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ABSTRACT

The development of reinforcing steel is required in reinforced concrete structures. The standard hooks that have
been widely used for the tensile development in the beam-column joints tend to create difficulties of construction
such as steel congestion as the member cross sections are becoming smaller due to the use of higher strength
concrete and higher grade steel. Using the reinforcing bars with end mechanical anchoring device (headed
reinforcement) provides potential economies in construction such as reduction in development lengths, simplified
details, and improved responses to cyclic loadings. In this paper, the pullout strengths and behaviors of the headed
reinforcement were experimentally studied. In 33 pullout tests performed using D25 deformed reinforcing bars, the test
parameters were embedment depth, edge distance, head size, and the use of transverse reinforcement. The pullout
strengths determined from tests closely agreed with the pullout strengths predicted using the CCD method. The
pullout strengths increased with increasing embedment depths and edge distances. The strengths tend to increase
with the use of larger heads. From the experimental program where the effect of the transverse reinforcement was
examined, a modification factor to the CCD was suggested to represent the effect of such reinforcement that is
installed across the concrete failure plane on the pullout strengths.

Keywords: pullout test, concrete capacity design method, headed reinforcement

.M B

gazage Txdd BIeE Y odBo] A% < *

. gf F;l}%ngg :ELQ;] %;t{%]-;’; LH;’} AR, A2EA chdd) 4@ AARPHE o3
329 Zolz AAsolot grk B2e Qe Ay HRSI dueld A suen 99 2adeT
Aol HeuE AR 4943 e gpp S OVIEIE AS SEE g 2AAE 4
1P AR 3 E.LEE]XW}, Zaa AMg A0S 3 A =39 o3 o] YA(HE ‘ffﬂzjl, j’]%‘crﬂﬂ, =]
wEP] ofele Biol WA 4 gk 59, Aopay ¢ U AL ARDIS USRS s
syz2el o% BT WY A 22 2m AT

7] s 97 wjzo olste] ZagEe) 22 Al FRAAZIEANA AZdols B HlHst
A ZAYE YFAEY Agdel e Aos H

Ol n o_>r’_,
B8
i
oS
¢

NFAo) AstEs AL ek =
olefd ZAE 7AH 484 (mechanical anchoring )
device) 2 ol 83l] BAT & Qo = Az whre] o
Bpe YAl AL AD A% 998 Yygomy  TEIA

_%

k. Aro| nRwsg wel, ersE FRele
oix|aL BAje] A ZopaA] AR HiZel] B of
S AoF oAy,

o1E ©°
2n2)g tAsa AHRole] B2 AEg we

+ Corresponding author
Tel : 31-670-5284 Fax : (031-200-5015

HY7lxo] WIl7lc = E 4o 28 ofrE
Eamil : yongon@hnuhankyong.ackr erRddes] §idns 2ass _‘oﬂ_f“ 742
Efanchor bolt)e] Ae# 2 WHoez 3 4 glor



i Ate] WA TEAH A= 196 d W. Fuchs 5o 2
F3 CCD%'(Concrete Capacity Design Method)4] ¢

24 2 ACI399) B H AT,

ACL 399X e SFAEANTE £°9] BaHE o] F
o dFgor wyHrtu spgeit) o] e 37)
(Anvo)= Fig. 19 11 ulol o] Ao} E3dlzlo)o] o)
& @E2Y ArE o A 7EL BIAEE U
A3 2

N, = 0.96V 7. i

qNME JABES WIS

EHE LFgo] o AR el sPAg

He GRAES I 023l HAAAEHIRE

*}4““ ot} o] AlZHe]l A7) Ano)E Fig. 20l

Bl ulet y CCDWHEOA = BA A ALZHEe] 2
%

SN U
JP
#oﬂ‘,]ﬂ‘

AR R AT 9 LA
(Nl Ehf H3)7 2o
= 0.0155/L% 7., 3)

?%‘r.\zzo] mm)O]E}.

