
DESIGN SUMMARY AND PERFORMANCE PREDICTIONS

Figure 1: Cross-Section Profile

Beam Predictions

=CrackingLoad 21.27 kip

=BreakingLoad 35.91 kip

@ 32 =Deflection 0.58 in kip

Test Results

Cracking Load = 22.50 kip

Breaking Load = 38.20 kip

Deflection = 0.85 @ 32 in kip

Cost

=DollarCost 299.37

Weight

=Weight 1079.122 lbf
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CROSS SECTION PROPERTIES 

≔l 18 ft Total Beam Length

≔ls 17 ft Beam Span Length

≔x , ‥0 ft 0.01 ft ls ≔AB 8 ft ≔BC 3 ft ≔CD 6 ft ≔AC =+AB BC 11 ft

≔tft 3 in Top Flange Thickness

≔bft 3 in Bottom Flange Thickness

≔tfw 5.5 in Top Flange Width

≔bfw 6 in Bottom Flange Width

≔wd 16 in Web Depth/Height

≔ww 2 in Web Width

≔cr 0.6875 in One Chamfer Radius

≔h =++tft wd bft 22 in Beam Height

≔lperim =+⋅⋅2 cr π ⎛
⎜
⎝ -+

 ↲++⋅2 wd ⋅2 tfw ⋅2 tft

⎛⎝ -+⋅2 bfw ⋅2 bft ⋅8 cr⎞⎠ ⋅2 ww

⎞
⎟
⎠

61.82 in Cross Sectional Perimeter

Cross Sectional Areas and Volume

≔Atf =⋅tft tfw 16.5 in2 Area of Top Flange 

≔Abf =⋅bft bfw 18 in2 Area of Bottom Flange 

≔Awebrect =⋅wd ww 32 in2 Area of Web Rectangle

≔Ach =-cr
2 ――

⋅π cr
2

4
0.101 in2 Area of Chamfers

≔Aweb =+Awebrect Ach 32.101 in2 Area of Total Web

≔Atotal =++Atf Aweb Abf 66.601 in2 Total Cross Sectional Area

≔Vtotal =⋅Atotal l 0.308 yd3 Cross Sectional Volume

Non-Commercial Use Only



Cross Sectional Centroids

≔ytf =++―
tft

2
wd bft 20.5 in Centroid of Top Flange 

≔ybf =―
bft

2
1.5 in Centroid of Bottom Flange 

≔yweb =+bft ――
wd

2
11 in Centroid of Web Rectangle

or Total Web

≔ytcham =-+bft wd 4 ――
cr

⋅3 π
18.708 in Centroid of Top Chamfers

≔ybcham =+bft 4 ――
cr

⋅3 π
3.292 in Centroid of Bottom 

Chamfers

≔ybmbot =―――――――――
++⋅Atf ytf ⋅Aweb yweb ⋅Abf ybf

Atotal

10.786 in Beam Centroid From 
Bottom

≔ybmtop =-h ybmbot 11.214 in Beam Centroid From Top

Moment of Inertia (MOI)

≔Itf =+⋅―
1

12
tfw tft

3 ⋅Atf ⎛⎝ -ytf ybmbot⎞⎠
2 ⎛⎝ ⋅1.569 103 ⎞⎠ in4 MOI of Top Flange 

≔Iwebrect =+⋅―
1

12
ww wd

3 ⋅Aweb ⎛⎝ -yweb ybmbot⎞⎠
2 684.136 in4 MOI of Web Rectangle

≔Itcha =2
⎛
⎜⎝

+―
π
8

cr
4 ⋅Ach ⎛⎝ -ytcham ybmbot⎞⎠

2 ⎞
⎟⎠

12.907 in4 MOI of Top Chamfers

≔Ibcha =2
⎛
⎜⎝

+―
π
8

cr
4 ⋅Ach ⎛⎝ -ybcham ybmbot⎞⎠

2 ⎞
⎟⎠

11.569 in4 MOI of Bottom Chamfers

≔Ibf =+⋅―
1

12
bfw bft

3 ⋅Abf ⎛⎝ -ybf ybmbot⎞⎠
2 ⎛⎝ ⋅1.566 103 ⎞⎠ in4 MOI of Top Flange 

≔Itotal =++++Itf Iwebrect Itcha Ibcha Ibf
⎛⎝ ⋅3.844 103 ⎞⎠ in4 Total MOI
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BEAM COMPOSITION
Concrete; Updated Based on Recorded Cylinder Test Data

≔ρ 124.1 pcf Concrete Density
Lightweight Concrete Type

≔λ 0.75 Lightweight Factor
≔dagr 0.5 in Maximum Aggregate Diameter

≔Relhud 40 Relative Humidity (%)

≔f'ci 6334 psi Initial Concrete Strength (at transfer)

≔f'c 7808.64 psi Strength of Concrete (ASTM C78)

≔Eci =⋅⋅⋅33
⎛
⎜⎝
――

ρ
pcf

⎞
⎟⎠

1.5 ‾‾‾‾2
――
f'ci

psi
psi 3630.87 ksi Initial Concrete Modulus of Elasticity

≔Ec =⋅⋅⋅33
⎛
⎜⎝
――

ρ
pcf

⎞
⎟⎠

1.5 ‾‾‾‾2
――

f'c
psi

psi 4031.432 ksi Concrete Modulus of Elasticity

7-Wire Strand (Tension)
≔fpu 270 ksi Strand Ultimate Strength  
≔Eps 28500 ksi Modulus of Elasticity of Strands

