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Strain-Based Shear Strength Model for Prestressed Beams

Soon-Pil Kang,"” Kyoung-Kyu Choi,” and Hong-Gun Park"*
')Dept. of Architecture, Seoul National University, Seoul 151-742, Korea
“Dept. of Architectural Engineering, Dankook University, Yongin 448-160, Korea

ABSTRACT An analytical model for predicting the shear strength of prestressed concrete beams without shear reinforcement
was developed, on the basis of the existing strain-based shear strength model. It was assumed that the compression zone of intact
concrete in the cross-section primarily resisted the shear forces rather than the tension zone. The shear capacity of concrete was
defined based on the material failure criteria of concrete. The shear capacity of the compression zone was evaluated along the
inclined failure surface, considering the interaction with the compressive normal stress. Since the distribution of the normal stress
varies with the flexural deformation of the beam, the shear capacity was defined as a function of the flexural deformation. The
shear strength of a beam was determined at the intersection of the shear capacity curve and the shear demand curve. The result of the
comparisons to existing test results showed that the proposed model accurately predicted the shear strength of the test specimens.
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Table 1 Existing shear strength models for prestressed concrete 35

beams without web reinforcement s0 |
Investigator Shear strength models (MPa) 25
1,=0.05,/f. +48 Zd(o.luﬁ <, <042< Jf! Ve, 0 ‘.--....-----.-;i-.----.- ------------
u 15 A é." °
) b e
or the lesser of Vpred. 10 in.:..
V,+(ViM.,,/ M,,,.) S @ooosssesomooosoee oo o
= [=s iTcre max/ > ' ] Mean : 1.42
V=005, /f.' - >0.14 /. 05 Mean : 142
0.0 T T
and 1, =029,/f.) +03P,/ A, + 7 00 01 02 03
bd RIA.f
My =1 p)OS " +foe = 1) i (a) ACI 318-05
ACI318-05"| V., = shear force, M, = flexural moment 3.0 -
V,=shear due to unfactored dead load 25
----------- -0—0--.—---.---——----"-—
Vi, My, = shear force and flexural moment due to Ve, 2.0 I
externally applied loads MEREE ‘ foo0 8,0
red. [ °
/e = compressive stress in concrete due to effective Y 1. e% %0 * __
prestress at extreme fiber of section where tensile stress 05 Mean : 1.49
is caused by externally applied loads S.D. : 0.340
0.0 T T
|f;;= stress due to unfactored dead load at extreme fiber 0.0 0 02 03
of section where tensile stress is caused by external force El4.f.
N (b) Eurocode 2
In the cracked regions, 35
Veae = 0.12k(100p,£. )" +0.150,, 3.0 1
>0.0356" Jf.) +0.150,, 25 1
k=1+ ,200/d <2.0, d in mm, p,<0.02 Ve 07
S 1.5 {9~ @--Z-------som-oo-ossm-sos-ooos
Eurocode 271y the uncracked regions, Vpred. o '. &:.03 Q.o ", & o ®
VRd,Cz (I/Sd)/\/ (fc‘td)z + O-c'pfctd 05 4 Mean : 1.17
0.,y=P,/ 4.<02f,; in MPa oo , SD.:0.136
. . 0.0 0.1 0.2 03
\foa» Joia= design value of concrete compressive and PIAf
tensile strength (c) Sozen et al.
' 3.5
Sozen, |y = ' +P./A,)
Zwoyer, | a/d - ,'0."..,0 """""""""
. d L) [}
and Siess” | 7' =69/(1+41.4/ £') in MPa e g0t .
_0.33./f, +0.4P,/A, d 2 Vew. 27 .,f_‘: _____________________________
Bazant and | e~ /d 1+25d Voed ]
Cao” i 10 A
d,=maximum aggregate size (mm) 0'5 | Mean : 2.43
Wolf and | v,;=0.42 /7. (c/d) S.D.:0.335
Frosch” c=depth of the compression zone 0'00_0 01 02 0.3
v,=V,/bd in MPa FIAf
d = effective depth of the reinforcement a5 (d) Bazant and Cao
A, = area of concrete section 50
17 =specified compressive strength of concrete as |
P, = effective prestressing force '
2.0 1
Y. B 2 P X
z 1.5 L ‘.O.z‘. ..
vp"{fdA 10 ____..__._________._ __________ ? _______
¥ FAARA = A7 EHATE wol] AGAEE Mean : 1.52
B - _ 0.5 R
A 3T Wolf and Frosch”e @& 3z E9 A S.D.: 0.223
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Fig. 2 Distribution of governing shear stress capacity in
compression zone
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Fig. 3 Stresses in compression zone at failure
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Table 2 Properties and strength of test specimens

