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State—of—the—Art on Anchoring to Concrete, Mechanical Anchorage and Splices of Reinforcement

zES*
Dong—Uk Choi

Kil-Hee Kim

P Y PR vt e e ke s e § o ot

1. Hz|g

AIEAYETRAN ¥ EE, 01 29 71A4 B
A, olFA Tl AH-E g HlEl E FERHoR F2
o= 73t Feluetls oloﬂ g 8A7 l T '6‘—/] A=
A A7 JiH o v R Aol 58] ddTEEe B
SRzl Fe S Fde 23 A7, %ﬂ%‘é! &7
T F A 7E e AHE T gl

1995 & ACI 318¢ 27te& & v} EaEFR
AAZIEAE dA 23RNE 37 A0l TEHA A B2
U, &5 FAETRAATIES) Y& AA ACI 318-05
79 W Ajlel oA & d el HAF 7o) I
A7AMgol 28 Aol ™. &, o2 WA AAgel A%
Hoigts A Aol et Eme] Algdy 2 fae|ed o
e 79 EF HPPY Sl Fash] Hug FIRE o
7ol i o8] R Apele] 254 o] a7En

fEvet A2EIE 7259 d¥sks 29K I
A AR 9 oleAY EeAs ssta g 549,
A wAL LNG X%WM ﬂ%ﬁé ﬂ% A

d
o,

Aoz Ulo] _,J_-"]-LE]"I o]our oﬂﬂﬂ} 7 2 ol B Al

@ 3 48P 59 AR8 e S v1EE gl
ol mepd BaIAE 2AE WA, 7AH FHYA, o

42 5 ZAE PR ThY AE B AT B
thate] dggtoss, Blwa file] v|EE of Eolld &
Aoz Pesithn ARHE RS AFSnA dgch

R ER L R E L
- choidu@hknu.ac.kr
Frotn AF3HY 24
kimkh@kongju. ac.kr

ot (g 24 vehd &7 s

2. 232|E Y3
2.1 E32|E A2 EF
2ae)e G7le

AlZA Axehe A% e 997 (cast-in-

place anchor)$} 23 ES} E‘g ol A ]3]— x| YA
(post-installed anchor)@ tEES? (a3 1)) Uehd

A @7 B e iﬂﬂ‘i@r ”Zﬂ L FHof| £
A E dls 2E 9 gt 2829 JY, L3 23] EE9
o 8% B e A 94 T AT ZHE AL B
AE FSARE MRSk BE felskes AL
AAE 4 Siok

F A BAx= 71AA BA(mechanical anchor)et 73
4 9Y7](adhesive anchor)Z tiEEch 2] Pr= &
A Ed A4 A9 7S HFen, ¥ 7HS &
A & H&AA (adhesive) & AHESl] ©]BAZ, 2E ¥ %

o a2aLw, 22— X

S g ﬂ@/‘]?] ‘?j]__j A]—LE]]:]- z]—/\l oﬂﬂ‘_ ;d;g_ ?_ch)
< AA3) MAsle Ado] vl¢ F88ky, T ARE HE
Ao 22 (EA], v Qo) AH, Zeld|AE] 5o 3ehd H2A

o} 3= AME JHLE F)d oA gk Az, 94A
T, 34 Al digk A5 Bl 9EE it

AR GAE E3ES}L 2 Fo| THE HFstn, BA
& AXT Fo 37 SRE A 47 2 J"—ELE]EQ
7IAA e g A AeE %Hﬁ*“ b oA
(expansion anchor)<} &3 37 ARG f?} iy
7178 ARkl 7 SRS mlE 2 HEe f?— PIAE A
A8he Boh Agde] & AWA %A (undercut anchor) 2
9EE F
£ b waq wEale] #3<A (torque-controlled
expansion anchor) 2 WAl &7ged7 (displacement-

5 Ui 71

controlled expansion anchor)2 T-EE+&

Z32[ESE|X| H17H 55 2005. 9



. SpecialArticles.

o Z|ENE FI3 AAX 9 AFE AASIG L, T3 V)&
o] Zye 48 doleist AAAAE wud o of$ 3
37 AAEQ Aoz Algd},

2.2.2 ACI 349 »=2p*”

AZIE A4 B Z3Rle pREY AAEE FAR
1990d% ACT 349 9193) HuAe] RERE ol 713
uJ—o] /\}‘Q_Q Oﬂﬂ Hﬁ]lﬂ-lo]gj\oq. E /\474]114_9. o]x},g_ tﬂ-L:
9 A 439 U FHEEGHEH] dFPoE FoHE
2 el dA7L QAE le A4S durAe Abgel oy
Lo 20019 MHE 7%2%*1 Qe CCD AANs A ¥

