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Andover, VT  Bridge Superstructure Design 
REV01

Prestressed, 9 plank solid rectangular secƟons, 3'‐11.5"  44' CL bearing to CL bearing span, 46'‐6" beam O.A.,
3 in bituminous surface, Bridge Railing Galvanized 2 rail box beam standard S‐360A

Check: Strength 1, Service 1, Service 3, FaƟgue 1

Notes: HS‐20, truck tandem

Deck Superstructure type (g)  AASHTO LRFD Table 4.6.2.2.1‐1

Reference: AASHTO LRFD Bridge Design SpecificaƟons, Seventh EdiƟon, 2014; PCI Design Handbook
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SecƟon ProperƟes

Span: ≔Lbear 44.0 ft
CL bearing to CL bearing

Beam length ≔Ltotal =+Lbear ⋅15 in 2 46.5 ft

SecƟon Type: 47.5" Wide X 18" Deep Solid Slab

Depth: ≔h 18 in
Width: ≔b 47.5 in
Number of beams ≔Nb 9

Total bridge width ≔W =+⋅b Nb ⋅⎛⎝ −Nb 1⎞⎠ ―
1

2
in 35.958 ft (2) 11.5' travel 

lanes

Thickness of Shear Key ≔tshearkey 0.75 in

Solid SecƟon ProperƟes

Gross Area of Solid SecƟon ≔Ag =⋅h b 855 in
2

Moment of InerƟa of Solid SecƟon

(interior beam, no curb) ≔Ix =――
⋅b h

3

12
23085 in

4
≔Iy =――

⋅h b
3

12
160757.813 in

4

Polar Moment of InerƟa ≔Ip =+Ix Iy 183842.813 in
4

St. Venant's Torsional InterƟa,
for solid secƟons per C4.6.2.2.1‐2
LRFD 2014

≔J =――
Ag

4

⋅40 Ip
72670.44 in

4

Extreme fiber to CG ≔yb ―
h

2
≔yt yb

SecƟon Modulus Interior Beam
(no curb)

≔Sb ―
Ix
yb

=Sb 2565 in
3

≔S Sb

≔St ―
Ix
yt

=St 2565 in
3
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Concrete  ProperƟes @ Service Load:

28 day concrete compressive 
strength

≔f 'c 6 ksi =‾‾‾‾‾⋅f'c ksi 2.449 ksi

normal weight concrete with 
rebar, unit weight

≔γc 0.150 ――
kip

ft
3

correcƟon factor for source of 
aggregate, taken as 1 (5.4.2.4)

≔K1 1.0

Concrete elasƟc modulus 
(5.4.2.4‐1)

≔Ec ⋅⋅⋅33000 K1
⎛
⎜
⎜
⎜⎝

⎛
⎜
⎜
⎝

――
γc

――
kip

ft
3

⎞
⎟
⎟
⎠

1.5⎞
⎟
⎟
⎟⎠

‾‾‾‾‾⋅f'c ksi =Ec 4695.98 ksi

=Ec 4695982.325 psi

Concrete  ProperƟes @ Prestress Transfer:

Concrete compressive strength at 
release

≔f 'ci 4 ksi

Concrete modulus of elasƟcity at 
realease

≔Eci ⋅⋅⋅33000 K1
⎛
⎜
⎜
⎜⎝

⎛
⎜
⎜
⎝

――
γc

――
kip

ft
3

⎞
⎟
⎟
⎠

1.5⎞
⎟
⎟
⎟⎠

‾‾‾‾‾‾⋅f 'ci ksi =Eci 3834.25 ksi

Prestressing Tendons:

Prestressing method: pretensioning

Tendon Profile

0.6‐in diameter strand ≔db 0.6 in

Number of strands ≔Nps 22

Area of prestressing steel ≔Astrand 0.217 in
2

≔Aps =⋅Astrand Nps 4.774 in
2

Type of relaxaƟon:
low relaxaƟon strand

Specified tensile strength of 
tendon

≔fpu 270 ksi

Specified yield limit for strands

Modulus of ElasƟcity ≔Eps 28500 ksi
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Self weight dead load (DC, DW)

Self weight dead load ≔wg =⋅Ag γc 0.891 ――
kip

ft

Superimposed dead load
3"  bituminous wearing surface (VTrans Structures Design Manual 

5th EdiƟon Table 3.3.1)
≔wws =⋅⋅3 in 0.150 ――

kip

ft
3

b 0.148 ――
kip

ft

Rail Weight (Bridge Rail Galvanized 2 Rail Box Beam Standard S‐360A) 
50plf (without curb)
exterior beams carry 60%, interior beams carry 40%

≔wrail 50 plf
≔wcurb =⋅γc (( ⋅2 ft 7 in)) 175 plf

Interior beams carry 40% ≔wbint =⋅⋅2 ⎛⎝ +wrail wcurb⎞⎠ ――
0.40

7
0.026 klf

Exterior beams carry 60% ≔wbext =⋅⋅2 ⎛⎝ +wrail wcurb⎞⎠ ――
0.60

2
0.135 klf

Unfactored Bending moment at mid‐span

Self Weight  ≔Mg ――――
⋅wg Lbear

2

8
=Mg 215.531 ⋅kip ft

Wear Surface  ≔Mws ――――
⋅wws Lbear

2

8
=Mws 35.92 ⋅kip ft

Rail ‐ Interior Beam ≔Mbint ――――
⋅wbint Lbear

2

8
=Mbint 6.22 ⋅kip ft

Rail ‐ Exterior Beam ≔Mbext ――――
⋅wbext Lbear

2

8
=Mbext 32.67 ⋅kip ft
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Unfactored Shear at Supports

Self Weight ‐ Interior Beam ≔Vg ―――
⋅wg Lbear
2

=Vg 19.594 kip

Wear Surface ‐ Interior Beam ≔Vws ―――
⋅wws Lbear
2

=Vws 3.266 kip

Rail ‐ Interior Beam ≔Vbint ――――
⋅wbint Lbear
2

=Vbint 0.566 kip

Rail  ‐ Exterior Beam ≔Vbext ――――
⋅wbext Lbear
2

=Vbext 2.97 kip

see 048‐br‐15 CalculaƟons/Dead Load
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DistribuƟon Factor Method for Moment (AASHTO LRFD 4.6.2.2.2)

Table 4.6.2.2.2b‐1 DistribuƟon of Live Load for Moment, Interior Beams
concrete beams used in mulƟbeam decks (g), two design lanes loaded

Two design lanes loaded:
Number of beams (Nb) 
defined above

≔k =⋅2.5 Nb
−0.2

1.611 ≔Checkk if

else

≥k 1.5
‖
‖ “OK”

‖
‖ “kൌ1.5”=J 72670.444 in

4

=Ix 23085 in
4

=Checkk “OK”
=Lbear 44 ft

Interior Moment DistribuƟon Factor  (gmint)
per table 4.6.2.2.2b‐1, type g, two design 
lanes page 4‐37 (LRFD 2014)

≔gmint ⋅⋅⋅k

⎛
⎜
⎜
⎝
――

⎛
⎜⎝
―
b

in

⎞
⎟⎠

305

⎞
⎟
⎟
⎠

0.6

⎛
⎜⎝
――――

⋅b 12

⋅12.0 Lbear

⎞
⎟⎠

0.2
⎛
⎜⎝
―
Ix
J

⎞
⎟⎠

0.06

=gmint 0.304

NOTE: factor of 12 included above to account for MATHCAD correcƟng units, AASHTO already accounts for difference in units 
with included factor, e.g. b (inches), Lbear (feet)

Table 4.6.2.2.2d‐1 DistribuƟon of Live Load for Moment, Exterior Beams
concrete beams used in mulƟbeam decks (g), two design lanes loaded
two 11'‐6" lanes + 4'‐6" shoulders => two 16' lanes + 2' curbs => 36' overall width

overall width of the bridge =W 35.958 ft

rail guard width (inboard distance 
from center of beam)

≔brail 0.5 ft

Exterior Moment DistribuƟon Factor (gmext)

Note: distance de shall be taken as posiƟve if the exterior web is 
inboard of the interior face of the traffic railing (4.6.2.2.2d‐
Exterior Beams)

≔de −―
b

2
brail =de 1.479 ft

for de< 2.0, OK

For concrete box beams used in mulƟbeam decks 
(em > 1.0)

≔em +1.04 ――
de

⋅25 ft
=em 1.099

≔gmext ⋅em gmint =gmext 0.335

Max. Moment Load DistribuƟon factor ≔gm max ⎛⎝ ,gmint gmext⎞⎠ =gm 0.335

Page 6 of 38



DistribuƟon Factor Method for Shear (AASHTO LRFD 4.6.2.2.3)

