
Cracked Section Properties
Reference Mast, Robert F. “Analysis of Cracked Prestressed

Concrete Sections: A Practical Approach.”
PCI Design Handbook 8th Edition

Description Calculation of the cracked section properties outlined by Robert Mast in the PCI Journal
and Design Handbook. Delta fps is also computed once transformed properties are
determined. A summary of the procedure can be found in the Cracked-Section Analysis
section in section 5.2.2.2 of the PCI Design Handbook.

Concrete Geometry and Material Properties

Thickness of topping in2.75ttop

Width of topping in68wtop

Height of precast section in32hpre

Width of stem in24wstem

Elevation of centroid in14cggb

Depth of centroid in18cggbhprecggt
4

in83200Izz.gGross Section Moment of Inertia

Thickness of ledge in12tledge

Width of ledge in8wledge

Elastic modulus of precast ksi4695Epre

Elastic modulus of topping ksi3834Etop

2
in960AgGross Cross Section Area

Depth of the crack in19.84381103515625dcrack

Figure 1: Concrete Geometry of Composite Precast IT Beam

Reinforcement Quantities and Properties

Number of strand in rows 1-4 16numrow1

14numrow2

2numrow3

2numrow4
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Centroid of strand in rows 1-4 measured from the bottom in3cgrow1

in5cgrow2

in10cgrow3

in30cgrow4

Number of bars 4numbars

Centroid of bars measured from the bottom in29cgbars
2

in0.167AstrandArea of individual strand

2
in1ArebarArea of individual rebar

Total area of strand
2

in5.678numrow4numrow3numrow2numrow1AstrandAps

Centroid of strand

in5.824
numrow4numrow3numrow2numrow1

cgrow4numrow4cgrow3numrow3cgrow2numrow2cgrow1numrow1
cgst

2
in4numbarsArebarAsTotal area of rebar

Ultimate stress of strand ksi270fpu

Elastic modulus of mild reinforcement ksi29000Es

Elastic modulus of prestressed reinforcement ksi29000Eps

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

Loading

Moment due to self weight ftkip249.389MSW

Moment due to non-composite dead load ftkip498.778MDnc

Moment due to topping weight ftkip48.5789MDt

Moment due to composite dead load ftkip997.556MDc

Moment due to live load ftkip748.167MLL

Total moment on the non composite section ftkip796.7459MDtMDncMSWMnc

Total moment due to external forces ftkip2542.4689MLLMDcMDtMDncMSWMext

23 Feb 2023 12:39:34 - Cracked Section Verification.sm

2 / 5



Decompression Stress and Force in Strand

Stresses at centroid of strand due to:

Self weight and prestress psi1615.346fcir

All other sustained loads psi1622.554fcds

Prestress losses %8.4814Loss

Initial stress in strand after losses ksi185.3252Loss1fpu0.75fse

ksi185.2806
Epre

Eps
fcdsfcirfsefdcDecompression stress of the strand

Decomptression force in the strand kip1052.0235fdcApsPps

Decomporession Stress and force in Bars

Creep term from prestress losses psi0CR

Shrinkage term from prestress losses psi4280.4SH

Decompression stress in bars ksi4.2804SHCRfdc.bars

Decompression force in bars kip17.1216fdc.barsAsPs

Fictitious Topping Force

Strand eccentricity in8.1765cgstcggbe

Prestressing force kip1052.2763fseApsPi

Prestressing moment inkip8603.9061ePiMi

Non composite loading stresses at:
psi935.08

Izz.g

cggbMncMi
Ag

Pi
fpbBottom of precast

psi1303.174
Izz.g

cggtMiMnc
Ag

Pi
fptTop of precst:

Change in stress psi368.0941fpbfptΔf

Height of the composite section in34.75ttophprehc

psi1334.8072
hpre

hc
Δffpbft.fic

Fictitious force in top of topping

Average fictitious force in topping psi1318.9906ft.ficfpt0.5ffic

0.8166
Epre

Etop
ηModuluar ratio

Ficitious topping force kip201.4187fficttopwtopηPt

Cemtrpod of fictitious topping force

in33.3805
Pt

ttop3
2fptft.fic0.5

2

ttop
fptttopwtopη

hpreept

Total load Pe
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kip1236.3206PtPpsPsPe

in9.9921
Pe

eptPtcgbarsPscgstPps
cgPe

Location of load Pe

Precast Section Properties

2
in291.7485wstemdcrackhpreApreArea of uncracked precast secttion

in25.9219
2

dcrackhpre
dcrackcgy.pre

Centroid of precast section

Moment of inertia of precast section
4

in3592.7113
12

3
dcrackhprewstem

Ixx.pre

Topping Section Properties

0.8166
Epre

Etop
ηtopModular ratio of topping compared to precast

2
in152.7067wtopttopηtopAtopTransformed topping area

in33.375
2

ttop
hprecgy.top

Transformed topping centroid

Transformed topping moment of inertia 4
in96.237

3
ttopwtop12

1ηtopIxx.top

Composite Section Properties

2
in444.4552AtopApreAcompArea of composite section

in28.4827
Acomp

cgy.topAtopcgy.preApre
cgy.comp

Centroid of composite section

Moment of inertia of composite section
4

in9257.1

2
cgy.compcgy.topAtopIxx.top

2
cgy.compcgy.preApreIxx.preIxx.comp

Transformed Section Properties

5.17681
Epre

Es
ηrebar

Moduluar ratio of rebar

2
in20.7071ArebarnumbarsηrebarArebarTransformed area of rebar

6.1768
Epre

Eps
ηstrandModuluar ratio of strand

2
in16.5044Astrandnumrow1ηstrandAstrand.row1Tranformed area of strand row 1-4

2
in14.4413Astrandnumrow2ηstrandAstrand.row2

2
in2.063Astrandnumrow3ηstrandAstrand.row3
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2
in1.729Astrandnumrow41ηstrandAstrand.row4

Total transformed area of strand
2

in34.7378Astrand.row4Astrand.row3Astrand.row2Astrand.row1Astrand

Area of transformed section 2
in499.9002AstrandArebarAtopApreAtrans

Strand component of centroid calculation
3

in194.2215

cgrow4Astrand.row4cgrow3Astrand.row3

cgrow2Astrand.row2cgrow1Astrand.row1cgy.strand

Centroid of transformed section

in26.9134
Atrans

cgy.strandcgbarsArebarcgy.topAtopcgy.preApre
cgy.trans

Strand component of moment of inertia calculation
4

in16979.2883

2
cgrow4cgy.transAstrand.row4

2
cgrow3cgy.transAstrand.row3

2
cgrow2cgy.transAstrand.row2

2
cgrow1cgy.transAstrand.row1Ixx.strand

Moment of inertia of transformed section
4

in27421.1121

Ixx.strand
2

cgbarscgy.transArebar
2

cgy.topcgy.transAtop

Ixx.top
2

cgy.precgy.transApreIxx.preIxx.trans

Convergance Check

Internal moment
ftkip799.1255cgPecgy.transPeMextMint

Stress at neutral axis (should be 0)

psi0.826
Ixx.trans

cgy.transdcrack
MintAtrans

Pe
fna

Delta Fps

Modulus ratio of strand

6.1768
Epre

Eps
η

Increase in stress at centroid of strand from cracking

psi30280.1
Ixx.trans

cgy.transcgst
MintAtrans

Pe
ηΔfps
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