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Enhancing the Performance of High-Strength Concrete Corbels
Using Steel Fibers and Headed Bars

Jun-Mo Yang,” Joo-Ha Lee,” Hyun-Oh Shin,” and Young-Soo Yoon"*
“School of Civil, Environmental and Architectural Engineering, Korea University, Seoul 136-701, Korea
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ABSTRACT High-strength concrete corbels with varying percentage of steel fibers and two different anchorage types (welding
to transverse bar, headed) for the main tension tie were constructed and tested. The results showed that performance in terms of
load carrying capacities, stiffness, ductility, and crack width was improved, as the percentage of steel fibers was increased. In addi-
tion, the corbel specimens in which headed bars were used as the main tension tie reinforcements showed superior load carrying
capacities, stiffness, and ductility compared to the corbel specimens in which the main tension ties were anchored by welding to
the transverse bars. From the test results, it is expected that load carrying capacities, durability, and constructibility of high strength
concrete corbels would be improved by using steel fibers and headed bars. Experimental results presented in this paper were also
compared with various prediction models proposed by researchers and presented in codes. The truss model proposed by Fattuhi
provides fairly good predictions for fiber reinforced high-strength concrete corbels.
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Fig. 1 Geometry of test specimens and layout of reinforcement and strain gauges (unit : mm)
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Table 1 Concrete mix design

Unit weight (kg/m®)

W C SF S G SP
vy=0% 14
=0.50% 160 | 655 | 73 | 574 | 875 16
=0.75% 17

Table 2 Concrete properties

&g Jr Jsp
MP ¢ L
Specimen J:st ( deva)) (mm/mm) | (MPa) | (MPa)
’ ’ (st. dev.) | (st. dev.) | (st. dev.)
CWO, 83.8 0.0020 7.89 5.82
CHO (2.59) (0.0003) (0.33) (0.08)
CW50, 75.1 0.0020 8.81 7.03
CH50 (1.14) (0.0001) (0.26) (0.06)
CW75, 75.8 0.0019 8.80 8.28
CH75 (3.39) (0.0002) (0.03) (0.25)
Table 3 Steel properties
. . Area 5 & Eh Ju
Designation (mmz) (MPa) %) %) (MPa)
10M 100 474 0.27 0.52 685
15M 200 499 0.26 1.63 651
2.3 AEA ME

Fig. 29} 7o) RE AFAE 11,400kN &3] UTM
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Table 4 Summary of test results

. Ve 4 V., A, A A, Stiffness Ductility
Specimen ¢ Y
(kN) (kN) (kN) (mm) (mm) (mm) (kKN/mm) (4,/4)
CWO0 151 1115 1271 0.05 1.57 2.19 633 1.39
160 1125 1367 751 1.53
CW series CWs0 (1.06)° (1.01) (1.08) 0.02 131 200 (1.19) (1.10)
169 1236 1440 910 1.60
W75 (1.12) (1.11) (1.13) 0.04 1.22 1.94 (1.44) (1.15)
94 1121 1354 899 1.57
H . 1.1 1.
CHO [0.62]° [1.01] [1.07] 0.05 8 85 [1.42] [1.13]
149 1198 1446 1240 1.65
. CH50 (1.59) (1.07) (1.07) 0.01 0.86 1.42 (1.38) (1.05)
CH series [0.93] [1.06] [1.06] [1.65] [1.08]
146 1213 1447 1306 1.88
CH75 (1.55) (1.08) (1.07) 0.01 0.77 1.42 (1.45) (1.20)
[0.86] [0.98] [1.00] [1.44] [1.17]
()" Rate of increase comparing to the result of the plain concrete corbel specimen (CWO0, CHO) in each series
[1° Rate of increase comparing to the result of the CW series having same dosage of steel fibers
CW series, CH series =57 1+ EUE] 0.5%, 0.75% APAE CWS0 AFA R 6% %2 Wt HeR
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CW75 1440 1.54 1.23 1.75 1.24 1.38 1.16 1.76 1.42 1.06 1.10
CHO 1354 1.42 1.13 1.64 1.16 1.17 1.06 1.65 1.30 1.16 1.10
CHS50 1446 1.55 1.24 1.75 1.24 1.40 1.16 1.76 1.43 1.08 1.12
CH75 1447 1.54 1.24 1.76 1.24 1.38 1.16 1.77 1.42 1.06 1.10
Mean 1.47 1.18 1.68 1.19 1.29 1.11 1.67 1.36 1.08 1.08
cov 0.054 0.056 0.046 0.048 0.089 0.055 0.046 0.055 0.038 0.027

702 | et=232|ESlE| =22 M213 H6S (2009)



3 e I E YWwrRle] A AFE 3 2. Mitchell, D., Cook, W. D., Uribe, C. M., and Alcocer S. M.,
e e AR v2aynt “Experimental Verification of Strut-and-Tie Models,” Exam-
1) e £9), e £908e 2wt 27 Pples for the Design of Structural Concrete with Strut-and-Tie
_ _ Models, ACI SP-208, 2002, pp. 41~62.
= #aE yawne WeiY, 24, a4e 57} | . .
i} o > > 3. Solanki, H. and Sabnis, G. M., “Reinforced Concrete Cor-
k= A2 YEphth bels-Simplified,” ACI Structural Journal, Vol. 84, No. 5,

2) A Ao &3ste] A Eol S BF 1987, pp. 428~432.