Table 4.6.2.2.3a‐1 DistribuƟon of Live Load for Shear, Interior Beams
concrete beams used in mulƟbeam decks (g), one design lane loaded

Interior Shear DistribuƟon Factor

Based on 4.6.2.2.3a Interior beams, the values of b, L, Nb, J and I comply with the ranges of applicability 
given in table 4.6.2.2.3a

=b 47.5 in
=Lbear 44 ft

=Nb 9
=J 72670.444 in

4

=Ix 23085 in
4

Therefore, Table 4.6.2.2.3a‐1 is applicable

≔gvint ⋅⋅⋅

⎛
⎜
⎜
⎝
――

⎛
⎜⎝
―
b

in

⎞
⎟⎠

156

⎞
⎟
⎟
⎠

0.4

⎛
⎜⎝
――――

⋅b 12

⋅12.0 Lbear

⎞
⎟⎠

0.1
⎛
⎜⎝
―
Ix
J

⎞
⎟⎠

0.05
⎛
⎜
⎜
⎝
――

⎛
⎜⎝
―
b

in

⎞
⎟⎠

48

⎞
⎟
⎟
⎠

=gvint 0.456

Exterior Shear DistribuƟon Factor

Table 4.6.2.2.3b‐1, applicable cross secƟon (g) =de 1.479 ft conservaƟve

Note: distance de shall be taken as posiƟve if the exterior web is 
inboard of the interior face of the traffic railing (4.6.2.2.2d‐
Exterior Beams)

For concrete box beams used in mulƟbeam decks ≔ev +1.0

⎛
⎜
⎜
⎝
―――――

−+de ―
b

12
2.0 in

⋅40 ft

⎞
⎟
⎟
⎠

0.5

=ev 1.203

≔gvext ⋅⋅ev gvint 1.0 =gvext 0.549

Skew correcƟon for 
Shear Table 4.6.2.2.3c‐1

≔θ 0 ° ≔skewfactor +1.0 ⋅――――

⋅12.0
⎛
⎜⎝
――
Lbear
ft

⎞
⎟⎠

⋅90
⎛
⎜⎝
―
h

in

⎞
⎟⎠

‾‾‾‾‾tan ((θ))

=skewfactor 1.0

≔gvint ⋅gvint skewfactor =gvint 0.456

≔gvext ⋅gvext skewfactor =gvext 0.549 ≔gv max ⎛⎝ ,gvint gvext⎞⎠ =gv 0.549

DISTRIBUTION FACTORS

=gmint 0.304 =gvint 0.456 USER NOTE: Input max distribuƟon 
factors to excel sheets for int. & ext. 
Live Load Moment and Shear calcs.

=gmext 0.335 =gvext 0.549
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Live Loads AASHTO LRFD 3.6:
3.6.1.2 Design Vehicular Live Load HL‐93 consists of a combinaƟon of 

‐ design truck or design tandem and
‐ design lane load

Design Truck: spacing between two 32kip axles varied between 14Ō & 30Ō to produce extreme force effects.
We calculate at 44 locaƟons for 44Ō span.

number of design lanes: 2

filepath to calculaƟons: “.\048‐br‐15_CALCULATIONS.xlsx”

HS‐20 Load Results assume 2 design lanes loaded, mulƟpresence factor = 1.0 for 
two lanes loaded (AASHTO LRFD 3.6.1.1.2‐1)

≔HS20 READEXCEL (( ,“.\048‐br‐15_CALCULATIONS.xlsx” “HS‐20	ሺControlsሻ!K8:K9”))

=HS20
520.727
56.727

⎡
⎣

⎤
⎦

≔MHS20 =⋅HS20
,0 0
kip ft 520.727 ⋅kip ft ≔VHS20 =HS20

,1 0
kip 56.727 kip

Tandem Truck

≔Tandem READEXCEL (( ,“.\048‐br‐15_CALCULATIONS.xlsx” “Tandem	!K8:K9”))

=Tandem
501.136
47.727

⎡
⎣

⎤
⎦

≔Mtand =⋅Tandem
,0 0
kip ft 501.14 ⋅kip ft ≔Vtand =Tandem

,1 0
kip 47.73 kip

HS‐20 Design Truck controls for both shear and moment, before factors applied. 

Lane Loads (3.6.1.2.4): Shall consist of a load of 0.64 klf uniformly distributed in longitudinal direcƟon.
Transversely, design lane load shall be assumed uniformly distributed over a 10Ō width.

Strength 1

Load Factors Per AASHTO LRFD

≔γLL 1.75 ≔γDC 1.25 ≔γDW 1.5 ≔I.M. 1.33
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EXTERIOR BEAM MOMENTS

=MrailS1 21.78 ⋅kip ft =MgS1 215.53 ⋅kip ft =MwsS1 35.92 ⋅kip ft

=MLLIMS1 283.89 ⋅kip ft =MTS3 500.35 ⋅kip ft =MuSTR1 847.34 ⋅kip ft
≔MTS1 ⋅557.13 kip ft

INTERIOR BEAM MOMENTS

EXTERIOR BEAM SHEAR

=Vuext 117.88 kip ≔VTS1 73.99 kip

INTERIOR BEAM SHEAR

=Vuint 104.55 kip

Exterior Beams Control & the Interior Beams have a smaller secƟon, Therefore check the maximum 
Exterior loads on the Interior beams. 
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Prestress Losses:

Min Concrete Cover per VTrans Structures Design Manual 5.1.2.6, 
strands located 2.5" from boƩom

Total number of prestressing strands =Nps 22 =db 0.6 in

Number of Strands in 1st Row ≔Nstrands1 18

LocaƟon of strands ≔x1 2.5 in
Clear Cover (to sƟrrups) ≔clr =−−x1 0.5 in ――

0.6 in

2
1.7 in

Number of Strands in 2nd Row ≔Nstrands2 =−−Nps Nstrands1 4 0
≔x2 =+x1 2 in 4.5 in

Top Strands ≔Nstrands3 =−−Nps Nstrands1 Nstrands2 4

≔x3 =+x2 ⋅2 5 in 14.5 in

≔ybs =――――――――――――
⎛⎝ ++⋅Nstrands1 x1 ⋅Nstrands2 x2 ⋅Nstrands3 x3⎞⎠

Nps
4.682 in

≔e =−yb ybs 4.318 in

=Aps 4.774 in
2

=Ag 855 in
2

=Ix 23085 in
4

≔Ep 28500 ksi =Mg 215.531 ⋅kip ft =Eci 3834.254 ksi

Table 5.9.3.1: Stress limit for Low‐Relax Strands 
immediately prior to transfer (fpbt)

≔fpbt =⋅0.75 fpu 202.5 ksi

Sum of losses due to elasƟc 
shortening/extension at the Ɵme 
of prestress and/or external loads 
(ksi)

(EquaƟon Per  
AASHTO LRFD 
C5.9.5.3a‐1)

≔ΔfpES =―――――――――――
⎛⎝ −⋅⋅Aps fpbt ⎛⎝ +Ix ⋅e

2
Ag⎞⎠ ⋅⋅e Mg Ag⎞⎠

⎛
⎜
⎝

+⋅Aps ⎛⎝ +Ix ⋅e
2
Ag⎞⎠ ――――

⎛⎝ ⋅⋅Ag Ix Eci⎞⎠
Ep

⎞
⎟
⎠

9.917 ksi

prestress immediately prior to transfer  ≔fpi 202.5 ksi
avg. annual ambient relaƟve humidity (%) ≔H 80

(AASHTO LRFD Eq. 5.9.5.3‐2) ≔γh =−1.7 0.01 H 0.9
(5.9.5.3‐3) ≔γst =―――

5
⎛
⎜⎝

+1 ――
f 'ci
ksi

⎞
⎟⎠

1

EsƟmate of relaxaƟon loss, for low relax. strand ≔ΔfpR 2.4 ksi

long term losses, shrinkage and creep: ≔ΔfpLT =++⋅⋅⋅10 ―――
⎛⎝ ⋅fpi Aps⎞⎠

Ag
γh γst ⋅⋅12 ksi γh γst ΔfpR 23.376 ksi

(AASHTO LRFD Eq. 5.9.5.3‐1)

f f f
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Total Losses in Pretension members per Eq. 5.9.5.1‐1) ≔ΔfpT =+ΔfpES ΔfpLT 33.293 ksi

