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Figure 1: cross section design from shop drawings
LOADING
P,,,:=34.9 kip

P:=0.5 P, =17.5 kip
MATERIAL PROPERTIES

p:=124.1 pcf

£,.=28500 ksi

E,:=29000 ks1

1,,:=270 ksi

Concrete Properties
f¢ireq=5000 psi
£'.=5077.5 psi
F'vreq=8000 psi
£'.:=7260 psi
dpgr=0.5 In

PCI Big Beam 2024-2025
Mathcad Calculations

L,,,==19 rt beam length

L:=18 ft x:=0 £¢,0.1 £t..L span length

t,;+=3.5 In thickness of top flange
tyri=6 In thickness of bottom flange
h,:=9 In height of web

b,=9 Iin width of top flange
by=9.5 in width of bottom flange
b,:=2.5 in width of web

h=t,+ t,+h,=18.5 in beam height

Lp‘ xs'= 2. ( tl[+ tb[+ bw) + bl[+ bb[+ (blf_ bw) + (bb[_ bu’) =69 in
perimeter of cross section

Predictions
total applied actuator load

Cracking Load: 22.8 kips

Breaking Load: 34.9 kips

half of actuator load to each point load

concrete density (normalweight)
prestressing strand modulus of elasticity
steel reinforcement modulus of elasticity
strength of prestressing strands

Section updated based on cylinder test data
required strength of concrete to cut strands
initial concrete strength (when strands cut)
required strength of concrete to test
strength of concrete (based on ASTM C78)
diameter of aggregate

Test Results

Cracking Load: 22.7 kips
Breaking Load: 38.6 kips

E.;=33(p+pef)" > A’ ;- psi =3251 ksi
E.=33+(p+pef) °-A\[F' - psi =3887 ksi

initial concrete modulus of elasticity
concrete modulus of elasticity

A:=0.75
RH:=1T5

Lightweight factor = 1 normalweight, 0.75 lightweight
relative humidity, (%)

STRAND & REINFORCEMENT
Prestressing Strands (7-wire) (bottom)
0’/1_,\,:: 0.6 Iin
Ayey=0.217 in®
Vps1i=3.5 In

diameter
nominal area
height of prestressing strand 1, from bottom

Vyps2t=3.5 In height of prestressing strand 2, from bottom
Vps3t=0 In height of prestressing strand 3, from bottom
n,i=2 number prestressing strands

Apgi=Apgy n,,=0. 434 in® total area of prestressing strands

’wps.md :=0.737 plf

1of 14



NAU UNIVERSITY

Steel Reinforcement
d,:=01n
A, =01in"
Y1 :=01n
Yo =0 in

n,:=0

A=A, n,=0in’
=0 plf

Wy ind *=

PCI Big Beam 2024-2025
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diameter

nominal area

height of steel reinforcement strand 1, from bottom
height of steel reinforcement strand 2, from bottom
number of reinforcement bars

total area of reinforcement
weight of reinforcement bar
centroid of

Vg (Aps* Fpsr) + (Apss* ps2) + (Apss® sz) + (Ars= 3et) + (A1 712) —3.5 jp  prestressed
Apst+4, strands
d,:==h—ygy, =15 In height to center of bars
Wps'= Wy ing® Npe=1. 474 pIf nominal weight of prestressing strands
W, =W, g * My = 0 plf nominal weight of reinforcing bars
Compression Prestressing strands (top, non functional)
d’,=0.5 In diameter
A’ ,e=0.153 in® nominal area
n',g=2 number (2 inch vertical spacing)
W i =Wos ing* 11 ps=1. 474 pIf normal weight
Areas of steel reinforcement and prestressing strands
,=0.434 1'112 area of prestressing strands (bottom)
A =4, =0. 306 in® area of prestressing strands (top)
SHEAR REINFORCEMENT
N0 pgsi=1 number of legs
At irryp=0.2 in® area of stirrup (No. 4)
A=Ay pyyp* 10 1005=0. 2 10 shear area of steel
d;:=0.5 in diameter of stirrup (No. 4)
s:=7 In spacing of stirrups
1,:=60 ksi strength of shear reinforcement
Lytirryp=19.75 in length of stirrups
Negpippup = 26 amount of stirrups
b N .
Wetjppyp = 0.668 ™ unit weight of stirrups
Spacing
5 .
(= (e (320) = (101500 ) (3 22
Spacing:= B =3.3 In Note: for B
constructability,
S, =max (dps, 0 ) 0.63 in  clear cover (Table 20.5.1.3.3, ACI 318-19)  P2ohe ﬁt;“'
4 center to center
Spingi=Max (2 in, § pgrt dA)) =2 In minimum spacing (25.2.4, ACI 318-19)