≔dps 0.5 in Diameter of Tension Prestressing Strands

≔wps 0.52 plf Weight of Prestressing Strands

≔Aps 0.153 in2 Nominal Area of 7-Wire Low-Lax Strands

≔nps 2 Number of Prestressing Strands

≔yps1 2 in Distance from Bottom of Beam to Strand 1 

≔yps2 2 in Distance from Bottom of Beam to Strand 2 

≔yps3 0 in Distance from Bottom of Beam to Strand 3

≔smin1 =max
⎛
⎜⎝

,2 in ―
4
3

⎛⎝ +dagr dps⎞⎠
⎞
⎟⎠

2 in Minimum Center to Center Spacing 
Pretensioned Strands (ACI 318-18, 25.2.4) 
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7-Wire Strand (Compression)
≔dpsc 0.375 in Diameter of Compression Prestressing Strands

≔Apsc 0.085 in2 Nominal Area of Compression 7-Wire Low-Lax 
Strands

≔npsc 2 Number of Compression Prestressing Strands

≔wpsc 0.273 plf Weight of Compression Prestressing Strands

≔ypsc1 1.25 in Distance from Top of Beam to Strand 1 

≔ypsc2 1.25 in Distance from Top of Beam to Strand 2 

Minimum Center to Center Spacing 
Pretensioned Compression Strands (ACI 
318-18, 25.2.4) 

≔smin2 =max
⎛
⎜⎝

,1.75 in ―
4
3

⎛⎝ +dagr dpsc⎞⎠
⎞
⎟⎠

1.75 in

Steel Rebar (Compression)
≔Er 29000 ksi Modulus of Elasticity of Steel Rebar

≔dr 0 in Diameter of Steel Rebar

≔wr 0 plf Weight of Steel Rebar

≔Ar 0 in2 Nominal Area of Steel Rebar

≔nr 0 Number of Compression Reinforcement Bars

≔yr1 0 in Distance from Bottom of Beam to Rebar 1 

≔yr2 0 in Distance from Bottom of Beam to Rebar 2 

Steel Stirrups (Shear)
≔fy 60 ksi Stirrup Strength

≔dstir 0.375 in Diameter of Stirrup

≔wstir 0.376 plf Weight of Stirrups

≔Astir 0.110 in2 Nominal Area of Stirrup

≔nlegs 1 Number of Stirrup Legs

≔nstir 29 Number of Stirrups

≔lstir 23.4375 in Length of Stirrups
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Eccentricity of Bottom Strands

≔ystl =

÷

 ↲⎛
⎜
⎝ ++

 ↲++⎛⎝ ⋅Aps yps1⎞⎠ ⎛⎝ ⋅Aps yps2⎞⎠ ⎛⎝ ⋅Aps yps3⎞⎠
⎛⎝ ⋅Ar yr1⎞⎠ ⎛⎝ ⋅Ar yr2⎞⎠

⎞
⎟
⎠

⎛⎝ +⋅Aps nps ⋅Ar nr⎞⎠

2 in Centroid of Steel Within the Beam Designed to 
Resist Moment

≔hbarc =-h ystl 20 in Height to Center of Bars

≔e =-hbarc ybmtop 8.786 in Beam Eccentricity

Eccentricity of Top Strands

≔ystlc =

÷

 ↲⎛
⎜
⎝+

 ↲++⎛⎝ ⋅Apsc ypsc1⎞⎠ ⎛⎝ ⋅Apsc ypsc2⎞⎠ ⎛⎝ ⋅Ar yr1⎞⎠
⎛⎝ ⋅Ar yr2⎞⎠

⎞
⎟
⎠

⎛⎝ +⋅Apsc npsc ⋅Ar nr⎞⎠

1.25 in
Centroid of Top Steel Within the Beam 
Designed to Resist Moment

≔hcbarc =ystlc 1.25 in Height to Center of Bars

≔ec =-hcbarc ybmbot -9.536 in Beam Eccentricity
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LOADING, MOMENT, AND SHEAR 
Selfweight

≔wship =

+
 ↲+

 ↲⋅⎛
⎜
⎝ ++

 ↲⋅⎛⎝ --Aps Apsc⎞⎠ ρ
⋅nps wps ⋅npsc wpsc

⎞
⎟
⎠

l

⋅⎛⎝ -Vtotal ⋅Astir lstir⎞⎠ ρ
⋅⋅lstir nstir wstir

1079.122 lbf Shipping Weight 

≔wsw =÷wship l 59.951 plf Selfweight

≡Weight ⋅1079.122 lbf

≔check =if ⎛⎝ ,,<wship 2000 lbf “OK” “NG”⎞⎠ “OK” Truck Capacity Check

≔Vsw ((x)) if ⎛⎝ ,,<<0 x ls ⋅wsw ⎛⎝ -⋅0.5 ls x⎞⎠ 0⎞⎠
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≔Msw ((x)) ―――
⋅wsw x