Beam f. (MPa) | d (mm) ald Py (%) % ¢y (mm) | v, (MPa) | v,.; (MPa) %
A.11.43 42.9 209 6.55 0.890 0.114 91 1.69 1.66 1.02
A.11.51 20.0 214 6.40 0.492 0.136 101 0.94 0.87 1.09
A.11.53 30.1 204 6.73 0.775 0.148 102 1.33 1.32 1.01
A.11.96 20.0 214 6.42 0.925 0.259 - 1.28 F. E -
A.12.23 39.0 237 3.86 0.438 0.070 73 1.64 1.67 0.98
A.12.31 40.0 219 4.17 0.600 0.085 80 1.78 1.93 0.93
A.12.34 55.1 208 439 0.894 0.084 33 2.33 2.59 0.90
A.12.36 23.7 233 3.92 0.414 0.107 93 1.34 1.35 0.99
A.12.42 432 211 434 0.8384 0.101 93 2.16 2.34 0.92
A.12.46 32.1 208 4.39 0.715 0.138 101 1.97 1.94 1.02
A.12.53 23.4 218 4.19 0.603 0.138 106 1.63 1.53 1.06
A.12.56 26.1 218 4.19 0.702 0.160 113 1.78 1.76 1.01
A.12.69 20.3 206 443 0.690 0.187 119 1.73 1.45 1.19
A.12.73 24.5 214 427 0.869 0.180 124 1.92 1.83 1.05
A.12.81 17.9 220 4.16 0.697 0.232 142 1.54 1.50 1.03
A.14.39 23.1 212 2.87 0.435 0.106 86 2.01 1.82 1.11
A.14.44 23.1 216 2.82 0.488 0.122 94 2.18 1.93 1.13
A.14.55 22.9 217 2.81 0.608 0.152 109 2.46 2.20 1.12
A.14.68 16.8 214 2.85 0.554 0.188 121 2.05 1.85 1.11
A21.29 23.1 215 6.39 0.308 0.040 62 0.54 0.66 0.83
A.21.39 21.6 227 6.03 0.406 0.057 77 0.70 0.75 0.93
A.21.51 38.8 206 6.65 0.959 0.068 80 1.21 1.37 0.89
A.22.20 36.9 215 4.26 0.347 0.028 51 1.00 1.15 0.87
A.22.24 23.9 224 4.09 0.278 0.035 59 0.93 0.89 1.05
A.22.27 26.5 213 430 0.350 0.038 60 0.97 1.03 0.94
A.22.28 24.0 222 4.11 0.330 0.035 62 0.85 0.95 0.89
A.22.31 24.3 205 447 0.364 0.062 67 1.08 1.05 1.03
A.22.34 28.6 211 433 0.469 0.046 66 0.97 1.18 0.82
A.22.36 19.9 212 431 0.351 0.074 76 1.03 0.96 1.06
A.22.39 17.8 224 4.09 0.333 0.034 69 0.71 0.79 0.91
A.22.40 39.9 208 4.39 0.774 0.066 76 1.87 1.86 1.00
A.22.49 32.8 208 4.39 0.774 0.063 79 1.62 1.59 1.02
A.32.19 344 229 3.99 0.320 0.000 44 0.71 0.83 0.85
A.32.22 29.6 238 3.84 0.313 0.014 53 0.87 0.90 0.97
A.32.27 19.3 233 3.93 0.320 0.009 60 0.80 0.77 1.04
A.32.37 422 208 4.39 0.774 0.004 54 1.24 1.25 0.99
A.32.49 32.8 208 439 0.774 0.038 72 1.48 1.48 1.00
*Flexural failure Average 0.99
Standard deviation 0.090
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Fig. 6 Strength predictions by proposed method
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Fig. 7 Variations of shear strength according to design parameters: (a) Prestressing force; (b) Compressive strength of concrete;

(c) Shear span-to-depth ratio

82

SH=Z32|Ests =28 M21# M15 (2009)



Az S7ke dnt AaZAdE B

A vebd ot

% T

E FIYE Ho| sty FAHATA=EIZ AE-o] 7}
s H rde F Ay wyezs oY
3l = g Hol Hgo] 7t
Aoz AEH, o]5 flsle F71HQl A7t 2 T

ol A7 AT HE At AHg =R
o] 1 AlgT Al (0434 7] C02-027 0534 7)<
D02-01)2] AAH A Y& who}l Y=o, oo A}
="y

I
ror

Ik

1. Sozen, M. A., Zwoyer, E. M., and Siess, C. P., “Inves-
tigation of Prestressed Concrete for Highway Bridge, Part1-
Strength in Shear of Beams without Web Reinforcement,”
Engineering Experiment Station Bulletin, No. 452, Uni-
versity of Illinois, Urbana, 1959, 69 pp.

2. Kar, J. N., “Diagonal Cracking in Prestressed Concrete Beams,”
Proceedings, ASCE, Vol. 94, ST1, Jan. 1968, pp. 83-109.

3. Vecchio, F. J. and Collins, M. P., “The Modified Com-
pression-Field Theory for Reinforced Concrete Elements
Subject to Shear,” ACI Journal, Proceedings, Vol. 83, No.
2, 1986, pp. 219-231.

4. ACI Committee 318, Building Code Requirements for
Structural Concrete (ACI 318-05) and Commentary (ACI
318R-05), American Concrete Institute, Farmington Hills,
MI, 2005, 430 pp.

