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Analytical Study on the Shear Behavior of Prestressed Concrete Deep Beams

Tae-Hoon Kim,”* Young-Jin Kim,” and Hyun-Mock Shin”
Civil Engineering Research Team, Daewoo Institute of Construction Technology, Suwon 440-210, Korea
“Dept. of Civil and Environmental Engineering, Sungkyunkwan University, Suwon 440-746, Korea

ABSTRACT The purpose of this study is to investigate the shear behavior of prestressed concrete deep beams and to provide
the data for development of improved design criteria. The accuracy and objectivity of the assessment process may be enhanced
by the use of sophisticated nonlinear finite element analysis program. Hence, in this study, the computer program, named RCA-
HEST (reinforced concrete analysis in higher evaluation system technology), was used. Material nonlinearity is taken into account
by comprising tensile, compressive and shear models of cracked concrete and a model of reinforcing steel. A bonded or unbonded
tendon element based on the finite element method, that can represent the interaction between tendon and concrete of prestressed
concrete member, is used. The proposed numerical method for the shear behavior of prestressed concrete deep beams is verified
by comparing the analytical results with test data by others.
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Table 1 Test specimens

e | wa [P el D o | i
S14 0 0 383
S24 20 0.33 0.220 87.4
S34 0.67 0.483 65.1
S44 1.00 0.685 68.8

D Apsfpy 2 Apsfpe
ApsToy T Aty ApsTpy T Ak

*Ap, Ay @ areas of prestressed and nonprestressed reinforcement,
Jpe: effective prestress applied, f,,, f,:yield strength of pre-
stressed and nonprestressed reinforcement

—_
kN
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Fig. 9 Load-deflection curve for specimen S24
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) Mode of failure Ultimate capacity (kN)
Specimen -
Exp. Ana. Exp. (1) Ana. (2) Strut-and-tie model (3) /7@ D703
S14 shear-comp. flexure 62 71 82 0.87 0.76
S24 flexure flexure 156 147 126 1.06 1.24
S34 shear-comp. | shear-comp. 115 125 125 0.92 0.92
S44 shear-comp. | shear-comp. 144 145 125 0.99 1.15
Mean - - - - - 0.96 1.02
(6(6)% - - - - - 0.09 0.22
IAERAE E32E 7

22 22| HEASol| 25 shAMA A7 | 515



-6.54E-02
. 4 32E-03
7.40E-02
1.44E-01

2.13E-01
. 2.83E-01
L

3.53E-01
4.22E-01

Current View
Min = -4 14E+01
X =841E+01
Y =381E+01

Max = 3.76E+01
X =1.05E+02
Y =357E+01

(b) Analysis

Fig. 13 Failure pattern for specimen S34

Experiment
Analysis

50

Steel Strain (X10° mm/mm)
Il

0 &6 & &0
0 40 80 120 160
Total Applied Load, 2V (kN)

Fig. 14 Prestressing wire strain at location A for specimen S14

lo

o

Ml

B

g X
ot

)

_{

F7F 2+2F 0.963 0.092A4, 33515
o2 A9 Az By thh A ¥

atal glont AF7E 0.090] EFsto] ZEAEY)
20 A719] Wste] we e Be| AWAFELS 4
33 Hrisla e Aoz dAdHEn. a8y ~EF-E
o] rde g m3tFe *?}2 /o183t Had W
EASE 717 1,029 02224, AukH oz 2% Azl

N
S5k ol o A AN HA

-|Q|_\__ -
e FRREE vnd Pl Brksa gow, =

[
oBL

7 ® Experiment
Analysis
—_ 4 —
£
g |
".’E 3 Roi B
\°- T 350 350
=
g 24 . PO )
& ° %
By 9
e
e ®
0@ — L T T T T T T
0 40 80 120 160

Total Applied Load, 2V (kN)

Fig. 15 Prestressing wire strain at location B for specimen S14

o A7, 2gal FAES ¢
= FA= H7E A

=

4.4 B
o] AFoXE ZILEHZZE FIAME ZL B A
DA% oS 918 AU mde ANSAL A
R A e A8 MAY fRkaddd X
23S AFRElY], TP AEYAE ZAFE LS HE
AU, AT Ao vl - AEE Aol A 2R

el 2L A
DAY WAFHS T QA

D‘rxh:l-ﬂ-/ﬂ, Ao 2 dde Bz =o gk 2zt
o PPN 2] fRazs N 289
Ji

2) A Aot A4 A3 EHPr%Ql A= A
oM EasEe L =
oz Ao, 7HEHA wEPS dle A
w2t AAR ST @/do] dEEo] Bo) ofx| %}
gol olste] ddgo] AXHE= ASR JEhsit
a8 ZE2EY XY A9 EAYE Hre =
7t wel T AEYAE ZAYE ZS Bl A
S go] PEe Al & AT

3) HIAE fReasde HIeEe dAutdos A
d Aol Hlate] v AA Frista o =
2EYAE FAYE 22 B AEAEEL S H
w3 AgsA Hrysta vk FFE AEPLAS
9 AL Esle] ZAEHYAE ZIAYE Y&
weol Wetg Bt @ AAHAE 5ol f&shl A&

g s AoR Hddn

L
Lo
m
o
Ml
e



o]

AR, G2, F9d, e AeEasE

[e) O A~ = =
Lo, fex, AT, e AEEAYE 4

Kl
i)
P
[rrt
ko)

=
&)

oft

A

of
=

oz

o ™ X lo
o%
Lo ¢
(4
o
[

m
hv)
[y o
(m
I
1\
AC)
o lm J
I
N Az

tlo
2

e, 5
ox

o
4

ORI, A, AFRFL B AagaE ge

l
H
:
e

o ARAB et AW A7) BAYEG =8,
1149, 1Z, 1999, pp. 191~200.
]

B
o] AeAE B ACI ARdA 71E3e] Hla» 238
0

N
rlo

Ests] =17, 144, 65, 2002, pp. 874~882.