2
⎛⎝ -ls x⎞⎠
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Live Load

Figure 2: Competition Loading Diagram

≔P 17.954 kip ＝ΣM ⋅0 kip ft ＝ΣFy 0 kip ＝ΣFx 0 kip ＝Ax 0 kip

≔Dy =――――――
+⋅P ((AB)) ⋅P ((AC))
ls

20.066 kip ≔Ay =-2 P Dy 15.842 kip

≔VLL ((x)) if
⎛
⎜
⎝

,,≤x AB Ay if
⎛
⎜
⎝

,,≤<AB x AC ⋅―
P
ls

(( -CD AB)) if ⎛⎝ ,,<<AC x ls -Dy 0 kip⎞⎠
⎞
⎟
⎠

⎞
⎟
⎠
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≔V ((x)) if ⎛⎝ ,,<<0 x ls +Vsw ((x)) VLL ((x)) 0 kip⎞⎠
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≔Vu ((x)) if ⎛⎝ ,,<<0 x ls +1.2 Vsw ((x)) 1.6 VLL ((x)) 0 kip⎞⎠
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≔Mu ((x)) +1.2 Msw ((x)) 1.6 MLL ((x))
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LOSSES
Elastic Shortening

≔fj =⋅0.75 fpu 202.5 ksi Jacking Stress
≔Pj =⋅⋅fj Aps nps 61.965 kip Jacking Force

≔Pj.ind =――
Pj

nps

30.983 kip Individual Jacking Force per Strand

≔kcir 0.9 Elastic Shortening Coefficient
≔kes 1.0 Initial Camber Coefficient

≔Mmidsw =―――
⋅wsw l2

8
29.136 ⋅kip in Maximum Moment of the Beam due to 

Selfweight

≔fcir =-⋅kcir

⎛
⎜
⎜⎝

+――
Pj

Atotal

――
⋅Pj e2

Itotal

⎞
⎟
⎟⎠

―――
⋅Mmidsw e

Itotal

1.891 ksi Strand Stress at the Strand Centroid

≔ES =⋅⋅――
Eps

Eci

kes fcir 14.842 ksi Elastic Shortening

Creep
Lightweight/Normalweight Concrete 
Cracking Coefficient≔kcr =if (( ,,<λ 1 1.6 2)) 1.6

≔CR =⋅⋅kcr

⎛
⎜
⎝
――
Eps

Ec

⎞
⎟
⎠

⎛⎝fcir⎞⎠ 21.387 ksi Concrete Creep
Shrinkage

≔VoverS =――
Atotal

lperim

1.077 in Effective Thickness for Shrinkage

≔ksh 1.0 Shrinkage Constant
≔SH =

⋅⋅

 ↲⋅
 ↲⋅⋅⋅8.2 10-6 ksh Eps

⎛⎝ -1 ft ⋅0.06 VoverS⎞⎠

⎛⎝ -100 Relhud⎞⎠ ―
1
ft

13.946 ksi
Concrete Shrinkage

Steel Relaxation
≔Kre 5 ksi Initial Relaxation Stress

≔J 0.04 Relaxation Curve Factor
≔C 1.0 Strand Adjustment Coefficient

≔jups =―――
-fj ES

fpu

0.695 Normalized Jacking Stress Factor

≔Cps =if
⎛
⎜
⎝

,,≥jups 0.54 ⋅――
jups

0.21

⎛
⎜
⎝

-――
jups

0.9
0.55

⎞
⎟
⎠

――
jups

4.25

⎞
⎟
⎠

0.736 Stress Dependent Relaxation Factor

≔RE =⋅Cps ⎛⎝ -Kre ⋅J (( ++SH CR ES))⎞⎠ 2.202 ksi Steel Relaxation

Stress After Losses
≔Lshort =ES 14.842 ksi Short Term Losses

≔Llong =++CR SH RE 37.535 ksi Long Term Losses
≔Ltotal =+Lshort Llong 52.377 ksi Total Losses

≔fpi =-fj Lshort 187.658 ksi Initial Stress After Elastic Shortening
≔fpe =-fj Llong 164.965 ksi Final Stress After Creep, Shrinkage, and 

Steel Relaxation 

Forces After Losses
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≔fpe =-fj Llong 164.965 ksi Final Stress After Creep, Shrinkage, and 
Steel Relaxation 

Forces After Losses
≔Pi =⋅⋅Aps nps fpi 57.423 kip Prestress Force After Short Term Losses
≔Pe =⋅⋅Aps nps fpe 50.479 kip Prestress Force After Long Term Losses

Elastic Shortening Top Strands
≔fjc =⋅0.1875 fpu 50.625 ksi Jacking Stress
≔Pjc =⋅⋅fjc Apsc npsc 8.606 kip Jacking Force

≔Pj.indc =――
Pjc

npsc

4.303 kip Individual Jacking Force per Strand

≔kcirc 0.9 Elastic Shortening Coefficient
≔kesc 1.0 Initial Camber Coefficient

≔Mmidswc =―――
⋅wsw l2

8
29.136 ⋅kip in Maximum Moment of the Beam due to 

Selfweight

≔fcirc =-⋅kcir

⎛
⎜
⎜⎝

+――
Pjc

Atotal

―――
⋅Pjc ec

2

Itotal

⎞
⎟
⎟⎠

――――
⋅Mmidsw ec

Itotal

0.372 ksi Strand Stress at the Strand Centroid

≔ESc =⋅⋅――
Eps

Eci

kes fcirc 2.919 ksi Elastic Shortening

Creep Top Strands
Lightweight/Normalweight Concrete 
Cracking Coefficient≔kcrc =if (( ,,<λ 1 1.6 2)) 1.6