check:=1if (Spaczng> max (S

SECTION PROPERTIES - CENTROIDS & INTERTIA
Top Flange
A=t o b =31.5 in’

minl s

Smmz) “0K", "Does Not Meet” )— "0K"

area of top flange
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t
Y= 7” +h,+ t,,=16.75 in centroid of top flange
Web
A= b, h,=22.5 in® area of web
yW::?W +¢,,=10.5 In centroid of web
Bottom Flange
Appi=type by =57 in® area of bottom flange
Loy . .
Vori="y = 3 In centroid of bottom flange
Beam (Alf‘yl/)+(Atv'yW)+(Ab/"ybf) .
Varbor = =8.422 in centroid of beam, from bottom
) At Ayt Apr
Yvartop™= 11— Vparpor=10. 078 In centroid of beam, from top
Ag=A,+ A+ A,,=111 in’ gross area of concrete
Vy=A,-L=0.51 yd? gross volume of concrete, CY
e=d,~ Vpriop=4-922 In ecentricity
Moment of Inertia )
Lip=—1g bur Ll + Ao (Vir— Voarsor)® =2216.701 1n' inertia top flange
1 . o
Iyi=15 by (A= ti— ty)* + Ay (Vo= Voarsor)” =249.004 in'  inertia web
1 : o
]b[::E By i + Appe (Vor— Ybarsor)” = 1846. 875 in' inertia bottom flange
Ii=1,+1,+1,=4312.58 in' total inertia
El=E,- 1,=116416.51 £t* - kip EI check

APPLIED LOADS, SHEAR, AND MOMENT

Selfweight
Wye'=Agop=95.7 pIf concrete selfweight, distributed load
W= Weyet W' ot W,,=98.6 pIf total self weight, distributed load
Wwe. pi=Wgys L=17175 IbL weight, for shipping & handling

check:=if (W, ,<2000 Ibf,"0K","Make Lighter”)="0K"

WS'W' X .
My, (x) = " (L—=x) selfweight moment

Vi (x) = w5, (0.5 L— ) selfweight shear
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A

PCI Big Beam 2024-2025
Mathcad Calculations

A

14 4
0.8+ 3.6
0.6 3.2
0.4+ 2.8
0.2+ 2.4
VSW(X) (klp) ;(].?Z'f é ! (; 8 : MS‘W(X) (klp * ft) ].(;
- 0.4 1.2
—0.6+ 0.8
~0.84 0.4
" 05 4 6 s 10 12 14 16 15
x (£t) x (£t)
Live Load
2P
AB:=9 ft CD:=6 ft BC:=L-AB-CD=3 ft
Iy ® Ly=AB=9ft L,=AB+BC=12ft L,=L=18 ft
9t 3f. 6 .
A B C D A’A::P+L-(L—AB+ CD)=14.54 kip
Figure 2: Loading Diagram i
Ryi= P+ L+(L— CD+ AB) =20. 36 kip
Vi (2):=if (t< Ly, Ry, if (Ly<x < L,.,P+L+-(CD—-AB),—Rp))
My (z)=if (£< Ly, Ry, if (Lyy<® <Ly ,Ryx—P+(x—AB),Rp-CD—Rp- (x—L,)))
A A
17.5 135
14 120
][LE 105
Z’).é 90
VL(X) (kjp) —31’; 2 4 6 8 2 14 16 18 /WL(X) (kjp' ft) (:g
"“1"? 30
—17.5 15
—21 0 >
2 4 6 8 10 12 14 16 18
x (£t) x (£t)
Total Loads
V service (%) =V () + V() total unfactored service shear
M rice (2) =M, (z) + M (z) total unfactored service moment
Vu(z)=12.V, (z) +1.6 -V (z) total factored service shear

