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Figure 1: Cross-Section Profile

Cracking Load = 22.50 kip
Breaking Load = 38.20 kip

Deflection = 0.85 in @ 32 kip

Weight =1079.122 lbf

Non-Commercial Use Only
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CROSS SECTION PROPERTIES
[:=18 ft
l;=17 ft

x:=0 ft,0.01 ft..l; AB:=8 ft BC:=3ft CD:=6ft

tp=3 in

b=3 in

tp,=5.5 in

bg,=6 in

Wy:=16 in

w,:=2 in

c,:=0.6875 in
h:==t;+wgz+bz=22 in

l

perim =2+ Cpe T+ (20 Wy + 2+ tg, + 2 1y

+(2+bp,+2-bs—8-c,) —2-w,
Cross Sectional Areas and Volume
A=ty t;,=16.5 in”
Appi=by - b, =18 in”
Appebrect = Wq* Wy, =32 in°

2

T C,

4

Agp=c.® — =o0.101 in®

Aweb ::Awebrect +Ach =32.101 in®
Atotal ::Atf'i‘Aweb +Abf: 66.601 in”

Vtotal ::Atotal l= 0'308 yd3

Total Beam Length
Beam Span Length
AC:=AB+BC=11ft
Top Flange Thickness
Bottom Flange Thickness
Top Flange Width
Bottom Flange Width
Web Depth/Height
Web Width
One Chamfer Radius
Beam Height

=61.82 in Cross Sectional Perimeter

Area of Top Flange
Area of Bottom Flange

Area of Web Rectangle

Area of Chamfers

Area of Total Web
Total Cross Sectional Area

Cross Sectional Volume
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Cross Sectional Centroids

t
yﬁ::£+wd+ b;=20.5 in
b
ft .
i=——=151n
Yy > 5
w
2
CT' .
Ytcham = bft+wd_4 ——=18.708 in
3.
CT' .
Ybcham =bp+4 ——=3.292 in
3.7

Ayt A, e + A,
Ymbor = tf* Ytr T Aweb * Yweb bf ybf: 10.786 in

Atotal

Yvmtop = h— Ybmbor = 11.214 in

Moment of Inertia (MOI)

1 .
Itf::E tio* ta® + Ay (Y= Ypmbor) * = (1.569+10°) in’

1 .
L pebrect ::E Wy, * wd3 +Aweb <yweb - ybmbot> * =684.136 in*
J .
Tichqi=2 (§ cr4 +Acne <ytcham - ybmbot> 2) =12.907 in’
T .
Tyehai=2 § cr4 +Ace <ybcham - ybmbot) *|=11.569 in*
1

Ibf:: 2 bfw . bft3 +Abf° <ybf_ ybmbot) 2 = (1566 . 103> in*

Itotal ::Itf+ Iwebrect+Itcha +Ibcha +Ibf: <3'844 -10° > in*

Centroid of Top Flange
Centroid of Bottom Flange
Centroid of Web Rectangle
or Total Web

Centroid of Top Chamfers

Centroid of Bottom
Chamfers

Beam Centroid From
Bottom

Beam Centroid From Top

MOI of Top Flange

MOI of Web Rectangle
MOI of Top Chamfers
MOI of Bottom Chamfers
MOI of Top Flange

Total MOI
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BEAM COMPOSITION
Concrete; Updated Based on Recorded Cylinder Test Data
p:=124.1 pcf Concrete Density
Lightweight Concrete Type
A:=0.75 Lightweight Factor
dygr=0.5 in Maximum Aggregate Diameter
Rel;, 4:=40 Relative Humidity (%)
f.i=6334 psi Initial Concrete Strength (at transfer)
f.=7808.64 psi Strength of Concrete (ASTM C78)
P 15 2 f cl . . o e b
E,;:=33-[-*—]| - -« psi=3630.87 ksi Initial Concrete Modulus of Elasticity
pef psi
P 52 f c . . . .
E.=33- (—) . — « psi=4031.432 ksi Concrete Modulus of Elasticity
pef, psi