U3 FeZ 233 ik &, COD AAdE FH 9A
%e 479 A, @_zlumE NHE 5 A58 91, &
Aetzd tfelel 9A] FHem glen, ZuE] BEE AN
A e 0

2.2.3 ACI 318 #D % ACI 355.2 >+

ACI 318-029] ¥EDE CCD AAMe] 20% & 4A 4
AMS ¥dan o T tE 9493 HuMel ACT
355.2-02% & Ax 979 Add tisk] dxz FAsn
itk ACI 3492 Aglatn Z32E oj7id #33 ACI 99

21 FF/7F ohekst Holrk, (¥ 3l AuA BAE v o] A WA FWEQ o F AY Haxde A ACI
Ribe= 318-05, ACI 355.2-04 T5o& 7}z A=l ARgsm 9l
ot 3B vidE gAY Al dislde ASTM
2.2 232|E % MY £488% AHEE & grp. Y
Az %‘Hﬂ‘oﬂ’q —/\}%‘Ql e YA HAYS T % 3 7'7;“3_1 @,’-—‘l'é“il
EMd A9} F AX VAR IAE e, B WA
Asfati ik, ole HETE wie} 2ol FA YA gl 3.1 8ll= EZ(Headed Reinforcement)
HAF P oA F79% AHE HAA Y FFo] webd I
S W] i Ao AlHW, RE] PA A3t AN 718 WAE ZAAHQ olHE Qs o]dEIe Al A
Agele vz 2% FF ¢ d Fx9 7|7l o 288 A 2 ke ZuelE AHel] FAA7)A] FEehe 75l sl
o2 dAEa Sl FARETZAAVIE 8.2.682 "EAYE &¥E A &
S o AZY] HRE ERE £ e oud JIAA AR =
2.2.1 CCD AAR" FAgos A8 4 drfan Fgstn Ao xS
19959 £ Stuttgart Wlge] Eligehausen 52 71& <} SjollA Tk ATE 3 e UEAY JAA FARRZA
A AY dlolHl g W] & 43}—’ AL = Tl BA ¢ &= H(headed reinforcement) S £ 4 Ut} d= HZ
23 gIHe] THREIUAE 3N FAHE R X8t < g 94F AR AFNAAM 23R E FRES AIFE A
o MZ QIHse 3R] %‘%ﬂ‘\‘: L R o W7 2 AESR QI Al EAE alZsk] Hsied
Hog & 4 =2 (Concrete Capacity Design qete AoR dHA glm, ojgAze TR A4E =
Approach(CCD AAM)E AFstAtt. CCD AAMEE 9 48 W] AEg 44 e BYsl A =, At
YA L tig G AAld BR A48 4 gln, A A o} FolMe oln] AEstE AlFol AR eH o] FoN
g QA-HG AHBAE 1= Jlen, st 2A3} ol2-8- (friction weld) W4loz2 449 =9} tapered W

20)|E8k5|X| M17H 55 2005, 9 7



a, 8%H sc -~ b. tapered HA|O2 BEIE =

=S CLE‘J 4(a), (b)yll JepiSd
Fb 8xoA AH A2 4 2
]o%"f}. Al Fu oM
B ohd @F-(dapped end)
SollA olBAHTE FEs]
L @AY A7 AT HE 22

lol7} &% 228 & 9w, W

1>,
L [e]
sl
It ~
By ol
fdon
rlo 4
o N
-
;“g -

o

H

i-lu: 32

N,
dB ol

i
18 oo

fura)
it
r
o

2 9
)
o
g3

o o
-
L.ORE)
fd
30

o Ao g L
Ao] URH AGelA] AlFAde] UE P oZH AAH<
37} Qe Ao delxa g wd gy Hgs b
(double headed bar)& 9o WAZo2 A= A ¢
= 2 A A3 01%7:_'015 Fol7] §13 A7z A
3 g0

ol
)
o,
o
m\l

_lR

de A2 d% 2o Bsd, B8 9 HlF 7Y
ol HAEE B F829 JAH A 2% AAHL 47

St
ya

e
~
ogr
o
o
AT
®
ot
o
1
i
®
_|
ogl

7t gol olFolan w3 ARRS 9 el e Be @
7 437} ZA. o2 viez dEE = 22
AER A% 2715 RGN B FuzA PR IR
BA8 o Asd] A% Age) 4@ TAE THe d=
79 2a2Ee 39 9d 5 9 P9E e o

gES fHo] = A2 F5 A

7 Heol] g =

AgEL AT E slo] B Thie] 24 IB XS Y45
E AL BEE 3= AA7} olfon emP® Azde
o A5HE e = W2 AHET F2E AZo] FE
g3 A (T 5 o|s} e F= A2 AT AlES
=AM 2 Y m d= B2 FF A WL
A%e CCD waﬁ% 27ke 2 3 CCD AAMe] td ¢
BAFE Akehe el mRiER Qe Ao deiA glo
o, g ojshs MER 2E-Eo] BYY o473 0|24 ¢

