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Beam Data mp := 10
Beam length (ft) = length := 100
Composite slab strength (ksi) = fc:=4
Concrete unit weight (kcf) = oc = 0.150
Initial strength of concrete (ksi) = fci=6
Final Strength of concrete (ksi) = fcf:=8
. . 1.5
Modulus of beam concrete based on final (ksi) =  Ec := 33000xc x/fcf Ec = 5422453
. 15
Modulus of slab concrete (ksi) = Esl:= 33000gc™ " %/fc Esl = 3834.254
Number of Spans = spans:=1 n:=0.spans- 1 n2:=0.1
Which span is used in design = compl:=1
Length of all spans (ft) = Ln =100
Should the haunch depth be used in calculations (yes or no) = ha_dec :="yes"
Depress point to use for draped strands = depress =04
Number of span points calculations shall be done to = sp:=20 ns1l0:=0..10

(Please choose only an even number of points)

Interior or Exterior beam used in design (intput "int" or "ext") = aa:="int"
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Beam type to use
Box Beam dimensions (if no box set to zero)
1 =AASHTO TYPE | 8 = IDOT 36 INCH
2 = AASHTO TYPE Il 9 =IDOT 42 INCH . L .
3 = AASHTO TYPE Il 10 = IDOT 48 INCH Width (in) = 2Bl
4 = AASHTO TYPE IV 11 = IDOT 54 INCH
5= BT54 12 = Box o _
6 = BT63 Depth (in) = a2:=0
7=BT72
Top flange (in) = a3:=0
type:=4
Bottom Flange (in) = ad:=0
Web (in) = a5:=0
[]
Beam area (in"2) = Area = 789 Web thickness (in) = web =8
Distance from bottom to cg (in) =  yb =24.73 Total beam depth (in) = h=54
Section inertia (in"2) = Inc = 260730 Width of top flange (in) = fwt =20
Beam weight (k/ft) = bwt = 0.822
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Strand pattern Data
strand :=
PICK ||Description DIAMETER| AREA | WEIGHT PER LENGTH Fpu STEEL TYPE
TYPE [english in in"2 Ib/ft ksi
0 6/10-270k 0.6000 0.2170 0.7446 270 SR
1 6/10-270k-LL 0.6000 0.2170 0.7446 270 LL
2 9/16-270k 0.5625 0.1920 0.6588 270 SR
3 9/16-270k-LL 0.5625 0.1920 0.6588 270 LL
4 1/2-270k 0.5000 0.1530 0.5250 270 SR
5 1/2-270k-LL 0.5000 0.1530 0.5250 270 LL
6 1/2-270k-SP 0.5000 0.1670 0.5730 270 LL
7 7/16-270k 0.4375 0.1150 0.3946 270 SR
8 7/16-270k-LL 0.4375 0.1150 0.3946 270 LL
9 3/8-270k 0.3750 0.0800 0.2745 270 SR
10 |13/8-270k-LL 0.3750 0.0800 0.2745 270 LL
Strand Type to use s type:=1
Strand_description := strand Strand_description = "6/10-270k-LL"
s type, O
Strand_diameter ;= strand Strand_diameter = 0.6
S type, 1
Strand_area := strand Strand_area = 0.217
- S _type,2 -
Strand_weight := strand Strand_weight = 0.745
s type,3
Strand_strength := strand Strand_strength = 270
S type, 4

Strand_type := strands_type’ 5

Transfer length = 60*bd

transfer ;= 60>Strand_diameter

Strand_type ="LL"

transfer = 36

30f71
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Calculations of Dead Loads, non-composite and composite

General Information

Out to out width (ft) = oto := 405

Beam spacing (ft) = bs:=8

Slab thickness (ft) = slab ;= 8.25 ts:=slab
Wearing surface (ksf) = wear := 0.025

Number of beams = beams :=5

Width of one lane (ft) = lane_width := 10

Multiple presence factor = RF:=1.0

Top slab to top beam (in) = tstw:=12.75

Haunch Selection haunch := tstw - slab haunch =45 ha:=if(ha_dec ="yes" ,haunch,0) ha=45

Beam weight per foot (k/ft) = bwt = 0.822
Max span length (ft) = max_span ;= length max_span = 100
(for ETFW)

Width of top flange of beam (in) = fwt =20



LRFD pre-stressed beam.mcd 7/1/2003 50f71

RAIL OR PARAPET DATA

Rail width on outside (ft) = outside:= 1.0
Rail weight per foot (k/ft) = railwt := 05
Number of parapet's = npar := 2

MEDIAN BARRIER DATA
Median barrier width (ft) = med_width:=0

Median barrier weight (k/ft) =  median:=0

Number of barriers = nmed ;=0
Diaphragm Data

Weight of Diaphragms (k) = wdia = 1.664 Note: Program assumes diaphragms are point loads at
equal spaces over the length of the beam.

Number of Diaphragms (k) = ndia := 2
Optional Loads

If you do not wish to use any of the optional loads then simply set the values to zero. If SIP metal forms will be
used then the first three should probably be used. However, it is most certanly not necessary to adjust for the
deck grooving.

SIP form weight (psf) = sipw:=3
Depth of valley in SIP form (in) = vad =2
Amount of deflection in SIP form (in) =  sipd:=05

If the user so desires, you may adjust the deck weight for the deck grooving, just enter the depth of
grooving. Enter a positive value for an increased thickness, and enter a negative value for an decreased
thickness. This adjustment in really not necessary at all, and the user may set the value equal to 0.

gti=.5
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Filler weight (k/ft) = fillgr = fwehaunch filler = 0,004
144

SIP form (K/ft) = sp= Bs . WO IPW SIP= 0,019

say (3 psf) e 12 g 1000

Concrete in valley of SIP form (k/ft) = valley = ’f%s - ng@xp valley = 0.079

(say each inch of valley is equal to € Lg 24

1/2" of concrete depth)

Weight from deflections (k/ft) = wdefl = s - wtg,sied, wdefl = 002

(this assumes that the SIP form e g 24

will deflect, adding about 1/2"

depth for every 1" of deflection)

Deck grooving (k/ft) = groov := bsxg—t>g: groov = 0.025

(Say that the deck 24

grooving adds 1/4"

in depth)

Total optional loads (k/ft) = optional = filler + SIP + valley + wdefl optional = 0.212

Final Composite and Non-Composite Loads
NON COMPOSITE DL (excluding beam weight) (DLnc) (DC)

a2 00
DLnc := maxgg beams +++ optional DLnc = 1.047
CC dab
A be—)g: L
ee 12 20

COMPOSITE DL (DW)
Roadway width (ft) = roadway := oto - nparoutside - med width roadway = 385

DLc = roadway>wear + railwt>npar + medianshmed + groov DLc = 0417

beams
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Unit Load for Diaphragm, to be used only for Deflections (the actual
point loads will be used for shear and moment)

_ wdiaxndia
length

Unit weight to be used in in the calculation of Non-Composite DL Deflection

railwt>npar + mediansnmed N

w_defl := DLnc +
beams

awt
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Effective flange width (Lrrp 46.2.6.1) (USe the smaller of interior or exterior)

Interior - smaller of the following

1. 1/4 span length
2. center to center beams

3. 12*T+B ; B = larger of the web thickness or 1/2 top flange width

etfwl = @&2 etfwl = 300
etfw2 = bsx12 etfw2 = 96
fut
etfw3 ;= 12>slab + 7 etfw3 = 109
aaxstfwl g9
ETPW_int:=mintetfw2 T ETFW_int=9%
ceetfw3 gg

Exterior - 1/2 effective width of adjacent interior beam plus the smaller of the following

1. 1/8 Effective Span

2. 6*ts + B ; B = largter of the web thickness or 1/2 top flange width

7/1/2003

3. overhang

etfwl = %&2 etfwl = 150
fut

efw2 = belab + —= etfw2 = 59.5

etfwg = 20 (beez'“ S - DBS 1y efwa =51
aastfwl 3o

ETFW ext := n‘ingg etfw2 " ETFW int = 96
ceetfw3 gg

Effective flange width used in design

ETFW = |ETFW ext if aa="ext"
ETFW_int otherwise

ETFW = 96

8of71
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Section Diagram
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Composite moment of Inertia

Effective compression slab width (in) = ETFW =96
. Jfe
Modular ratio = h=— h =0.707
\fcf
Transformed slab width (in) = b = ETFW>h b = 67.882
Slab thickness (in) = ts =825

bxsﬁ + ha+ 50, Areaxb
e 29

Composite distance from bottom to c.g. (in) = ybc = ybc = 40.462
bxs + Area

Composite N.A. to top beam (in) = ytb:=h - ybc ytb = 13538

Composite N.A. to top slab (in) = yts:=h +ts + ha- ybc yts = 26.288
3 2 ts &
Composite moment of inertia (int) = Ic:=Inc+ + Areax{yb - ybc)” + b>ts>5§/ts - 39
e (%]

Ic = 734265.849

Composite Section Modulus

Section modulus bottom of beam (in"3) = She = E Shc = 18147.259

Section modulus top beam (in"3) = Sth = % Stb = 5423551

Section modulus top concrete (in"3) = Stc .= % ; Stc = 39500.538
Non-Composite Section Modulus

Section modulus bottom of beam (in"3) = S = % Sb =10543.065

Section modulus top beam (in"3) = S = Inc S = 8907.755

100of 71
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Live Load Distribution Factors

LRFD 3.6.1.1.1 - Number of design lanes

Table 4.6.2.2.2.b-1 - Interior beam distribution factor

3.5<=S<=16
45<=ts<=20

20 <=L <=240

Nb >=4

10,000 <= Kg <= 7,000,000

Range of applicability ;

Distance from N.A. non composite beam and CL. deck (in) =

kg = \/i:(jilnc + Area>egz)

0 .02 0.1
DFM| := 0075 + @9 >§e bs § {:E kg 0
€95g elengthg & 12>¢ength>slab3 g

lanes ::flooré}:‘wg
e 12

lanes = 3
%]

eg::?%+E9-yb eg = 33.395
e

2g

kg = 1613113272

DFM, = 0.669

Table 4.6.2.2.2.d-1 - Exterior beam distribution factor for Moment

Range of applicibility -1.0 <=de <=5.5

_ oto - (beams - 1)*bs )

de: 1 de =325
2
de #é
a8 77 + 2€ 00
e= maxgrg 9.1 __ e=1127
e 10 gg

DFMg := DFM pe DFMg = 0.754

"OK"
uNGu

if (-1L0£de)(de£55) ="OK"
otherwise

11of71
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Distribution Factor for Moment Used in Design

LLDFM := |DFM, if aa="int" LLDRM = 0.669

otherwise
DFMg if aa="ext"

0 otherwise

Table 4.6.2.2.3.a-1 - Interior beam distribution factor for shear

Range of applicibility: 3.5<=S<=16
20 <=L <=240
45<=ts<=12
10000 <= kg <= 7,000,000
Nb >= 4.0

DRV, =02+ 25 ﬁé’so DFV] = 0814
12 e3bg

Table 4.6.2.2.3b-1 - Exterior beam distribution factor for shear

Range of applicibility -1 <=de <=5.5

de
xR 5 4 OO
e= maxgg iz e=1
ee 10 oo
DFVE:=DFVpe DFVE = 0814

Distribution Factor for Shear Used in Design

LLDFV:= | DRV, if aa="int" LLDFV = 0.814

otherwise
DFVE if aa="ext"

0 otherwise

If the user wants to overide the distribution factors that have been calculated, simply enable the two
numbers below and imput the desired factor.