Ano’e Z180] 3hyR) ANGolm AR 9 kol
k. Fig. 3(@el CCDel oJate] deestd A9
FFEEA S B FAEE T RRAET] &
AE] TR XA ofsta 7Rt (edge) -
Ay EAE(comerl ol Hxjstd BAAEE A4
7.%0] HAE|oof g,

5 BAjE] #od 7}1%“4 A A4S ws
o 74E 1HEH Az faHEE FIFRAAS
Vg ndsle] HHAS B wde N, & Adst
oo} ],
N,= 21w, W
r=0.74+0.3 G <1.0
1.5k, ®)

o
o
o
ot
i
o
o
o
AP

M, Ny stajm
& Hrurojelom], Aye fEHHol,
A

F1g @)t % 01 ZAYE Tl BAE HHRR7Y
Aol Eﬂfﬂ HE(ANL Anodt 2ok F, E3140]
e

ZERIL R
Az 224 90,000 201‘:}. 3}
R A Aye § ra—e— Shyt500) e
SI_L W2 3h,Ql AAAPORM 60,000 mm'o|i, Fig.

(€)% 2] maa zuq Ane & Wo] 1.5h,+50
01 AN *1 40,000 o) ek

990%}1 o]F vl AR SANA 7IAH HAH
o o »} AL AYH T gom 71 PARES]
AANSE E%z A 2ol siek el B
= fl°ﬂ Bz Ao o3 #AER F o sk
2 REgo| %}ow}
o BREAET R AAEE Bt mefelA
AFoA TVERAALY WINCAHA IR}
ELE_oh, SRz WA gy, dA4 9A%
HFRA ATHAE . 2 2 o

A%t Fig. 3(b)gt 2o

4
v

3

Fig. 1 ACI 349 for pullout test of anchors
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Fig. 2 CCD method for pullout test of anchors
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Fig. 3 CCD method pullout test locations
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Table 1 Description of heads and test blocks

Specimen Igfss I\;lfn?gsir Ertaeléls I Block size(mr)
block 1 | H45 16 x 1,800%1,800x400
block 2 | H60 12 X 1,800=1,800x600
block 3 | HS0 12 X 1,800x1,800%600
block 4 | H45 16 O 1,800x1,800x600

Table 2 Description of heads

Head Head size Area Head area/bar cross
type {(mm’) (mm?) sectional area
H45 45x45x25 .4 2,025 4.00