M, (1:) =M, (x) +My, (w)

(load factors = 1.0 for accurate lab testing)
total factored service moment
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A A
16 150
125

1 100
6 ; —t ; —t —t

—
>

VU(X) (k_lp) :; 2 4 6 810 12 14 16 18 /WU(X) (kl.p. ft) .
-
-20 6 >
2 4 6 8 10 12 14 16 18
x (£t) x (£t)
LOSSES
13=0.75+1,,=202.5 ksi jacking stress
Elastic Shortening (ES)
Pp=1;+4,=81.9 kip jacking force
P] . -
P; perstrand = ——=43.9 kip Jacking force per strand
Ny
W oL
My pigi= % =47.924 kip- in max moment of beam (selfweight)
kpe=1.0 kes constant - pretentioned members
k,;:=0.9 keir constant - pretentioned members
P/ Pj' el /l[sw mid® € .
fo=k e VI A =1.1 ksi strand stress at CGS
& g g
Eps . .
ES:= 7" kyge £,;,=9. 7 ksi elastic shortening
cl
Creep (CR)
k,:=if(A<1,1.6,2)=1.6 creep strain amplifier
L
CRe=kpe == (£.;)=12.9 ksi creep
Shrinkage (SH)
Vigy, si=Ag+ L, ,s=1.609 in
ky=1.0 shrinkage constant

SH::((8.2-10‘6)-1(5,7 B !

= (1 £6=(0.06- 7,5, 5)) (100—/%')):5. 8 ksi

Steel relaxation (RE)

k=5 ksi [PT5.8.1]

J:=0. 04 [PT5.8.1]

C:=1.0 [PT 5.8.2]

Juygi=(1—ES)+ 1,,=0.714

Cys —1f(ju >0.54 EUS (J‘”—o 55) ) 0.828 bottom strands
70.21 {0.9 4. 25
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RE:=(kpp— J+ (SH+ CR+ ES)) + C,,=3. 2 ksi
STRESS AND FORCE AFTER LOSSES

Lypei=ES=9.7 ksi

L= CR+ SH+ RE=21.9 ksi

TLi=L+L,,=31.6 ksi

£yi= £j— ES=192.8 ksi

Py=A,« £,,=83.7 kip

£yi= £;— CR— SH— RE=180. 6 ksi

Poi=1 e A,,=T8.4 kip

FLEXURAL CAPACITY
Code Equations

PCI Big Beam 2024-2025
Mathcad Calculations

relaxation

short term losses

long term losses

total losses

initial stress after ES

prestress force after ES at transfer

final stress after all losses

prestress force after ES at transfer

check:=if (£,,>0.5 £,,,"0K","Condition Not Met")="0K"

s 0. 003
Ppi= byod,”
y,:=0.28

£',—4000 ps1)

gamma factor for prestressing

Bl::max(o. 65,1ﬂ1'17(0. 85,0.85—0. 05-((

Vo Lou .
f;js::fpu-(l—EO(pp- 7 =256. 843 ksi
Ao f
DS s .
::—:2.