≔CRc =⋅⋅kcr

⎛
⎜
⎝
――
Eps

Ec

⎞
⎟
⎠

⎛⎝fcirc⎞⎠ 4.206 ksi Concrete Creep

Steel Relaxation Top Strands
≔Krec 5 ksi Initial Relaxation Stress

≔Jc 0.04 Relaxation Curve Factor
≔Cc 1.0 Strand Adjustment Coefficient

≔jupsc =―――
-fjc ES

fpu

0.133 Normalized Jacking Stress Factor

≔Cpsc =if
⎛
⎜
⎝

,,≥jupsc 0.54 ⋅――
jupsc

0.21

⎛
⎜
⎝

-――
jupsc

0.9
0.55

⎞
⎟
⎠

――
jupsc

4.25

⎞
⎟
⎠

0.031 Stress Dependent Relaxation Factor

≔REc =⋅Cpsc ⎛⎝ -Kre ⋅J ⎛⎝ ++SH CRc ESc⎞⎠⎞⎠ 0.13 ksi Steel Relaxation

Stress After Losses Top Strands
≔Lshortc =ESc 2.919 ksi Short Term Losses

≔Llongc =++CRc SH REc 18.282 ksi Long Term Losses
≔Ltotalc =+Lshortc Llongc 21.201 ksi Total Losses

≔fpic =-fjc Lshortc 47.706 ksi Initial Stress After Elastic Shortening
≔fpec =-fjc Llongc 32.343 ksi Final Stress After Creep, Shrinkage, and 

Steel Relaxation 

Forces After Losses Top Strands

≔Pec =⋅⋅Apsc npsc fpec 5.498 kip Prestress Force After Long Term Losses
≔Pic =⋅⋅Apsc npsc fpic 8.11 kip Prestress Force After Short Term Losses
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≔Pic =⋅⋅Apsc npsc fpic 8.11 kip
≔Pec =⋅⋅Apsc npsc fpec 5.498 kip Prestress Force After Long Term Losses

FLEXURAL CAPACITY
Whitney Stress Block Method

≔check =if ⎛⎝ ,,≥fpe 0.5 fpu “OK” “NG”⎞⎠ “OK” Minimum Steel Stress Requirement

≔ρr =―――
⋅Aps nps

⋅tfw hbarc

0.003 Prestress Reinforcement Ratio

≔γ 0.28 Prestressing Reinforcement Factor
≔β =max ⎛

⎜
⎜
⎝

,0.65 min ⎛
⎜
⎜
⎝

,0.85 -0.85

⋅

 ↲0.05
⎛
⎜
⎝
――――
⎛⎝ -f'c 4 ksi⎞⎠

1 ksi

⎞
⎟
⎠

⎞
⎟
⎟
⎠

⎞
⎟
⎟
⎠

0.66
Whitney Stress Block Depth Factor

≔fps =⋅fpu

⎛
⎜
⎝

-1 ⋅―
γ
β

⎛
⎜
⎝

⋅ρr ―
fpu

f'c

⎞
⎟
⎠

⎞
⎟
⎠

258.975 ksi Strength to Compute Flexural Capacity 

≔a =――――
⋅⋅Aps nps fps

⋅0.85 f'c tfw

2.171 in Depth of Whitney Stress Block

≔c =―
a
β

3.291 in Initial Guess; Depth Towards the 
Neutral Axis

Refine Guess With Strain Compatibility

≔εlosses =――
fpe

Eps

⋅5.788 10-3 Strain Due to Long Term Losses

Steel Strain From Concrete Elastic 
Shortening≔εdecomp =⋅―――

Pe

⋅Atotal Ec

⎛
⎜
⎜⎝

+1 ―――
⋅e2 Atotal

Itotal

⎞
⎟
⎟⎠

⋅4.395 10-4

≔εcult 0.003 Concrete Ultimate Strain

≔εstlcrsh =⋅εcult

⎛
⎜
⎝
―――

-hbarc c

c

⎞
⎟
⎠

⋅1.523 10-2 Steel Strain At Concrete Ultimate Strain 
Limit

≔εstr =++εlosses εdecomp εstlcrsh ⋅2.146 10-2 Combined Prestressed Strand Strain 
During Failure

≔fps2 if ⎛
⎜
⎜
⎝

,,<εstr 0.0085 ⋅28500 ksi εstr

-

 ↲270 ksi

――――
0.04
-εstr 0.007

ksi

⎞
⎟
⎟
⎠

Refined Strength to Compute Flexural 
Capacity 

=fps2 267.233 ksi

≔c2 =―――――
⋅⋅Aps nps fps2

⋅⋅⋅0.85 f'c β tfw

3.396 in Refined Guess; Depth Towards the 
Neutral Axis

≔a2 =――――
⋅⋅Aps nps fps2

⋅⋅0.85 f'c tfw

2.24 in Refined Depth of Whitney Stress Block

≔check =if ⎛⎝ ,,<a tft “OK” “NG”⎞⎠ “OK” Check to See if Compression Block is 
Deeper Than Flange Thickness

≔Mn if
⎛
⎜
⎝

,,>a2 tft

⎛
⎜
⎝

+
⎛
⎜
⎝

⋅⋅⋅⋅0.85 f'c tft ⎛⎝ -bfw ww⎞⎠
⎛
⎜
⎝

-―
a2

2
―
tft

2

⎞
⎟
⎠

⎞
⎟
⎠

⋅⋅⋅Aps nps fps2

⎛
⎜
⎝

-hbarc ―
a2

2

⎞
⎟
⎠

⎞
⎟
⎠

⋅⋅⋅Aps nps fps2
⎛
⎜⎝

-hbarc ―
a
2

⎞
⎟⎠

⎞
⎟
⎠

=Mn 128.893 ⋅kip ft Nominal Moment Capacity
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=Mn 128.893 ⋅kip ft Nominal Moment Capacity