F5 2y 9lolA ghaks] g Zolo) 2

3 220l Agehe 4B A Uk FEE Yol Fae
B 20 Plfez BE

33 5. Headed Reinforcement $i% Xg9) of

18 1

23| ESS|X| M17H 5% 2005.9



Folth s Jlede Fu2 Al Zojel Aad 1Add
AN 959 Aoz ) dd FaF 24 & ¢ Aok
O B2AZ 3 2ol AT
@ A2 del 2ol A
@ ke g9 2ol A%
@ A2AF (D) el 2ol A
© Ak A R DS A2l Fejg] b AF

2

=

A4 oles) B0l $¥S Y HLHE 7
3

D}QZ.QS)' -gﬁZH

of Vet B3 A ol &3 7Rk olgs Al 24F Ao o

£ A =
o €]
9] o] F2A A 2%l tesie] g - Ajedn 9o AlmzAo] AR A FoE 2 9y wd] ATH

421 A3 ol
ZYZHY ALsole TPz FIo A7 w2} 2ast 4.2.3 /1A ol&
HA Zdolg gH3ke ZoE faTEY FAHS FAM & AR ol AES Ugsht 138t Fdst Algel b
gL Agsle ol Loltt. 1y ZazEFzAA|E WHE) e o)egHos UAl 7w gkl slylal magle
o= D35 ojae] 7ol & Ao AR oSS dFF o 224 o] ZHlo] slgElo] &) 1 Alo] &Aoo 2}
2 AR &2 A, vl Zal 7ol D32 olske] A2el|A sk gl Aotk Ao vl Aizte] 7)ol By
o] 7FsslARE H7o] FFE 7)Fo|} Hel FA] Zd o) Zo gty Ak W] YAT EAYH ole S wlE o
3 HA AtAE FHIY] offHd ZATESY 314 2 AR HolA Eelslct
A7} A et
424 &4 0%
4.2.2 7t24A o] A2 A2E $8845E Wiz sk FHoE Fe
7FsH ol g3 HIF HIEE U /s ez 279 AR olagHed B - 7% §Ale] PCs @ oA
HeE FEAA 0 Ajd e G HTATlE Aew &7 A2 gl Mgl o] gHT}y a3y kA oS3 vkt
F5E AHslA gt AAdeze Hwd AP AlF A2 2] 7)Felu S7AA, i 5o AlgRzie] HE
& ] w3 Hylsle 7o) 2 g AMslE A it Hol g 93| wiel AlFas) ol Fasit
O gEER | Ade T e ele 7144 o) 2d ol
I & L EEXRY R 1%, B -
NEEAS] FARHRE | SEE " 80l(7]52, Mo 4 £0] LED ;
ireui A MHE i L
FH/AA 7K1, 8 |
AL o

E32|EsE|X| H17# 55 2005.9 18



.- Special Articles

A2 WY1 gle FAE A AN, Eoe ZAs
olgdl #F NEL JleTd % dNE ‘%}}}01] el 7HE
oz AFEgt. H2FIYETREAA 97 % B2 4
- o] 3d Helre EIYEFRAAVIE B EIAM 2
g oy 7K 71e%¥ 2 A2 ASAn #el, vt
7k A nEst] AR 28 & 3 Aoldh a¥
U ok fejuetele 37 BE, o|@EZY 7IAH A,
°ol53A 54 *F‘“’ﬂ g HAZIE 5o A=l AA7E 3

Y

Aoz vFE 4402, ¥5 L ¥ A9 A4H #Y
o] 2740} @
e

1. @523 ETS], "B EFRAAFT-A", 2003.

2. ACI Committee 318, “Building Code Requirements for
Structural Concrete(318M-95) and Commentary(318RM-
95),” 1995.

3.ACI Committee 318, “Building Code Requirements for
Structural  Concrete (318M-02) and Commentary
(318RM-02),” 2002.

4.ACI Committee 318, “Building Code Requirements for
Structural ~ Concrete  (318-05) and
(318R-05)." 2005.