~-Wire Strand (Tension)

fpu =270 ksi Strand Ultimate Strength
E,:=28500 ksi Modulus of Elasticity of Strands
d,s:=0.5 in Diameter of Tension Prestressing Strands
w,s:=0.52 plf Weight of Prestressing Strands
Aps:=0.153 in® Nominal Area of 7-Wire Low-Lax Strands
Nygi=2 Number of Prestressing Strands
Yps; =2 1N Distance from Bottom of Beam to Strand 1
Ypsp =2 1N Distance from Bottom of Beam to Strand 2
Ypsg =0 in Distance from Bottom of Beam to Strand 3
Sming i=Max|2 in, 4 (dagr+ dps)) =21n Minimum Center to Center Spacing

3 Pretensioned Strands (ACI 318-18, 25.2.4)
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7-Wire Strand (Compression)
dpys.:=0.375 in

o 2
A,s=0.085 in

Wpse:=0.273 plf

Ypse: :=1.25 1n

Ypsea:=1.25 in

Smine :=MMax | 1.75 in,% (dygr+dpse) |=1.75 in
Steel Rebar (Compression)

E,:=29000 ksi

d.:=0 in

w,:=0 plf

A,:=0 in®

n,.:=0

Y, i=0in

Yr2i=0 in

Steel Stirrups (Shear)
Sy=60 ksi

dy;=0.375 in
Wgsip=0.376 plf
Ag;=0.110 in®
nlegs =1
Ngtir*=29

Lyir+=23.4375 in

Diameter of Compression Prestressing Strands
Nominal Area of Compression 7-Wire Low-Lax
Strands

Number of Compression Prestressing Strands
Weight of Compression Prestressing Strands
Distance from Top of Beam to Strand 1

Distance from Top of Beam to Strand 2

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

Modulus of Elasticity of Steel Rebar
Diameter of Steel Rebar

Weight of Steel Rebar

Nominal Area of Steel Rebar

Number of Compression Reinforcement Bars

Distance from Bottom of Beam to Rebar 1

Distance from Bottom of Beam to Rebar 2

Stirrup Strength
Diameter of Stirrup
Weight of Stirrups
Nominal Area of Stirrup
Number of Stirrup Legs
Number of Stirrups

Length of Stirrups
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Eccentricity of Bottom Strands

Ysu:= <APS i yP51> i+ <Aps.yps2> + (Aps ° ypsg) ) d=21in
+ <A7” ‘ yr1> F <Ar . yr2>
+(Apsenys+Aen,)
hbarc =h— Ysu=20 in

e:=Rygre— Ybomtop = 8.786 in

Eccentricity of Top Strands

Centroid of Steel Within the Beam Designed to
Resist Moment

Height to Center of Bars

Beam Eccentricity

Ystle = <Apsc' ypsc1> + <Apsc ° ypsc2> + <Ar' yr1> d) d=1.25 in

+ <Ar * yr2>
- <Apsc *Npge +Ar T nr)

hcbarc =Yse=1.25 N

€.:= hcbarc — Ybmbot=—9-536 in

Centroid of Top Steel Within the Beam

Designed to Resist Moment

Height to Center of Bars

Beam Eccentricity
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LOADING, MOMENT, AND SHEAR

Selfweight
Waipi= ((—Aps—Ape)sp 4 \+11=1079.122 Ibf
+ Tps * Wps + Npse * Wpse

+ <Vtotal _Asti'r ) lsti'l“) *pd

+ Lir * gt * Wiy
Wy = Wepip + 1=59.951 plf
Weight =1079.122 - Ibf
check :=if (wg,, < 2000 Ibf,“OK”,“NG”) =“OK”

Vo (x):=if (0 <x <[, wg, - (0.5+[,—x) ,0)

Selfweight Shear vs Beam
Span Length

0.6

0.5

0.4

0.3

0.2

0.1

Shipping Weight

Selfweight

Truck Capacity Check

v, (x) (kip) ~ 0 5

0.1

-0.2

-0.3

—-0.4

-0.5

-0.6

Msw (x) = T

(k=)

Selfweight Moment vs Beam Span
Length

2

Mg, (X) (ﬂ'kip) !

