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Evaluation on Anchorage Performance of 57mm Headed Bars in Exterior
Beam-Column Joint under Cyclic loading

Hyung-Suk Jung', Joo-Hong Chung?, Chang-Sik Choi’, Baek-IL Bae*, Hyun-Ki Choi'

Abstract: In this study, the anchoring performance of 57mm headed bars anchored at the external beam-column joint under cyclic loading was evaluated.
A total of 6 external beam-column joint test specimens were planned, and anchorage performance was evaluated by setting concrete compressive
strength, side covering thickness, lateral reinforcement ratio, and fracture type as major experimental variables. As result of cyclic loading test, it was
found that the factors that had the greatest influence on the anchoring capacity of the large-diameter headed bar anchored at the joint were the side
cover thickness and the transverse reinforcing bar. It was confirmed that the 57mm large-diameter headed bar anchored at the external beam-column
joint showed sufficient anchoring capacity even under cyclic loading.
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Table 2 Test results of exterior beam-column joint

Cover Transverse

Beam Column  Con’c Headed bar thickness rebar Test result
Specimens p shy,  boxh,  fu S, by 4 e K, M, M, M, 6 0,
[mm] [mm]  [MPa] [MPa]  [mm]  [mm]  [mm] [d,] (kN.om]  [kNm] [kNem]  [rad]  [rad]
EJ'_(SZ;‘_ZT'I(;IS x668550 f;;o 42 550 (18 55;) 57 (15 ;b) - 1,240 1,438 1,623 138  2.00
EJ'_(ij_zﬁls ffsso f;so 2 550 (18 55;) 57 (15 ;,) L.0od, 1,363 1,438 1,621 143  1.98
EJZSS?]:I(;IS x668550 X890700 42 550 (18 ssjb) 57 éi,j) - 1,200 1,438 1,764 096  4.98
EJ'_(SZ?T'I(;B x668550 fgg’o 70 550 (1734;;,) 57 (;Z) - 919 1,438 1,671 081  4.00
ATE 2.0% W9 o] F, Hol 3 AAE o) v S i 600
30, we] g3tz)7} AE AT T2k, 4.0% WAl A £ 500 - o
- Holl A St o] A3 YeRGHEA, Ul o] st =
2 ) o} 25% HE7HA s, Zuntdnie 2 4% o § %
=]t 5 300 -
Fig. 5(c) & 2RI EE77} 24,0] 71, £ E Y274 =7} £ 200 1
42MPaS) EJ-C42-L15-82-T0 A @A 2] &}5-mg] Mot} S 100 |
o] AFAE 0.9% HSIHE Srieie) Ao o] Azte| 8 o
.01, 1.2% Mol A Beo] T4 FHT o)afe] UyHL uke 0 100 200 300 400 500 600
01.93‘1;} 0]% A o] gHE 3} 347 Ko TH 3] 74% o] 4] ) Total bar stress [MPa]
o wrasho], Uzle] 2 27 glo] Mat 271eh 18 () EHCRLIS D
ol 12 9 3315 e} WA FUNE A} 14,2 7o o—
A A o vt w9 Z WY e Ve =5 H Z 500 1 o Bond
o] FE AHE ZHI BEA T} 14,9 AT A Sl Hla] S g 400
Q] GHA o A A RS Bl sk 5= QUL 5.0% WL oA H 5 300
sl =2at o, o] Hof 42471 A FEoA] &2 £ 200
Az e 47} AAHUA o] Zashs A Rl S
H, HF ﬂJri’JEl‘”E} 3
Fig. 5(d)y= S 557717} 24,013, A2 E d5735=7} ’ 0 100 200 300 400 500 600
70MPag! EJ-C70-L13-S2-T0 AgA)|2] s}z e|atAlo|t}, Total bar stress [MPa]
o] AHA = 0.8% WLHE S gl d e dHEo] AZE] (b) EJ-C42-L15-S1-T1
Ao, 1.1% A oA Bo] 33 AT oo g & 4 Fig. 6 Bearing and bond stress of headed bar
SHATE o] F H o] 53 A Kol 33 A E oo |
25 s, Y] 2 F3 glo] My Fvlshs 1Ed 33 H& AHS
Ql Ko 3= FEE BAth o|¢} o] HA|HR] AF shr ) E 2o) ARA TS BAs)) 9ste], =T

L FAYE 4FHE7) 42MPa’l EJ-C42 -L15-S2-T0 2§
Ao} FAHA UER O U, EJ-C42-L15 -S2-T0 A & Ao H]
3o Zh2 A2 0)(134) & st 22 A a7
of| w2} 7% W 9| Al A o] o] I HHA, W E
o] A Adt== ¢S Bt

