci
—Gw2-C2
- GW2-C3
—--GWe-C4
—GW2-C5
8 —GW2-C6
— GW2-C7
- - GW2-E1
— GW2-RI

- GW2-R2
— GW2-S1

1=

Load(tont)

0 100 200 300 400 500 800
Displacement (x0.01mm)

)

Fig-—15-Load- of Test 3

1Isnalcement.-- Ras!
paicement -nes

]
>
[

Load(tonf)

0 100 200 300 400 500 600
Displacement (x0.01mm)

Fig. 16 Load—Displacement Response of
Test 3(D16 circular plate)

& SHAEE A ZRa A7 2= gl
AR, FAPEE BT FEAEY 15%E I
AaE dEbh A¥a 39 AeEdET 15 2
2rh E3dols vl u, A 28vhde &
RS #e 7Ha84E AR 23 ol A
He| w3 P& Fig. 17 ~ Fig. 20014 A2-2 o
2 BoEr g2 JjEdA Y2l 3
g oSt glovt B A¥e] ZaME 15~
2vl 40~50cme] TRk o]

2 E
T
e &
X
2

g IE
o
rio

AT 304 =%
gro & A71F Heln Qe o] Aol 71E4
olA Bl 455744 B ge sAgmst #
do] 9tk ACT 7+AL Al &3 ACIS] A&
FeolEe] F EgzlolE ue sk, CCD Meth-

ode] B9E BULE MFoR FRAL 54

s Q¥ omr 2 a7 gk

Headed barst 71748 9499 9458 na 7|2
A AFsta Qe zhest WA 2e melm
AT, FALE YNz e} BEE 1 o] Ho}
A 2 sh WA mol: Qlor ol A A7
A mEFeloF B ACI e Aol Be 3
2g elzsta Qom sH= s dig 71E4 el
gl FAolA ACI 58 71502 vlm Zol 3

2 a3zt wo) v A9 Rt & WA
o] A} o|FHTE AMEStel a2 213k H)H
UFo] xgw|o] oldt AAE Ag F
Akdol Fig 218 25 A1¥ A9

ol BlwH A FAHEE HAPH HHS HojFH
Fig. 22 A1g g7} 7= o

SRt

Fig. 18 Steel Failure(F-C2-369)




Fig. 22 Comparison Failure Area Test and
Prediction
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