TRANSFER AND DEVELOPMENT LENGTH
Prestress Force Function After Elastic Shortening

≔lt =――
fpe

3 ksi
dps 2.291 ft Transfer Length

≔Pi ((x)) if
⎛
⎜
⎝

,,≤x lt ⋅―
x
lt

Pi if
⎛
⎜
⎝

,,<<lt x -ls lt Pi -Pi ⋅―
Pi

lt

⎛⎝ -x ⎛⎝ -ls lt⎞⎠⎞⎠
⎞
⎟
⎠

⎞
⎟
⎠

Prestress Force After Elastic Shortening Function (Short Term Losses)

11

16.5

22

27.5

33

38.5

44

49.5

55

0

5.5

60.5
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Pi ((x)) ((kip))

x ((ft))

Prestress Force After Elastic 
Shortening vs Beam Span Length

Prestress Force Function After Creep, Shrinkage, and Steel Relaxation 

≔Pe ((x)) if
⎛
⎜
⎝

,,≤x lt ⋅―
x
lt

Pe if
⎛
⎜
⎝

,,<<lt x -ls lt Pe -Pe ⋅―
Pe

lt

⎛⎝ -x ⎛⎝ -ls lt⎞⎠⎞⎠
⎞
⎟
⎠

⎞
⎟
⎠

Prestress Force After Creep, Shrinkage, and Steel Relaxation Function (Long Term Losses)
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Prestress Force After Creep, Shrinkage, and Steel Relaxation Function (Long Term Losses)
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Prestress Force After Creep, 
Shrinkage, and Steel 
Relaxation vs Beam Span 
Length

Top Strands Prestress Force Function After Elastic Shortening

≔ltc =――
fpec

3 ksi
dpsc 0.337 ft Transfer Length

≔Pic ((x)) if
⎛
⎜
⎝

,,≤x ltc ⋅―
x
ltc

Pic if
⎛
⎜
⎝

,,<<ltc x -ls ltc Pic -Pic ⋅―
Pic

ltc

⎛⎝ -x ⎛⎝ -ls ltc⎞⎠⎞⎠
⎞
⎟
⎠

⎞
⎟
⎠

Prestress Force After Elastic Shortening Function (Short Term Losses)
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Prestress Force After Elastic 
Shortening vs Beam Span Length

Top Strands Prestress Force Function After Creep, Shrinkage, and Steel Relaxation 

≔Pec ((x)) if
⎛
⎜
⎝

,,≤x ltc ⋅―
x
ltc

Pec if
⎛
⎜
⎝

,,<<ltc x -ls ltc Pec -Pec ⋅――
Pec

ltc

⎛⎝ -x ⎛⎝ -ls ltc⎞⎠⎞⎠
⎞
⎟
⎠

⎞
⎟
⎠

Prestress Force After Creep, Shrinkage, and Steel Relaxation Function (Long Term Losses)

Non-Commercial Use Only



Prestress Force After Creep, Shrinkage, and Steel Relaxation Function (Long Term Losses)
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Prestress Force After Creep, 
Shrinkage, and Steel 
Relaxation vs Beam Span 
Length

Transfer and Development Length Factor

≔ld =+lt ――――
⎛⎝ -fps2 fpe⎞⎠

1 ksi
dps 6.552 ft Development Length

≔ktd ((x)) if
⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎝

,,<x lt

⋅

 ↲―
x

lt

―
fpe

fps

if
⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎝

,,≤≤lt x ld

+

 ↲⋅

 ↲――
-x lt

-ld lt

⎛
⎜
⎝

-1 ―
fpe

fps

⎞
⎟
⎠

―
fpe

fps

if
⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎝

,,≤<ld x -ls ld 1 if
⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎝

,,≤<-ls ld x -ls lt

-

 ↲1

⋅

 ↲――――
-x ⎛⎝ -ls ld⎞⎠

-ld lt

⎛
⎜
⎝

-1 ―
fpe

fps

⎞
⎟
⎠

-

 ↲―
fpe

fps

⋅

 ↲――――
-x ⎛⎝ -ls ⎛⎝lt⎞⎠⎞⎠

lt

―
fpe

fps

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎠

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎠

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎠

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎠
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Development Length Factor 
vs Beam Span Length
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ALLOWABLE STRESSES
Transfer Stress Limits

≔ftTm =⋅⋅3 ‾‾2
f'ci

‾‾‾2
psi 238.759 psi Transfer Tensile Limit at Midspan

≔ftTe =⋅⋅6 ‾‾2
f'ci

‾‾‾2
psi 477.519 psi Transfer Tensile Limit at Ends

≔ftTPCI ((x)) if ⎛⎝ ,,<x ⋅0.25 ls ⋅-0.7 f'ci if ⎛⎝ ,,<<⋅0.25 ls x ⋅0.75 ls ⋅-0.6 f'ci ⋅-0.7 f'ci⎞⎠⎞⎠

PCI Tension Limit Function
≔ftCe =⋅-0.7 f'ci -4433.8 psi Transfer Compression Limit at Ends
≔ftCm =⋅-0.6 f'ci -3800.4 psi Transfer Compression Limit at Midspan