)% AZoaE APAE tPow Srpmede) A%E
g3} Bak-g- S i =} vl wskeltt. Fig. 6(a)= SHY
B 14,013, FRAZo| MiZHA e Furt /:J:&“ﬂl

(EJ-C42-L15-S1-T0)2] A3o]™, Fig. 6(b)= SHI|E-F7
7} 14,013, U Type®] m7o] Mixg Inzg a9

J. Korea Inst. Struct. Maint. Insp. 73



(EJ-C42-L15-S1-T1)9] Asto|tt T1eje] xZo shrjuig

Ao AR EE YT Y or, yH S A EE

2-5-2-¢ Ueh) 3 )k
270l Bz o
3lo|& oh:]. _rzyga ]

"—ll__

& FAS ol Zsal olw
< Aol ==s] A7A=
TAZET} S7rgel wet w2heE w4 S7kshe dd=
Hoh Te, Ho) 728 E o) ol FAeH e ek
A AQ-SH ol FAH S7leh= BEE Btk o=
A7t FEAEN 7Pk ol wheh e SR ol AR
B z2llsi o] WSk, 2kg-E o] £4do] BAsh] v

o
=
o
fz (M
2 o
0 .
41:
-y
a
o
A
°
[e}(e]
m

Pageo Az o
E e 95111} 17} gdxﬂ(ﬁg 6(b))“ FR7F AFA

(Fig. 6(a))°1 1131} 2-2-3-2lo] o A B ATk A9
A3) Z7¥shs Aol sk Sl Ao w
B R ) ETHE 1S HF 5 Q) ol 3oL
2 s] WA oA e oS, Sieiel )
2 PPAIR, BEgYe) 28 S A

(et of

ﬂl-ul

P

(3) Pull out
Failure
- Anchorage
Slip

- (1) Splitting
Crack
- Bond loss

(2) Side-face

] f Blowout
&

A Failure
o B ?‘,’

Fig. 7 Crack and failure mode of side-face blowout

~
=]
=]
~
=]
=]

[TOR ST B - )}
e © 9 o
& © © o©

N
=]
[=]

- %~ Bearing - %~ Bearing

-
o
[=]

Bar tensile stress [MPa]
Bar tensile stress [MPa]

xx’ —0—Anchrage
0 1 2 3 4 0 1 2 3 4
Drift [%] Drift [%]

—0— Anchrage
T T

o

(a) EJ-C42-L15-S1-T0 (b) EJ-C42-L15-S1-T1

shzo] HA}F STVl mel 277 do] 2=, HFH o
2 o g E T wEFEolA SHatd a3y 5
Aol I FTH Rl A B3t 7} BA =, St e
o EH7MA] g S AT 5= A%k
olgl gt w7} LAY Sh= Ol = T3 2o A e 4= )
t}. 3% SVt wel 2 do] WA EH, o= v el
o] Bakggo] axw olomt} o3 FaHgH o] 24
& g E o] AAA R BATIE FolA A e 9T
gk Ao H3h8-9 o] o)l BE HE&1| 2AFE
AYSHA =3l 2k o] FAEHA AAEHA, g
2o M EL | A A BT Xl%&aﬂ
FsHA Ak 5438 27}?& A= o] I 5FA7} ¢F
el FIYES “Wlﬂtﬂ Ay o3 & A E A 019}
B0l I THREL A v e E @3}4’]77}7‘] Els
st F2 0= wpaHTh
Fig. 8-2 213 Tl A S35 gvgd 2o 2did=
e gl e wE oA 49 A E S Mo
Hlw sk Aotk BE AgAol A 2rdA o= At
A YeaL 9lom, A7 ol tigk 2|hg-2le] 7]
\:c%]. Xq—i AR \/}E}wq 1311,]. :6:1-1:]]1::13]% o] 1—5
Aol 7N AFE Aol A sk, HEdE
EHGP A8 7)o & ‘Eé 7o A ES BTk
Ayl v 2 v3)E 2= Fig. 8(a), (b)SF 2] H
47} 7Vl whel HE oA A -4 71A] Xl°L 3 E%l F45H
F7Vehs A4S BATE T8 7 A A BT vsg Y
A _F-gE o] HAFHJA T FR7G Aa‘tﬁ.xﬂ(Flg. 8(b))4 At
L&o| LR} AE fd](Fig 8(a))oll B3} ShkslA 278l
73S Holm, T Be ¥ 9(3.0%)olA Hrf 23 o] 1t
S QOj\\:]. o]‘— 5]57130] %XM-I‘— tsh}\l-y__q._ tﬂzsglc—’_ej
Fdol B 719431l S-S HojErh UG r 3y
54] ek A A E Fig. 8(c), (d)&F 2] A3 o| Z7}st
A A o] Foll = M7 ST e EhE A h-8-5 <
A SHA FA == A2 AT 4= A3 o]