0.8

0.6

0.4

0.2

v
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Live Load

- ! i

Figure 2: Competition Loading Diagram

P:=17.954 kip XM=o0 kip-ft 2F,=o0 kip 2F.=0 kip A,=0 kip
D,:= P°(AB);"P° (4C) =20.066 kip A,=2 P—D,=15.842 kip
S
Vi (x) ::if(ngB,Ay,if(AB<x§AC,l£- (CD-AB),if (AC<x<l,,—D,,0 kip)))
S

Live Load Shear vs Beam Span
Length

1.5 3 4.5 6 7.5 9 10.5 12 13.5 15 16.5 18

Vit (x) (kip)

—16+

—20+

—24+4

x (ft)

My (x):=if (x<AB,A,-x,if (AB<x<AC,A,-x—P-(x—AB),D,-CD—D,-(x—AC)))

Live Load Moment vs Beam Span 1351
Length 20l
105+

904

75

My (x) (kip-ft) 601

30+

15+

1.5 3 4.5 6 7.5 9 10.5 12 13.5 15 16.5 18

v
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Total Factored Shear

V(x):=if (0 <x<l, Vg, (x) + Vi1 (x) , 0 kip)

A
Unfactored Service Shear
vs Beam Span Length 0
16
12
8
4
% 15 3 15 6 75| o 105 12 135 15 16s] 18
V(x) (kip) —4
—8
—12
—16
—20
—924

V,(x):=if (0 <x<l,1.2 Vg, (x) +1.6 V;;(x),0 kip)
A
Factored Service Shear vs
Beam Span Length 2
19.5
13
6.5
“( 1.5 3 4.5 6 7.5 9 10.5 12 13.5 15 16.5 18 g
- —6.5
V,(x) (kip)
13
—19.5
—26
—-32.5
-39
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Total Factored Moment
M (x) := Mg, (x) + My (x)

Unfactored Service Moment vs
Beam Span Length

M(x) (kip-ft)

M, (x):=1.2 M, (x)+1.6 M;;(x)

Factored Service Moment vs Beam
Span Length

M, (x) (kip-ft)

135+

120+

90+

60+

30+

220+

200+

180+

160+

140+

120+

100+

80+

60+

40+

15

16.5

18

v

9

15

16.5

18

v
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LOSSES
Elastic Shortening

J;=0.75f,=202.5 ksi
P;:=f;+ A, +n,,=61.965 kip

P I
P; inqi=—1=30.983 kip

nps
kcir:: 0.9
k..:=1.0

2

Wy,
M, idsw ::SWT: 29.136 kip-in

P: P..e? M. .. .
j + Jj ]_ midsw

fcir = kcir ° ¢ =1.8091 ksi

£ Atotal Itotal
ES:= E_ps ks frir=14.842 ksi

C1

I total

Creep
k,.:=if(A<1,1.6,2)=1.6

E
CR:=k,,.- (ﬁ) * (fuir) =21.387 ksi
Shrinkage \ ¢
A ]
Vopersi=—29 —1.077 in
perim
kg, :=1.0
SH:=8.2-10 °+kg+E,; J =13.946 ksi
* <1 Jt—0.06- VoverS) d
. <100 —Relhud> 'ﬁ
Steel Relaxation
K,.:=5 ksi
J:=0.04
C:=1.0

fi-

pu

S
=0.695

JUps =

el Jups  (JU Ju
Cps::lf(_]upSZO.54, £ -(i—o.55), £ ):0.736
0.21 {0.9 4.25

RE:=C,+ (Ko —J+(SH+CR+ES)) =2.202 ksi

Stress After Losses
Lo i=ES=14.842 ksi
Liong:==CR+SH + RE=37.535 ksi
Ltotal = Lshort+ Llong =52.377 kesi
];i = ]j-—Lshort: 187.658 ksi
Jpe=J;— Liong=164.965 ksi

Jacking Stress
Jacking Force

Individual Jacking Force per Strand

Elastic Shortening Coefficient
Initial Camber Coefficient

Maximum Moment of the Beam due to
Selfweight
Strand Stress at the Strand Centroid

Elastic Shortening

Lightweight/Normalweight Concrete
Cracking Coefficient

Concrete Creep

Effective Thickness for Shrinkage
Shrinkage Constant

Concrete Shrinkage

Initial Relaxation Stress
Relaxation Curve Factor
Strand Adjustment Coefficient

Normalized Jacking Stress Factor

Stress Dependent Relaxation Factor

Steel Relaxation

Short Term Losses

Long Term Losses

Total Losses

Initial Stress After Elastic Shortening

Final Stress After Creep, Shrinkage, and
Steel Relaxation
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Forces After Losses
Pi:=A, oy, f1i=57-423 kip
Py:=A, 50 fre=50.479 kip

