Deflections and Shortening
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References
ACI 209 softwanre
Design File Deflection and Cracking Verification.ebf
Description Calculation of deflections for a prestressed class C member. The member cracks under
dead load to demonstrate how long term multipliers, which are only for elastic effects,
are handled. Additionaly, the member shortening due to creep, shrinkage, and
prestressing effects is also calculated.
Geometry
Beam Length L=44 ft+8in=144.6667 ft
2
Gross Cross Section Area A, =960 in
2
Composite Cross Section Area of Precast A =1124 in
2
Area of the Topping A, =2.751in-68 in=187 in
Centroid Location of the Gross Cross Section cg, =14 in
Height of the member h=321in
4
Gross Section Moment of Inertia I, ,=832001in
4
Composite Section Moment of Inertia I, .=132753.7 in

Material Properties

Initial Elastic Modulus E_, =3586 ksi
30-Day Elastic Modulus E_.=4695 ksi
Relative Humidity R, =70%
. 1bf
Concrete Weight w, =150 —
ft
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Figure 1: Concrete Geometry of Composite Precast IT Beam

Prestress Properties

Number of strand in rows 1-4 num . =16

num =14

row2



row3
u row4 =2
Centroid of strand in rows 1-4 measured from the bottom €9,,,; =3 in
cgrowZ =51in
cg, .3 =10 in
CY L owa = 30 in
Number of bars num, o =4
Centroid of bars measured from the bottom COpars — 29 in
o _ .2
Area of individual strand A rang =0.167 in
Area of individual rebar A payr=11in
Elastic modulus of mild reinforcement E_=29000 ksi
Elastic modulus of prestressed reinforcement E s =29000 ksi
Total area of strand
2
Aps = Astrand ' numrowl + numrowZ + nuerW3 + numrowé’ ] =5.6781in
Centroid of strand
cg numrowl ’ Cgrowl + numrowZ ’ cgrowZ + numrowS ’ cgrow3’ + numrow4 ' cgrow4 5.8235 i
= =5. in
t
S numrowl + numrowZ + numrowS + numrow4
Initial Strand Stress fpi =0.75-270 ksi=202.5 ksi
Assumed Final Losses Losses,, ., =10%
Assumed Erection Losses Losses__ .\ crion —95-3333 %
Prestress Force Fps = Aps . fpi [ 1-Losses,, . ] =1034.8155 kip
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Figure 2: Reinforcement Locations of Strand (Left) and Rebar (Right)




Loading

Self Weight WSW:Ag'Wczl'Oooo%tp
Topping Weight Dy =AW, =0.195 %tp
Non-Composite Dead Load Dre=2 kfitp

Composite Dead Load bo=4 kfitp

Live Load =30

Previously Computed Values

Cracking Moment M, =1683.18 kip ft

. . _ . 4
Cracked Section Moment of Inertia I, crackeq — 22575 in
Volume to Surface Area Ratio VS, tio =6.6667

Deflection Multipliers (PCI Table 5.9.2)

Self Weight Deflection Multiplier Ase1f.weight — 2+ 4
Camber, Prestress, Deflection Multiplier Camper — 2-2
Superimposed Dead Load Deflection Multiplier Apddr1.peaq =30
Topping Deflection Multiplier ATopping =2.3

Stage 1: Self Weight + Prestress
Assume the strand develops instantly and the moment due to prestress is constant.

2
w, L
Moment due to self weight M, = sm —249.3889 kip ft
8
Moment due to prestressing M, = —[Fps [ cg, —cg,, ]] =—705.0949 kip ft
Total moment at the end of Stage 1 M, =M, +M,,=-455.706 kip ft
5. =2 St |
Deflections due self weight sw = “seif.weight ‘3ga g .1 0 /204n
ci zZzZ.g
M .12
5. =2 e |
Deflections due to prestress ps ~ “camber "g.g . .1 =—2.241dn
ci zZzZ.g
Total deflections at the end of Stage 1 6,=06g,+5,,=-1.5201in
Stage 2: Non-Composite Dead Load 5
D L
Moment due to noncomposite dead load Mppe =3 —498.7778 kip ft