£mlor

I'UE

b

D e

oot ol

1
]_
F7h gt

g o

700 700

600 - 600 -

T ‘T

a a

S 500 4 S 500 A

" w

@ 400 A & 400 A

-] ]

$ 300 4 3 300 4

= _¥--=-X =

@ 200 - P 2 200 -

g X . g A

* 100 X - - Bearing v 100 - %~ Bearing

3 X —e—Anchrage 3 —0—Anchrage
0 T T T T 0 T T T T

0 1 2 3 4 0 1 2 3 4
Drift [%] Drift [%]

(c) EJ-C42-L15-82-T0 (d) EJ-C70-L13-S2-T0

Fig. 8 Bearing and anchorage stress of headed bar versus drift

74 SIRIPESFICESX|H2|REHE =2 M 257 H6F(2021.12)



3 o] 12 AT Y8 o|Fol = ZustdntasL BAEA &
0 3)5 ARl FE3 WPo] 5w 2.
e w3 SUaEEA7L 10,2 AR (Fig. 8,
(b)) A F 1.5% WAS1ol A Sfeele)do] G st on,
2.0% T 3.0% W7 Seieie) B 2e) PEy o] B
Hlek. T, 298577} 24,2 ABA(Fig. 8(0), (d)
ANME 1.0% W9 ool strjulelATo] Fuspgom,
4.0% o) We)7HA) Srimeld e Base] BEs =
A2 AT 5 YUk, ol Ze B 0] Z717} Srie
22 e] AR ofjeh WY Fatolx 7]olsha

e HoE
g
4.2 E

B AT E 20 APANFE FOR F 4700 95
A% ARE APAS AYst, NEHFAEL st
57mm T3 Seiee] d e xgzvg—gg BT, o
S3jo] theat 2o AR EEF 5 UL
(1) WE3E SpollA] & uliﬂﬂ st ope
A5 PP leista ok, Yugee
R e o) leisl 21 & Sk 4 2l
-0

N, Bakdel 221D 4 9188 1T+ I
(2) 57mm 77 S 2 d2E AR 9 B S A
Hol A= d AX=E slhof /A2 o =
St SRS T, oF Husl] flsje] Z9
| BFA7} 224,018 0] 0ok 3RS Elst 5= 1otk
(3) & AgA 9 Sir T = *JJM o] x5
FasIgor, o] F Fale] 915 1.7)% Mol 3
P S7mm £l S0 2 A28 v} sl A
BT PIE AS AT 5 Atk

ofjr B ook

ATE TR/ TENSH|E31EUe AU
2 35 2(21CTAP-C164325-01)

References

1. ACI 318-11 (2011), Building Code Requirements for Structural
Concrete and Commentary, American Concrete Institute, Farmington
Hills.

2. ACI 352-02 (2002), Recommendations for Design of Beam-
Column Connections in Monolithic Reinforced Concrete Structure,
ACI, Farmington Hills.

3. Bashandy, T. R. (1996), Application of Headed Bars in Concrete
Members, PhD Dissertation, The University of Texas at Austin.

4. Chun, S. C., Choi, C. S., and Jung, H. S. (2017), Side-face blowout
failure of large-diameter high-strength headed bars in beam-column
joints, ACI Structural Journal, Vol. 114, No. 1

5. DeVries, R. A. (1996), Anchorage of Headed Reinforcement in
Concrete, PhD Dissertation, The University of Texas at Austin.

6. Furche, J., and Eligehausen, R. (1991), Lateral Blow-Out Failure
of Headed Studs Near a Free Edge, ACI Internatinal, SP-130,
Farmington Hills.

6. Thompson, M. K. (2002), The Anchorage Behavior of Headed
Reinforcement in CCT Nodes and Lap Splices, PhD Dissertation,
The University of Texas at Austin.

7. Wallace, J. W., McConnell, S. W., Gupta, P., and Cote, P. A.
(1998), Use of Headed Reinforcement in Beam-Column Joints
Subjected to Earthquake Loads, ACI Structural Journal, 95(5).

Received : 09/24/2021
Revised : 10/18/2021
Accepted : 11/02/2021

:rLo]] A uEsEe uhe

F

- 1-7)5 el 43t
EAgs oM, 2HE S5, SUIAEFA, FRATH EJJJM%“&‘QZF e‘f‘é %—’Fi’“mom CE Ko Jﬂﬂ
é—‘a—é‘ 7} A, el 2 773 goim el d o) Rl Mg E ddFe T =
2 Ueiston, o) H7]E ol Z 2 57Tmm thy7d S e

1§ Five|d T, ti7 E, AT, 2 Brle e

o
tlo

T SIS SR R sl HEH e A AJAT

ulEae

J. Korea Inst. Struct. Maint. Insp. 75




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