≔ftCPCI ((x)) if ⎛
⎝ ,,<x ⋅0.25 ls ⋅⋅6 ‾‾2

f'ci
‾‾‾2
psi if ⎛

⎝ ,,<<⋅0.25 ls x ⋅0.75 ls ⋅⋅3 ‾‾2
f'ci

‾‾‾2
psi ⋅⋅6 ‾‾2

f'ci
‾‾‾2
psi⎞

⎠
⎞
⎠

PCI Compression Limit Function
Transfer Applied Stress

≔ftt ((x)) +--+-――
Pi ((x))

Atotal

―――――
⋅⋅Pi ((x)) e ybmtop

Itotal

―――――
⋅Msw ((x)) ybmtop

Itotal

――
Pic ((x))

Atotal

――――――
⋅⋅Pic ((x)) ec ybmtop

Itotal

Stress at Transfer 
Top of Beam

≔ftb ((x)) --+--――
Pi ((x))

Atotal

―――――
⋅⋅Pi ((x)) e ybmbot

Itotal

―――――
⋅Msw ((x)) ybmbot

Itotal

――
Pic ((x))

Atotal

――――――
⋅⋅Pic ((x)) ec ybmbot

Itotal

Stress at Transfer 
Bottom of Beam
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Transfer Stress Limits and 
Transfer Applied Stress vs Beam 
Span Length

Non-Commercial Use Only



-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

-4.5

-4

0.5

3 4.5 6 7.5 9 10.5 12 13.5 15 16.50 1.5 18

ftTPCI ((x)) ((ksi))

ftCPCI ((x)) ((ksi))

ftt ((x)) ((ksi))

ftb ((x)) ((ksi))

x ((ft))

Service Stress Limits

≔fsT.PCI =⋅⋅7.5 ‾‾2
f'c ‾‾‾2

psi 0.663 ksi Service Tensile Limit

≔fsC.PCI =⋅-0.6 f'c -4.685 ksi Service Compression Limit

Service Applied Stress

≔fs.top ((x)) +---+-――
Pe ((x))

Atotal

―――――
⋅⋅Pe ((x)) e ybmtop

Itotal

―――――
⋅Msw ((x)) ybmtop

Itotal

―――――
⋅MLL ((x)) ybmtop

Itotal

―――
Pec ((x))

Atotal

―――――
⋅⋅Pe ((x)) ec ybmtop

Itotal

Applied Stress At Top of Beam

≔fs.bot ((x)) --++--――
Pe ((x))

Atotal

―――――
⋅⋅Pe ((x)) e ybmbot

Itotal

―――――
⋅Msw ((x)) ybmbot

Itotal

―――――
⋅MLL ((x)) ybmbot

Itotal

―――
Pec ((x))

Atotal

――――――
⋅⋅Pec ((x)) ec ybmtop

Itotal

Applied Stress At Bottom of Beam
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Service Stress Limits and 
Service Applied Stress vs 
Beam Span Length
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MOMENT CAPACITY
Cracking Moment

≔fr =fsT.PCI 662.749 psi Modulus of Rupture, Based on Cylinder 
Tests

≔Mcr ((x)) ⋅
⎛
⎜
⎜
⎜
⎜
⎝

++

 ↲++fr ――
Pe ((x))

Atotal

―――――
⋅⋅Pe ((x)) e ybmbot

Itotal

―――
Pec ((x))

Atotal

――――――
⋅⋅Pec ((x)) ec ybmbot

Itotal

⎞
⎟
⎟
⎟
⎟
⎠

――
Itotal

ybmbot

Moment to Cause Cracking
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Moment to Cause Cracking and 
Unfactored Moment vs Beam 
Span Length

≔check =if ⎛⎝ ,,>M ((AB)) Mcr ((AB)) “Crack” “No Crack”⎞⎠ “Crack”

Check To See If Beam Will Crack When the Unfactored Moment is Applied
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Check To See If Beam Will Crack When the Unfactored Moment is Applied

Unreduced Nominal Flexural Capacity
≔Φ 1 Unreduced Safety Factor

≔ΦMn ((x)) ⋅⋅Φ ktd ((x)) Mn Unreduced Factorized Nominal Flexural 
Capacity
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ΦMn ((x)) (( ⋅kip ft))

M ((x)) (( ⋅kip ft))

x ((ft))

Unreduced Nominal Flexural 
Capacity and Unfactored Moment vs 
Beam Span Length

Demand Compared to Nominal Flexural Capacity

=M ((AB)) 128.892 ⋅kip ft Critical Unfactored Service Moment

=ΦMn ((AB)) 128.893 ⋅kip ft Critical Unreduced Factorized Nominal 
Flexural Capacity

≔check =if ⎛⎝ ,,≥M ((AB)) ΦMn ((AB)) “Fails” “Doesn't Fail”⎞⎠ “Doesn't Fail”

Check To See If Beam Will Crack When the Unfactored Moment is Applied
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Check To See If Beam Will Crack When the Unfactored Moment is Applied

SHEAR CAPACITY
Simplified Shear Method

≔check =if ⎛⎝ ,,>⋅Aps fps ⋅⋅0.4 Aps fpu “OK” “NG, Fix”⎞⎠ “OK” Verify Method Validity
≔Φ 1 Unreduced Safety Factor