Elastic Shortening Top Strands
Jie:=0.1875-f,,=50.625 ksi
I)jc = je .ApSC . npsc =8.606 kip
P, [
P; ingei=—"-=4.303 kip
psc

kcirc :=0.9
kese:=1.0
Wy ® r* o | s
M igswe = T =29.136 kip-in
P' P e i M . e
fcirc:: kcir' Je e e ) _ midsw* e _ 0.372 ksi
Atotal I total I total

E .
ES,:= E—ps ekog* foire=2.919 ksi

ci

Creep Top Strands

k. =if(A<1,1.6,2)=1.6

C

E
CRC . kcr' (f) . <fcirc> =4.206 ksi

Steel Relaxation Top Strands
K, ..:=5 ksi
J.:=0.04
C.=1.0

ju = f}C _ ES
SC
14 f;)u

=0.133

jupsc . (jupsc _0'55) ,jupsc
0.21 0.9

sc* (Kre—J+ (SH+CR.+ES,)) =0.13 ksi

Cpsc =if jupsc >0.54,

REC = Cp
Stress After Losses Top Strands
Lporte:=ES.=2.919 ksi
Lionge=CR,.+SH+RE.=18.282 ksi
Ltotalc = Lshortc + Llongc =21.201 ksi
fi)ic ::js'c — Lshortc =47.706 ksi
f;)ec ::f]"c = Llongc =32.343 kst

Forces After Losses Top Strands
Pipi=Apge s Npge 'f;)ic =8.11 kip
P.:=A..-n..-f..=5.408 kin

): 0.031
25

Prestress Force After Short Term Losses
Prestress Force After Long Term Losses

Jacking Stress
Jacking Force

Individual Jacking Force per Strand

Elastic Shortening Coefficient
Initial Camber Coefficient

Maximum Moment of the Beam due to
Selfweight

Strand Stress at the Strand Centroid

Elastic Shortening

Lightweight/Normalweight Concrete
Cracking Coefficient

Concrete Creep

Initial Relaxation Stress
Relaxation Curve Factor
Strand Adjustment Coefficient

Normalized Jacking Stress Factor

Stress Dependent Relaxation Factor

Steel Relaxation

Short Term Losses

Long Term Losses

Total Losses

Initial Stress After Elastic Shortening

Final Stress After Creep, Shrinkage, and
Steel Relaxation

Prestress Force After Short Term Losses
Prestress Force After Long Term Losses
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FLEXURAL CAPACITY
Whitney Stress Block Method
checld:=if (fpe >0.5 fyu, ‘0K, “NG”) =“OK”

A .on
=215 _ 6 003
tfw'hbarc
y:=0.28
pB:=max (0.65,min(0.85,0.85—0.05 / =0.66
. (f.—4 ksi)
1 ksi
_ y (o Jeul)_ .
Jps=Fpur[1=—=|pr=—||=258.975 ksi
p fe
= Ao MpsTps =2.171 in
0.85 fle*tp,
a .
c:=—=3.201 in
p
Refine Guess With Strain Compatibility
5, _
Elosses = 2-=5.788.107°
Eps
Pe e’ 'Atotal -4
€4 = =4.395-10
e Atotal * Ec Itotal
Eoulri=0.003
hyare—c Y
Estlersh *= Ecult * (L) =1.523-10

2

Estr*= Eosses T Edecomp T+ Estlersh = 2.146-10"

Spso:=1f (£4,,<0.0085,28500 ksi-&,.,270 ksi J
0.04

————*  ksi
Egtr— 0.007

Jps2=267.233 ksi
_ A s * Tps 'f;)s2

= =3.396 in
* 0.85 'fc'ﬁ' tfw
2::Lps'f})52:2'24 n
0.85 'fc'tfw

check:=if (a <ty,“OK”, “NG”) =“OK”

a, t
M, ::if(a2>tﬂ, ((0.85 fetye (bp,—wy) * (f—?ﬂ

M.=128.802 kip - ft

Minimum Steel Stress Requirement
Prestress Reinforcement Ratio
Prestressing Reinforcement Factor