H60 60x60x20 3,600 7.10

H90 90x90x20 8,100 15.99
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Fig. 5 Test setup
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Fig. 6 Test slabs and specimen details(unit=mm)
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Table 3 Results of block 1~3 pullout tests
Specimen | e Cl C2 P do | An/Ano | Na(kN) [An/Ano | Na(kN) | Prax | Praw/Na(%) | Prae/Na(%)
(mm) | (mm) | (mm) (mm) | CCD | CCD | ACI | ACI | (kN) CCD ACI
H45-C100-1| 100 50 50 0.80 45 0.44 3441 0.56 48.26 | 33.87 98.42 70.18
H45-C100-3] 100 100 50 0.80 45 0.56 43.02 0.71 61.65 | 3262 75.84 52.91
H45-C100-4| 100 100 100 | 090 45 0.69 60.49 0.92 7966 | 56.52 93.44 70.95
H45-E150-2| 150 50 225 | 077 45 0.61 83.30 068 | 11956 | 70.76 34.94 59.18
H45-E150-4] 150 100 | 225 | 083 45 0.72 10701 | 085 | 14864 | 144.19 134.74 97.01
H45-E100-5] 100 50 150 | 0.80 45 0.67 51.62 0.75 | 6538 | 4161 80.61 63.65
H45-E100-6| 100 50 150 | 0.80 45 067 51.62 075 | 6038 | 4762 92.25 72.84
H45-E100-8| 100 100 150 | 090 45 0.83 72.59 09 | 8295 | 5830 80.32 70.29
H45-S100-2| 100 | 150 | 150 | 1.00 45 1.00 96.78 1.00 | 8692 | 86.78 89.67 99.84
H45-5150-3| 150 | 225 | 225 | 1.00 45 1.00 17780 | 100 | 17534 | 151.31 85.10 86.30
H60-C150-1| 150 60 60 0.78 60 0.40 50.32 049 8434 | 32.88 65.34 38.93
H60-C150-2| 150 60 110 { 0.78 60 0.47 59.15 060 | 10256 | 619 104.68 60.37
H60-C150-3] 150 60 110 | 0.78 60 0.47 59.15 060 | 10256 | 46.42 78.49 45.26
H60-C150-4| 150 | 110 | 110 | 085 | 60 | 055 | 7546 | 077 | 13200 | 8689 115.14 65.83
H60-E150-1] 150 60 225 | 0.78 60 0.63 79.45 0.71 | 12200 | 92.37 116.26 .71
H60-E150-2] 150 60 225 | 0.78 60 0.63 79.45 0.71 | 12200 | 73.43 9242 60.19
H60-E150-3] 150 110 | 225 | 0.8 60 0.74 101.37 | 086 | 14737 | 12828 126.55 87.05
H60-E150-4| 150 110 | 225 | 085 60 0.74 101.37 | 086 | 147.37 | 169.25 166.96 114.85
H60-S150-2( 150 | 225 | 225 | 100 60 1.00 160.83 | 1.00 | 170.80 | 18591 11560 108.85
H60-S100-3| 100 150 150 | 1.00 60 1.00 87.54 1.00 | 8.75 | 111.31 12715 12831
H60-S100-4| 100 150 150 | 1.00 60 1.00 87.54 1.00 | 8.75 | 99.88 114.09 115.13
H0-C150-1| 150 ™ 75 0.80 90 044 9718 054 | 10459 | 4345 75.98 41.54
H0-C150-2| 150 ™ 125 | 0.80 90 0.52 66.71 064 | 12437 | 59.83 89.76 48.15
H90-C150-3| 150 (5] 125 | 0.80 90 052 66.71 064 | 12437 | 67.89 101.77 54.59
H0-C150-4| 150 125 125 | 087 90 0.60 84.32 0.76 | 14823 | 77H4 92.43 52.58
H90-E150-1| 150 (6 225 | 080 90 0.67 85.78 074 | 14495 | 101.52 118.36 70.04
H-E150-2| 150 | 75 | 225 | 080 | 90 | 067 | 8578 | 074 | 14495 | 15963 | 18610 110.12
HOO-E150-3] 150 | 125 | 225 [ 087 | 90 | 078 | 10841 [ 093 | 18068 | 18183 | 167.77 100.66
H90-E150-4] 150 125 | 225 | 0.87 90 0.78 10841 | 093 | 180.68 | 13857 127.82 76.69
H90-S150-1 150 | 225 | 225 | 1.00 90 1.00 16083 | 1.00 | 19520 | 17470 108.63 89.50
H90-S150-2| 150 [ 225 | 225 | 1.00 90 1.00 160.83 [ 1.00 | 19520 | 164.91 102.54 84.49
H90-S100-3] 100 | 150 | 150 | 1.00 90 1.00 87.54 1.00 | 103.02 | 96.40 110.12 93.58
H90-S100-4] 100 150 150 | 1.00 90 1.00 87.54 1.00 { 103.02 | 109.03 124.55 105.84

* Cl, C2 : Distence from reinforcement to each edge
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Table 4 Results of block 4 pullout tests
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Fig. 8 Comparison of test result

Specimen hef{mm) s(mm) Nio(kN) Prax(KN) a
H45-D100-150-1 100 150 815 1202 0.49
H45-D100-150-2 100 150 875 103.1 0.23
H45-D100-150-3 100 150 875 132.7 0.68
HA45-D100-150-4 100 150 875 119.8 0.49
H45-D100-100-1 100 100 875 146.0 0.59
H45-D100-100-2 100 100 815 165.7 0.79
H45-D100-100-3 100 100 875 155.2 0.68
H45-D100-100-4 100 100 875 140.8 0.54
H45-D150-150-1 150 150 160.8 244.6 0.84
H45-D150-150-2 150 150 160.8 238.5 0.78
H45-D150-150-3 150 150 160.8 276.8 1.17
H45-D150-150-4 150 150 160.8 276.2 1.16
145-D150-100-1 150 100 160.8 2955 0.90
H45-D150-100-2 150 100 160.8 321.5 1.08
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Fig. 11 Effect of transverse reinforcement
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