Live Load distribution factor for moment LLDFM := 0.660" currently disabled

Live Load distribution factor for shear LLDFV := 0.814" currently disabled
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ALLOWABLE STRESS IN CONCRETE

At release 5.9.4.1

Compression (ksi) =
5.9.4.1.1

Tensiion (ksi) =
5.9.4.1.2

At final conditions 5.9.4.2

Case | full PS + DL + LL

Case Il PS + DL

Case Il 50%PS + 50%DL + LL

fic ;= 0.6Xci fic =36

fit := - 0.22x/fci fit = - 0539

Compression (ksi) = fcl:= 0.6xcf
Tension (ksi) = fft := - 0.19%/fcf
Compression (ksi) = fc2:= 0.454cf
Tension (ksi) = fft =-0537
Compression (ksi) = fc3:= 0.44cf

Tension (ksi) = fft =-0537

fcl=48

fft =-0.537

fc2=36

fc3=32

13 0f 71
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Simple Span Shear and Moment

Span length (ft) = length = 100
Data range (ft) = 9010 = for jl1 0..10
: j
1. - lengthx=
J J g 10
J.:I'nle
Beam Weight (k/ft) = bwt = 0.822
Self weight Moment at tenth points (k) = Mself - 2 nsto length
elf weig oment at tenth points (k*ft) = ns10 = > >(eng - rgnslo)
Self weight Shear (k) = " ength 0
Vselfnslo = bvvt>féé - rgnslo—ﬂ
Non composite moment (k*ft) = M _ Danxgnslo lenath
nonc 4= >(eng - rgnslo)
, _ _ ength o)
Non composite shear (k) = Vnoncnslo = Dan>§ , rgﬂSlO_g



LRFD pre-stressed beam.mcd 7/1/2003 150f 71

Shear and Moment from Diaphragm nsl1:=0. |ndia- 1 if ndia® 0

0 otherwise
Load for diaphragm (k) = P:= wdia P=1664
Range for variable "x" = 9510
Definition of variable "a" = = Ie.n—gth>(n311 +1) ad = ;é;g Q
nsll™ ndia + 1 €66.667 g
.667 ()
Definition of variable "b" = bd :=length - ad bd = 9@6 Q
nsll nsll e3333R g
Pbd xQ
. Y = . nsll “nsl0 .
Moment at point of load (k*ft) Mdlnslo, nsll = —I ength if 9610 < adns11
I:bbdnsll)ﬂ‘:Jnle ad therwi
—Iength - P>(rgn 10" nsll) otherwise
Md_ . =2 Mdl
nsi0 "~ a ns10, ns1l
nsli
Shear at point of load (k) = vdi = m <ad
P - nslO,ns1l ™™ | |ength T Ohs10 nsll
Pbd
11
& P otherwise
length
vd =2 vdl
nsl0 "~ a ns10, ns1l
nsll
L 0
g 0 0 1.664
L 16.64 1 1.664
G 33.28 2 1.664
—— Moment from 5| 1664
Md =| 4| 55.467 Diaphragm (k0 va =l 0 Shear from
Bl 55467 phrag 5 0 Diaphragm (k)
6 | 55.467 6 0
7 49.92 7| 1664
8| 3328 8| -1.664
) 16.64 9| -1.664
il 0 10| -1.664
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Moment and Shear, Generated by DL on the Composite Section.

This generator is capable of handling from 1 to 10 spans, and is capable of returning values for continuous
sections. This is done by moment distribution. The values returned are SL.

Use a unit load "w" = 1.0 unit := DLc unit = 0417

0 1 2 column 0 = span point
1 0 20.875 column 1 = moment

1.1| 187.875 16.7 column 2 = shear
1.2 334| 12525
1.3| 438.375 8.35
1.4 501 4.175
15| 521.875 0
1.6 501 -4.175
1.7| 438.375 -8.35
1.8 334| -12.525 1000
1.9| 187.875 -16.7

0| -20.875

Based on continuous section, constant inertia.
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Notes on Live Load:

The HL-93 LL shall be used as described in 3.6.1.2 (LRFD)

The Design Lane: The design lane shall consist of a load of 0.640 k/ft uniformaly distributed in the longitudinal direction.
Transversley the load shall be assumed to be 10 ft wide. DO NOT apply the dynamic load allowance (Impact) to the lane.

The design lane shall accompany the design truck and tandem.

The Design Truck
8.0 kips 32. kips 32.0 kips
14-0° : 140" to 30-0°

Design truck axal spacing from rear

6!‘_0!!

V \

The Desigh Tandem: The design tandem consists of a pair of 25k axles spaced 4ft apart. Apply the dynamic load
allowance to the tandem

250 KIPS 250 KIPS

40"
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Load Combinations

Combination 1: The effect of the design tandem combined with the effect of the design lane.
Combination 2: The effect of the design truck combined with the effect of the design lane.

Combination 3: For both the negative moment between points of contraflexure under a uniform load on all spans, and
reaction at interior piers only.

90% of two design trucks spaced a minimum of 50 ft between the lead axle of truck 2 and the rear
axle of truck 1.
90% the design Lane

The distance between 32 k axles shall be 14 ft.

B.0 kips 32.0 kips 32.0 Kips 8.0 kips 32.0 kips 32 0 kips
L 140 L 1“1.0. to ml_nu | Eu',u" m'm | 14'-0- L14I-ﬂ. to 30'-0° |
' } ' |

0.640 k/ft
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Moment, SL, LLDF = 1.0 wheels, Impact included, input to tenth points

ldm:=

DC LOADS (non-comp) [DW Loads |LL + 1
LOCATION |[self wt other (comp) M (+) M (-)

0 0.00 0.00 0.00 0.00 0.00
0.1 369.90 487.80 187.88 1070.00 0.00
0.2 657.60 870.90 334.00 1883.00 0.00
0.3 863.10 1149.29 438.38 2473.00 0.00
0.4 986.40 1311.89 501.00 2763.00 0.00
0.5 1027.50 1364.24 521.88 2846.00 0.00
0.6 986.40 1311.89 501.00 2763.00 0.00
0.7 863.10 1149.29 438.38 2473.00 0.00
0.8 657.60 870.90 334.00 1883.00 0.00
0.9 369.90 487.80 187.88 1070.00 0.00

1 0.00 0.00 0.00 0.00 0.00

(Mself Mnonc mca Md)

Shear Load, SL, LLDF = 1 wheels, Impact included, input to tenth points

ldv =

DC LOADS (non-comp) [DW Loads JLL + |
LOCATION |self wt other (comp) V (+) V (-)

0 41.10 54.02 20.88 120.00 0.00
0.1 32.88 43.54 16.70 105.00 -6.00
0.2 24.66 33.07 12.53 90.00 -14.00
0.3 16.44 22.60 8.35 75.00 -23.00
0.4 8.22 10.47 4.18 61.00 -35.00
0.5 0.00 0.00 0.00 48.00 -48.00
0.6 -8.22 -10.47 -4.18 35.00 -61.00
0.7 -16.44 -22.60 -8.35 23.00 -75.00
0.8 -24.66 -33.07 -12.53 13.00 -90.00
0.9 -32.88 -43.54 -16.70 6.00 -105.00

1 -41.10 -54.02 -20.88 0.00 -120.00

(Vsdf Vnonc vca Vd)

the other loads include
slab, diaphragms (if there
are any) and any other
non-composite loads.

the other loads include
slab, diaphragms (if there
are any) and any other
non-composite loads.
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Expand area for moment and shear iterations, Also LLDF is applied here

[*]

Service | loads (moment)

adull g

Go1”

(; -

932+

¢si3~

gS4+ SI1 SI2 SI3 Sl4 SI5 SI5 SI7

¢S5+ DC LOADS (non-comp) |DW Loads |LL + | TOTAL LOADS

Cgg™ |LOCATION self wt other (slab) |(comp) M (+) M (- M (+) M (-

C - 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00

es7g 1.05 184.95 243.90 93.94 357.89 0.00 880.68 522.79
1.1 369.90 487.80 187.88 715.78 0.00 1761.35 | 1045.57
1.15 513.75 679.35 260.94 987.70 0.00 2441.74 | 1454.04
1.2 657.60 870.90 334.00 | 1259.63 0.00 3122.13 | 1862.50
1.25 760.35 1010.09 386.19 | 1456.97 0.00 3613.61 | 2156.63
1.3 863.10 1149.29 438.38 | 1654.31 0.00 4105.08 | 2450.77
1.35 924.75 1230.59 469.69 1751.31 0.00 4376.34 | 2625.03
1.4 986.40 1311.89 501.00 1848.31 0.00 4647.60 | 2799.29
1.45 1006.95 1338.07 511.44 1876.07 0.00 4732.53 | 2856.45
1.5 1027.50 1364.24 521.88 1903.83 0.00 4817.45 | 2913.62
1.55 1006.95 1338.07 511.44 | 1876.07 0.00 4732.53 | 2856.45
1.6 986.40 1311.89 501.00 | 1848.31 0.00 4647.60 | 2799.29
1.65 924.75 1230.59 469.69 | 1751.31 0.00 4376.34 | 2625.03
1.7 863.10 1149.29 438.38 | 1654.31 0.00 4105.08 | 2450.77
1.75 760.35 1010.09 386.19 | 1456.97 0.00 3613.61 | 2156.63
1.8 657.60 870.90 334.00 1259.63 0.00 3122.13 | 1862.50
1.85 513.75 679.35 260.94 987.70 0.00 2441.74 | 1454.04
1.9 369.90 487.80 187.88 715.78 0.00 1761.35 | 1045.57
1.95 184.95 243.90 93.94 357.89 0.00 880.68 522.79

2 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ldm_f
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Service lll loads (moment)
Sl Sll2 SlI3 Sli4 SII5 SII5 Sli7
DC LOADS (non-comp) |DW Loads |LL + | TOTAL LOADS
LOCATION [self wt other (slab) |(comp) M (+) M (-) M (+) M (-)

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.05 184.95 243.90 93.94 286.31 0.00 809.10 522.79
1.1 369.90 487.80 187.88 572.62 0.00 1618.20 | 1045.57
1.15 513.75 679.35 260.94 790.16 0.00 2244.20 | 1454.04
1.2 657.60 870.90 334.00 | 1007.71 0.00 2870.20 | 1862.50
1.25 760.35 1010.09 386.19 | 1165.58 0.00 3322.21 | 2156.63
1.3 863.10 1149.29 438.38 | 1323.45 0.00 3774.22 | 2450.77
1.35 924.75 1230.59 469.69 | 1401.05 0.00 4026.08 | 2625.03
1.4 986.40 1311.89 501.00 1478.65 0.00 4277.94 | 2799.29
1.45 1006.95 1338.07 511.44 1500.86 0.00 4357.31 | 2856.45
1.5 1027.50 1364.24 521.88 1523.07 0.00 4436.68 | 2913.62
1.55 1006.95 1338.07 511.44 | 1500.86 0.00 4357.31 | 2856.45
1.6 986.40 1311.89 501.00 1478.65 0.00 4277.94 | 2799.29
1.65 924.75 1230.59 469.69 | 1401.05 0.00 4026.08 | 2625.03
1.7 863.10 1149.29 438.38 | 1323.45 0.00 3774.22 | 2450.77
1.75 760.35 1010.09 386.19 | 1165.58 0.00 3322.21 | 2156.63
1.8 657.60 870.90 334.00 | 1007.71 0.00 2870.20 | 1862.50
1.85 513.75 679.35 260.94 790.16 0.00 2244.20 | 1454.04
1.9 369.90 487.80 187.88 572.62 0.00 1618.20 | 1045.57
1.95 184.95 243.90 93.94 286.31 0.00 809.10 522.79

2 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

full
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Strength | loads (moment)

Maximum 1.25*DW + 1.5*DW + 1.75*(LL + IM)
Minimum 0.9*DC + 0.65*DW + 1.75*(LL + IM)
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The loads shown in the DL columns reflect the values from Service I. The appropriate load combination (max or min) is
shown in the total loads columns. The minimum load factors for dead load are used when dead load and future wearing
survace stresses are of opposite sign to that of the live load.

gésmg
oStz
CSTI3+

G4~

gsm;
Csrie~
r -
asST7 g

STI1 STI2 STI3 STI4 STIS STI6 STI7
DC LOADS (non-comp) |DW Loads |LL + 1| TOTAL LOADS
LOCATION |self wt other (slab) |(comp) M (+) M (-) M (+) M (-)

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.05 184.95 243.90 93.94 357.89 0.00 1303.27 0.00
1.1 369.90 487.80 187.88 715.78 0.00 2606.55 0.00
1.15 513.75 679.35 260.94 987.70 0.00 3611.26 0.00
1.2 657.60 870.90 334.00 1259.63 0.00 4615.98 0.00
1.25 760.35 1010.09 386.19 1456.97 0.00 5342.04 0.00
1.3 863.10 1149.29 438.38 1654.31 0.00 6068.10 0.00
1.35 924.75 1230.59 469.69 1751.31 0.00 6463.50 0.00
1.4 986.40 1311.89 501.00 1848.31 0.00 6858.91 0.00
1.45 1006.95 1338.07 511.44 1876.07 0.00 6981.55 0.00
1.5 1027.50 1364.24 521.88 1903.83 0.00 7104.20 0.00
1.55 1006.95 1338.07 511.44 1876.07 0.00 6981.55 0.00
1.6 986.40 1311.89 501.00 1848.31 0.00 6858.91 0.00
1.65 924.75 1230.59 469.69 1751.31 0.00 6463.50 0.00
1.7 863.10 1149.29 438.38 1654.31 0.00 6068.10 0.00
1.75 760.35 1010.09 386.19 1456.97 0.00 5342.04 0.00
1.8 657.60 870.90 334.00 1259.63 0.00 4615.98 0.00
1.85 513.75 679.35 260.94 987.70 0.00 3611.26 0.00
1.9 369.90 487.80 187.88 715.78 0.00 2606.55 0.00
1.95 184.95 243.90 93.94 357.89 0.00 1303.27 0.00