Whitney Stress Block Depth Factor

Strength to Compute Flexural Capacity

Depth of Whitney Stress Block

Initial Guess; Depth Towards the
Neutral Axis

Strain Due to Long Term Losses

Steel Strain From Concrete Elastic
Shortening

Concrete Ultimate Strain

Steel Strain At Concrete Ultimate Strain
Limit

Combined Prestressed Strand Strain
During Failure

Refined Strength to Compute Flexural
Capacity
Refined Guess; Depth Towards the

Neutral Axis

Refined Depth of Whitney Stress Block

Check to See if Compression Block is
Deeper Than Flange Thickness

a a
ps * Tps 'f2752 * (hbarc ] ?2)) ’Aps * T 'f})s2 * (hbarc T E))

Nominal Moment Capacitv



INZALI DE5THERN Amizona

Steve Sanghi College of Engineering
n - T

[T LA = - - - T

TRANSFER AND DEVELOPMENT LENGTH
Prestress Force Function After Elastic Shortening

[:= Jre
t .
3 ksi

d,s=2.291 ft Transfer Length

Pi(X) ::if(xglt,lﬁ-Pi,if(lt<x<ls—lt,Pi,Pi—%- (x— <ls_lt>>))

t t

Prestress Force After Elastic Shortening Function (Short Term Losses)

A

Prestress Force After Elastic
Shortening vs Beam Span Length

60.51

19.5+

P;(x) (kip)

) 1.5 3 4.5 6 7.5 9 10.5 12 13.5 15 16.5 18

Prestress Force Function After Creep, Shrinkage, and Steel Relaxation

P)(x) ::if(xgzt,li.Pe,if(lt<x<zs—zt,Pe,Pe—%- (x— (ls—lt))))

t t

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

v
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Prestress Force After Creep,

Shrinkage, and Steel
Relaxation vs Beam Span v
Length 45
10
35
30
P,(x) (kip)

20

10

x (ft)

Top Strands Prestress Force Function After Elastic Shortening

/;
ltc ::% dpsc: 0.337 ft

P.
@(x) ::if(xgltc,li-P,-c,if(ltc<x<ls—ltc,Pic,Pl- —l—w- (x—

tc

1))

Prestress Force After Elastic Shortening Function (Short Term Losses)

tc

A

Prestress Force After Elastic
Shortening vs Beam Span Length

8.8+

0 1.5 3 1.5 6 7.5 9 10.5

Transfer Length

16.5

8-

P;(x) (kip) !

v

x (ft)

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

P
PJ(x) ::if(xgltc,li.Pec,if(ltc<x<ls—ltc,Pec,Pec_l_eC. (x—

tc te

t=1a))

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

0 1.5 3 1.5 6 7.5 9 10.5

12 13.5

15

16.5

18

v
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Prestress Force After Creep,
Shrinkage, and Steel
Relaxation vs Beam Span 105
Length 1.4
3.85
3.3
. 2.75
Po(x) (kip)
1.65
1.1
0.55
0O 1.5 3 1.5 6 7.5 9 10.5 12 1 15 16.5 18 g
x (ft)
Transfer and Development Length Factor
(fpse =fpe)
ly=l+———""d,;=6.552 ft Development Length
1 ksi
. X . X— lt . . fpe
k(%) =if|x<l, = 4 if|l,<x<ly, 4o i y<x<l—1g,1,if |- lj<x<l,— 1,14 y—d
I a—l x— (L=l Jos
e .(1—]3';‘?)4 Ly, o=@
Jos s ( j;e) L
[ Py
e/ A re
Jos Jos
Development Length Factor
vs Beam Span Length g
0.9+
0.8+
0.7
0.6
0.5
kg (x)
— 11 | | 0.4+
0.3+
0.2+
0.1+
( 1.5 3 4.5 6 7 9 10.5 12 13 15 16.5 18 g
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ALLOWABLE STRESSES
Transfer Stress Limits

firmi=3+\[fe+ Vpsi=238.759 psi
fire=6+"\f i+ Vpsi=477.519 psi

Serper(x) =if <x< 0.25+1;,—0.7+f;,if

PCI Tension Limit Function
Jice'=—0.7+fc;=—4433.8 psi
Jicmi=—0.6+f,;=—3800.4 psi

Transfer Tensile Limit at Midspan
Transfer Tensile Limit at Ends
(0.25:[,<x<0.75+1L;,—0.6 - f;,—0.7f;))