Total moment at the end of Stage 2 M, =M, +M, ~=43.07kip ft



4

5-D_-L
i i nc X
Deflections due to noncomposite dead load S e = a1 pesd " T T =1.376 in
cf zZzZ.g
Total deflections at the end of Stage 3 5, =6,+6, =-0.1445 in
Stage 3: Topping Weight 5
D, -L
Moment due to topping weight My =—F5— =48.5783 kip ft
Total moment at the end of Stage 3 M, =M, +M, =1099.808 kip in
4
5.D,-L
Deflections due to topping Ope = Aropping | 384-E_ 1, _ =0.103 1in
Total deflections at the end of Stage 3 6,=6,+06, =—-0.0418 in
Stage 4: Composite Dead Load 5
D -L
Moment due to composite dead load Mpe =—5— =997.5556 kip ft
Total moment at the end of Stage 4 M, =M, +M, =1089.2062 kip ft
Crack check if M, -M, >M_ _="Cracked"
"Cracked"
else
"Uncracked"
X __Mf"MEr'_Mfs__ .
Percent over cracking moment crack = —u_ 11.1%
C
Percent under cracking moment gross =1 —crack =88.9 %
4
5-D_-L
Deflections due to the long te ffect 6 :[)‘ "1 - 1]' =1.1501in
g term creep erfrects Dc.creep Add'1.Dead 384 ,ch . Izz.c
4
5-D_-L
Deflections due to loading on the uncracked section ®pc.gross ~ 97955 " 55 _I =0.511in
C zz.cC
4
5.-D -L
. : : 5 = crack - ° =0.377 in
Deflections due to loading on the cracked section Dc.cracked 384 -E -1 :
cf zz.cracked
Total deflection due to composite dead load Spe = Opc.creep T Opc.gross T Opec.crackea —2-037 in
Total deflections at the end of Stage 4 6,=06,+6,,=1.9951in

Stage 5: All Other Loads

2
LL-L ,
Moment due to live load M, . = —g  —748.1667 kip ft
Total moment at the end of Stage 5 M, =M, +M =1837.3729 kip ft
4
5-LL - L .
. . 1L =334 E T =2.5351in

Deflection due to live load 4-E I, racked

Total deflection at the end of Stage 5 6,=6,+6,, =4.531in



Shortening at Erection

The shortening calculation uses creep and shrinkage equations found in ACI 209. These equations are

referenced below.

Prestress Force

Moment due to prestressing

End Rotation due to self weight

End Rotation due to prestress

Total end rotation at end of Stage 1

Base shortening

Time at erection
Creep
Creep coefficient per ACI 209

Reduction factor for volume to surface ratio

Reduction factor for relative humidity

Time factor

Total creep multiplier

Shrinkage

Base shrinkage strain

Reduction factor for volume to surface ratio

Reduction factor for relative humidity

Time factor

Total shortening due to shrinkage

F =A -f,‘[l—Losses

ps ps pi construction ]

MPS__[FPS.{cgy—cgst]]:—741.6556kipft
.3
e =-0.0018 rad
Sw 24 - F I - ) e
ci zZzZ.g
6 _ ps L .
s _Z-E =0.008 rad
Cc1l zzZ.g

QT = Gsw—i- QPS =0.0062 rad

FpS‘L
5X: =0.16951in
g' ci
t =30 day
Cu:2.35
2 [ _0'54‘VSRatio o
Powovs =5 (1+1.1370 =0.6873
¢y pp=1.27—-0.67-R, =0.801
0.6
t
day _
ftc_ i 0.6_0'4349
10+
day
Ycr:l+ftc'¢cu.Rh'¢cu.vs'cu:1'5626
. -6
€,y =780-10
¢ ve=1.23-0.152-VS__ . =0.2167
¢y pp=1.4—1.02-R, =0.686
t
_ day _
ftsh_—t_o'3529
55+ ——
day
5sh:ftsh'¢sh.vs'¢sh.Rh.gSH'L:O'0219 in

=1088.473 kip
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Total shortening at the CG of member O =0, V., T96,=0.28681n

Bottom shortening due to flexure S flex.por =2°C9, rtan [ - GT] =-0.1737 in
Top shortening due to flexure S frex. top =2 -[h - cgy] -tan [ GT] =0.2233 in
Total shortening at the CG 6., =0.2868 in

Total shortening at the bottom St 9ok por =0-1131 in

Total chortening at the top Sc6 1 Of1ex.top = 0-51 in