2 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

full
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éullv(j
stl
QSlZV =
C3v ~
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QS|4V -
c35v +
Csiev ™~
(‘ -

QSN g

7/1/2003
Service | loads (shear)
SI1 SI2 SI3 Sl4 SI5 SI5 SI7
DC LOADS (non-comp) |DW Loads |LL + 1 TOTAL LOADS
LOCATION |self wt other (slab) |(comp) V (+) V (-) V (+) V (-)

1 41.10 54.02 20.88 97.73 0.00 213.72 115.99
1.05 36.99 48.78 18.79 91.62 -2.44 196.18 102.11
1.1 32.88 43.54 16.70 85.51 -4.89 178.64 88.24
1.15 28.77 38.31 14.61 79.41 -8.14 161.10 73.55
1.2 24.66 33.07 12.53 73.30 -11.40 143.56 58.86
1.25 20.55 27.84 10.44 67.19 -15.07 126.02 43.76
1.3 16.44 22.60 8.35 61.08 -18.73 108.48 28.66
1.35 12.33 16.54 6.26 55.38 -23.62 90.51 11.51
1.4 8.22 10.47 4.18 49.68 -28.50 72.54 -5.64
1.45 4.11 5.24 2.09 44.39 -33.80 55.82 -22.37
1.5 0.00 0.00 0.00 39.09 -39.09 39.09 -39.09
1.55 -4.11 -5.24 -2.09 33.80 -44.39 22.37 -55.82
1.6 -8.22 -10.47 -4.18 28.50 -49.68 5.64 -72.54
1.65 -12.33 -16.54 -6.26 23.62 -55.38 -11.51 -90.51
1.7 -16.44 -22.60 -8.35 18.73 -61.08 -28.66 -108.48
1.75 -20.55 -27.84 -10.44 14.66 -67.19 -44.17 -126.02
1.8 -24.66 -33.07 -12.53 10.59 -73.30 -50.67 | -143.56
1.85 -28.77 -38.31 -14.61 7.74 -79.41 -73.96 -161.10
1.9 -32.88 -43.54 -16.70 4.89 -85.51 -88.24 | -178.64
1.95 -36.99 -48.78 -18.79 2.44 -91.62 -102.11 | -196.18

2 -41.10 -54.02 -20.88 0.00 -97.73 -115.99 | -213.72

ldv_f

230f 71
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Service Il loads (shear)

2SI §

ésmz\/ -

CSillav +

Connay ™ =

S sy - Sl Slii2 SIi3 Slii4 Slii5 Slii5 Si7

¢ - DC LOADS (non-comp) |DW Loads |LL + 1 TOTAL LOADS

GSIlI6v ™ [ OCATION |self wt other (slab) [(comp) [V (%) V () V (+) V ()

eslitv g 1 41.10 54.02 20.88 78.18 0.00 | 19417 | 115.99
1.05 36.99 48.78 18.79 73.30 195 | 177.86 | 102.60
1.1 32.88 43.54 16.70 68.41 391 | 16154 | 89.22
1.15 28.77 38.31 14.61 63.52 652 | 14522 | 75.18
1.2 24.66 33.07 12.53 58.64 912 | 12890 | 61.14
1.25 20.55 27.84 10.44 5375 | -12.05 | 112.58 | 46.77
1.3 16.44 22.60 8.35 4887 | -1499 | 9626 | 32.41
1.35 12.33 16.54 6.26 4430 | -18.89 | 79.43 | 16.24
1.4 8.22 10.47 4.18 3974 | -22.80 | 62.61 0.06
1.45 4.11 5.24 2.09 3551 | -27.04 | 46.94 | -15.61
1.5 0.00 0.00 0.00 3127 | 3127 | 3127 | -31.27
1.55 411 -5.24 -2.09 2704 | -3551 | 1561 | -46.94
1.6 -8.22 -10.47 418 2280 | -39.74 | -006 | -62.61
1.65 -12.33 -16.54 -6.26 1889 | -4430 | -1624 | -79.43
1.7 -16.44 -22.60 -8.35 1499 | -4887 | -32.41 | -96.26
1.75 -20.55 -27.84 -10.44 1173 | -53.75 | -47.10 | -112.58
1.8 -24.66 -33.07 -12.53 8.47 58.64 | -61.79 | -128.90
1.85 -28.77 -38.31 -14.61 6.19 -63.52 | -75.50 | -145.22
1.9 -32.88 -43.54 -16.70 3.91 68.41 | -89.22 | -161.54
1.95 -36.99 -48.78 -18.79 1.95 -73.30 | -102.60 | -177.86

2 -41.10 -54.02 -20.88 0.00 7818 | -115.99 | -194.17
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

fullv
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Strength | loads (shear)

Maximum 1.25*DC + 1.5*DW + 1.75*(LL + IM)
Minimum 0.9*DC + 0.65*DW + 1.75*(LL + IM)

The loads shown in the DL columns reflect the values from Service I. The appropriate load combination (max or min) is

shown in the total loads columns. The minimum load factors for dead load are used when dead load and future wearing
surface stresses are of opposite sign to that of the live load.

?Ilv@

cSTi2v -
CSTI3v +
Csriay ™=
J— STIL STI2 STI3 STI4 STIS STI6 STI7
¢ ) DC LOADS (non-comp) |DW Loads |LL +1 TOTAL LOADS
GSTI6v *  [LOCATION [self wt other (slab) [(comp) [V (%) V () V (+) V ()
aSTIv g 1 41.10 54.02 20.88 97.73 0.00 | 321.23 | 0.00
1.05 36.99 48.78 18.79 91.62 244 | 29573 | 85.13
1.1 32.88 43.54 16.70 85.51 489 | 27023 | 7109
1.15 28.77 38.31 14.61 79.41 814 | 24473 | 55.62
1.2 24.66 33.07 12.53 7330 | -11.40 | 21923 | 40.15
1.25 20.55 27.84 10.44 6719 | -15.07 | 19373 | 23.97
1.3 16.44 22.60 8.35 6108 | -18.73 | 168.22 | 7.79
1.35 12.33 16.54 6.26 5538 | -23.62 | 142.39 | -11.28
1.4 8.22 10.47 4.18 4968 | -2850 | 11656 | -30.35
1.45 4.11 5.24 2.09 4439 | -33.80 | 9249 | -49.38
1.5 0.00 0.00 0.00 3900 | -39.09 | 6841 | -68.41
1.55 411 -5.24 -2.09 3380 | -44.39 | 49.38 | -92.49
1.6 -8.22 -10.47 -4.18 2850 | -49.68 | 30.35 | -116.56
1.65 -12.33 -16.54 -6.26 2362 | -55.38 | 1128 | -142.39
1.7 -16.44 -22.60 -8.35 1873 | -61.08 | -7.79 | -168.22
1.75 -20.55 -27.84 -10.44 1466 | -67.19 | -24.68 | -193.73
1.8 -24.66 -33.07 -12.53 1059 | -73.30 | -41.57 | -219.23
1.85 -28.77 -38.31 -14.61 774 | 7941 | -56.33 | -244.73
1.9 -32.88 -43.54 -16.70 4.89 8551 | -71.09 | -270.23
1.95 -36.99 -48.78 -18.79 244 | 9162 | -8513 | -295.73
2 -41.10 -54.02 -20.88 0.00 9773 | 000 | -321.23
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

fullv
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Estimate number of Required Strands

Final stress in bottom (no pre-stress) (ksi) =
(I will use the moments at mid point)

Required stress from pre-stress (ksi) =

Approximate force per strand (k) =
(estimate 42 ksi loss)

Approximate number of strands required =

7/1/2003 26 0f 71
p + + N
fa:= max:?(Sll S92 + (313 SM)&E fa = 4.326
e S Sbc 1]
f reqd:=fa- O.le/fcf f reqd =3.789
F_est:= Strand_areax0.75Strand_strength - 42) F_est = 34.828

N1 = 33.642

eArea S

The area below gives the proper data for strand pattern for the proper beam.
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End Strand pattern

7/1/2003

Input Strand pattern at end (only fill in the columns in red)
If the user wants to cut strands in the middle (break bond in middle) input a "y" in the column middle break
and enter the number of strands broken, and the distance from center on each side.

Will harped strands be used ("y" or "n") =

2

/D O O O O
8
|

max

Row

per row  Height

12
12
12

=
o

N NDNDNNNDNNDNNNNNDNDRAOO©

(x_s x_sl)

2

4

6

8

10
12
14
16
18
20
22
35
37
39
41
43
45
47
49
51

actual

strands
12
12
10

harped := "n"
middle |BREAK NO. 1{BREAK NO. 2 |BREAK NO. 3
break [strands dist [strands dist |strands dist
4 15
2 15
y 2 25
y 2 25

harp.
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Middle Strand pattern

Input Strand pattern at middle (only fill in the columns in red), do not input middle break here.

_ul mg
?br_m _

G act_m _ max strands Row
gsnmg per row Height

12
12
12
10

NNDNDNNNNNNNDNNNNDPAO O

(x_s x_s1)

2

4

6

8
10
12
14
16
18
20
22
35
37
39
41
43
45
47
49
51

actual

strands
12
12
10

N

7/1/2003
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Harped
"y" or"n"
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End Pattern
60
Do not worry about if the "x"
50 %% coordinate of a strand or a strand
break is not correct. The critical
beamya, 1 N + + / thing is that the "y" coordinate is
. I I correct.
_Sixad, 1
+ e B I I
Klyaa,1
0O 0 O o
k_blog 1
&7
k_b2pg 1
+ +
k b3ng1 20 M
+ +
><>< /-I— + o4+ \
+ + 4+ +|+ +
10 oA Fo+ o+
++ + + + +|+ + + +
o @ 6 o 6 o e +
6 o 6 o e o
o | S | |
0 5 10 15 20 25 30
beamya 0, X_Slxad, 0, Klxaq,0. K blng 0.k b2ng 0,k b3pg o
Middle Pattern
60
Do not worry about if the
"x" coordinate of a
50 g g strand or a strand break
+ 4+ is not correct. The
beamya, 1 AN I I / critical thing is that the
XShat1 g + 4+ "y" coordinate is correct.
+ + + I I
k1 Myaq 1
0O 0O ot
k_bl_mn81
& ?
kb2_mn81
+ 4+
k_bS_mns,l 20 _;_ _;_
+ +
><>< / + o+ o+ |+ N
+ + + + |+ +
10 oo Foo+ o+
++ + + 4+ + |+ + + +
e o o o e ®| o o + o+
e o o o % ® 8| o o £ & o
e o o o e ®| o o & o
ol 3% | |
0 5 10 15 20 25 30

bea’nxa’ 0 X_Slxa4’ 0 kl_mxa4’ 0 k_bl_m ng,0» k_b2_m ng,0» k_b3_m ng,0
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Calculate Eccentricity

D

Eccentricity From bottom of beam

10

€CChg

1 11 12 13 14 15 16 17 18 1.9 2

The graph indicates values from the bottom of beam ecc 0 =3.882

m|
Eccentricity for non-composite section enc__:=yb - ecc enc__ = 20848
ns ns mp
displOnS, 0= )dns displOnS, 1T €cC o displOnS, = enc
0 1 2

0 1| 9.875| 14.855
1 1.05| 9875| 14.855 column 0 = span point
5 11| o9875| 14855 column 1 = eccentri_ci_ty from bottom of be_am
3 115| 9875 | 1a.855 column 2 = eccentricity of non-comp section
4 1.2 8.737 | 15.993
5 1.25| 8737 15.993
6 13| 8.737| 15.993
7 1.35| 8.737| 15.993
8 14 3.882 | 20.848

disp10 = 9 1.45| 3.882| 20.848
10 15| 3.882| 20.848
11 1.55| 3.882( 20.848
12 1.6 3.882 | 20.848
13 1.65| 8737 15.993
14 17| 8.737| 15.993
15 1.75| 8.737| 15.993
16 1.8 8.737 | 15.993
17 1.85| 9.875| 14.855
18 19| 9.875| 14.855
19 1.95| 9.875( 14.855