Stress in prestressing strands at service limit state aŌer losses, ≔fpe =−fpi ΔfpT 169.207 ksi

Check Service I (AASHTO LRFD 5.9.4.2): compression stresses, all limits in table 5.9.4.2.1‐1 shall apply

Case 1: stress limit 0.45f'c (ksi) ‐ Compute top fiber stresses ‐under permanent load

Ppe from:

≔Srv1Limit =⋅0.45 f'c 2.7 ksi =e 4.318 in =St 2565.00 in
3

=Sb 2565 in
3

=Aps 4.774 in
2

≔Ppe =⋅fpe Aps 807.79 kip

Moment due to barrier for Service I =MrailS1 261.36 ⋅kip in

Moment due to self‐weight for Service I =MgS1 2586.36 ⋅kip in

Moment due to wear surface for Service I =MwsS1 431.04 ⋅kip in

≔ftg +−――
Ppe
Ag

――
⋅Ppe e

St
―――――――
⎛⎝ ++MgS1 MrailS1 MwsS1⎞⎠

St
=ftg 0.863 ksi Ō<2.7 ksi, OK

≔fbg −+――
Ppe
Ag

――
⋅Ppe e

Sb
―――――――
⎛⎝ ++MgS1 MrailS1 MwsS1⎞⎠

Sb
=fbg 1.026 ksi ĩ<2.7 ksi, OK

Case 3: stress limit 0.60f'c (ksi) ‐ Compute top fiber stresses ‐under prestress, permanent load, and transient 
loads

≔ft +−――
Ppe
Ag

――
⋅Ppe e

St
――――――――――
⎛⎝ +++MgS1 MrailS1 MwsS1 MLLIMS1⎞⎠

St
=ft 2.191 ksi Ō< 3.6ksi, OK

Check Service III (AASHTO LRFD 5.9.4.2.2): tension stresses, all limits in table 5.9.4.2.2‐1 shall apply

Case 2: Severe corrosion, tensile stress limit (ksi) ‐ Compute top fiber stresses ‐under permanent load

≔Srv3Limit −⎛
⎝ ⋅0.0948 ‾‾‾‾‾⋅f 'c ksi ⎞⎠ =Srv3Limit −0.232 ksi (‐) indiates tension

≔fb −+――
Ppe
Ag

――
⋅Ppe e

Sb
――
MTS3

Sb
=fb −0.036 ksi OK for Service III
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Check Strength I (AASHTO LRFD 5.7.3): 

Mild Reinforcement for Strength 1 ≔Ns 0 ≔As1 0.2 in
2

≔As =⋅Ns As1 0 in
2

≔ds −h 4.25 in

≔f'y 60 ksi ≔N's 0 ≔A's1 0.2 in
2

≔A's =⋅A's1 N's 0 in
2

≔Ds 0.5 in ≔d's =+2.5 in ――
0.625

2
in 2.813 in

≔ApsStr1 =⋅⎛⎝ +Nstrands1 Nstrands2⎞⎠ Astrand 3.906 in
2

(ConservaƟvely Ignore
Top Corner Strands)

≔ybsStr1 =x1 2.5 in

Grade 60 #5 bar: per 5.7.2.1.1  ≔fys 60 ksi ≔dps =−h ybsStr1 15.5 in

k for low relaxaƟon strands 
(Table C5.7.3.1.1‐1)

≔k 0.28 =f'c 6 ksi

beta1 not less than 0.65: ≔β1 −0.85 ⋅0.05
⎛
⎜⎝

−――
f'c
ksi

4
⎞
⎟⎠

=β1 0.75

for rectangular secƟon behavior, 
(5.7.3.1.1‐4)

≔c ――――――――――
−+⋅ApsStr1 fpu ⋅As fys ⋅A's fys

+⋅⋅⋅0.85 f'c β1 b ⋅⋅k ApsStr1 ――
fpu
dps

=c 5.254 in

≔a =⋅β1 c 3.94 in

f's =f'y if c<3*d's and fy< or = 60ksi =c 5.254 in =d's 2.813 in ≔fs fys

≔f's =if

also if

else

<c ⋅3 d's
‖
‖ f'y

<fys 60 ksi
‖
‖ f'y

‖
‖ “f 's”

60 ksi

for rectangular secƟon subject to flexure about 
one axis, where approx. stress distribuƟon in 
Art. 5.7.2.2 & where fpe> or = 0.5fpu, any P.S. 
stress (fps) may be taken as

≔fps ⋅fpu
⎛
⎜⎝

−1 ⋅k ――
c

dps

⎞
⎟⎠

=fps 244.38 ksi

≔Mn −+⋅⋅ApsStr1 fps
⎛
⎜⎝

−dps ―
a

2

⎞
⎟⎠

⋅⋅As fs
⎛
⎜⎝

−ds ―
a

2

⎞
⎟⎠

⋅⋅A's f 's
⎛
⎜⎝

−d's ―
a

2

⎞
⎟⎠

AASHTO LRFD EquaƟon 5.7.3.2.2‐1 =Mn 12914.672 ⋅kip in

phi = 1 for tension controlled 
prestressed secƟons

≔ϕMn =Mn 12914.672 ⋅kip in > =MuSTR1 10168.08 ⋅kip in
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Check Minimum Reinforcing: Per AASHTO LRFD 5.7.3.2.2, the amount of prestressed & nonprestressed tensile 
reinforcement shall be adequate to develop a factored flexural resistance, Mr is the min. of 1.33* factored 
moment required by applicable load combinaƟons OR Mcr

≔Mr ϕMn phiMn is greater than Mu, therefore meets strength 1 requirements

(5.7.3.3.2‐1) ≔γ3 1 for prestressed concrete structures

≔γ1 1.6 flex. cracking variability factor, 1.6 for other than segmental

≔γ2 1.1 bonded tendons

≔fr =⋅0.24 ‾‾‾‾‾⋅f'c ksi 0.588 ksi modulus of rupture (Art. 5.4.2.6) for cracking 
moment

≔fcpe =+――
Ppe
Ag

――
⋅Ppe e

Sb
2.305 ksi

≔Mcr =⋅γ3 ⎛⎝ +⋅γ1 fr ⋅γ2 fcpe⎞⎠ Sb 8915.398 (( ⋅kip in))

≔FactoredMu =⋅1.33 MuSTR1 13523.546 ⋅kip in > Mcr, therefore Mcr controls

≔CheckminAs =⎛⎝ ,Mcr FactoredMu⎞⎠ 8915.398 ⋅kip in

=Mr 12914.672 ⋅kip in Mr>Mcr, OK
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Stresses at Transfer, Debonding of Strands =Nps 22

4 Strands debonded for 7Ō ≔Npsdebond 4 =―――
Npsdebond
Nps

0.182 <0.25 OK

Development length: fpe, fps @ Ld =fps 244.376 ksi =fpe 169.207 ksi

≔K 1.0 =db 0.6 in
≔Apsdebond =⋅⎛⎝ −Nps Npsdebond⎞⎠ Astrand 3.906 in

2

≔Nstrands1debond =−Nstrands1 Npsdebond 14 ≔x1 2.5 in

≔Nstrands2debond =Nstrands2 0 ≔x2 0 in

≔Nstrands3debond =−−Nps Nstrands1debond Npsdebond 4 =x3 14.5 in

≔ybsdebond =―――――――――――――――――
⎛⎝ ++⋅Nstrands1debond x1 ⋅Nstrands2debond x2 ⋅Nstrands3debond x3⎞⎠

⎛⎝ ++Nstrands1debond Nstrands2debond Nstrands3debond⎞⎠
5.167 in

≔edebond =−yb ybsdebond 3.833 in

ElasƟc losses (defined above) =ΔfpES 9.917 ksi

Transfer length ≔ltrans =⋅60 db 36 in

Total beam length =Ltotal 46.5 ft ≔x ltrans

Moment @ transfer length (x) 
due to self‐weight

≔Mgtrans ⋅――
⋅wg x

2
⎛⎝ −Ltotal x⎞⎠ =Mgtrans 697.359 ⋅kip in

Stress at Transfer: ≔Ptrans ⋅⎛⎝ −202.5 ksi ΔfpES⎞⎠ Apsdebond =Ptrans 752.23 kip

≔fttrans +−――
Ptrans
Ag

―――――
⋅⋅Ptrans edebond yt

Ix
―――

⋅Mgtrans yt
Ix

=fttrans 0.027 ksi (‐) indicates tension

≔fbtrans −+――
Ptrans
Ag

―――――
⋅⋅Ptrans edebond yb

Ix
――――

⋅Mgtrans yb
Ix

=fbtrans 1.732 ksi compression
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=f 'ci 4000 psi
Stress Limits: 5.9.4