U= 85 by, 2 00T 18

a
ci=—=2.921 in

B
c:=3.031 in

Refine with Strain Compatibility

fqe g
g,=—"=6.3.10""

Eys 2

P, ( e -Ag)

€i= 14 =2.9.10""

A E, I,
€,.,:=0.003

d—c )

sg:zsw-( £ ):1.2.10-1

€=, +E,+E5=1.8.107"

))) =0.687 beta strength factor

flexural strength

depth of Whitney stress block
depth to neutral axis

refined guess at ¢

strain due to Pe alone

increase in steel strain to
decompress concrete at the steel
ultimate strain in concrete

steel strain to failure, concrete crushing

total steel strain at failure
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0. 04
£ =1 .<0. 2 £ 2 | ————————— . ksi | =266. /
osi=1f (epb_O 0085,28800 ksi-¢€,.,270 ksi £,.—0.007 ksz) 66. 5 ks1
Ao s 3.031 1 depth of neutral axi
ci= ; =3. In epth of neutral axis

0. 85’f C‘ﬁ]’btf

Ao T,
ps° *ps .
::—:2.
aw=" 851 b, 083 in
check:=1if (a< t,;,"0K","Condition Not Met")="0K"

. , a U a a
M:=1f (a> Liry ((0 85 et pe (bb[_ bW) . (E—T)) + Ay £pe (dp—g)) s Apge e (dp_E))
M,=134.5 kip- ft nominal moment
O rrosurei=1.0 use 1.0 to calculate lab capacity
M, =P r1opire M,=134.5 kip. ft factored nominal moment

TRANSFER AND DEVELOPMENT LENGTH
1,:=1,,+(3 ksi)+d,;=36.1 In [,=3.01 ft transfer length
1p=1,+(f— )+ (1 ksi)+d,,=87.7 in 1;=7.31ft development length
Force at Transfer
X P/'
Pi(x)=1if [x< ]L,I—-Pj,if l,<x<L—1,,P,P;— 7 -(X—(L—]L))
t t
904
80
70
60
S(J
P() (ip)
- 10
”é‘) ‘2 4 6 8 l‘l) 1‘2 1‘4 l‘(i l‘t% g
x (ft)
Force at Service
. X . Pe
P,(x)=1if [x< ]L,I—-Pe,lf l,<x<L-1,,P,,P — 7 -(X—(L—]L))
t t
804
70
60
i0
P,(x) (kip) 30
- 10
”é‘) ‘2 4 6 8 l‘l) 1‘2 1‘4 l‘(i l‘t% g
x (ft)
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Transfer & Development Length Factor

lyg () :=if(w<lmi-£,if(lthsld, el '(l—ﬁ)+£,if(ld<zSL—ld,1,if L—ld<zSL—lt,1—w.[1—£] L_MLD]]
t Jps lg=1; Ips ) Fos lg—1; Ips) o I Iy
12
0.8+
0.6+
lig (:U) 0.4
0.2
nl 2 4 6 8 10 1‘2 14 16 18 >
z (ft)
LLOWABLE STRESS VS. LIMITS
STRESSES AT TRANSFER
Stress Limits
O engi=—0.7+1",;=—3554.3 psi allowable compressive stress at end
O yigi=—0.6+ 1" ;=—3046.5 psi allowable compressive stress at middle

Oy per(X) = if(X<O. 25.0,-0.7.7",,,if (0. 25+ L<x<0.75+L,—0.6+7".,,—0. 7-f'“-))

O ongi=6+\1".; «\ psi =428 psi allowable tensile stress at end
Oy pig=3\ 1.+ psi =214 psi allowable tensile stress at middle

0y pey (1) :=1f (¥<0.25L,6-7/ 1"+ psi if (0.25-L<x<0.75-L,3.\/ ' ;e psi ,6+\/ ., psi))

Applied Stress
Pi(x)  Pix)-e-y, M, (x) - 7,
0, (x) =" 4— bartop bartop applied stress at top
A, 1, 1,
Pi(x)  Pix)-e-y, M, (x) - 7,
0,,(x)i=—"—— barbot 4 = barbot applied stress at bottom
A, 1, 1,