N
o
N

9.875| 14.855
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Prestress Losses LRFD 5.9.5.1

The total loses shall be the sum of elastis shortening (ES) + shrinkage (SR) + Creep (CR) + Relaxation (R2)

Elastic Shortening LRFD 5.9.5.2.3a

Initial modulus of elasticity for concrete Eci = 33000>0.151'5></fci

Modulus of elasticity for the strands Ep := 28500
Number of strands at middle Ns mi = ..
s middle :=yed a0
WIC_—
e2g
Area of pre-stress strands Aps_1:= Ns middlexStrand_area
Total force in strands Fs:= Strand_strengthAps_1X0.75
Moment from beam alone (k*ft) M_1:=maxSl1)
Area of concrete (in"2) = Ac:=Area
Eccentricity of strands for N.A. non-composite e 2:=yb - ecc 200
caile—=
e2g

fcgp (stress @ c.g. strands from prestress and beam weight only)

Fs + Fse 2 M_142

at bottom fbi .= —
Ac S S
. Fs Fse2 M_142
at top fti=— - — +
Ac S S
fti - fbi -e2-0
fogp = fbi + (fti - fhi)Xyb - e_. )
h
Elastic shortenting (ksi) = ES:= E>q‘cgp ES = 20.624

Eci

Eci = 4695.982

Ns middle =34

Aps 1=7378

Fs = 1494.045

M_1=10275

Ac =789
e 2=20848
fbi = 3.678
fti=-0219
fcgp = 3.398

3lof 71
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Shrinkage LRFD 5.9.5.4.2
Pretensioned members shrinkage = 17-0.15*H
H can be abtained from figure 5.4.2.3.3-1

H:=70

SR:=17- 015H SR =65

Creep of concrete LRFD 5.9.5.4.3

For pre-tensioned members creep = 12*fcgp - 7*fcdp >= 0

fcdp = stress at c.g. strands from all permanent loads, except the loads used in fcgp

-Si2,42 (S|37 + S|47)><_LZ

at bottom fb:= - fb =-2.869

b Sbc

S22 (S|37 + S|47)><_LZ

at top ft:= S + sb ft = 2.149
fodp = fb + (ft - fh)yxyb- e 2- 0
h
Creep (ksi) = CR := 12fcgp - 7xfcdp| CR = 23219
Relaxation at Transfer (fprl) LRFD 5.9.5.4.4b
Time of transfer (18 hours) = 0.75 days time :=0.75
Yield strength of tendons (ksi) = fpy := Strand_strength
Initial stress in tendon (ksi) = fpj == 0.754py
Relaxation at transfer = R1:

fcdp = - 2508

_ log(244ime) )@fﬂ

320f71
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Relaxation after Transfer LRFD 5.9.5.4.4c

DfpR2 = 0.30 * (the value from formula 5.9.5.4.4c-1) for Low Lax strands

R2:=03{20- 04ES- 02{SR + CR)] R2=1742

Total Initial Loses

Dfi:=R1+ ES Dfi = 21.895

Total Final Loses

Dft:=ES+ SR+ CR + R2 Dft = 52.085

Total Initial stress in the strands with Initial Losses fi ;== 0.75>Strand_strength - Dfi

Total Final stress in the strands with Final Loses ff := 0.75Strand_strength - Dft

330f71

fi = 180.605

ff = 150415
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Design variables

7/1/2003

Eccentricity for non-compite section enc__:=yb - ecc enc_ = 20848
ns ns mp
Effective strand area (including bond break) in"2 = Aps = ye4ns>6trand_area Apsmp = 7378
Number of effective strends = ye4mlo =34
Initial Strand force (k) = FH__:=Aps_ i F__ =1332506
ns ns mp
Final Strand force (k) = Ff__:=Aps_Xf Ff_ =1109.764
ns ns mp
disp:=0 d'Spns, 1= enc ns,3 = ye4ns d'Spns, 5= SllnS d'Spns, 2= anS
dISpns, 0 = Xlns dISpns, 2 =0 ns,4 = Apsns dISpns, 6 = Flns
. column 6 = initial force
column 0 = span point s
L . . column 7 = final force
column 1 = eccentricity of strands on non-compostie section
column 2 = blank
column 3 = number of effective strands
column 4 = Area of prestressing strands at a given point
column 5 = Service | moment
0 1 3 4 5 6 7

0 1 14.855 0 32 6.944 0| 1254.123 | 1044.483

1 1.05 14.855 0 32 6.944 184.95| 1254.123 | 1044.483

2 11 14.855 0 32 6.944 369.9 | 1254.123 | 1044.483

3 1.15 14.855 0 32 6.944 513.75| 1254.123 | 1044.483

4 12 15.993 0 38 8.246 657.6 | 1489.271 | 1240.324

5 1.25 15.993 0 38 8.246 760.35 | 1489.271 | 1240.324

6 13 15.993 0 38 8.246 863.1 | 1489.271 | 1240.324

7 1.35 15.993 0 38 8.246 924.75| 1489.271 | 1240.324

8 14 20.848 0 34 7.378 986.4 | 1332.506 | 1109.764
disp = 9 1.45 20.848 0 34 7.378 1006.95 | 1332.506 | 1109.764

10 15 20.848 0 34 7.378 1027.5 | 1332.506 | 1109.764

11 1.55 20.848 0 34 7.378 1006.95 | 1332.506 | 1109.764

12 1.6 20.848 0 34 7.378 986.4 | 1332.506 | 1109.764

13 1.65 15.993 0 38 8.246 924.75 | 1489.271 | 1240.324

14 17 15.993 0 38 8.246 863.1 | 1489.271 | 1240.324

15 1.75 15.993 0 38 8.246 760.35 | 1489.271 | 1240.324

1 10 1 00D [a} 20 (oo IV Iy ~AE7 o 11400 271 194N 291

34 of 71
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ER) 4.0 19D.9IJ90 v Q20 0.4V VoIV 1L40T.21 L LLAHV. 0L
17 1.85 14.855 0 32 6.944 513.75| 1254.123 | 1044.483
18 1.9 14.855 0 32 6.944 369.9 | 1254.123 | 1044.483
19 1.95 14.855 0 32 6.944 184.95| 1254.123 | 1044.483
20 2 14.855 0 32 6.944 0| 1254.123 | 1044.483

Stress at initial conditions

This includes the beam weight and the pre-stress force only.

Initial strand force (Ib) = Fi_ =Aps_Xi F  =1332506

ns ns mp

Initial stress top (psi) =

Initial stress in bottom (psi) =

Pass fail condition =

check_lnsy 1= top_lnS

check_lnsy 5=

fit if top_|ns< 0

fic otherwise

Fi F_enc S1 X2
ns ns ns

. ns
top_i_ =—— - +
NS Ac S S

top_|mp =-0.046

Fi F_enc S1 X2
ns n

bot | = —% 4+ wo_® bot i =3154
NS Ac S S mp
check i =x1
ns,0 ns
CheCk—inS,S:: "top fail" if (top_ins< 0)>(top_ins< fit)
otherwise
“topfail" if (top_ins > O)>(top_ins > fic)
"top OK" otherwise
check_i o o= | botfail" if (bot_ins< 0)>(bot_ins< fit)
otherwise
"bot fail"  if (bot_ins > O)>(bot_ins > fic)
"bot OK" otherwise

check i =bot _i
—-Nn —n

S, 4 S

check i =
—-Nn

fit if bot i <O
S, 5 —ns

fic otherwise

350f 71
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0 1 2 3 4 5 6 .

0 1 -0.502 -0.539 | "top OK" 3.357 3.6 | "bot OK" column 0 = span point
- - - - column 1 = top stress
1 1.05 -0.253 -0.539 | "top OK 3.146 3.6 | "botOK column 2 = top allowable
2 11 -0.004 -0.539 | "top OK" 2.936 3.6 | "bot OK" column 3 = top check
3 1.15 0.19 3.6 | "top OK" 2.772 3.6 | "bot OK" column 4 = bottom stress
4 12 01 36| "topOK"|  3.398 36| "bot OK" column 5 = bottom allowable
column 6 = bottom check

5 1.25 0.238 3.6 | "top OK" 3.281 3.6 | "bot OK"
6 1.3 0.376 3.6 | "top OK" 3.164 3.6 | "bot OK"
7 1.35 0.459 3.6 | "top OK" 3.094 3.6 | "bot OK"
8 1.4 -0.101 -0.539 | "top OK" 3.201 3.6 | "bot OK"

check i = 9 1.45 -0.073 -0.539 | "top OK 3.178 3.6 | "bot OK
10 1.5 -0.046 -0.539 | "top OK" 3.154 3.6 | "bot OK"
11 1.55 -0.073 -0.539 | "top OK" 3.178 3.6 | "bot OK"
12 1.6 -0.101 -0.539 | "top OK" 3.201 3.6 | "bot OK"
13 1.65 0.459 3.6 | "top OK" 3.094 3.6 | "bot OK"
14 1.7 0.376 3.6 | "top OK" 3.164 3.6 | "bot OK"
15 1.75 0.238 3.6 | "top OK" 3.281 3.6 | "bot OK"
16 1.8 0.1 3.6 | "top OK" 3.398 3.6 | "bot OK"
17 1.85 0.19 3.6 | "top OK" 2.772 3.6 | "bot OK"
18 1.9 -0.004 -0.539 | "top OK" 2.936 3.6 | "bot OK"
19 1.95 -0.253 -0.539 | "top OK" 3.146 3.6 | "bot OK"
20 2 -0.502 -0.539 | "top OK" 3.357 3.6 "bot OK"
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L 1 1 1 1 |
Initial Stress
4
3
\/ \/
check_ins 1
fic 2
check _i ns,4
fit 1
0 /\ - ﬁ
-1
1 11 1.2 13 14 15 16 17 18 1.9
Xlns
Positive moment envelope at Service |
R Ffenc (SI 1.+ szns)mz (S|3nS + sa4ns)x12
Final stress top (psi) = SI pt = - + + SI_pt_=2568
p (psi) Pls Ac 3 3 St _p mp
Final stress in bottom (psi) =
R Ffoenc (suns + szns)sz (S|3ns + S|4ns)>42
Sl pb_ = + - - Sl pb  =-0725
—+Pns Ac Sb ) Shc P mp

Pass fail condition =

370f 71

From LRFD 5.9.4.2.1 under final conditions it is only necessary to check tension under service 1l load combinations.