≔lpsdl =⋅50 dps 2.083 ft Prestressing Strand Development 
Length

≔check =if ⎛
⎝ ,,≤Vu ((h)) +⋅⋅⋅⋅2 λ ‾‾‾‾‾‾⋅f'c psi ww h ⋅⋅⋅8 ‾‾‾‾‾‾⋅f'c psi ww h “OK” “NG”⎞

⎠ “OK”

Check Section Size Adequacy

≔Vcstr ((x)) ⋅⋅
⎛
⎜
⎝

+⋅0.6 λ ‾‾‾‾‾‾2
⋅f'c psi ⋅⋅700 psi min

⎛
⎜
⎝

,―――――
⋅||Vu ((x))|| hbarc

||M ((x))||
1
⎞
⎟
⎠

⎞
⎟
⎠

ww max ⎛⎝ ,hbarc ⋅0.8 h⎞⎠

Concrete Shear Strength
≔Vcmin =⋅⋅⋅⋅2 λ ‾‾‾‾‾‾⋅f'c psi ww hbarc 5.302 kip Minimum Concrete 

Contribution

≔Vcmax =⋅⋅⋅⋅5 λ ‾‾‾‾‾‾⋅f'c psi ww hbarc 13.255 kip Maximum Concrete 
Contribution

≔Vc ((x)) max ⎛⎝ ,min ⎛⎝ ,Vcmax Vcstr ((x))⎞⎠ Vcmin⎞⎠ Concrete Shear Capacity

Spacing Calculations

Figure 3: Stirrup Pattern Outlined in Shop Drawings

≔s1 8.25 in ≔s2 8.25 in ≔s3 6.5 in
---------------------------------------------------------------------|---------------|--------------------------------------------------------------------------

≔lΔs1 =⋅s1 11 90.75 in ≔lΔs2 =+lΔs1 ⋅s2 3 115.5 in ≔lΔs3 =-l lΔs2 100.5 in

Steel Shear Strength at Spacing Interval 
1≔Vs1 =――――――

⋅⋅⋅Astir nlegs fy hbarc

s1

16 kip
Steel Shear Strength at Spacing Interval 
2≔Vs2 =――――――

⋅⋅⋅Astir nlegs fy hbarc

s2

16 kip
Steel Shear Strength at Spacing Interval 
3≔Vs3 =――――――

⋅⋅⋅Astir nlegs fy hbarc

s3

20.308 kip

Specified Concrete Cover (ACI 318-19, 
20.5.1.3.3) ≔scc ―

3
8

in

≔smax1 if ⎛
⎝ ,,>Vs1 ⋅⋅⋅⋅4 λ ‾‾‾‾‾‾⋅f'c psi ww hbarc min (( ,⋅0.375 h 12 in)) min (( ,⋅0.75 h 24 in))⎞

⎠
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≔smax1 if ⎛
⎝ ,,>Vs1 ⋅⋅⋅⋅4 λ ‾‾‾‾‾‾⋅f'c psi ww hbarc min (( ,⋅0.375 h 12 in)) min (( ,⋅0.75 h 24 in))⎞

⎠

=smax1 8.25 in Maximum Spacing at Spacing Interval 1

≔smax2 if ⎛
⎝ ,,>Vs2 ⋅⋅⋅⋅4 λ ‾‾‾‾‾‾⋅f'c psi ww hbarc min (( ,⋅0.375 h 12 in)) min (( ,⋅0.75 h 24 in))⎞

⎠

=smax2 8.25 in Maximum Spacing at Spacing Interval 2

≔smax3 if ⎛
⎝ ,,>Vs2 ⋅⋅⋅⋅4 λ ‾‾‾‾‾‾⋅f'c psi ww hbarc min (( ,⋅0.375 h 12 in)) min (( ,⋅0.75 h 24 in))⎞

⎠

=smax3 8.25 in Maximum Spacing at Spacing Interval 3

≔Avmin =min
⎛
⎜
⎜
⎜
⎜
⎝

,

⋅⋅

 ↲――――
⋅⋅Aps nps fpu

⋅⋅80 fy hbarc

min ⎛⎝ ,,s1 s2 s3⎞⎠
‾‾‾‾‾
――
hbarc

ww

max
⎛
⎜
⎜
⎜⎝

,

⋅

 ↲⋅⋅0.75 ‾‾‾‾‾‾⋅f'c psi ――
ww

fy

min ⎛⎝ ,,s1 s2 s3⎞⎠ ⋅

 ↲⋅50 psi ――
ww

fy

min ⎛⎝ ,,s1 s2 s3⎞⎠

⎞
⎟
⎟
⎟⎠

⎞
⎟
⎟
⎟
⎟
⎠

0.014 in2

Minimum Stirrup Area
≔Vn ((x)) if ⎛⎝ ,,≤<0 x lΔs1 ⎛⎝ +Vc ((x)) Vs1⎞⎠ if ⎛⎝ ,,≤<lΔs1 x lΔs2 ⎛⎝ +Vc ((x)) Vs2⎞⎠ if ⎛⎝ ,,<<lΔs2 x ls ⎛⎝ +Vc ((x)) Vs3⎞⎠ 0⎞⎠⎞⎠⎞⎠
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Unfactored Beam Shear Capacity

Unfactored Beam 
Shear Capacity and 
Factored Shear 
Loading vs Beam 
Span Length 

≔check =if ⎛⎝ ,,>Vn ((AC)) ||Vu ((AC))|| “OK” “NG”⎞⎠ “OK”