Transfer Compression Limit at Ends
Transfer Compression Limit at Midspan

Seeper(x) ::if<x< 0.25-1,6- 2\/]2 Vpsi, if<0.25 -l;<x<o0.75:1,3- 2\/E -\/psi ,6- 2\/]2- 2\/psi))

PCI Compression Limit Function
Transfer Applied Stress

ftt(x) — Pi (X) Pi (X) * € Ybmtop A Msw (X) *Yvmtop B Pi (X) + Pi (X) *€c* Yvmiop Stress at Transfer
Atotal Itotal Itotal Atotal Itotal TOp of Beam
ftb (x) — Pi (x) i Pi (X) * € Ybmbot + Msw (X) * Yvmbot i Pi (X) i Pi (x) *€c* Ybmbot Stress at Transfer

Atotal I total

Transfer Stress Limits and
Transfer Applied Stress vs Beam
Span Length

0.5

Itotal Atotal Itotal

Bottom of Beam

ftTPCI(x) (kesi)
ficper(x) (kesi)
fu(x) (ksi)

-3

v

9 10.5 12
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Service Stress Limits
2 " .
Jsrper=7.5" 2\/J7c° \V pst =0.663 ksi

Jfecpcri=—0.6+f . =—4.685 ksi

Service Tensile Limit

Service Compression Limit

Service Applied Stress
f (x) I Pe (X) + Pe (x) *€* Ybmtop | Msw (x) *Yvmtop | MLL (X) * Yvmtop . Pec (X) Pe (X) *€c* Yvmiop
Ny T
P Atotal Itotal Itotal Itotal Atotal Itotal
Applied Stress At Top of Beam
| P, (X) P, (x) € Ypmbor , Mew (X) *Ybmbor | Mrr (x) * Ybmbot Pec(x) P, (x) *€c* Yomiop
Fbor (%)= - + + - -
Atotal Itotal Itotal Itotal Atotal Itotal
Applied Stress At Bottom of Beam
Service Stress Limits and
Service Applied Stress vs
Beam Span Length 327
2.4
1.6+
0.8+
[0} 1.5 ; -1.‘-') 6 7.5 Y; l(;.S 1‘2 1.‘;.-3 MG 1‘8 "

0.8+

(
(
)
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MOMENT CAPACITY
Cracking Moment
fr=forper=662.749 psi Modulus of Rupture, Based on Cylinder
Tests
P,(x) P,x)-e- I
M,,.(x):=|f.+ () + (%) € Yombor i = Moment to Cause Cracking
Atotal Tiotar Ybmbot
+ Pec (x) i Pec (x) *€c* Ypmbot
Atotal Itotal

Moment to Cause Cracking and
Unfactored Moment vs Beam
Span Length

120

105

90

Mcr(x) (kip'ﬁ)
M(x) (kip-ft) &

30

v

check:=if (M (AB) >M,,.(AB) , “Crack”, “No Crack”) = “Crack”

Check To See If Beam Will Crack When the Unfactored Moment is Applied
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Unreduced Nominal Flexural Capacity

&b:=1 Unreduced Safety Factor
DM, (x) =D -k,4(x)-M, Unreduced Factorized Nominal Flexural
Capacity

Unreduced Nominal Flexural
Capacity and Unfactored Moment vs
Beam Span Length 135

120

105

90

oM, (x) (kip-ft)
M(x) (kip-ft)

v

Demand Compared to Nominal Flexural Capacity

M (AB)=128.892 kip-ft Critical Unfactored Service Moment
@M, (AB)=128.893 kip - ft Critical Unreduced Factorized Nominal
Flexural Capacity

:=if (M (AB) > ®M,, (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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SHEAR CAPACITY
Simplified Shear Method
i=if (Apgfps> 0.4 A+ fry, “OK”,“NG, Fix”) =“OK”  Verify Method Validity

D=1 Unreduced Safety Factor
Lysai=50+d,s=2.083 ft Prestressing Strand Development
Length

check=if (V,,(R) 2+ X+ \[f',psi +w,, ht 8/ oo psi +w,, -, “OK”, “NG”) = “OK”
Check Section Size Adequacy
|Vu (x)| *Npqre