If the flag "see SIII" is shown in the tables below see the section with service Il loads for tension checks.

check 1 =xl
—ns,0 ns
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CheCk—lns, 3= seeSII" if (SIJ)tns < O)

otherwise
"top fail" if (SI pt > O)>(Sl_ptns> fcl)

"top OK" otherwise

CheCk—lns,G:: "see SIN" if (SUObns<0)

otherwise
"ot fail"  if (SI J)bns>0)>(Sl Jabns>fcl)

"bot OK" otherwise

CheCk—lns, 1= Sl Jotrls CheCk—lns, 4= Sl_pbnS
CheCk—lns, 5= fft if Sl J)tns <0 .
check_1 = |fft if SI_pb <O
fcl otherwise ns,5 ns
fcl otherwise
0 1 2 3 4 5 6
0 1| -0418| -0537| "seesIl" 2.795 48| "bot OK" column 0 = span point
1 1.05 0.26 48| "top OK" 2.009 4.8| "bot OK" column 1 = top stress
2 1.1 0.937 48| "top OK" 1.222 48| "bot OK" column 2 = top allowable
3 1.15 1.466 48| "top OK" 0.612 4.8 | "bot OK" column 3 = top check
4 1.2 1.757 48| "top OK" 0.66 48| "botOK" column 4 = bottom stress
5 1.25 2.138 48| "top OK" 0.22 48| "botOK" column 5 = bottom allowable
6 1.3 2.519 48| "topOK"| -0.221| -0.537| "seeSlI" column 6 = bottom check
7 1.35 2.74 48| "opOK"| -0.468| -0.537 | "see SIlI"
8 1.4 2.425 48| "opOK"| -0568| -0.537| "seeSllI"
check 1=|9 1.45 2.497 48| "topOK"| -0.647| -0.537| "seeSllI"
10 1.5 2.568 48| "opOK"| -0.725| -0.537| “seeSliI"
11 1.55 2.497 48| "opOK"| -0.647| -0.537| "seeSllI"
12 1.6 2.425 48| "opOK"| -0568| -0.537| "seeSllI"
13 1.65 2.74 48| "topOK"| -0.468| -0.537| "seeSllI"
14 1.7 2.519 48| "opOK"| -0221| -0.537| “seeSllI"
15 1.75 2.138 48| "top OK" 0.22 48| "bot OK"
16 1.8 1.757 48| "top OK" 0.66 48| "botOK"
17 1.85 1.466 48| "top OK" 0.612 4.8| "bot OK"
18 1.9 0.937 48| "top OK" 1.222 48| "bot OK"
19 1.95 0.26 48| "top OK" 2.009 48| "bot OK"
- - n o AP R e g P T
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Negative moment envelope at Service |

R Ffenc (Sl 1.+ S|2ns)><12 (Sl 3+ S|5ns)><12
Final stress top (psi) = S| nt__:= - + + Sl nt_ =2147
— s Ac & & Stb —mp

Final stress in bottom (psi) =

Ff Ff_enc (suns + S|2ns)x12 (S|3nS + 95 )sz

Sl nb_=—"4 ; ; 1S Sl nb__ =054
NS Ac So ) Shc mp

Pass fail condition =

From LRFD 5.9.4.2.1 under final conditions it is only necessary to check tension under service 1l load combinations.
If the flag "see SIII" is shown in the tables below see the section with service Il loads for tension checks.

check_lns, 0= >dns
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check 1 = |"seesill" if (Sl_nt < o)
ns, 3 ns
otherwise
"top fail"  if (S|_ntnS > 0)>(Sl_ntns > fcl)
"top OK" otherwise
check 1 .= |"seesill" if (Sl_nb < o)
ns, 6 ns
otherwise
"ot fail"  if (Sl_nb > O)>(Sl_nb > fcl)
ns ns
"bot OK" otherwise
check_lns, 1= Sl_ntns check_lns, 4= Sl_nbns
check_lns,2 = | fft if SI_ntnS< 0 _
check_1 = [|fft if SI_nb__<O
fcl otherwise —ns.5 -n
fcl otherwise
0 1 2 3 4 5 6
0 1| -0418| -0.537| "seeSIlI" 2.795 4.8 | "bot OK" column 0 = span point
1 1.05 0.18 48| "top OK" 2.245 4.8 | "bot OK" column 1 = top stress
2 11| 0779 48| "top OK" 1.695 48| "bot OK" column 2 = top allowable
3 1.15 1.247 48| "top OK" 1.265 4.8 | "pot OK" column 3 = top check
4 1.2 1.478 48| "top OK" 1.493 4.8 | "bot OK" column 4 = bottom stress
column 5 = bottom allowable
5 1.25 1.816 48| "top OK" 1.183 4.8 | "bot OK" column 6 = bottom check
6 1.3 2.153 48| "top OK" 0.873 4.8 | "bot OK"
7 1.35 2.353 48| "top OK" 0.69 4.8 | "pot OK"
8 1.4 2.016 48| "top OK" 0.654 4.8 | "bot OK"
check 1=L2 1.45 2.081 48| "top OK" 0.594 4.8 | "bot OK"
10 15 2.147 48| "top OK" 0.534 4.8 | "bot OK"
11 1.55 2.081 48| "top OK" 0.594 4.8 | "pot OK"
12 1.6 2.016 48| "top OK" 0.654 4.8 | "bot OK"
13 1.65 2.353 48| "top OK" 0.69 4.8 | "bot OK"
14 1.7 2.153 48| "top OK" 0.873 4.8 | "bot OK"
15 1.75 1.816 48| "top OK" 1.183 4.8 | "pot OK"
16 1.8 1.478 48| "top OK" 1.493 4.8 | "bot OK"
17 1.85 1.247 48| "top OK" 1.265 4.8 | "bot OK"
18 1.9 0.779 48| "top OK" 1.695 4.8 | "bot OK"
19 1.95 0.18 48| "top OK" 2.245 4.8 | "pot OK"
20 2 -NA1R -N K7 "eon QUI" 2 70K AR "hnt OK"
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Service | Negative Moment Envelope
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Positive moment envelope at Service Il

Ff Ff_senc (Sllll + 912 )>qz (sms + Sll4 )><_12
S ns ns ns ns; ns ns,

Final stress top (psi) = Sl pt = - + + Sll_pt =2484
Plns Ac S S Stb _pmp

Final stress in bottom (psi) =

R Ffenc (Sllllns+ S|||2ns)x]2 (Slll3ns+ Slii4 )>qz

n ns;
Sl pb = + - - Sl pb_ =-0474
—+Prns Ac S Ss) Shc P mp

Pass fail condition =

From LRFD 5.9.4.2.1 under final conditions it is only necessary to check tension under service Il load
combinations. If the flag "see SlII" is shown in the tables below see the section with service Il loads for tension
checks.

check_lns, 0= )dns
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check_1 o 4= |“topfail” if (sm _ptns<0)>(8||| _ptns<fft)

otherwise
"topfail" if (sm J)tns>0)>(8||| J:)tns>fc3)

"top OK" otherwise

check_1 o o= |botfail" if (sm _pbns<0)>(SIII _pbns<fft)

otherwise
"bot fail"  if (sm J:)bns>0)>(S||| J)bns>fc3)

"bot OK" otherwise

check_lns, 1= S _ptnS check_lns, 4= S _pbnS
check_lns, 0= fft if Sl _ptnS <0 _
check_1 = |fft if Sll_pb <0
fc3 otherwise ns,5 ns
fc3 otherwise
0 1 2 3 4 5 6
0 1| -0.418| -0.537| "top OK" 2.795 3.2 | "bot OK" column 0 = span point
1 1.05| 0.244 32| "topOK"|  2.056 3.2 | “bot OK" column 1 = top stress
2 11|  0.906 3.2 | "top OK" 1.316 3.2 | "bot OK" column 2 = top allowable
3 1.15 1.422 3.2 | "top OK" 0.742 3.2 | "bot OK" column 3 = top check
4 1.2 1.701 3.2 | "top OK" 0.827 3.2 | "bot OK" column 4 = bottom stress
column 5 = bottom allowable

5 1.25|  2.073 3.2 | "top OK" 0.412 3.2 | "bot OK" column 6 = bottom check
6 13| 2446 32| "opOK"| -0.002| -0.537| "bot OK"
7 1.35| 2663 32| "opOK"| -0.237| -0.537 | "bot OK"
8 14| 2.343 32| "opOK"| -0.324| -0.537| "bot OK"

check 1=L9 145| 2414 32| "opOK"| -0.399| -0.537| "bot OK"
10 15| 2.484 32| "opOK"| -0.474| -0.537| "bot OK"
11 155| 2414 32| "opOK"| -0.399| -0.537 | "bot OK"
12 16| 2.343 32| "opOK"| -0.324| -0.537| "bot OK"
13 1.65| 2.663 32| "opOK"| -0.237| -0.537| "bot OK"
14 17| 2.446 32| "opOK"| -0.002| -0.537| "bot OK"
15 1.75| 2.073 3.2 | "top OK" 0.412 3.2 | "bot OK"
16 1.8 1.701 3.2 | "top OK" 0.827 3.2 | "bot OK"
17 1.85 1.422 3.2 | "top OK" 0.742 3.2 | "bot OK"
18 19| 0.906 3.2 | "top OK" 1.316 3.2 | "bot OK"
19 1.95| 0.244 3.2 | "top OK" 2.056 3.2 | "bot OK"
20 2| -04181 -0537| "too OK" 2.795 3.2 | "bot OK"
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Service Il Positive Moment Envelope

4
3
/\/\ /\
Ch&:k_l ns,1
fc3 2
Ch&k_l ns, 4

fft

0 /
— |
-1
1 1.1 1.2 1.3 14 15 1.6 1.7 1.8 19
Xlng

Negative moment envelope at Service |l

Ff Ff_senc (Sllll + Sl2 )>q2 (sms + 9lI5 )>q2
S ns ns ns ns, ns ns,

Final stress top (psi) = Sl _nt__:= . + + Sll_nt =2147
NS Ac S S Stb mp

Final stress in bottom (psi) =

Ff Ff_senc (Sllll + 92 )sz (sms + 95 )>q2
S ns ns ns ns, ns ns,

Sl nb_=—2 4+ ; - Sill_nb__ =0534
NS Ac S ) Shc mp

Pass fail condition =

From LRFD 5.9.4.2.1 under final conditions it is only necessary to check tension under service lll load combinations. If
the flag "see SlII" is shown in the tables below see the section with service Il loads for tension checks.

check 1 =xi
— s, 0 ns



LRFD pre-stressed beam.mcd

7/1/2003

check 1 .= |"topfail" if (SI Nont < O)>(Slll_nt < fft)
ns, 3 ns ns
otherwise
“top fail"  if (SIII_ntnS > 0)>(Slll_ntns > fc:3)
"top OK" otherwise
check_1 = |"seeSIN" if (Sl_nb < O)
ns, 6 ns
otherwise
"bot fail"  if (Sl_nb > O)>(Sl_nb > fc3)
ns ns
"bot OK" otherwise
check_lns’ 1= Sl I_ntnS check_lns’ 4= Sl_nbnS
check 1 = |fft if Sl nt <O
—ns,2 - ns .
check 1 = |fft if SIll.nb_<0
fc3 otherwise —ns.5 - ns
fc3 otherwise
0 1 2 3 4 5 6
0 1 -0.418 -0.537 | "top OK" 2.795 3.2| "bot OK"
1 1.05 0.18 3.2 | "top OK" 2.245 3.2| "bot OK"
2 1.1 0.779 3.2 | "top OK" 1.695 3.2 | "bot OK"
3 1.15 1.247 3.2 | "top OK" 1.265 3.2| "bot OK"
4 1.2 1.478 3.2 | "top OK" 1.493 3.2| "bot OK"
5 1.25 1.816 3.2| "top OK" 1.183 3.2| "bot OK"
6 1.3 2.153 3.2 | "top OK" 0.873 3.2 | "bot OK"
7 1.35 2.353 3.2 | "top OK" 0.69 3.2| "bot OK"
8 1.4 2.016 3.2 | "top OK" 0.654 3.2| "bot OK"
check 1= 9 1.45 2.081 3.2 | "top OK" 0.594 3.2| "bot OK"
10 15 2.147 3.2 | "top OK" 0.534 3.2| "bot OK"
11 1.55 2.081 3.2 | "top OK" 0.594 3.2| "bot OK"
12 1.6 2.016 3.2 | "top OK" 0.654 3.2| "bot OK"
13 1.65 2.353 3.2| "top OK" 0.69 3.2| "bot OK"
14 1.7 2.153 3.2 | "top OK" 0.873 3.2 | "bot OK"
15 1.75 1.816 3.2 | "top OK" 1.183 3.2| "bot OK"
16 1.8 1.478 3.2 | "top OK" 1.493 3.2| "bot OK"
17 1.85 1.247 3.2 | "top OK" 1.265 3.2 | "bot OK"
18 1.9 0.779 3.2 | "top OK" 1.695 3.2 | "bot OK"
19 1.95 0.18 3.2 | "top OK" 2.245 3.2| "bot OK"

44 of 71

column 0 = span point
column 1 = top stress
column 2 = top allowable
column 3 = top check
column 4 = bottom stress
column 5 = bottom allowable
column 6 = bottom check
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|ZU‘ Z ‘ -0.418 ‘ -0.037 | “T0p UK~ | 2.190 | 3.2 | “pot VK~ |

Service lll Negative Moment Envelope

check 1psq 3

fcl \
check_1ps 4 /\
fft y \(

N

1
0 /
-1
1 11 12 13 14 15 16 1.7 18 19
Xlns

Flexural Strength - LRFD 5.7.3.1.1 stress in prestressing tendons

| will consider the bonded case only. Use Strength I.

oo

fps = fpug;l-
e dpg

-
k=2804- 2 Ofor values of k see Table C5.7.3.1.1-1
e fou g

o= Apsipu + Asy - A'sX'y - 0.85b1xcxb - bw)>hf

0.85¥chlbw + KA psxfg—u
p

for "T" section behavior (ts<c)