Final Maximum Shear Spacing Check
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Final Maximum Shear Spacing Check

DEFLECTION
Superposition

≔Δcam =―――――――
-⎛⎝ ⋅⋅⎛⎝ ⋅⋅Aps nps fpi⎞⎠ l2 e⎞⎠

⋅⋅8 Eci Itotal

-0.211 in Cambering Deflection

≔Δsw =⋅―――――
⋅⋅5 wship l4

⋅⋅384 Ec Itotal

⎛
⎜⎝
――

1
1 ft

⎞
⎟⎠

0.164 in Selfweight Deflection

Point Load From 8 feet of the Pin 
Support's Deflection≔ΔP8 =―――――――

⋅⋅P (( +BC CD))2 AB2

⋅⋅⋅3 Ec Itotal l
0.192 in

Point Load From 11 feet of the Pin 
Support's Deflection≔ΔP11 =―――――

⋅⋅P CD2 AB2

⋅⋅⋅3 Ec Itotal l
0.085 in

≔Δtot =+++Δcam Δsw ΔP8 ΔP11 0.231 in Total Deflection of the Beam

Virtual Work

≔m ((x)) if (( ,,≤x AB ⋅0.5 x if (( ,,<<AB x AC -⋅0.5 x ⋅1 (( -x AB)) -⋅0.5 CD ⋅0.5 (( -x AC))))))

Total Deflection of the Beam 
Calculated Through Virtual Work 
During Service Loading

≔Δvirt =
⌠
⎮
⎮⌡

d

0

l

――――
⋅m ((x)) M ((x))

⋅Ec Itotal

x 0.374 in

5⋅10⁻³

7.5⋅10⁻³

0.01

0.013

0.015

0.018

0.02

0.023

0.025

0

2.5⋅10⁻³

0.028

3 4.5 6 7.5 9 10.5 12 13.5 15 16.50 1.5 18

――――――

⌠
⎮
⎮⌡

d

0

x

――――
⋅m ((x)) M ((x))

⋅Ec Itotal

x

x

⎛
⎜⎝
―
in
ft

⎞
⎟⎠

x ((ft))

Deflection of the Beam Calculated Through 
Virtual Work vs Beam Span Length

*Deflection Will Be Calculated More Accurately With a Separate Software
≡Deflection 0.58 in
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*Deflection Will Be Calculated More Accurately With a Separate Software

ITERATION CHECKS
Cracking and Breaking Loads

=Mcr ((AB)) 77.23 ⋅kip ft Maximum Cracking Moment

=Msw ((AB)) 2.16 ⋅kip ft Maximum Selfweight Moment

≔lmaxcrack =

⎛
⎜
⎜
⎜⎝
―――――――

⎛
⎜
⎝
―
1
ls

⎛⎝ +-ls AB CD⎞⎠
⎞
⎟
⎠

AB

2

⎞
⎟
⎟
⎟⎠

3.5294 ft Location of Maximum Cracking Moment

≔Pcrack =―――――――
-Mcr ((AB)) Msw ((AB))

lmaxcrack

21.27 kip Load to Cause Failure in Flexure

≡CrackingLoad 21.27 kip

≔Pbreak =―――――――
-ΦMn ((AB)) Msw ((AB))

lmaxcrack

35.908 kip Load to Cause Failure in Rupture

≡BreakingLoad 35.908 kip

Unfactored Service Moment vs 
Unreduced Nominal Capacity 
(Cracking Method Validity Verification)

=―――
Mcr ((AB))

M ((AB))
0.599

Unfactored Service Moment vs 
Unreduced Nominal Capacity (Breaking 
Method Validity Verification)

=――――
M ((AB))

ΦMn ((AB))
1
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COST

Figure 4: Material Costs and Beam Weight per PCI Big Beam Competition 2025-2026

Concrete

≔Cconc =max
⎛
⎜
⎝

,+85 ⋅―――
⋅10 in2

kip
f'c ⋅――

145

yd3
Vtotal

⎞
⎟
⎠

163.09 Cost of Concrete in $

Formwork

≔Cform =+⋅⋅⎛⎝ -lperim tfw⎞⎠ l ――
1.25

ft2
⋅Atotal ――

1.25

ft2
106.18 Cost of Formwork in $

Prestressing Strand

≔Cdps =if ⎛⎝ ,,≥dps 0.7 in 0.55 if ⎛⎝ ,,≥dps 0.6 in 0.42 if ⎛⎝ ,,≥dps 0.5 in 0.3 0.27⎞⎠⎞⎠⎞⎠ 0.3

≔Cdpsc =if ⎛⎝ ,,≥dpsc 0.7 in 0.55 if ⎛⎝ ,,≥dpsc 0.6 in 0.42 if ⎛⎝ ,,≥dpsc 0.5 in 0.3 0.27⎞⎠⎞⎠⎞⎠ 0.27

≔Cstrand =+⋅⋅――
Cdps

ft
l nps ⋅⋅――

Cdpsc

ft
l npsc 20.52 Total Cost of Strand in $

Stirrups

A615/A706 Stirrup Material

≔Cstir =⋅⋅⋅nstir lstir wstir ――
0.45
lbf

9.58 Total Cost of Stirrups in $

Total Cost
Total Cost of NAU PCI 
Big Beam 2025-2026's 
Beam in $

≔Ctotal =+++Cconc Cform Cstrand Cstir 299.37

≡DollarCost 299.37
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