5. BAESERE “HiEo ) — MEETEIRE  FRR, AN
& 1999, pp.170~202.

6. A2 ES|, "HWEHYE 4FEIAT, KCI-M-04-005,
2004. ’

7.Fuchs, W., Eligehausen, R., and Breen, J.E., "Concrete
Capacity Design (CCD) Approach for Fastening to
Concrete,” ACI Structural Journal, Vol.92, No.1, 1995,
pp.73~94.

8.ACI Committee 349, "Code Requirements for Nuclear
Safety Related Concrete Structures(ACI 349-90) and
Commentary(ACI 349R-90)," 1990.

9.ACI Committee 349, “Code Requirements for Nuclear
Safety Related Concrete Structures(ACI 349-01) and
Commentary{ACI 349R-01)," 2001.

10. =23 ESD], "ZAE PFA AARA AFEIA, KCI-
M-04-007, 2004. .

11.ACI Committee 355, “Qualification of Post-Installed
Mechanical Anchors in Concrete(ACI 355.2-02)," 2002.

12.ACI Committee 355, “Qualification of Post-Installed
Mechanical Anchors in Concrete(ACI 355.2-04),” 2004.

13. ASTM, “Standard Test Methods for Strength of Anchors
in Concrete and Masonry Elements,” American Society of
Testing Materials, E488-88, 1988.

Commentary

14, @}\é;g 71:1£H°4 A 7|A ]14 20421—72]—;(]_,] A A o]tﬂ.l‘:‘
AT 2adedy =24, 149 63, xEAE, 2001,

pp.593~601. :
15, 442, 494, H455, "BF 71AA AAAE R 74391 %’i

3 A%, E2aYEds =23, 149 33, dEE2
2002, pp.430~439.

16.D.-U. Choi, S.-G. Hong, C.-Y. Lee, “Test of Headed
Reinforcement in Pullout,” KCI Concrete Journal,
Vol.14, No.3, 2002, pp. 102~110

17. ARAY, o|AF, o|Fs} &9, “dum nig} ez B
Dapped Ended Beam®] T3 A", 20054% & &4E3]
=24, ?&j?tiﬁl‘iﬂﬁl, pp.39~42.

18. %0, 5%, "T2E BHU|F =i GEN wEdE
A, "‘if'/]E?i]'ﬂ w14, 159 3%, d=2a=Eess, 2003,
pp.369~376.

19. Wallace, J. W., McConnell, S. W., Gupta, P., and Cote,
P. A., "Use of Headed Reinforcement in Beam-Column
Joints Subjected to Earthquake Loads,” ACI Structural
Journal, Vol.95, No.5, 1998, pp.590~606.

20. Dillger W.H. and Ghali A., "Double-Head Studs as Ties
in Concrete,” ACI Concrete International, June 1997,
pp.59~66.

21. Thomson M. K. “The Anchorage Behavior of Headed
Reinforcement in CCT Nodes and Lap Splices,” Ph.D.
Dissertation, The University of Texas at Austin, 2002.

22. The Building Center of Japan, ‘Building Letter for BCJ
Partners,” No. 014, 2003.

23. FiEEE M ROEEMOEMEAEIE 2 — e 5

w7uERTN,  AAESREREERGRIUE, 5755, 2004,
pp.89~96.

24 DeVries, R. A., Jirsa, J. O., and Bashandy, T.,
“Anchorage  Capacity in  Concrete of Headed

Reinforcement  with  Shallow  Embedments,”  ACI
Structural Journal, Vol.96, No.5, 1999, pp.728~736.

25. Hofmann J. and Eligehausen R., "Development Length of
Headed Reinforcing Bars,” Bond in Concrete - from
research to standards, Budapest, 2002, pp.477~484.

26. 98 4, ‘22393 E 1213 Headed Reinforcement®]
g7 E, 20039 7HEEswRs] =24, S22 Ed)
3], pp.234~237.

27. 71339, A ZAESL B4 71AR] olge A B
KS D 0249, 235 2003.

28, BEEHAN, A Lo b RETHHLEORA > 7, BT 2003,
pp.87~175.

29.ACI Committee 439, "Mechanical Connections of
Reinforcing Bars (ACI 439.3R-83)," ACI Structural
Journal, Jan., 1983, pp.24~35.

30.ACI Committee 439, ‘Mechanical Connections of
Reinforcing Bars(ACI 439.3R-91),” ACI Manual of
Concrete Practice, Vol.5, 2005,

E32|ESHSIX| M17H 58 2005, 9