+ Atesf
c= Apsipu + Asty - A'SAy for rectangular section behavior (ts>c)

0.85%ch b + kA psxf(;)—u
p

fpu = ultimate strength of tendions
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fps = actual stress in strand

¢ = compression depth

dp = distance from extreme compression fiber to centroid of tendions
Aps = area of prestressing strands

fy = yield of tension reinforcing

As = area of tension reinforcing

A's = area of compression reinforcing

f'y = yield of compression reinforcing

b1=5.7.22

b = width of compression flange (un-transformed)
bw = width of web of beam

hf = depth of compression flange

Calculations

k:=0.28 A's:=0 bl:=085 fpu := Strand_strength fpu = 270
Apsmp =73718 fy:=60 bw =6 As:=0 fy =60
dp__=h+ts- ecc dp___ =58.368 hf :=ts

ns ns mp
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Apsns>fpu + AsAy - A'siy
c _=1j1 -~ C__ =691
ns ns fpu mp
0.854Ch DETFW + k>ApSnS><—
dpns
Apsrls + Asfy - A'sxf'y - 0.85bDfc{ETFW - bw)hf
o
J ns fpu
0.85cblbw + kAps x——
ns
j1 o if j1__<ts
ns ns
j2__ otherwise
ns
Chs O
fps ::fpuﬁ- ke fps_ =261.01
ns - dp_ = mp
e ns g
depth of compressive stress block a =c %1l a =59
ns’” ns mp
e ans(j 1
Allowable flexural strength (k*ft) = Mn_ :=Aps Xps Xdp - —=x— Mn___ =8893.29
ns ns Tons g ns mp
e 2 gl2
Check pass or fail condition check_m__:= |"OK" if Mn__> STI6
- 'ns ns ns
"FAIL" otherwise
Prepare for output display d|sp_mn8’ 0= Xlns d|sp_mn8’ 3= Crg d|sp_mn8’ 6= check_mnS
d|sp_mn8’ 1= Apsrls d|sp_mnS’4 = STI6ns
d|sp_mn8’ 5= dpnS d|sp_mn8’ 5= Mnns
Untimate Moment Capacity Output
0 1 2 3 4 ° 6 column 0 = span point
0 1 6.944 52.375 6.522 0 7479.76 "OK'column 1 = Aps
1 1.05 6.944 52.375 6.522 | 1303.273 7479.76 oK'column 2 = dp
2 1.1 6.944 | 52.375 6.522 | 2606.546 | 7479.76 wotelumn 3=¢
——eplumn 4 = applied loads
3 1.15 6.944 52.375 6.522 | 3611.262 7479.76 OK (Strength 1)
4 1.2 8.246 53.513 7.701| 4615.979 | 8945.663 "OK'column 5 = capacity Mn
5 1.25 8.246 53.513 7.701| 5342.04| 8945.663 "oK'column 6 = pass or fail
6 1.3 8.246 53.513 7.701 | 6068.101 | 8945.663 "OK"
7 1.35 8.246 53.513 7.701 | 6463.504 | 8945.663 "OK"
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14 7.378 58.368 6.941 | 6858.906 8893.29 "OK"
disp_m= 1.45 7.378 58.368 6.941 | 6981.552 8893.29 "OK"
B 10 15 7.378 58.368 6.941 | 7104.197 8893.29 "OK"
11 1.55 7.378 58.368 6.941 | 6981.552 8893.29 "OK"
12 1.6 7.378 58.368 6.941 | 6858.906 8893.29 "OK"
13 1.65 8.246 53.513 7.701 | 6463.504 | 8945.663 "OK"
14 1.7 8.246 53.513 7.701 | 6068.101 | 8945.663 "OK"
15 1.75 8.246 53.513 7.701 5342.04 | 8945.663 "OK"
16 1.8 8.246 53.513 7.701 | 4615.979 | 8945.663 "OK"
17 1.85 6.944 52.375 6.522 | 3611.262 7479.76 "OK"
18 1.9 6.944 52.375 6.522 | 2606.546 7479.76 "OK"
19 1.95 6.944 52.375 6.522 | 1303.273 7479.76 "OK"
20 2 6.944 52.375 6.522 0 7479.76 "OK"
4 Ultimate Moment Capacity
1-10
8000
/__— ‘‘‘‘ ‘_-\\
\\\
Mn,s 6000 /’ ™
/I
STI6,, , N
v N
——— , .
/ \
4000 7
’
4
,I
\
I,/ \\
2000 i .
4
/
4
4
4
0
1.1 1.2 1.3 14 15 16 17 18 19
Xlps

Maximum reinforcing LRFD 5.7.3.3.1
< go4
de

where ¢ = the distance fro the extreme compression fiber to the N.A.

de = APSTpSdp + Asfyxds
Apsips + Asy

sinze As=0then de=dp
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dens = dpns
c
. ns
ratio _:= proa
Pns

check := |"OK" if ratio <042
ns ns

"NG"' otherwise
disp:=0
dispns’ 0= xlns dispns’ 0= 042
dispns’ 1= rations dispns’ 3= chec:kns
0 1 2 3
0 1| 0.125 0.42 "OK"
1 1.05| 0.125 0.42 "OK"
2 1.1] 0.125 0.42 "OK"
3 1.15| 0.125 0.42 "OK"
4 1.2| 0.144 0.42 "OK"
5 1.25( 0.144 0.42 "OK"
6 1.3| 0.144 0.42 "OK"
disp={7| 135| 0.144| 0.42| "OK"
8 1.4] 0.119 0.42 "OK"
9 1.45| 0.119 0.42 "OK"
10 1.5] 0.119 0.42 "OK"
11 1.55| 0.119 0.42 "OK"
12 1.6] 0.119 0.42 "OK"
13 1.65( 0.144 0.42 "OK"
14 1.7] 0.144 0.42 "OK"
15 1.75| 0.144 0.42 "OK"

7/1/2003

column 0 = span point
column 1 = actual ratio
column 2 = allowable ratio
column 3 = check

Minimum Steel Requirement LRFD 5.7.3.3.2

Unless othewise specified, at any section of a flexural component, the amount of prestressed and nonprestressed
tensile reinforcement shall be adequate to develop a factored flexural resistance, Mr, at least equal to the lesse of

49 of 71

1. 1.2 times the cracking strength determined on the basis of elastic stress distribution and the modulus of rupture, fr,

of the concrete as specified in Article 5.4.2.6

2. 1.33 times the factored moment required by the applicable strength load combinations specified in Table 3.4.1-1. |
shall basically ignore this one because it makes no sense. You see the allowable in the section is by default greater

that the Strength | combination, so | shall use this as my minimum. If they wanted the allowable to be larger, to the
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1.33 value, they would have increased it by 1.33 already.

The LRFD code does not specify a method for calculation Mcr, | shall therefore use the method specified in the
AASHTO standard spec.

AASHTO 9.18.2.1; The total amount of prestressed and non-prestressed reinforcement shall be adequate to develop
an ultimate moment at the critical section at least 1.2*Mcr

fxMn3 1.2Mcr

Mcr = Scx{fr + fpe) - MdncrféE - 19
e g

Shc = composite section modulus at extreme tension fiber

Sh = non-composite section modulus at extreme tension fiber

fr = Modulus of rupture of concrete LRFD 5.4.2.6

fpe = compressive stress in concrete due to effective prestress forces only (after allowance for all loses) at extreme
fiber of section where tensile stress is caused by externally applied loads.

Composite section modulus (in*3) = Shc = 18147.259
Non compoiste section modulus (in"3) = Sb = 10543.065
Modulus of rupture (psi) = fr:= 0.24%/fcf fr = 0.679

Ff Ff_enc
ns ns ns

f i) = =
pe (psi) fpe =~ T fpe,., = 3601
Non-composite DL moment (Ib*in) = Mdnc = (S!l + 82 )><12 Mdnc___ = 28700.912
ns ns ns, mp
. A b JTRY
Cracking moment (k*ft) = Mcr = $Sbc>(fr+ fpe ) Mdnc_F= . 1O Mcr = 4747161
s g ns, ns'a g A 12 mp
Check Minimum check_min__:= |"MinOK" if Mn__>12Mcr check_min__="Min OK"
ns ns ns mp

"MinNG" otherwise
disp:=0
disp

x1 disp

ns,0 =X Mn disp = Mcrns disp = check_mlnn

ns,1~ " 'ns ns,2" ns,3" S

n 1 7470 7 EQ2°EA NrRO "N in N COlumn o = span pOInt
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1 1.05 7479.76 4944.76 "Min OK"
2 1.1 7479.76 | 4635.451 "Min OK"
3 1.15 7479.76 | 4393.545 "Min OK"
4 1.2 | 8945.663 | 5146.784 "Min OK"
5 1.25| 8945.663 | 4972.279 "Min OK"
6 1.3| 8945.663 | 4797.774 "Min OK"
7 1.35| 8945.663 | 4694.671 "Min OK"
8 1.4 8893.29 | 4814.562 "Min OK"
disp - 9 1.45 8893.29 | 4780.862 "Min OK"
10 1.5 8893.29 | 4747.161 "Min OK"
11 1.55 8893.29 | 4780.862 "Min OK"
12 1.6 8893.29 | 4814.562 "Min OK"
13 1.65| 8945.663 | 4694.671 "Min OK"
14 1.7 | 8945.663 | 4797.774 "Min OK"
15 1.75| 8945.663 | 4972.279 "Min OK"
16 1.8| 8945.663 | 5146.784 "Min OK"
17 1.85 7479.76 | 4393.545 "Min OK"
18 1.9 7479.76 | 4635.451 "Min OK"
19 1.95 7479.76 4944.76 "Min OK"
20 2 7479.76 | 5254.068 "Min OK"
Check Deflections n:=0.4

column 1 = capacity of section
column 2 = cracking moment
column 3 = minimum check

Deflection due to pre-stress force (in) | will use the M/(E*l) method

Length of each section =

Preliminary moment curve (all points)

int:

_ length

M1 :=enc >F
ns ns n

S

int =10
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M1y é(M3a0+ M3a1)>0.5l]
¢ = ad8629.998 ¢ € L
eM1,+ 3 : §(M3a, + M3a,)05()
¢ 2 18629.998 . a 2 a
Define actual moment curve = M3a:=¢M1;+  M3a=(23818149+ M3:= é(M3a2 + M3a3)>0.5a
Gy © 23818149 e u
M1 ‘ B é(M3a3+ M3a4)>0.5u
Cpmp = e23818.149 g € M3a (
e 6g é 4 a
2.5-10*
2.2510" |- .
M3a,
— 210" .
M3,
—17510" | .
4 | |
1510 0 1 2 3 4
n
A.5int g 4009
S 35int 24201
Define range for each point on moment curve X = g2.54nt +X12 X =¢300+
C1mint ™ G180~
c < c =
e0.5int g e60 g
a2235599.809 ¢
& 2546883835
Area along each block M4n = M3nx'nt>d2 M4 = ¢2858177.861 +
¢2858177.861
c <
@2858177.861 g
Determine reaction area M5:= é M4n M5=1336" 107
n
Area of each block * range M6n = M4n>9<rn
(M5engthx12:05) - § M6
Final Pre-Stress Deflection defl_p = - L defl_p = 3425
Eciinc
Method two for pre-stress camber
using a little different take on the M/EI method
Ic := length x:=0
Length of each section = int:= I—C><12 int = 60

Sp
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Range (in) =

Preliminary moment curve (all points)

Block area (moment*length) (kip*in) =

Reaction =

Sum at points

Deflection at points

7/1/2003 53 0f 71
nsl:=0..sp
Xos1 = for j1 O.sp
j1j - inty
Jlnsl
M1 :=enc_ i M1 =M1
ns ns' ns sp+1 sp

M2 =M1 xnt
ns ns

M3=1435" 10’

0 .1
M3.—&a. MZnSE:)XE
4]

M5nsl = |for jl 0..Asp
for j31 0O..]
j1- inty
. . int .
12j3—| j1- inty3- ? + int
j4j3—| M2j3>32j3
J
]5 - a J4j6
j6=0
Pnst
M3 . - M5
e _ nsl nsl
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4
3r -
deflnst 21 _
1k _
0 | | | | | | | |
0 2 6 8 10 12 14 16 18
nsl
disp:=0 dISan’O = dISan’ 1= deﬂIns
e 1 column 0 = span point
0 1| -0.027 column 1 = deflection (in)
1 1.05| 0.594
2 11 1.16
3 1.15( 1.672
4 12| 2121
5 1.25| 2.501
6 13 2.81
7 1.35| 3.049
8 14| 3.212
disp = 9 1.45]| 3.294
10 15| 3.294
11 1.55( 3.212
12 1.6| 3.049
13 1.65 2.81
14 17| 2.501
15 1.75( 2.121
16 18| 1.672
17 1.85 1.16
18 19| 0.594
19 1.95| -0.027
20 2| -0.703

20
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Deflections under Live Load (SL, max Positive),
These will be based on simple span Live Load Moments
| will use the M/(E*l) method

Length of section for calculations (ft) = Ic := length Ic =100
. h .
Length of each section = int:= Ien—gt><12 int =60
sp
Define actual moment curve = M3ns = disp3aans>LLDFM><12000
3-10"
22510° .
7 | _
M Sns 15 10
7510° - .
0 | | |
0 5 10 15 20
ns
Define range for each point on moment curve xrlns = | for jT O.sp
P S
J j | 5
1 .
Area along each block M4ns = M3ns>{ength><.L2x5 i1 ns
Determi tion area M5'—°M4('5><E
etermine reaction ar = (@a 25
ens @
Area of each block * range M6 =M4 xrl
ns ns ns
sng.S
M54cx20.5 - M6.
a Mo
. . j=0
Final Deflection defl p:= defl_p =0.948
P Ecx10004 ¢ P
Positive value indicates
an downward deflection
Max allowable deflection max_d := 1engtn2 max_d = 15

— 8(D
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Deflections due to non-composite Dead Loads (DC)

I will calculate the deflection due to beam weight based on the initial strength (and modulus) of the beam. The slab
weight shall be applied to the final concrete strength.