Ve () := (0.6 A\/f.-psi+700-psi- min( 2100 ,1)) «w,,» max (hy,,., 0.8+ h)
Concrete Shear Strength
Vomini=2+A\[f .+ pPst «w,,« hyg.=5.302 kip g/linin}ll)lm. Concrete
ontribution
Vemaxi=5A*\[f*Pst - w,, - hy,.=13.255 kip g/laxir.ri)urr} Concrete
ontribution
V. (x) :==max (min (Venaes Vestr (X)) s Vemin) Concrete Shear Capacity
Spacing Calculations
PROFILE

2'TY 2' TYP-
%" STRAND LIFTING LOOP TYP. MAR:{ SIDE WIT!
LOCATED AT CENTER OF BEAM 6 f" STIRRUPS
SECTION A —=

L LI L LI n L] L LI L LI L L L L LI L LI LI | L L ] L

1 |
I I | [ I [ | I [ [ I [ | [ | e |
I I | [ I I | I I I I [ I [ [
I |
| I

A (I T T T | [ TR T T [ T I R T T T
R T T T T I T TR T N o

M——DUNNAGE TYP - m

-7 14 NO. 3 BARS 84" CENTER TO CENTER 14" 15 NO. 3 BARS 6 1" CENTER TO CENTER

8

Figure 3: Stirrup Pattern Outlined in Shop Drawings

s,:=8.25 in s,:=8.25 in S;:=6.5 in
| I
lys;:=5,°11=90.75 in lhso =l +5,°3=1155 T ly,:=1—14;,=100.5 in

Steel Shear Strength at Spacing Interval
Astir * Nyegs 'fy * hbarc & P 8

Vg, i= =16 kip 1

A 31. £k Steel Shear Strength at Spacing Interval
Vsz o stir * "tlegs *Jy * *barc -16 kip 2

A .on 32. foh Steel Shear Strength at Spacing Interval
ng L Jstir legs*Jy * '“barc =20.308 kip 3

s
3
Specified Concrete Cover (ACI 318-19,

See =3 in 20.5.1.3.3)

8

Smaxt = if(VsI >4-A\/f, - pst -w,,+ hypgpe, min(0.375-h, 12 in) ,min(0.75+-h, 24 in))
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Smax: = 8-25 in Maximum Spacing at Spacing Interval 1

Smaxs = if(Vs2> 4+AA\/f.-psi-w,,hypye, min(0.375-h,12 in) ,min(0.75-h,24 in)>

Smaxe=8.25 in Maximum Spacing at Spacing Interval 2

Smaxs = if(Vs2 >4-A\/f, - Psi -wy,+ hypgpe, min(0.375-h, 12 in) ,min(0.75-h, 24 in))

Smaxs = 8-25 in Maximum Spacing at Spacing Interval 3
. Aps Ny 'fbu . Wy, . Wy I
Appin i=min | —————— ,max|0.75+\/f.+pst +—— J,50 psi-— J |[|=0.014 in
80 'fy'hbarc fy fy
h «min(s,,S,,S .min(s,,S,,S
-min (sl,s2, 3>. barc (1 2 3) <1 2 3>
ww

Minimum Stirrup Area
Vo (x)=if (0 <x<lpg,, (Ve(x) + Vi) ,if (L <x <y, (Ve (%) + Vi) ,if (Lo <x <L, (V. (x) + Vi5) , 0)))
Unfactored Beam Shear Capacity

Unfactored Beam
Shear Capacity and
Factored Shear
Loadingvs Beem | eeaeee=d]
Span Length 315

- - - - - -

v

0 1.5 3 4.5 6 7.5 9 10.5 12 13.5 15 16.5 18

check:=if (V,,(AC)>|V,(AC)|,“OK”, “NG”) = “OK”

Final Maximum Shear Spacing Check
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DEFLECTION
Superposition
—((A..enn. o f )7 ee
Acam= << s s o) > =-—0.211 in Cambering Deflection
8- Eci ° Itotal
W o 1?
i > * Wehip . ( ! ) =0.164 in Selfweight Deflection
384 'Ec'Itotal 1ﬁ
Point Load From 8 feet of the Pin
2 2
Apgi= P-(BC+CD)* -AB =0.192 in Support's Deflection
3 'Ec'Itotal'l
) ) Point Load From 11 feet of the Pin
Py = P-CD" -AB™ =0.085 in Support's Deflection
3 'Ec 'Itotal .l
Appri=Apam +Ag, +Apg+Ap,; =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)))

l o Total Deflection of the Beam
A= m (x) - M (x) dx=0.374 in Calculated Through Virtual Work
EcIiotal During Service Loading
o