For temporary stresses before losses (5.9.4.1) ≔fCallow ⋅0.60 f'ci =fCallow 2.4 ksi

Compression (5.9.4.1.1): for 
pretensioned and post‐tensioned 
concrete components, inlcuding 
segmentally constructed bridges

≔Compression@Transfer =|
|
|
|

|

if

else

≤fbtrans fCallow
‖
‖ “OK”

‖
‖ “NG”

“OK”

Tension (5.9.4.1.2) All limits in table 5.9.4.1.2‐1 
shall apply

≔fTallow =⋅−0.0948 ‾‾‾‾‾‾⋅f'ci ksi −0.19 ksi

For other than segmentally constructed bridges, 
in areas other than precompressed zone without 
bonded reinforcement 

≔Tension@Transfer |
|
|
|

|

if

else

≥fttrans fTallow
‖
‖ “OK”

‖
‖ “NG,	check	with	bonded”

=Tension@Transfer “OK”

≔fTallowbond =⋅−0.24 ‾‾‾‾‾‾⋅f'ci ksi −0.48 ksi

≔Tension@TransferBonded =|
|
|
|

|

if

else

≥fttrans fTallowbond
‖
‖ “OK”

‖
‖ “NG”

“OK”
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Check Stress @ Transfer @ Debond + Trans Length

≔ldebond =+ltrans 7 ft 10 ft =Ltotal 46.5 ft =e 4.318 in

Moment @ transfer length (x) 
due to self‐weight

≔Mgdebond ⋅――――
⋅wg ldebond
2

⎛⎝ −Ltotal ldebond⎞⎠ =Mgdebond 1950.469 ⋅kip in

Stress at Transfer: ≔Ptrans ⋅⎛⎝ −202.5 ksi ΔfpES⎞⎠ Aps =Ptrans 919.393 kip
=Aps 4.774 in

2

≔ftdebond +−――
Ptrans
Ag

―――
⋅Ptrans e

St
―――
Mgdebond

St
=ftdebond 0.288 ksi compression

≔fbdebond −+――
Ptrans
Ag

―――
⋅Ptrans e

Sb
―――
Mgdebond

Sb
=fbdebond 1.863 ksi compression

Stress Limits: 5.9.4

≔Compression@Transfer =|
|
|
|

|

if

else

≤fbdebond fCallow
‖
‖ “OK”

‖
‖ “NG”

“OK” ≔Tension@Transfer =|
|
|
|

|

if

else

≥ftdebond fTallow
‖
‖ “OK”

‖
‖ “NG,	check	with	bonded”

“OK”

Check at Midspan

≔Mgbeam =Mg 215.531 ⋅kip ft at midspan, full beam length

≔ftmid +−――
Ptrans
Ag

―――
⋅Ptrans e

St
―――
Mgbeam

St
=ftmid 0.536 ksi compression, <2.4 ksi  OK

≔fbmid −+――
Ptrans
Ag

―――
⋅Ptrans e

Sb
―――
Mgbeam

Sb
=fbmid 1.615 ksi compression, <2.4 ksi  OK

≔Compression@TransferMid =|
|
|
|

|

if

else

≤fbmid fCallow
‖
‖ “OK”

‖
‖ “NG”

“OK” ≔Tension@TransferMid =|
|
|
|

|

if

else

≥ftmid fTallow
‖
‖ “OK”

‖
‖ “NG”

“OK”
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Shear Design

Check criƟcal secƟon (near supports) dv (5.8.3.2) =Vuext 117.88 kip

Subscript "1" Denotes property @ 
secƟon of criƟal shear @ dv from CL 
Bearing

=fys 60 ksi ≔ybs1 =ybsdebond 5.167 in

≔dps1 =−h ybs1 12.833 in
=k 0.28 =β1 0.75

=f 'c 6 ksi ≔Aps1 =Apsdebond 3.906 in
2

for rectangular secƟon behavior, 
(5.7.3.1.1‐4) ≔c1 =―――――――――

−+⋅Aps1 fpu ⋅As fys ⋅A's fys

+⋅⋅⋅0.85 f'c β1 b ⋅⋅k Aps1 ――
fpu
dps1

5.152 in
=b 47.5 in

≔a1 =⋅β1 c1 3.864 in ≔bv1 =−b ⋅2 tshearkey 46 in (Solid SecƟon)

≔fps1 ⋅fpu
⎛
⎜
⎝

−1 ⋅k ――
c1
dps1

⎞
⎟
⎠

=fps1 239.65 ksi

≔Mn1 =−+⋅⋅Aps1 fps1
⎛
⎜⎝

−dps1 ―
a1
2

⎞
⎟⎠

⋅⋅As fs
⎛
⎜⎝

−ds ―
a

2

⎞
⎟⎠

⋅⋅A's f 's
⎛
⎜⎝

−d's ―
a

2

⎞
⎟⎠

850.366 ⋅ft kip

=Mn1 10204.388 ⋅kip in

EquaƟon 5.8.2.9‐2 ≔de1 =――――――――
+⋅⋅Aps1 fps1 dps1 ⋅⋅As fys ds

+⋅Aps1 fps1 ⋅As fys
12.833 in

C5.8.2.9‐1

≔dv ――――――
Mn1

⎛⎝ +⋅As fys ⋅Aps1 fps1⎞⎠
=dv 10.901 in

≔dv1 max ⎛⎝ ,,dv ⋅0.9 de1 ⋅0.72 h⎞⎠ =dv1 12.96 in

Since bearing area not yet determined, conservaƟvely assume to be zero for determining criƟcal secƟon 
for shear. LocaƟon of criƟcal shear is dv.  

=Vuext 117.88 kip
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Calculate Shear @ 12.96 in from Centerline of bearing for an Exterior beam

≔X 12.96 in ≔wlane 0.64 ――
kip

ft
=wg 0.891 ――

kip

ft
=wws 0.148 ――

kip

ft

≔Vtruck@12.96 56.7 kip ≔Vlane@12.96 =⋅wlane
⎛
⎜⎝

−――
Lbear
2

X
⎞
⎟⎠

13.389 kip

Beam Self Wt ≔Vg@12.96 =⋅wg
⎛
⎜⎝

−――
Lbear
2

X
⎞
⎟⎠

18.632 kip

Wear Surface ≔Vws@12.96 =⋅wws
⎛
⎜⎝

−――
Lbear
2

X
⎞
⎟⎠

3.105 kip

Rail Exterior Beam ≔Vbext@12.96 =⋅wbext
⎛
⎜⎝

−――
Lbear
2

X
⎞
⎟⎠

2.824 kip

≔Vu@12.96in ++⋅1.25 ⎛⎝ +Vbext@12.96 Vg@12.96⎞⎠ ⋅1.5 Vws@12.96 ⋅⋅1.75 gvext ⎛⎝ +⋅1.33 Vtruck@12.96 Vlane@12.96⎞⎠

=Vu@12.96in 116.782 kip < =Vuext 117.88 kip

Therefore, use  ≔Vu1 =Vuext 117.88 kip

per 5.5.4.2  ≔ϕ 0.9

≔Vp 0 when using simplified method, 
per(5.8.2.4)

≔vu1 =――――
Vu1

⋅⋅ϕ bv1 dv1
0.22 ksi
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5.8.3.4.2 General Procedure

Parameters beta and theta Table B5.2.1, values of theta and beta for secƟons with transverse 
reinforcement

Appendix B5 ‐ General Procedue for Shear Design with Tables

=――
vu1
f'c

0.037

Update theta aŌer calculaƟng strain, recalculate strain, 
check table B5.2.1

≔θ1 21.8 deg ≔Nu 0 kip ≔Es 29000 ksi

per B5.2‐3 definiƟon of fpo ≔fpo ⋅0.7 fpu =fpo 189 ksi

Within the transfer lengh, fpo varies linearly from zero at the locaƟon where the bond between the strands 
and concrete reaches its full value at the end of the transfer length.  Calculate fpo at dv from the Centerline 
of bearing

≔fpo1 =⋅fpo ――
dv1
ltrans

68.04 ksi

SecƟon contains at least the minimum transverse 
reinforcement as specified in Art. 5.8.2.5  (B5.2‐1) =⋅Vuext dv 107.087 ⋅kip ft

≔Mu1 =⋅⎛⎝ −Vu1 Vp⎞⎠ dv1 127.31 ⋅kip ft Mu shall not be taken as less than 
Vu*dv.

