
Description Calculation of flexure capacity use strain compatibility of a
section bending uniaxially. Concrete stress strain curve is
from Collins and Mitchell.

Reference PCI Design Handbook 8th Edition|
ACI 318-14
Collins, Michael P. and Mitchell, Denis, Prestressed Concrete Structures, Prentice Hall, Englewood
Cliffs, NJ, 1991

Concrete Geometry and Material Properties

Thickness of topping in2.75ttop

Width of topping in68wtop

Height of precast section in32hpre

Width of stem in24wstem

Elastic modulus of precast ksi4695Epre

Elastic modulus of topping ksi3834Etop

Compressive strength of the topping ksi4fct

Compressive strength of the precast ksi6fcp

Ultimate strain in concrete 0.003εcu

1.7421

0.003

fcp
Epre

Epre
nConstant used for stress strain curve of concrete

Figure 1: Concrete Geometry of Composite Precast IT Beam

Reinforcement Quantities and Properties

Number of strand in rows 1-4 16numrow1

14numrow2

2numrow3

2numrow4

Centroid of strand in rows 1-4 measured from the bottom in3cgrow1

in5cgrow2

in10cgrow3
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in30cgrow4

2
in0.167AstrandArea of individual strand

Jacking ratio for strand 0.75Jacking

Prestress losses %8.48Losses

Ultimate stress in strand ksi270fpu

Elastic modulus of prestressed reinforcement ksi29000Eps

Centroid of bars measured from the bottom in29cgbars

Number of bars 4numbars

2
in1ArebarArea of individual rebar

2
in4numbarsArebarAsTotal area of mild reinforcement

Elastic modulus of mild reinforcement ksi29000Es

Figure 2: Reinforcement Locations of Strand (Left) and Rebar (Right)

Flexure Parameters

Neutral axis depth in10.32775c

2
in187ttopwtopAtopArea of topping in above neutral axis

2
in181.866ttopcwstemApreArea of precast in above neutral axis

ksi5
ApreAtop

fcpAprefctAtop
fcaAverage concrete strength in compression zone

0.801
psi1000

psi4000fca
0.050.85β1Beta factor

Concrete Force

Depth of compression block in8.2694cβ1a

2
in187ttopwtopAtopArea of topping in compression block

2
in132.4653ttopawstemApreArea of precast in compression block
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Compression force in topping kip635.8Atopfct0.85Fct

Compression force in precast kip675.573Aprefcp0.85Fcp

Compression force in concrete kip1311.373FcpFctFc

in31.245
Fc

2

ttopa
hpreFcp2

ttop
hpreFct

cgcCentroid of concrete force

Mild Force

Depth of mild reinforcement in5.75cgbarsttophpredbars

0.001330εcuc

dbarsc
εbarsStrain in mild reinforcement

ksi4.7063
n

0.003

εbars
1n

0.003

εbars
n

fcpσcStress in concrete the rebar is replacing

Stress in rebar less concrete stress ksi33.8562σcεbarsEsσbars

Total mild force kip135.4249AsσbarsFm

Centroid of mild force in29cgbarscgm

Strand Force

Depths of strand rows 1-4 in31.75cgrow1ttophpreds1

in29.75cgrow2ttophpreds2

in24.75cgrow3ttophpreds3

in4.75cgrow4ttophpreds4

3
106.391Losses1

Eps

fpuJacking
εi

Initial strain in strand

Strain in strand rows 1-4 due to flexure 3
106.223εcuc

ds1c
εs1

3
105.6418εcuc

ds2c
εs2

3
104.1894εcuc

ds3c
εs3

0.0016εcuc

ds4c
εs4

Stress in concrete the strand is replacing ksi0σc1

ksi0σc2

ksi0σc3
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ksi5.2077
n

0.003

εs4
1n

0.003

εs4
n

fcpσc4

Stress strain relationship from PCI Design Aid 15.2.3.

The two curves that make up this curve are not continuous using the values they use as constants. Because of this, a
new constant is computed to ensure continuity.

ksi243fpu0.9fpyYield stress of the strand

0.0083793103
Eps

fpy
εypYield strand of the strand

0.007
εypEpsfpu

ksi0.04εypc1Recomputed constant

Stress in strand rows less concrete stress ksi263.0015σc1if

else

ksi
c1εs1εi

0.04fpu

Epsεs1εi

εypεs1εiσs1

ksi262.2097σc2if

else

ksi
c1εs2εi

0.04fpu

Epsεs2εi

εypεs2εiσs2

ksi259.1368σc3if

else

ksi
c1εs3εi

0.04fpu

Epsεs3εi

εypεs3εiσs3

ksi133.1339σc4if

else

ksi
c1εs4εi

0.04fpu

Epsεs4εi

εypεs4εiσs4

Force in strand rows 1-4 kip702.74σs1Astrandnumrow1Fs1

kip613.0462σs2Astrandnumrow2Fs2

kip86.5517σs3Astrandnumrow3Fs3

kip44.4667σs4Astrandnumrow4Fs4

Total force in strand kip1446.8046Fs4Fs3Fs2Fs1Fs

in5.096
Fs

cgrow4Fs4cgrow3Fs3cgrow2Fs2cgrow1Fs1
cgs

Centroid of strand force
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Convergance Check

Solution is correct when sum of forces is 0 kip0.007FsFmFcΣF

Resistance Factor
0.0062max εs4εs3εs2εs1εbarsεmaxMaximum strain in the reinforcement

0.002εtyLimit train for compression controlled

Resistance factor pre ACI 318-14 Table 21.2.2 0.9if

else
if

else

εty0.005

εtyεmax
0.250.65

0.90

0.005εmax

0.65

εtyεmaxϕ

Flexure Capacity

Nominal flexure capacity ftkip3127.345cgsFscgmFmcgcFcMn

Flexure capacity ftkip2814.6105MnϕϕMn
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