Stress Checks o4 (7.4 ft)=100.2 psi oy.per (7.4 ft) =213.8 psi
o (11.1 ft)=102.8 psi oyper(11.1 ft)=213.8 psi
oy, (7.4 ft)=—1467.9 psi Oeper (7.4 ft)=—3046.5 psi

A
:
Oe. PC](X) (ij) 0o Sso ---'4.7. 7.4 11.1 --11;-- -=" 185
-1 ‘~\~ ------------------------------ - -
o, (x) (ksi) -2
............ *3____________l"'_'________________-‘____------—-
. —4
0,,(x) (ksi)
6

All stresses due to applied loads are less than the allowable stress limits.
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STRESSES AT SERVICE
Stress Limits

Ose. per= —0.6- f,c

—4356 psi

Osper=1.5+1 f/c -\ psi =639 psi

Applied Stress
o ( ) Pe(X) Pe(X) * € Vpartop /Msw(X) * Vbartop /,[/(X) * Vbartop
s X) = — — —
¢ Ag. ]g ]g [g
o ( ) Pe(X) Pe(X)' €* Vparbot " /Msw(X)'ybarbol " /,[L(X)'ybarbol
sb X) = — —
Ag. ]g ]g [g

Stress Checks

04 (7.4 ft)=1153.1 psi
o4 (11.1 ft)=1553.1 psi

PCI Big Beam 2024-2025
Mathcad Calculations

allowable compressive stress

allowable tensile stress

applied stress at top

applied stress at bottom

Ty.pcr=—4356 psi

Ost.pcr= 639 psi

Oy per (ksi)

0., (x) (ksi)

e - - - - - - - - -

?

All stresses due to applied loads are not less than the allowable stress limits.

CRACKING MOMENT

£u=T.5.2F"«psi=0.639 ksi

Pe(X) Pe(X) e ybarbol ]g

modulus of rupture

Updated based on cylinder
compression results (ASTM C39)

Uy (x) = | £+ —

g

MC}‘(X) (klp’ ft)

/llservjce(X) (k]p- ft)

7

g

20

Ybarbot

cracking moment
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check:=1f (M,upy100(AB) > M, (4B) , "Crack”, "Not Crack”)="Crack"

M, rpice (AB)=134.9 kip - ft M, (AB)=89.5 kip - ft M

ratio "

M, erice (AB) +M,, (AB) =1.51

NOMINAL MOMENT CAPACITY VS. DEMAND

Modified Flexural Capacity

¢/l[n(X) = ¢Hexure' My ]zd(X)

150

100 -~ -~

¢MH(X) (kip- ft) s/ s\

M, (z) (Kkip-ft) 50 ’/ N

v

check:=1if (M,(AB) > $M,(4B) ,"Fail”,"Not Fail”)="Fail”

M, (AB)=134.9 kip - ft ¢M,, (AB)=134.5 kip - ft M, (AB) +¢M,, (AB)=1.00
SHEAR CAPACITY
P shear=1.0 resistance factor for shear
Ly orou=50+d,,=2.5 £t [422. 5. 7. 1]

Checks to use simple method

=9.25 in

Xerit'=

0O | o

check:=1if (Aps-fse>0. 4 A,g+ 1,,,"0K to use Simple Method","Recheck"):"OK to use Simple Method”

4,=0.2 in® area of stirrups

- ] | V(x| d,
V., (x):=[0.6+A\/ ' .+ psi + 700 psi+min W, 11|+ b, max (a’p, 0.8 /7) concrete shear strength
Veomin=2AN Lo psi < bye d,=4.8 kip min concrete contribution
Ve pax'=5AN Lo pST < bye d,=12 kip max concrete contribution

Vo(x) s=max (min(V,, o, Ve (X)), V.

c. mjn)
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5 " STRAND LIFTING LOOP TYP. (22')[\1(?
e LOCATED AT CENTER OF BEAM MARK SIDE WITH 15
(1)u15% SECTIONA{- M

DUNNAGE TYP.