1:=0..10 290
nl:=0. Cnha~ DLnc
g0'1+ W= bwt w = 0.069 WS =
c02+ 12 12
G003~
C., ~
g0'4+ ws = 0.087
range for tenth points (in) = rangel:= c05+ X = range1n1>¢ength><12
Coe™
c _+
0.7 -
(; -
co8—+
Co9™
C =
elog
Deflection from self weight at tenth points (k*in) = Db '—&ﬁ'(len th><12)3 24engthx12x x 2y X 3
? " Jainokd €0 g )( nl) ( nl) C
. . WS ¢ 3 2 3
Deflection from Non-Composite Dsnl ::—>§(Iength><12) - 2>{ength><12>(xnl) + (an) L
at tenth points (k*in) = 244ncEc € L
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column 0 = span point

column 1 = self wt

column 2 = non-comp Defl

column 3 = rail deflection

column 4 = Total for Oklahoma curve

2
0 1 2

0 0 0 0

1 0.1| 0.474| 0.523

2 02| 0.897| 0.99

Dby 3 03| 1.228| 1.355
disp = 4 04| 1.439| 1.587

Dsm 5 05| 1.511| 1.666
6 06| 1.439| 1.587

7 07| 1.228| 1.355

8 0.8| 0.897| 0.99

9 09| 0.474| 0.523

10 1 0 0

rangel nl
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Shear Design, pre-stress method

LRFD 5.8.2.4 Except for slabs footings and culverts, transverse reinforcement shall be provided where
Vu > 05 xVc + Vp)
Vu = factored shear force
Vc = nominal resistance of concrete
Vp = component of the prestressing force in direction of the shear force

LRFD 5.8.2.5: Minimum transverse reinforcing

Av = 00316 fcfxbfv—>s
y

Av = area of transverse reinforcing within distance S

bv = width of web adjusted for the presence of ducts as specified in 5.8.2.9
S = spacing of transverse reinforcing

fy = yeild strength of transverse reinforcing

fcf = final concrete strength

LRFD 5.8.2.7: Maximum spacing of transverse reinforcing.
If Vu<0.125*fcf then: Smax = 0.8*dv<= 24 in
If Vu>=0.125*fcf then: Smax = 0.4*dv<= 12 in

Vu = the shear stress calculated in accordance with 5.8.2.9
dv = effective shear depth as defined in 5.8.2.9

LRFD 5.8.2.9: Shear stress in concrete
V= Vu - fA/p

f>bv>dv

bv = effective web width
) Mn
dv = effective shear depth dv=———""—
AsAy + ApsAps
f = resistance factor for shear 5.5.4.2

LRFD 5.8.3.3: The nominal shear resistance Vn shall be determined as the lesser of
Vn=Vc + Vs + Vp
Vn = 0.25%cf>bvedv + Vp

for which
Vc = 0.0316%b x/ fchHbvadv

_ Av>fy>dv>cot(q)

Vs this is as per commentary EQ C5.8.3.3.1

b = Factor as defined in article 5.8.3.4
g = angle of inclination of diagonal compressive stresses as determined in 5.8.3.4
a = angle of inclination of transverse reinforcement to longitudinal axis
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7/1/2003

LRFD5.8.3.4.2: Use for the calculation of b and q
Mu S
> + VunS - VpnS - Apsns>fpo
ns
a =
EIO”Q‘losns

e&x=—

2

Ac = area of concrete on the flexural tension side of the member (see fig 1)

Aps = area of prestressing steel on the flexural tension side of the member (see fig 1)

As = area of nonprestressed steel on the flexural tension side of the member at the section (fig 1)
fpo = for the usual levels of prestressing 0.7*fpu will be appropriate

Mu = factored moment taken as positive, but not taken less than Vu*dv
Vu = factored shear force taken as positive

mp =3

Width of web (in) = bv = bw

Distance from top slab to CL.
prestressing (in) =

Effective shear depth (in) =

Define factored shear (k) =

Define factored moment (k*in) =

Mu shall not be less than Vu*dv (k*in) =

bv =6

de =h+ts- ecc
ns ns

v, = |- 0.9>(dens) if 0.9de > 072(h + ts)
0.72xh + ts) otherwise
jlns = denS - ans>0.5
jns if jns> jlns
j1__ otherwise
ns
STI6v . 60
VunS = max 3 STI7 . Vump = 244.729
88S™"nd 7
STIB| 69
Mul :=m CA2 Mul  =43335.148
hs 4 ‘STI? ‘ i mp
ee ns| g
Muls 09
Mu_:=m o Mu__ =43335.148
ns VU _ v —— mp
ee ns ns gg

59 of 71
de =52375
mp
dv___ =49.603

mp
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Resistance factor for concrete (5.5.4.2) =

Calculate force "fpo" (ksi) =

Use stress for vertical force (k) =

Component of the prestressing force
in direction of the shear force Vp (k) =

Shear stress on the concrete (ksi) =

Ratio of V/fcf =

Maximum spacing of transverse reinforcing (in) =

disp:=0
dISpns, 0 = Xlns dISpns, 2 = dens
dlspns 1= bv dlspns’S = dvnS

disp

disp

ns, 4’

ns,5:

7/1/2003

0.9

fpo := 0.7>Strand_strength fpo = 189
Fp = (fpo - th)>ApsnS PP pnp = 950.739
anglens:: 0 if harped ="n"
enc ne . o)
atanéﬁ 0 ceil(sp>0.5) _:x@
@l length<>depress | g p
Vp —Ff an%ngle X_O p_=0
S 180 g mp
B Vu .- prns
NS™ vy
ns
Vv
_ns
ns  fcf
ad®dv 60
Smax__:= mncc S:sif V< 0.125%cf
ns ns
ee 240 oo
ae@4>dvnsoo
mmcc <+ otherwise
ee 120 gg
= Vuns dISpns, 6 = Vpns dISpns, 8 = rns
= Muns dISpns,7 = Vns dISpns 9 = Smaxns

otherwise

\%
mp

=0914

r =014
mp
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column 0 = span point

column 1 ="bv" web width

column 2 = "de"

column 3 = "dv"

column 4 = Vu, Strength | shear

column 5 = Mu, Strength | moment

column 6 = Vp, vertical component of shear

column 7 = applied shear stress

column 8 = ration of shear stress to concrete strength

column 9 = Maximum spacing of transverse reinforcing

0 2 3 4 5 7 8

0 1 6 52.375 49.603 [ 321.235| 15934.24 0 1.199 0.15 12
1 1.05 6 52.375 49.603 [ 295.733 [15639.275 0 1.104 0.138 12
2 11 6 52.375 49.603 270.231 |31278.551 0 1.009 0.126 12
3 1.15 6 52.375 49.603 | 244.729 [43335.148 0 0.914 0.114 24
4 1.2 6 53.513 50.24 219.227 |55391.746 0 0.808 0.101 24
5 1.25 6 53.513 50.24 | 193.725|64104.481 0 0.714 0.089 24
6 13 6 53.513 50.24 168.223 [ 72817.217 0 0.62 0.078 24
7 1.35 6 53.513 50.24 | 142.394 |77562.043 0 0.525 0.066 24
8 14 6 58.368 55.418 116.565 | 82306.87 0 0.39 0.049 24

disp = 9 1.45 6 58.368 55.418 92.488 (83778.618 0 0.309 0.039 24
10 15 6 58.368 55.418 68.411 | 85250.366 0 0.229 0.029 24
11 1.55 6 58.368 55.418 92.488 (83778.618 0 0.309 0.039 24
12 1.6 6 58.368 55.418 116.565 | 82306.87 0 0.39 0.049 24
13 1.65 6 53.513 50.24 | 142.394 |77562.043 0 0.525 0.066 24
14 1.7 6 53.513 50.24 168.223 [ 72817.217 0 0.62 0.078 24
15 1.75 6 53.513 50.24 | 193.725|64104.481 0 0.714 0.089 24
16 1.8 6 53.513 50.24 219.227 |55391.746 0 0.808 0.101 24
17 1.85 6 52.375 49.603 | 244.729 |43335.148 0 0.914 0.114 24
18 1.9 6 52.375 49.603 270.231 |31278.551 0 1.009 0.126 12
19 1.95 6 52.375 49.603 [ 295.733 [15639.275 0 1.104 0.138 12
20 2 6 52.375 49.603 321.235| 15934.24 0 1.199 0.15 12
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Compute the strain in the reinforcement

Modulus of prestressing strands (ksi) =

MunS
o + Vuns - VpnS - Apsnsn‘po
- ns
Ep)ApSns
a0 00265
g = mingget_ns ::
ee 2 oo

Enter Table 5.8.3.4.2-1 and indicate values of g and b

expand area for value determination

7/1/2003

Ep = 28500

etmp = - 0.0009805

&mp = - 0.0004903
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[+]
disp:=0
dispns, 0™ s diSpns, 1~ &ns diSpns, 27" "ns diSpns, 37~ Ons diSpns,4 =bns
0 1 2 3 4