≔εxB521 =―――――――――――――――――

⎛
⎜
⎝

−++
⎛
⎜
⎝
――
||Mu1||

dv1

⎞
⎟
⎠

⋅0.5 Nu ⋅0.5 || −Vu1 Vp|| cot ⎛⎝θ1⎞⎠ ⋅Aps1 fpo1
⎞
⎟
⎠

⋅2 ⎛⎝ +⋅Es As ⋅Eps Aps1⎞⎠
0

=⋅εxB521 1000 −0.002
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If values from B5.2‐1 is negaƟve, the strain shall be taken as,

≔εxB522B =―――――――――――――――――

⎛
⎜
⎝

−++
⎛
⎜
⎝
――
||Mu1||

dv1

⎞
⎟
⎠

⋅0.5 Nu ⋅0.5 || −Vu1 Vp|| cot ⎛⎝θ1⎞⎠ ⋅Aps1 fpo1
⎞
⎟
⎠

⋅2
⎛
⎜⎝

++⋅Ec ―
Ag
2

⋅Es As ⋅Eps Aps1
⎞
⎟⎠

0.000000

=⋅εxB522B 1000 −0.0001

≔εxLimit =⋅−0.2 10
−3

−0.0002

≔εx1 =max ⎛
⎜
⎜
⎜
⎜⎝

,if

else

≤≤0 εxB521 0.001
‖
‖ εxB521

‖
‖ εxB522B

εxLimit⎞
⎟
⎟
⎟
⎟⎠

0.000000

=f'c 6 ksi =⋅εx1 1000 −0.0001

per Table B5.2‐1 =――
vu1
f'c

0.037 ≔θuv =θ1 21.8 deg ≔βuv1 3.75

concrete shear contribuƟon Vc

(5.8.3.3‐3) ≔Vc1 ⋅⋅⋅⋅0.0316 βuv1 ‾‾‾‾‾⋅f'c ksi bv1 dv1 =Vc1 173.044 kip

Required Transverse reinforcement at supports  per 5.8.2.4, if Vu > .5phi*Vc, then 
addiƟonal reinforcement is needed

(5.8.2.4‐1) ≔ϕv 0.9 =Vu1 117.88 kip > =⋅⋅0.5 ϕ ⎛⎝ +Vc1 Vp⎞⎠ 77.87 kip

Transverse Reinforcement required.

≔Vsreq'd =−――
Vu1
ϕv

Vc1 −42.066 kip ≔Fy 60 ksi ≔Sreinf. 6 in

≔Avreq'd =―――――
⎛⎝ ⋅Vsreq'd Sreinf.⎞⎠

⋅⋅Fy dv1 cot ⎛⎝θ1⎞⎠
−0.13 in

2
NegaƟve Area of Steel indicates 
that the minimum area of steel 
required. 
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Try, 1 #4  sƟrrups @ 6" spacing ≔A#4 0.2 in
2

≔α 90

≔Av1 =⋅A#4 2 0.4 in
2

meets min area (Avmin)

≔Vs1 ―――――――――
⋅⋅⋅⋅Av1 Fy dv1 cot ⎛⎝θ1⎞⎠ sin ((α))

Sreinf.
=Vs1 115.87 kip

≔Vn =++Vc1 Vs1 Vp 288.914 kip

≔Vr1 =⋅ϕ Vn 260.023 kip

≔CheckShear if

else

>Vr1 Vu1
‖
‖ “OK”

‖
‖ “NG”

≤―

=CheckShear “OK”

use, (1) #4  sƟrrups @ 6" spacing

Max transverse spacing

=f'c 6 ksi =vu1 0.22 ksi =bv1 46 in =0.125 f'c 0.75 ksi

=dv1 12.96 in
≔smax =if

else if

<vu1 ⎛⎝ ⋅0.125 f'c⎞⎠
‖
‖ ⋅0.8 dv1

≥vu1 ⋅0.125 f'c
‖
‖ ⋅0.4 dv1

10.37 in

0.8dv < or = 24 in

0.4dv < or = 12 in

<6 10.37 OK

Min transverse reinforcement

≔Avmin =⋅⋅0.0316 ‾‾‾‾‾⋅f'c ksi ―――
⋅bv1 Sreinf.
Fy

0.356 in
2

=Av1 0.4 in
2

Av>Avmin, OK
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Try changing spacing to 12" @ 12' past the centerline of bearing

Subscript "2" Denotes property @ this locaƟon ≔X2 12 ft

ConservaƟvely Ignore the (4) debonded strands since they are only  parƟally developed at 
this locaƟon. Therefore, use same prestressing properƟes as CL bearing. 

≔Aps2 =Aps1 3.906 in
2

≔dps2 =dps1 12.833 in

≔fps2 =fps1 239.649 ksi ≔Mn2 =Mn1 850.366 ⋅kip ft

≔dv2 =dv1 12.96 in

≔bv2 =−b ⋅2 tshearkey 46 in

Calculate Shear @ 12Ō  from Centerline of bearing for an Exterior beam

@12 Ō ≔Vtruck2 38.7 kip ≔Vlane2 =⋅wlane
⎛
⎜⎝

−――
Lbear
2

X2
⎞
⎟⎠

6.4 kip

Beam Self Wt ≔Vg2 =⋅wg
⎛
⎜⎝

−――
Lbear
2

X2
⎞
⎟⎠

8.906 kip

Wear Surface ≔Vws2 =⋅wws
⎛
⎜⎝

−――
Lbear
2

X2
⎞
⎟⎠

1.484 kip

Rail Exterior Beam ≔Vbext2 =⋅wbext
⎛
⎜⎝

−――
Lbear
2

X2
⎞
⎟⎠

1.35 kip

≔Vu2 ++⋅1.25 ⎛⎝ +Vbext2 Vg2⎞⎠ ⋅1.5 Vws2 ⋅⋅1.75 gvext ⎛⎝ +⋅1.33 Vtruck2 Vlane2⎞⎠

=Vu2 70.639 kip
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Calculate Moment @ 12Ō  from Centerline of bearing for an Exterior beam

≔Mtruck2 ⋅445.1 kip ft ≔Mlane2 =⋅――――
⎛⎝ ⋅wlane X2⎞⎠

2
⎛⎝ −Lbear X2⎞⎠ 122.88 ⋅ft kip

Beam Self Wt ≔Mg2 =⋅―――
⎛⎝ ⋅wg X2⎞⎠

2
⎛⎝ −Lbear X2⎞⎠ 171 ⋅ft kip

Wear Surface ≔Mws2 =⋅―――
⎛⎝ ⋅wws X2⎞⎠

2
⎛⎝ −Lbear X2⎞⎠ 28.5 ⋅ft kip

Rail Exterior Beam ≔Mbext2 =⋅――――
⎛⎝ ⋅wbext X2⎞⎠

2
⎛⎝ −Lbear X2⎞⎠ 25.92 ⋅ft kip

≔Mu2 ++⋅1.25 ⎛⎝ +Mbext2 Mg2⎞⎠ ⋅1.5 Mws2 ⋅⋅1.75 gvext ⎛⎝ +⋅1.33 Mtruck2 Mlane2⎞⎠

=Mu2 975.617 ⋅ft kip

≔vu2 =――――
Vu2

⋅⋅ϕ bv2 dv2
0.132 ksi

=――
vu2
f'c

0.022
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5.8.3.4.2 General Procedure

Parameters beta and theta Table B5.2.1, values of theta and beta for secƟons with transverse 
reinforcement

Appendix B5 ‐ General Procedure for Shear Design with Tables

Update theta aŌer calculaƟng strain, recalculate strain, 
check table B5.2.1

≔θ2 21.0 =Nu 0 kip =Es 29000 ksi

At 8' from centerline of bearing (16) Undebonded strands are fully bonded, the (4) debonded strands are 
not fully bonded.