A

Deflection of the Beam Calculated Through
Virtual Work vs Beam Span Length 0.028

0.025
0.023

0.02
0.018

Jicm(x) «M(x) dx 0.015

Ec 'Itotal 0.013

)
X ﬁ 0.01

7.5:107%

5.107%

2.5.107%

Deflection=0.58 in
*Deflection Will Be Calculated More Accuratelv With a Separate Software
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ITERATION CHECKS
Cracking and Breaking Loads

M,,(AB)=77.23 kip-ft

My, (AB) =2.16 kip-ft

(li (L,—AB+CD)| AB
lmaxcrack = > 3 =3.5294 ﬁ
M. (AB)—M_ (AB
Pcmck — cr ( ) sw ( ) — 21.27 kip
lmaxcrack
CrackingLoad = 21.27 kip
dM (A ) —-M (AB ) .
Pbreak = = i =35.908 klp
lmaxcrack

BreakingLoad = 35.908 kip

MCT' (AB)

—F—=0.
M(AB) 599

M(AB)
@M, (AB)

Maximum Cracking Moment

Maximum Selfweight Moment

Location of Maximum Cracking Moment

Load to Cause Failure in Flexure

Load to Cause Failure in Rupture

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

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

MATERIAL GOSTS AND BEAM WEIGHT
The following unit cost shall be used to determine the beam cost. Concrete cost is based on actual strength, not design strength.

(Material ___________________Jeost _____________|Notes/structions

Concrete Cost (yd® ): maximum ($85 + $10*(concrete strength, ksi), Round concrete strength down to nearest ksi
$145) / cubic yard
Ulira-High-Performance Concrete $400/yd?
Prestressing Strand: Use estimated lengths used in the beam
Y in. diameter $0.27/it
¥ in. diameter $0.30/it
¥ in. special $0.33/ft
0.6 in. diameter $0.42/1t
0.7 in. diameter $0.55/ft
Steel: Use estimated lengths and nominal unit weights in this
AB15/A706 $0.45/Ib calculation as provided in the PCI Design Handbook
Welded Wire (deformed or smooth; for shear) $0.60/Ib
Epoxy Coated $0.50/b
A1035 $0.70/Ib
Plate Steel $0.55/Ib
Forming $1.25/ft2 of formwork (include all contact surfaces)

. There is no need to include cost of steel fabrication, concrete fabrication, curing, inserts, etc. Concrete cost is based on actual strength.

e The beam weight shall be estimated by using the measured unit weight of the concrete or by actually weighing the beam. If the beam weight is estimated, it is estimated based on the gross
concrete cross section only, ignoring reinforcement, bearing plates, etc. * Special circumstances or special materials not addressed in these rules must be reviewed by the chair of the committee
and/or Pl staff

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

Concrete
o 2
Ceonci=Mmax |85+ 19 -.m fe 145 Viotal| =163.09 Cost of Concrete in $
kip yd?
Formwork
Clorm= (lperim = tfw) .l 1'225 +A ot 1'225 =106.18 Cost of Formwork in $

Prestressing Strand

Cd,,,:=if (d,,>0.7 in,0.55,if (d,,>0.6 in,0.42,if (d,,>0.5 in,0.3,0.27))) =0.3
Cd,,,.:=if (d,,. > 0.7 in,0.55,if (d,,,. > 0.6 in,0.42,if (d,,.> 0.5 in,0.3,0.27))) =0.27
cd cd
Cstrand ‘:Tps ey +—2C lon, =20.52 Total Cost of Strand in $
Stirrups
A615/A706 Stirrup Material
Coprimnp el W42 — g =8 Total Cost of Stirrups in $
stir *— "tstir ~ “stir stir lbf =9.5 p
Total Cost
Total Cost of NAU PCI
Ctotal = Cconc + Cform + Cstrand + Cstir =299.37 Blg Be,am 2025_2026 S
Beam in $

DollarCost=299.37