_> 1" ™ & TYP—~] |
- 7" ) |a—gr
;—‘1 — 10%-1" 11 NO. 4 BARS 11" CENTER TO CENTER 7'13NO. 4 BARS 7" CENTER TO CENTER ——————
19
Figure 3: Stirrup Design from shop drawings
51 52 53
s1:=T71n 8y:=11in S3:=T71n spacing
A, f,od Ao fod Aefod
V,=——"—L=25.714 kip  V=—""—"=16.364 kip  V,y=——"—2=25.714 kip steel shear
strength

Smaot = 1F (Vg >4 XeA/f e psi + by, - d,y,min (0.375+h,12 in),min (0.75+h,24 in)) =6.9 n  max stirrup spacing
Smazz =1E (Vg >4 XeA/fo e psi +by,+ d,),min (0.375+h, 12 in) ,min (0.75+ h, 24 in)) = 6.9 in
Smazs =1 (Vig >4 XA/ f e psi +by,+ d,),min (0.375+h, 12 in) ,min (0.75+ h, 24 in)) = 6.9 in

Av.min =mu

A . .5 d b .S b *S
. &. ’b_p,max(0.75- ’f’c-psi- 1} ,50 psi - UJ)” )]:0.019 in? min stirrup area
w

80°fy'dp Yy Yy

¢V, (%):=1f (x< 1.6 £, ppure (V. () + ;) ,0) Limits for plotting readability
$V,(x)i=1F (1.6 FE<x<11.T £t,¢ - (V.(1)+V.1),0)
B1,() = 1F (55 1.7 £2,6 e (100 + ) ,0)

(Vau(2)) factored shear capacity
A 1.6 11.7
50t
45
40

¢V, (x) (kip)

=

,
\4
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DEFLECTION BY SUPERPOSITION METHOD

PCI Big Beam 2024-2025
Mathcad Calculations

deflection due to camber

_ : 1 ft=—0.25 7 . .

A, 3816, 1, rt=-0.25 in deflection due to selfweight

—Ps CIF « AR ] . ,
Ay =775 —=-0.097 in deflection due to point load 6' from end
3 FI.L
— —P-L’ =-0.2 in deflection due to point load at midspan
TN
i

check:=if (ALL 1+ALL2<E,"Condition Met”, “Decrease Deflection") ="Condition Met”

A=A, +A,+A4,, +4,, ,=—0.375 In total deflection

DEFLECTION BY VIRTUAL WORK METHOD
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COST

Concrete
f.=7.26 ksi strength of concrete, at 28 days

10+in?
C.:= (20 + (Tm . f’c)) =92.6 cost of concrete, $
P

Formwork
L,.=58 ft

1.25

Chu=(Lpgs—byg) + (L) - 0 =112.5 cost of formwork, $
Prestressing Reinforcement
d,s=0.6 in diameter of bottom prestressing strands
0.33 .
s 1= > .L- (nps) =11.9 cost of bottom prestressing strands, $
d’,s=0.5in diameter of top prestressing strands
. 0.30 , .
s 1= > .L- (n ps) =10.8 cost of top prestressing strands, $
Shear Reinforcement
Lytiryp=19.8 in length of stirrups
Nogpippup = 26 amount of stirrups
b . . .
w 0.7 — unit weight of stirrups

stirrup =u. f n

0.45

——=12.9 cost of stirrups, $

L stirrup © b

Cstirrup = wstirrup * Listirrup ® n

Total Cost

Cy:=C\+Cy+ Cppy+ C'p s+ Cpjyyy = 240.6 total cost, $

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

Concrete Cost (yd® ): $145/cubic yard (Bksi mix) < $20 + $10 Round concrete strength down to nearest ksi
te strength ksi) < $200

Ultra-High-Performance Concrete $400/yd®

Prestressing Strand Use estimated lengths used in the beam

Use estimated lengths and nominal unit
calculation as provided in the PC! Desig

ights in this
1 Handbook

Plate S
Forming

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

of formwork (include all contact surfaces)

. 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 PCI staff
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