≔Nstrands1 16 ≔fpoa =fpo 189 ksi ≔Apsa =⋅Nstrands1 Astrand 3.472 in
2

≔Nstrands2 =−Nps Nstrands1 6 ≔fpob =⋅fpo ――
12 in

ltrans
63 ksi ≔Apsb =⋅Nstrands2 Astrand 1.302 in

2

SecƟon contains at least the minimum transverse 
reinforcement as specified in Art. 5.8.2.5  (B5.2‐1)

≔εxB521 =――――――――――――――――――――

−++
⎛
⎜
⎝
――
||Mu2||

dv2

⎞
⎟
⎠

⋅0.5 Nu ⋅0.5 || −Vu2 Vp|| cot ⎛⎝θ2⎞⎠ ⎛⎝ +⋅Apsa fpoa ⋅Apsa fpoa⎞⎠

⋅2 ⎛⎝ +⋅Es As ⋅Eps ⎛⎝ +Apsa Apsa⎞⎠⎞⎠
−0.0011

=⋅εxB521 1000 −1.092

If values from B5.2‐1 is negaƟve, the strain shall be taken as,

≔εxB522B =――――――――――――――――――――

⎛
⎜
⎝

−++
⎛
⎜
⎝
――
||Mu2||

dv2

⎞
⎟
⎠

⋅0.5 Nu ⋅0.5 || −Vu2 Vp|| cot ⎛⎝θ2⎞⎠ ⎛⎝ +⋅Apsa fpoa ⋅Apsa fpoa⎞⎠
⎞
⎟
⎠

⋅2
⎛
⎜⎝

++⋅Ec ―
Ag
2

⋅Es As ⋅Eps ⎛⎝ +Apsa Apsa⎞⎠
⎞
⎟⎠

−0.0001

=⋅εxB522B 1000 −0.098 =εxLimit −0.0002

≔εx2 =max ⎛
⎜
⎜
⎜
⎜⎝

,if

else

≤≤0 εxB521 0.001
‖
‖ εxB521

‖
‖ εxB522B

εxLimit⎞
⎟
⎟
⎟
⎟⎠

−0.000098

=f'c 6 ksi =⋅εx2 1000 −0.098

per Table B5.2‐1 =――
vu2
f'c

0.022 ≔θuv2 =θ2 21 ≔βuv2 4.10
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Concrete shear contribuƟon Vc

(5.8.3.3‐3) ≔Vc2 ⋅⋅⋅⋅0.0316 βuv2 ‾‾‾‾‾⋅f'c ksi bv2 dv =Vc2 159.141 kip

Required Transverse reinforcement at supports  per 5.8.2.4, if Vu > .5phi*Vc, then 
addiƟonal reinforcement is needed

(5.8.2.4‐1) ≔ϕv 0.9 =Vu2 70.639 kip < =⋅⋅0.5 ϕ ⎛⎝ +Vc2 Vp⎞⎠ 71.614 kip

Transverse Reinforcement not required. 
Max spacing does not apply. ≔Sreinf. 12 in

≔Vsreq'd2 =−――
Vu2
ϕv

Vc2 −80.653 kip ≔Fy 60 ksi

≔Avreq'd2 =―――――
⎛⎝ ⋅Vsreq'd2 Sreinf.⎞⎠

⋅⋅Fy dv2 cot ⎛⎝θ2⎞⎠
1.901 in

2
NegaƟve value indicates steel required, no steel required.

(1) #4  sƟrrup @ 12" spacing 
starƟng 12' from CL bearing.

≔A#4 0.2 in
2

≔α 90

≔Av2 =⋅A#4 2 0.4 in
2

meets min area (Avmin) 2 verƟcal 
legs of sƟrrups per S =12in

≔Vs2 ―――――――――
⋅⋅⋅⋅Av2 Fy dv2 cot ⎛⎝θ2⎞⎠ sin ((α))

Sreinf.
=Vs2 −15.17 kip

≔Vn2 =++Vc2 Vs2 Vp 143.971 kip

≔Vr2 =⋅ϕ Vn2 129.574 kip =Vu2 70.639 kip

≔CheckShear if

else

>Vr2 Vu2
‖
‖ “OK”

‖
‖ “NG”

≤―

=CheckShear “OK”

Ok to change spacing to 12" @  12' from Centerline of Bearing.
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Check Longitudinal Reinforcement @ Support per 5.8.3.5

5.8.3.5‐1 =Aps1 3.906 in
2

=dps1 12.833 in =As 0 ft
2

=fps1 239.649 ksi

≔Longreinf1 =+⋅Aps1 fps1 ⋅As fys 936.071 kip

≔ϕf 1.0 ≔ϕv 0.9 ≔Muvsprt ⋅0 kip ft Use actual Moment @ Support

=dv1 12.96 in =Vs1 115.87 kip =θ1 21.8 deg =Vu1 117.88 kip

≔Limit1 =+―――
||Muvsprt||

⋅dv1 ϕf

⋅
⎛
⎜
⎝

−
|
|
|

−――
Vu1
ϕv

Vp
|
|
|

⋅0.5 Vs1
⎞
⎟
⎠
cot ⎛⎝θ1⎞⎠ 182.62 kip

≔CheckLong1 if

else

>Longreinf1 Limit1
‖
‖ “OK”

‖
‖ “NG” =CheckLong1 “OK”
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Check Longitudinal Reinforcement @ Midspan

=Aps 4.774 in
2

=dps 15.5 in =fps 244.376 ksi ≔bvmid =bv1 46 in

=MuSTR1 847.34 ⋅kip ft =ϕMn 1076.223 ⋅kip ft

≔de =―――――――
+⋅⋅Aps fps dps ⋅⋅As fys ds
+⋅Aps fps ⋅As fys

15.5 in (Same as dps)

≔dv ――――――
ϕMn

⎛⎝ +⋅As fys ⋅Aps fps⎞⎠
=dv 11.07 in

≔dvmid max ⎛⎝ ,,dv ⋅0.9 de ⋅0.72 h⎞⎠ =dvmid 13.95 in

≔Longreinfmid =+⋅Aps fps ⋅As fys 1166.649 kip

≔Vtruckmid 21.8 kip Unfactored, Undistributed

=γLL 1.75 =I.M. 1.33 =gv 0.549

≔Vumid =⋅⋅⋅Vtruckmid γLL I.M. gv 27.852 kip

=dvmid 13.95 in ≔vumid =―――――
Vumid

⋅⋅ϕ bvmid dvmid
0.048 ksi

SecƟon contains at least the minimum transverse 
reinforcement as specified in Art. 5.8.2.5  (B5.2‐1) Try ≔θmid 22.3 deg

≔εxB521 =――――――――――――――――――

−++
⎛
⎜
⎝
―――
||MuSTR1||

dvmid

⎞
⎟
⎠

⋅0.5 Nu ⋅0.5 || −Vumid Vp|| cot ⎛⎝θmid⎞⎠ ⎛⎝ ⋅Aps fpo⎞⎠

⋅2 ⎛⎝ +⋅Es As ⋅Eps Aps⎞⎠
−0.0005

=⋅εxB521 1000 −0.512 ≔εLimit =⋅3.0 10
−3

0.003

≔εxmid =⎛⎝ ,εxB521 εLimit⎞⎠ −0.000512 =⋅εxmid 1000 −0.512

per Table B5.2‐1 =――
vumid
f 'c

0.008 ≔θuvmid θmid ≔βuvmid 6.32
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≔Avmid =Av1 0.4 in
2

≔Vsmid =――――――――――
⋅⋅⋅⋅Avmid Fy dvmid cot ⎛⎝θmid⎞⎠ sin ((α))

Sreinf.
60.816 kip

≔Limitmid =+―――
||MuSTR1||

⋅dvmid ϕf
⋅

⎛
⎜
⎝

−
|
|
|

−――
Vumid
ϕv

Vp
|
|
|

⋅0.5 Vsmid
⎞
⎟
⎠
cot ⎛⎝θmid⎞⎠ 730.209 kip

≔CheckLongmid if

else

>Longreinfmid Limitmid
‖
‖ “OK”

‖
‖ “NG” =CheckLongmid “OK”
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Check Pretensioned Anchorage Zone 5.10.10

=Aps 4.774 in
2

≔Fp =⋅fpi Aps 966.735 kip

bursƟng resistance, Pr, should not 
be less than 4.0% of Ppi

≔Pr =⋅0.04 Fp 38.669 kip ≔fsallow 20 ksi

Per AASHTO LRFD 5.10.10‐1 on 
spliƫng resistance in pretensioned 
anchorage zones, for pretensioned 
solid slabs, As, shall be taken as the 
total area of the horizontal 
reinforcement located within a 
distance h/4 from the end of the 
member, where h is the width of the 
member.

≔Asburst =――
Pr

fsallow
1.933 in

2
≔hsplit =b 47.5 in

≔fromend =――
hsplit
4

11.875 in dimension from end of beam in 
direcƟon that spliƫng is being 
evaluated.