3 YRlvkz Bo) ts vlE Fo1A glo] 2o 4. Hagberg, T., “Design of Concrete Brackets on the Appli-

2 AMgs gYuwrdo] o o shy, A, 94 cation of the Truss Analogy,” ACI Journal Proceedings,

< By Vol. 80, No. 1, 1983, pp. 3~12.

= 5. Russo, G, Venir, R., Pauletta, M., and Somma, G., “Rein-

RE A =& Hoo A JHL B : > M > B > Ve > S T
3) = ‘jxﬂ/]e_rz OO PE __'2 N ° "'; _i:}]‘ forced Concrete Corbels-Shear Strength Model and Design

&l = -—

3, EYE v $2904 Bl TR AR 4 Formula,” ACI Structural Journal, Vol. 103, No. 1, 2006,

QA7) FA ehol B Py Ao SHD pp. 3-10.

AA e} FLsAY thA & AAHIES e 6. Foster, S. J., Powell, R. E., and Selim, H. S., “Performance

ok, of High-Strength Concrete Corbels,” ACI Structural Jour-

4) e Bolgo] Zvete| Wl FUEL 7HAEE nal, Vol. 93, No. 5, 1996, pp. 555~563.

_ - 7. Fattuhi, N. I., “Strength of FRC Corbels in Flexure,” Jour-
Hog 2, Y HfE o)A HZoZ A ’ ’ ’
" _ ]_/]-%}/%LJ__’ oﬂ_] _ s T _0 & r nal of Structural Engineering, ASCE, Vol. 120, No. 2, 1994,
&8 AYATL P Ao Ssk A% B ob. 360377,
°of Aes AHT APARG Y A2 #dFS B 8. dwEaAELLS, TAUE FRAAVE 4, a2
At =Y ESF], 2007, 523 pp.

5) )= vlE F14 Elo] o= AMEEtaL, A 9. Morgan, D. R., Mindess, S., and Chen, L., “Testing and
o= Fostomn ymurxel atES AT Specifying; Toughness for 'F iber Reinforced Concrete.and
YRS G S Ye Aoz BuE Shotcerete,” Proc., 2nd Univ.-Industry Workshop on Fiber-
Mo Folo —ulal o] Eala mHlo 74 Reinforced Concrete and Other Advanced Composites-

6) :Tr EHs e Fattu?l'/] — 1: —Ew e = Fiber-ReinforcedConcrete-Modern Developments, N. Banthia
F B F3AE WRIEEe WEE P A6 and S. Mindess, ed., Toronto, pp. 29~50.

o Zat= o2 YERT 10. Fattuhi, N. 1., “Strength of SFRC Corbels Subjected to Ver-
tical Load,” ACI Structural Journal, Vol. 116, No. 3, 1990,

ZiAbe| 2 pp. 701~718.
11. Fattuhi, N. 1., “Reinforced Corbels Made with Plain and

o] ATl AMTWEN S} 25T AN LSS lfz)lagj)u; ;3021§Bet§s3,6 ACI Structural Journal, Vol. 91, No. 5,

7rdellA g S a3 A 7] e A7) A (Center 12. R, o)Fd}, WA fd5, G L Zejzey
for Concrete Corea, 05-CCT-D11)2] A|Fo =2 FaP= o A Mgz B7E TRE ZIgE Yuluke] 1z A
B, ol ZAEHU T T W7y 2aES}E =83, 209, 63, 2008, pp.
747~754.

Z 25 13. Yong, Y. K. and Balaguru, P., “Behavior of Reinforced

=L 21 . .
High-Strength-Concrete Corbels,” Journal of Structural
L American C st “Buildine Code Requi Engineering, ASCE, Vol. 120, No. 4, 1994, pp. 1182~1201.
) fmt;rlcan (;nérete nstltu(tje,c uriding S:C[e;]u;t{:)r;ent; 14. Canadian Standards Association, “Design of Concrete
Aoé[;;;;;lg; Foncr.ete an H'l(;mrr]i?tsry’m% 1 3_ an Structures,” CSA A23.3-04, Mississauga, Ont., Canada,

-08, Farmington Hills, Mich., , 473 pp. 2004, 249 pp.

2 9 o dvelNE ZAR EYED FAY A2 AR PR WFE @ HHEd IPE BIeE Juwd

2 ARn AP ST A B9, A EUES Fvb) we wPE 2aLE WuwRsl W,

PA, Qe B 0E deg, Al #9Ee gasid B9, 393 220 §Ystel FAY go] B2

A RNA B AUE 0E FAF ee] F2OoE AEE YRMHel o e ey, 24, 94L uyt w

2, A= vl 2904 Fo] AzoE Agaa, AUHE EATORA MU Yo, Ny, AFH 5 @

AN s Aer AdEn A AAE AAVIES A5 9 o d7AkEe] A dSRdy) Blagt 43,

Fattuhi7} A|¢HeE Egjs Rl Af B7F v7te SAE yWeigle] s & o Sste 208 Uit

A0 : HERE, 2R OO H, dZE 232E

MR Y SC|E HIE &85 IZE E32(E LHRIRRIS| M5 &4t 703




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