N

rlo

)
%:h

rlo

o] At Frme| #e AFHrL 2T EES =
157, 53, 2003, pp. 689~696.

CARE, WS, “HIEAYE e B AYEHZ B

ol AG A FESSI|=EH, 254, 2A%, 2005,
pp- 365~373.

. Alshegeir, A. and Ramirez, J. A., “Strut-Tie Approach in

Pretensioned Deep Beams,” ACI Structural Journal, Vol.
89, No. 3, 1992, pp. 296~304.

. Tan, K. H., Lu, H. Y., and Teng, S., “Size Effect in Large

Prestressed Concrete Deep Beams,” ACI Structural Journal,
Vol. 96, No. 6, 1999, pp. 937~946.

. Tan, K. H., Tong, K., and Tang, C. Y., “Direct Strut-and-Tie

Model for Prestressed Deep Beams,” Journal of Structural
Engineering, ASCE, Vol. 127, No. 9, 2001, pp. 1076~1084.

. HEHY, FIYEFTRAAVIE, IHEABESS], 2007.
. Schlaich, J. and Weischede, D., “Detailing Reinforced Con-

crete Structures,” Canadian Structural Concrete Confer-
ence, Department of Civil Engineering, University of Toronto,
Toronto, 1981, pp. 171~198.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

British Standards Institution, Code of Practice for Design
and Construction (BS8110 Part 1), British Standard, UK,
1997, 120 pp.

American Concrete Institute, Building Code Requirements
for Structural Concrete (ACI 318-05) and Commentary
(ACI318R-05), Farmington Hills, Michigan, USA, 2005,
107 pp.

American Association of State Highway and Transportation
Officials, A4SHTO LRFD Bridge Design Specifications, 4th
Edition, Washington, D.C., USA, 2007, 1518 pp.
AR, o], P95, AR LESEe] B ByS
ol &3 FZTAE L He| S HUh A
Zges B seuRs =84, 179, 13, 2005, pp.
179~182.

Kim, T. H., Lee, K. M., Yoon, C. Y., and Shin, H. M.,
“Inelastic Behavior and Ductility Capacity of Reinforced
Concrete Bridge Piers under Earthquake. I: Theory and For-
mulation,” Journal of Structural Engineering, ASCE, Vol.
129, No. 9, 2003, pp. 1199~1207.

Kim, T. H., Lee, K. M., Chung, Y. S., and Shin, H. M.,
“Seismic Damage Assessment of Reinforced Concrete
Bridge Columns,” Engineering Structures, Vol. 27, No. 4,
2005, pp. 576~592.

Kim, T. H., Kim, Y. J., Kang, H. T., and Shin, H. M., “Per-
formance Assessment of Reinforced Concrete Bridge Col-
umns Using a Damage Index,” Canadian Journal of Civil
Engineering, Vol. 34, No. 7, 2007, pp. 843~855.

Kim, T. H., Park, J. G, Kim, Y. J., and Shin, H. M., “A
Computational Platform for Seismic Performance Assess-
ment of Reinforced Concrete Bridge Piers with Unbonded
Reinforcing or Prestressing Bars,” Computers & Concrete,
Vol. 5, No. 2, 2008, pp. 135~154.

Kent, D. C. and Park, R., “Flexural Members with Confined
Concrete,” Journal of Structural Engineering, ASCE, Vol.
97, No. 7, 1971, pp. 1969~1990.

Taylor, R. L., FEAP-A Finite Element Analysis Program,
Version 7.2 Users Manual, Volume 1 and Volume 2, 2000,
310 pp.

Tan, K. H. and Mansur, M. A., “Partial Prestressing in Con-
crete Corbels and Deep Beams,” ACI Structural Journal,
Vol. 89, No. 3, 1992, pp. 251~262.

10. Canadian Standards Association, Design of Concrete Struc-
tures for Buildings, CAN3-A23.3-M84, Rexdale, Ontario,
Canada, 1984, 232 pp.

11. Concrete Design Committee, The Design of Concrete
(NZS3101: Part I and II), New Zealand Standard, New
Zealand, 1995, 264 pp.

=2 of

we 9

AR

= 7¥

= HF

T Atk

= oe d7Ake A9 Ae} mlatste] O B S A
UABO : MHAS, T2AEYAE BH2E, A2 H, HIMY

o] A= ZYAREHXIE FAYE Ze WO HATATS detstar FEl oA A HAAZIE] A
F ARE AFskedl 2 BFo] k. gt EnkE HHE flste] A e HAdE fIe sy =
oj-&stth AHEE 22 AILTAYE FxE9] 42 917 RCAHESTO|th A &52 wAd@d o] thalA
ZAYE thE AF, 45, DR FAYE S e d2RDS 296t LSl AME A T
A ddaose fFasyel 278ty Z2EH2E FAE FAjo FAYES dWe] uzes 7AT
o] AdFolME ZYLEHXIE FAYE ZA & B AdAES Fofstr] S8 At a4 7iHe Al

Skl

QR4

i

IE[AEMAE Z32|

oA, HEA HMSEY

[m
N

Z2 22| HEAS0l 25 shAH o7 | 517




<<
  /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