Add addiƟonal #4 sƟrrups at ends 
to meet required burst resistance

=Asburst 1.933 in
2

=fromend 11.875 in

≔Asteelend =⋅3 ⎛⎝ ⋅⋅2 2 A#4⎞⎠ 2.4 in
2

End of beam sƟrrups: (3) sets of two #4 
sƟrrups starƟng 3" from beam end, spaced 
@ 3"

required steel: =Asburst 1.933 in
2

Start first set 3" from beam end, space 3" apart 
to CL bearing where sƟrrup spacing changes.actual steel: =Asteelend 2.4 in

2
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Check FaƟgue 

=Mg 215.531 ⋅kip ft

=Mws 35.922 ⋅kip ft

=Mbext 32.67 ⋅kip ft

≔MuFat1 ⋅385.6 kip ft (Unfactored, Undistributed)

FaƟgue 1

≔γLLFat1 1.5 ≔γDCFat1 1.0 ≔γDWFat1 1.0 ≔I.M.Fat1 1.15 =gm 0.335

≔Md =++Mg Mws Mbext 284.123 ⋅kip ft

≔MLL =⋅⋅⋅MuFat1 γLLFat1 I.M.Fat1 gm 222.56 ⋅kip ft

=Ppe 807.795 kip =Ag 855 in
2

=e 4.318 in =St 2565 in
3

=Sb 2565 in
3

≔ftFat1 =+―
1

2

⎛
⎜
⎝

+−――
Ppe
Ag

――
⋅Ppe e

St
――
Md

St

⎞
⎟
⎠

――
MLL

St
1.498 ksi (Compression, less than allowable OK)

≔Fcallow =⋅0.4 f'c 2.4 ksi

≔fbFat1 =−+――
Ppe
Ag

――
⋅Ppe e

Sb
―――

+Md MLL

St
−0.066 ksi (Tension, less than allowable OK)

≔Ftallow =⋅⋅−0.0948
‾‾‾
――
f 'c
ksi

ksi −0.232 ksi (Tension)

Both Top and BoƩom of Beams  
are under the allowable 
compressive stress, OK

Li L d D fl Ɵ
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Live Load DeflecƟon

DeflecƟon due to truck: Number of lanes/Number of beams ≔DF =―
2

9
0.222

Check Tandem:

≔Ptruck2 =⋅⋅25 kip DF I.M. 7.389 kip ≔btruck =――――
⎛⎝ −Lbear 4 ft⎞⎠

2
20 ft

≔Δtruck =⋅――――
⋅Ptruck2 btruck

⋅⋅24 Ec Ix
⎛⎝ −⋅3 Lbear

2
⋅4 btruck

2 ⎞⎠ 0.413 in

HL93 truck check:

≔P1 32 kip
≔b1 =−22 ft 9.3 ft 12.7 ft
≔a1 =−44 ft b1 31.3 ft ≔Δmax1 =―――――――――――――――――

⋅⋅⋅⋅⋅⋅1.33 DF ⎛⎝P1⎞⎠ a1 b1 ⎛⎝ +a1 ⋅2 b1⎞⎠ ‾‾‾‾‾‾‾‾‾‾‾‾‾⋅⋅3 a1 ⎛⎝ +a1 ⋅2 b1⎞⎠
⋅⋅⋅27 Ec Ix Lbear

0.209 in

≔P2 32 kip
≔b2 =−22 ft 4.7 ft 17.3 ft
≔a2 =−44 ft b2 26.7 ft ≔Δmax2 =―――――――――――――――――

⋅⋅⋅⋅⋅⋅1.33 DF ⎛⎝P2⎞⎠ a2 b2 ⎛⎝ +a2 ⋅2 b2⎞⎠ ‾‾‾‾‾‾‾‾‾‾‾‾‾⋅⋅3 a2 ⎛⎝ +a2 ⋅2 b2⎞⎠
⋅⋅⋅27 Ec Ix Lbear

0.252 in

≔P3 8 kip
≔b3 =−22 ft 18.7 ft 3.3 ft
≔a3 =−44 ft b3 40.7 ft ≔Δmax3 =―――――――――――――――――

⋅⋅⋅⋅⋅⋅1.33 DF ⎛⎝P3⎞⎠ a3 b3 ⎛⎝ +a3 ⋅2 b3⎞⎠ ‾‾‾‾‾‾‾‾‾‾‾‾‾⋅⋅3 a3 ⎛⎝ +a3 ⋅2 b3⎞⎠
⋅⋅⋅27 Ec Ix Lbear

0.015 in

≔ΔtruckHL =++Δmax1 Δmax2 Δmax3 0.476 in

HL93 truck controls over tandem . Calculated max deflecƟons for HL93 are superimposed deflecƟons at 
locaƟon of maximum deflecƟon due to individual axle loads. This approach by inspecƟon is conservaƟve 
compared to single maximum deflecƟon of all axles at single locaƟon. 

DeflecƟon due to lane load

≔wlane =⋅0.64 ――
kip

ft
.25 0.013 ――

kip

in
≔Δlane =―――――

⋅⋅5 wlane Lbear
4

⋅⋅384 Ec Ix
0.124 in

≔Δlivetotal =max ⎛⎝ ,ΔtruckHL ⎛⎝ +⋅0.25 ΔtruckHL Δlane⎞⎠⎞⎠ 0.476 in

≔Δallow =――
Lbear
800

0.66 in allowable > total deflecƟon, OK

≔CheckDeϐlections if

else

>Δallow Δlivetotal
‖
‖ “Meets	deϐlection	requirements”

‖
‖ “Does	not	meet	deϐlection	requirements”

=CheckDeϐlections “Meets	deϐlection	requirements” OK for live load deflecƟon.
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Approach Slab Seat Check

check liŌing at transfer
end secƟon in flexure

≔Lbeam 46.5 ft
≔h 18 in
≔b +3 ft 11.5 in

≔bext =−+3 ft 11.5 in 2 ft 1.958 ft

≔Ainterface =⋅h b 855 in
2

≔Aseat 5.75 ft
2

=wg 0.891 ――
kip

ft

Loads: Assume 1 wheel  ≔wtruck =―――
32 kip

2
16 kip

Approach Seat Self Weight: =γc 150 pcf ≔wseat =⋅⋅γc Aseat b 3.414 kip

≔xlifter 2 ft
≔Llifters =−Lbeam 4 ft 42.5 ft

≔Lseat 2 ft
≔xseatcg 10.75 in from end of seat (aprch slab side)

≔Rb =―――――――――――――――――――――――――――――――――

++−⋅−wseat ⎛⎝ +xlifter xseatcg⎞⎠
⎛
⎜⎝

⋅⋅wg xlifter ――
xlifter
2

⎞
⎟⎠

⋅⋅wg ⎛⎝ +Llifters xlifter⎞⎠
⎛
⎜⎝
――――

+Llifters xlifter
2

⎞
⎟⎠

⋅wseat ⎛⎝ ++Llifters xlifter xseatcg⎞⎠

Llifters
24.121 kip

≔Ra =Rb 24.121 kip

Moment at liŌer (during liŌing 
due to beam and seat self weight):

≔MDlifter =++――――
⋅wseat 2 ft

2
⋅wseat 2 ft ⋅⋅wg 2 ft 2 ―

ft

2
12.023 ⋅kip ft

CG of seat from end of beam ≔xt 10.75 in

Moment due to self weight and 
truck with impact (installed):

≔Mtenseat =+⋅⋅1.25 wseat xt ⋅⋅⋅1.33 1.75 wtruck 2 ft 78.303 ⋅kip ft

Moment at end of beam/ backwall 
seat interface when liŌing due to 
backwall self weight, truck with 
impact controls.

≔Mwseat =⋅wseat 10.75 in 3.058 ⋅kip ft

S G
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BEAM LIFTER DESIGN

(4) Triple 1/2" DIAMETER STRAND LIFTING LOOPS PER BEAM
2'‐0" FROM END OF BEAM, SPACED 2'
MIN. 16" EMBEDMENT W/ 1'‐0" HOOKS

=wg 0.891 ――
kip

ft
=Ltotal 46.5 ft =wseat 3.414 kip

≔wbeam =⋅wg Ltotal 41.414 kip ≔wbeamlifter =――
wbeam

4
10.354 kip =――

wseat

2
1.707 kip

Load per liŌer: ≔wlifter =+wbeamlifter ――
wseat

2
12.061 kip

Sling Load factor for 60 degree from 
horizontal = 1.16 (Fig. 5.3.2.1)

≔Flift60 1.16

≔Tlifter =⋅wlifter Flift60 13.99 kip

≔Tlifter =―――――――――
wlifter

(( ⋅sin ((60 deg)) sin ((60 deg))))
16.081 kip

PCI  Design Handbook (5.3.4.2) Strand 
LiŌing Loops, Safe working load for 
triple strand loops:

≔Ftriple =⋅8 kip 2.2 17.6 kip > 13.99 Kip per liŌer and with a 
min 60 degree angle in both liŌing 
planes, > 16.081 kip, conservaƟve 
since angle line in transverse plane 
will be larger than 60 degrees.