5. Eurocode 2, “Design of Concrete Structures-Partl-1:Gen-
eral Rules and Rules for Buildings,” CEN, EN 1992-1-1,
Brussels, Belgium, 2004, 225 pp.

6. Bazant, Z. P. and Cao, Z., “Size Effect of Shear Failure in
Prestressed Concrete Beams,” ACI Journal, Proceedings,
Vol. 83, No. 2, 1986, pp. 260-268.

7. Wolf, T. S. and Frosch R. J., “Shear Design of Prestressed
Concrete:A Unified Approach,” Journal of Structural Engi-
neering, ASCE, Vol. 133, No. 11, 2007, pp. 1512-1519.

8. Park, H. G, Choi, K. K., and Wight, J. K., “Strain-Based
Shear Strength Model for Slender Beams without Web
Reinforcement,” ACI Structural Journal, Vol. 103, No. 6,
2006, pp. 783-793.

9. Choi, K. K., Park, H. G, and Wight, J. K., “Unified Shear
Strength Model for Reinforced Concrete beams-Part:Devel-
opment,” ACI Structural Journal, Vol. 104, No. 2, 2007, pp.
142-152.

10. Zararis, P. D. and Papadakis, G. C., “Diagonal Shear Failure
and Size Effect in RC Beams without Web Reinforcement,”
Journal of Structural Engineering, ASCE, Vol. 127, No. 7,
2001, pp. 733-742.

I1. Tureyen, A. K. and Frosch, R. J., “Concrete Shear
Strength: Another Perspective,” ACI Structural Journal, Vol.
100, No. 5, 2003, pp. 609-615.

12. Chen, W. F., Plasticity in Reinforced Concrete, McGraw-
Hill, New York, 1982, 474 pp.

13. Kupfer, H., Hilsdorf, H. K., and Rusch, H., “Behavior of
Concrete Under Biaxial Stresses,” ACI Journal, Proceed-
ings, Vol. 66, No. 8, 1969, pp. 656-666.

14. Choi, K. K., Reda Taha, M. M., Park, H. G,, and Maji, A.
K. “Punching Shear Strength of Interior Concrete Slab-Col-
umn Connections Reinforced with Steel Fibers,” Cement
and Concrete Composites, Vol. 29, No. 5, 2007, pp. 409-420.

15. MacGregor, J. G, Strength and Behavior of Prestressed
Concrete Beams with Web Reinforcement, PhD thesis, Dept.
of Civil Engrg. University of Illinois, 1960, 295 pp.

2 =

AFoZRE 72 xolH GFH ol ¢ oF BRHE &
Aol jd= oo e gojdrt. FaE T AEYHAE
Ho| Ag, FAYESH A Aol €HE FAIE
JOE=, Fig. AlZ o] WY E Ad=zde T 4
o] M3E g =agd-c)/ ctete.S AT F

2 ZPxEFR e i A2ndg EHFse
A, et e Aol

B Al AR B AdEE
FE A xoll AAskE @l 454
3)f'be,ot A8E T=4,E,67 A&tz FHEH
ZRE 4 (AD°] dojith YU ol = WA
(ADS] Fe] Ao Fojxith,

2
o f’c 2
(cxx— 3j—cx —(&pe T Ece— 5)c —da gy = 0
dE
pP P (Al)

2 (ADH A (1)lX A= dA3EH e oo ot
S Bl F87] Y HHEAAke] st} o] o
TFoAME FE2Y A9 ot (a&=QP./A.+f)/E,),
EE A E adle FHAAA ol GAY ag B

ag,

=
Effective

Prestressing

i C =cbc
NA .
jd
A J
A After
P Cracking ?
e e ®- o

Fig. A1 Strain and stress distribution in a rectangular section
of bonded prestressed concrete beam

A

ZI|AEYHAE Z32|E BE 2[5 HYE 7| Metde 2d | 83



of &HE awts 2 o] HHEA A .[ zo,(z)dz a3 — /12
= T8 9 afS FETh RRIE Zdol= o dy = ———+d-c, =d-2"—""c (A2
&3}zl abg [, ou=)dz a,— /3

of oA AFellM Altd WMPFE 7N A
16& s ﬂl%é}ﬁiﬁ}. Xd%wc} HX] °‘ ialE HOM” t&@gi 01%141@:} 3 ﬂE i)
= J

o
AN
l_ru J—)
r&l
i)
N
_>‘i
.?L
3
ﬂ
%ty
[
_VH
m
L
ey
uul
oX,

Bote A Se e OIS wder, AL AT W e, At A ee
O 5 3

fLo o et N v kO
e
é
LDy
(X 4L off A
o E N o &2

bl p b —J—':_—_:'
el wet watstez, g5 o A s AU et ehpelnt. Bel Addes ddds =
e Ao wAelM AR HE. A siHRd S 7= A7AEe A A7 A vk A3, AP 9
=g Ao dEsin.
HMEO  MHZE, TJATYAE ZJAE, L=, LIz

84 | =22 32|ESts| =27 M213 M1& (2009)




<<
  /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