0 1| -0.00169 | 0.14991 216 2.88
1 1.05| -0.00177 | 0.13801 216 2.88 | olumn 0 = span point
2 1.1| -0.00104 0.12611 21.6 2.88 column 1 = strain
3 1.15| -0.00049 | 0.11421 19.9 3.18| column 2 = ratio of V/fcf
4 12| -0.0005| 0.10101 19.9 3.1g| column3=angle g
5 1.25| -0.00019| 0.08926 20.4 3.38 column 4 = factor b
6 1.3| 0.00013| 0.07751 27.1 2.75
7 1.35| 0.00027 | 0.06561 30.5 2.59
8 14| 0.00049 | 0.04869 305 2.59

disp =2 1.45| 0.0005| 0.03863 30.5 2.59
10 15| 0.0005| 0.02858 337 2.38
11 1.55| 0.0005| 0.03863 30.5 2.59
12 1.6| 0.00049 | 0.04869 305 2.59
13 1.65| 0.00027 | 0.06561 30.5 2.59
14 1.7| 0.00013| 0.07751 27.1 2.75
15 1.75| -0.00019| 0.08926 20.4 3.38
16 18 -0.0005 010101 199 318
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17 1.85| -0.00049 | 0.11421 19.9 3.18
18 19| -0.00104 0.12611 21.6 2.88
19 1.95| -0.00177| 0.13801 216 2.88
20 2| -0.00169| 0.14991 21.6 2.88
Range definition nsl:=0.2
Area of double no. 5 bars (in"2)= Avns 0= 04
Area of double no. 6 bars (in"2) = Avns 1= 0.62
Area of double no. 7 bars (in"2) = Avns 5= 0.88
Nominal resistance of concrete (k) = Ve o= 0.0316>bns>s/fcf>bv>dvns VCmp = 8459
Vuns
Calculate required nominal steel strength (k) = Vs =1j = -Vc__ - Vp Vs =187.331
ns ns ns ns mp
0 if Vu__ <05f >(Vc + Vp )
ns ns ns,
otherwise
0if j <0
ns
j.._ otherwise
ns
Required spacing of stirrups (in) = Slns, ns1 - Smaxns if VsnS =0
(not considering max)
Av Ay>dv mot%nsxlg
) ns, nsl ns g 17} )
joo- otherwise
ns VS
ns
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ns,1 =

disp:=0 dISan,O = xlnS disp
0 1 2
0 1 76.61| 280.318
1 1.05 76.61| 251.982
2 11 76.61| 223.647
3 1.15 84.59 | 187.331
4 12| 85.676| 157.91
5 1.25| 91.065| 124.186
6 13| 74.091| 112.824
disp=|7 1.35| 69.78| 88.435
8 14| 76.972| 52.545
9 1.45| 76.972| 25.793
10 15| 70.731 5.282
11 155 76.972| 25.793
12 16| 76.972| 52.545
13 1.65 69.78| 88.435
14 17| 74.091| 112.824
15 1.75| 91.065| 124.186
disp:=0
actual required spacing
0 1 2
0 10.726 16.626 23.598
1 11.933| 18.495| 26.252
2 13.444| 20.839| 29.578
3 17.555| 27.211| 38.622
4 21.094| 32.695| 46.406
5 26.108| 40.467 | 57.437
6 20.884 | 32.371| 45.946
Sl=|7 23.147| 35.877| 50.922
8 42.972 66.606 94.538
9 87.541| 135.689 | 192.591
10| 377.572| 585.237 | 830.659
11| 87.541| 135.689| 192.591
12| 42.972 66.606 94.538
13| 23.147| 35.877| 50.922
14| 20.884| 32.371| 45.946

7/1/2003

Vs

Ve diSpns 27~ ns

ns

column 0 = span point
column 1 = "Vc", nominal concrete strength
column 2 = "Vs", required steel strength

maximum allowable spacing

12
12
12
24
24
24
24
24
24
24
24
24
24
24
24

Olo(N|O|O|B|W|N|F|O

[EEY
o

[y
[y

[EEY
N

[EEY
w

=Y
N
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15| 26.108

40.467

57.437

7/1/2003

15| 24

Spacing of stirrups considering the max allowable

Actual spacing to use (in) =

0
0| 10.726 12 12
1| 11.933 12 12
2 12 12 12
3| 17555 24 24
4| 21.004 24 24
5 24 24 24
6 | 20.884 24 24
7| 23.147 24 24
8 24 24 24
9 24 24 24
5= |10 24 24 24
11 24 24 24
12 24 24 24
13| 23.147 24 24
14| 20.884 24 24
15 24 24 24
16| 21.094 24 24
17| 17.555 24 24
18 12 12 12
19| 11.933 12 12
20| 10.726 12 12
21
22

S

ns, ns

17

otherwise

-

jns

1.05

11

1.15

12

1.25

13

1.35

14

O|lo(N|jo|lO|M|W[N|FL]|O

1.45

=Y
o

15

[Eny
[y

1.55

[N
N

16

(IR
w

1.65

(=Y
i

1.7

[EEY
o1

1.75

[N
(<2

18

(IR
~

1.85

=Y
[ee]

19

[EEY
(]

1.95

N
o

N
[

N
N

Smax__ if Vs =0
ns ns

Avns’ nsl>fy>dvns>coté% ns

PO

180 g

Vs
ns

Smax__ if j__ > Smax
ns

ns ns

j_ otherwise
ns

column O = required spacing for no. 4 stirrup
column 1 = required spacing for no. 5 stirrup
column 2 = required spacing for no. 6 stirrup

Smp ,nsl —

17.555

24

24
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Check actual against minimum

Actual area of steel used per foot (in"2) = Avactns’ nsl Siﬁvn& nsl
ns, nsl
L . . . bv)AVns nsl
Minimum transverse reinforcing (in"2) = Avminns, nsl 0.0316\/f_cfxT’ Avminmp’ nsl =
check:=0 0.004
0.006
Check minimum checkns’ nsl = "OK" if Avactns, sl > Avminns, nsl 0.008
"NG" otherwise
actual area of steel used required minimum area of steel check conditions
0 1 2 0 1 2 0 1 2
0| 0.447 0.62 0.88 0| 0.004]| 0.006| 0.008 0| "OK"| "OK"[ "OK"
1| 0.402 0.62 0.88 1| 0.004| 0.006| 0.008 1| "OK"| "OK"[ "OK"
2 0.4 0.62 0.88 2 | 0.004| 0.006| 0.008 2| "OK"| "OK"| "OK"
3| 0.273 0.31 0.44 3| 0.004]| 0.006| 0.008 3| "OK"| "OK"[ "OK"
4 | 0.228 0.31 0.44 4 | 0.004( 0.006( 0.008 4 [ "OK"[ "OK"| "OK"
5 0.2 0.31 0.44 5| 0.004]| 0.006| 0.008 5| "OK"| "OK"[ "OK"
6 0.23 0.31 0.44 6 | 0.004| 0.006| 0.008 6| "OK"| "OK"[ "OK"
Avact=|7 | 0207 0.31| 0.44| Avmin={71 0004| 0.006| 0.008| check=|7| »ok"| "oK"| "OK"
8 0.2 0.31 0.44 8 | 0.004| 0.006| 0.008 8 | "OK"| "OK"| "OK"
9 0.2 0.31 0.44 9| 0.004]| 0.006| 0.008 9| "OK"| "OK"[ "OK"
10 0.2 0.31 0.44 10| 0.004( 0.006( 0.008 10( "OK"[ "OK"| "OK"
11 0.2 0.31 0.44 11| 0.004| 0.006| 0.008 11| "OK"| "OK"| "OK"
12 0.2 0.31 0.44 12| 0.004( 0.006( 0.008 12| "OK"[ "OK"| "OK"
13| 0.207 0.31 0.44 13| 0.004| 0.006| 0.008 13| "OK"| "OK"| "OK"
14 0.23 0.31 0.44 14| 0.004( 0.006( 0.008 14 "OK"[ "OK"| "OK"
15 0.2 0.31 0.44 15| 0.004| 0.006| 0.008 15| "OK"| "OK"| "OK"
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LRFD 5.10.10.1 Factored Bursting Resistance

The bursting resistance of pretenioned anchorage zones provided by vertical reinforcement in the ends of
pretensioned beams at the service limit state shall be taken as.

Pr=fs*As
fs = stress in steel but not taken greater than 20 ksi
As = total area of vertical reinforcement located within the distance h/4 from the end of the beam

h = overall depth of precast member

The resistance shall not be less than 4% of the prestressing force at transfer. The end vertical reinforcement shall be
as close to the end of the beam as practicable.

Fpi .= Flo Fpi = 1254.123
The bursting resistance shall not be less than Pr := 0.04Fpi Pr =50.165
. - ) Pr
The total required steel within h/4 (in"2) = Asv = 2—0 Asv = 2508
Av
. . 0,nsl h
Spacing of stirrups b  =—x
> nsl Asv 4
&?1530 no. 4
Spb = 53.337: no. 5

84736 g
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LRFD 5.8.4.1 INTERFACE SHEAR (horizontal shear)

5.8.4.1 GENERAL: Interface shear shall be considered across a given plane at
1. An existing or potential deck.
2. An interface between dissimilar materials.
3. An interface between two concretes cast at different times.

The nominal shear resistance of the interface plane shall be taken as: Vn = cAcv + m{Avfxy + Pc)
The nominal shear resistance used in the design shall not exceed: Vn £ 0.2fcAcv  or  Vn £ 0.8Acv

Vn = nominal shear resistance

Acv = area of concrete engaged in shear transfer

Avf: area of shear reinforcement crossing the shear plane

fy = yeild strength of reinforcement

¢ = cohesion factor specified in 5.8.4.2

m= friction factor specified in 5.8.4.2

Pc = permanent net compressive force normal to the shear plane: if force is tnesile, Pc = 0.0
fc = specified 28 day compressive strength of the weaker concrete

Reinforcement for interface shear between concretes of slab and beams or girders may consist of single bars,
multiple leg stirrups, or the vertical legs of welded wire fabric. The cross-sectional area, Avf of the reinforcement per
unit length of the beam or girder should not be less than either that required by Equation 1 or
0.05hv

fy

Avf 3
where bv = width of the interface
The minimum reinforcement requirement of Avf may be waived if Vn/Acv is less than 0.100 ksi.

V
From C5.8.4.1-1 the applied horizontal shear force may be taken as Vh = A

de

Vh = horizontal shear per unit length of the girder

Vu = the factored vertical shear

de = the distance between the centroid of the steel in the tension side of the beam to the center of the compression
blocks in the deck.
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c:=0
From LRFD 5.8.4.2 c:=0.100
m:=1.0
Area of concrete engaged in shear transfer (in"2/ft) = Acv =fw Acv =20
AvactnS 0
Area of shear reinforcement crossing the shear plane (in"2/ft) = Avfns:: _ Avfm =0.137
(I shall use the smaller of the stirrup sized difened earlier) 2 P
Permanent net compressive force normal to the shear plane (k) = Pc:=0
Compressive strength of the weaker concrete at 28 days (ksi) = fc=4
Yield strength of reinforcing (ksi) = fy =60
The nominal shear resistance
Vnl_ = cAcy + m(Avf sy + Pc) vnl__ =10203
ns ns mp
Vn2_ :=024cAcv vn2 =16
ns mp
vn3_ = 0.8Acv vn3 =16
ns mp
AR/ Mg 00
vn = ma&SVn2 Vn =16
ns cC — mp
2vVn3 ==
ee ns ggy
VunS
Applied horizontal shear (k) = Vh_ = Vh =493
ns’ dy mp
ns
Width of interface (in) = bv = fw
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- . : . 0.05bv .
Mimimum amount of reinforcement per foot (in"2) = Avfmin = . Avfmin = 0.017
y
Check actual horizontal shear against the capacity checklns:: "OK" if Vnns > ths
"NG" otherwise
Check minimum reinforcing against the actual checkzns:: "OK" if AvfnS > Avfmin
"NG" otherwise
disp:=0
d'Spns, 0= ><1ns d'Spns, 1= Avfns d'Spns, 5 =VN o d'Spns, 3= thS dISan'4 = Avfmin
d'Spns, 6= chet:k2nS
0 1 3 4 5 6
0 1| 0.224 16 | 6.476 | 0.017 | "OK"| "OK" column 0 = span point
1| 1.05| 0.201 16 | 5.962| 0.017| "OK"| "OK" column 1 = actual reinforcing
— column 2 = allowable shear
2 1.1 0.2 16 | 5.448 | 0.017 OK OK column 3 = applied shear
3 1.15| 0.137 16 | 4.934 | 0.017 "OK" "OK" column 4 = minimum steel
4 12| 0.114 16 | 4.364| 0.017| "OK"| "OK" column 5 = capacity check
5| 1.25| 0.1 16| 3.856| 0.017 | "OK"| "OK" column 6 = minimum check
6 1.3| 0.115 16| 3.348| 0.017 "OK" "OK"
7 1.35| 0.104 16| 2.834| 0.017 "OK" "OK"
8 1.4 0.1 16| 2.103| 0.017 "OK" "OK"
9 1.45 0.1 16| 1.669| 0.017 "OK" "OK"
disp = 10 1.5 0.1 16| 1.234| 0.017 "OK" "OK"
11 1.55 0.1 16| 1.669| 0.017 "OK" "OK"
12 1.6 0.1 16| 2.103| 0.017 "OK" "OK"
13 1.65| 0.104 16| 2.834| 0.017 "OK" "OK"
14 1.7 0.115 16| 3.348| 0.017 "OK" "OK"
15 1.75 0.1 16 | 3.856 | 0.017 "OK" "OK"
16 1.8| 0.114 16| 4.364 | 0.017 "OK" "OK"
17 1.85| 0.137 16| 4.934| 0.017 "OK" "OK"
18 1.9 0.2 16 | 5.448 | 0.017 "OK" "OK"
19 1.95| 0.201 16 | 5.962| 0.017 "OK" "OK"
20 2| 0.224 16| 6.476| 0.017 "OK" "OK"
21
ho ko)
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dispns' 5= checklns
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