Assuming the allowable capacity of strand loops is directly proporional to the concrete 
failure cone surface area, allowable capacity reduced for 16" embedment length,

Area cone for 24 in embedment, 45 
degree cone

≔Acone24 =+⋅⋅ ((24 in))
‾‾‾‾‾‾‾‾‾‾

⋅2 ⎛
⎝((24 in))

2 ⎞
⎠ ⋅ ((24 in))

2
4368.658 in

2

Area cone for 16 in embedment, 45 
degree cone

≔Acone16 =+⋅⋅ ((16 in))
‾‾‾‾‾‾‾‾‾‾

⋅2 ⎛
⎝((16 in))

2 ⎞
⎠ ⋅ ((16 in))

2
1941.626 in

2

≔ϕ =―――
Acone16
Acone24

0.444

Cap of concrete for each liŌer: Per AASHTO 
concrete shear capacity when only in shear 
in flexure:

≔vc =⋅⋅0.95 ‾‾‾‾‾‾‾‾‾‾‾‾⋅(( ⋅4000 psi)) psi Acone16 116.659 kip

Shear capacity of concrete for 16" 
embedment and 45 degree failure plane.

≔cap16 =⋅ϕ vc 51.849 kip

cap16 > wliŌer, 16" embedment for triple 1/2" strand liŌing loops. 
2 sets typ. each end of solid slab, 2Ō from end of beam.
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Check tension in top at liŌers (2Ō from beam end)

@Transfer  =f'ci 4000 psi =Ltotal 46.5 ft =e 4.318 in
=x 36 in

Moment @ liŌer due to self‐
weight+ approach seat

=Apsdebond 0.027 ft
2

Stress at Transfer: ≔Ptransdebond ⋅⎛⎝ −202.5 ksi ΔfpES⎞⎠ Apsdebond =Ptransdebond 752.23 kip

=Aps 4.774 in
2

≔Apsdebond =⋅⎛⎝ −Nps Npsdebond⎞⎠ Astrand 3.906 in
2

≔ftlifter −−――――
Ptransdebond

Ag
――――

⋅Ptransdebond e

St
―――
MDlifter

St
=ftlifter −0.443 ksi (‐) indicates tension, 

≔fblifter ++――――
Ptransdebond

Ag
――――

⋅Ptransdebond e

Sb
―――
MDlifter

Sb
=fblifter 2.202 ksi compression

Stress Limits: 5.9.4

≔Compression@Transfer =if

else

≤fblifter fCallow
‖
‖ “OK”

‖
‖ “NG”

“OK”

≔Tension@Transfer =if

else

≥ftlifter fTallow
‖
‖ “OK”

‖
‖ “NG,	check	with	bonded”

“NG,	check	with	bonded”

Page 34 of 38



Determine required area steel for 
tension at liŌers at transfer:

=Aps1 3.906 in
2

=dps1 12.833 in

=fps1 239.649 ksi

=fTallowbond −0.48 ksi
5.8.3.5‐1

Must include bonded reinforcement for tension at transfer for liŌing beam. 

=ftlifter −0.443 ksi =fblifter 2.202 ksi =h 18 in

Calculate Total Tension in top of Beam @ Transfer

≔x =―――――
⎛⎝ ⋅h ||ftlifter||⎞⎠

|| +ftlifter fblifter||
4.53 in (Distance to N.A. from top of beam)

≔Ttrans =⋅⋅⋅0.5 x ftlifter b −47.642 kip

≔Fallow 30 ksi Per Table 5.9.4.1.2‐1

≔Asreq'd =――
Ttrans
Fallow

−1.588 in
2

negaƟve indicates steel required.

≔A#5 0.31 in
2

≔Asmild =⋅6 A#5 1.86 in
2

> 1.588in^2 OK

Use (6) addiƟonal #5 bars, full length of beam for tension in top of beam at liŌers 
(liŌers located 2' from beam ends.)
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Check backwall/beam face during liŌing (at transfer, 4ksi)

Check mild reinforcing projecƟng from beam, flexure at beam/ backwall interface.
(Mtenseat calculated above pg 32, assume truck wheel on end of seat)

=b 3.958 ft
=h 18 in

Tension Reinforcement: (6) #5 
bars, projecƟng from end of 
beam into seat with lap splice

≔Ns 6 =A#5 0.31 in
2

=Asmild 1.86 in
2

≔ds −h 3.5 in

≔f'y 60 ksi ≔fys 60 ksi
≔f'cs 4 ksi

beta1 not less than 0.65: ≔β1 −0.85 ⋅0.05
⎛
⎜⎝

−――
f 'cs
ksi

4
⎞
⎟⎠

=β1 0.85

for rectangular secƟon behavior, 
(5.7.3.1.1‐4)

≔c ―――――
⋅Asmild fys

⋅⋅⋅0.85 f'c β1 b
=c 0.542 in

≔a =⋅β1 c 0.461 in

=c 0.542 in =d's 2.813 in ≔fs fys

≔Mn ⋅⋅Asmild fs
⎛
⎜⎝

−ds ―
a

2

⎞
⎟⎠

AASHTO LRFD EquaƟon 5.7.3.2.2‐1 =Mn 132.708 ⋅kip ft

≔ϕMn =Mn 132.708 ⋅kip ft > =Mtenseat 78.303 ⋅kip ft
min area steel required to resist 
moment:

≔Areq =⋅0.31 in
2
4 1.24 in

2
Approach seat secƟon OK, only 4 bars required here 
but will project all (6)  #5 bars into backwall. Project 
4 boƩom strands also.
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Lap splice development length

AASHTO LRFD 5.11.2.1

≔A#5 0.31 in
2

≔fymild 60 ksi ≔db#5 0.625 in

for No. 11 bar and smaller ≔ldb =max
⎛
⎜
⎝

,⋅―――――
⋅⋅1.25 0.31 60

‾‾6
in ⋅⋅0.4 0.625 in 60

⎞
⎟
⎠

15 in

Development length reducƟon 
factors per AASHTO LRFD:

for 6" min spacing and 3" min clr 
reduce length by 0.8 factor Areq, is steel required to resist 

moment at interface of beam and 
backwall due to truck wheel at 
end of approach seat (pg 37)

reduce for addiƟonal steel beyond 
required.

≔ϕAs =――
Areq
Asmild

0.667

Required length of splice: ≔ld =⋅⋅ldb 0.8 ϕAs 8 in

Minimum lap splice length for all lap splices in backwall seat is 8" 

/
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Bearing:  3/4" x 6" x 3'‐10" 50 Duro elastomeric bearing pad at each end of the beam

Compressive Stress:

Dimensions of bearing pad: ≔L 6 in ≔W +3 ft 10 in ≔hri 0.75 in

Total Service Loads: =MTS1 557.13 ⋅kip ft =VTS1 73.99 kip

Force at each bearing:

Bearing Area: ≔Abear =⋅6 in (( +3 ft 10 in)) 1.917 ft
2

Compressive stress per bearing: ≔σs =――
VTS1
Abear

0.268 ksi

Shear Modulus: shore A 50 Dur. ≔G 0.095

Shape Factor (S): ≔S =―――――
⋅L W

⋅⋅2 ⎛⎝hri⎞⎠ (( +L W))
3.538

=⋅⋅1.00 G S 0.336 controls

0.8
0.268ksi < 0.336ksi, OK

Compressive DeflecƟon: 
(AASHTO LRFD 14.7.6.3.3)

=S 3.538 =σs 0.268 ksi ==> strain ≔εT 0.0375

≔δT =⋅εT hri 0.028 in < =⋅0.09 hri 0.068 in

Compressive deflecƟon OK for bearings.

Shear:

coefficient thermal expansion for 
normal weight concrete:

≔α 0.000006

both ends expanding so we 
assume 75% of beam length 
contributes to expansion at one 
end.

≔Δs =⋅⋅⋅α 45.5 ft ((70)) 0.75 0.172 in

≔limit =⋅2 Δs 0.344 in < hri, OK in Shear deformaƟon.

Bearing OK per AASHTO LRFD Method A
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LOAD RATING
Project: Andover, VT Bridge
Contractor: JP Carrara & Sons, Inc.

Value Engineering Design: Calderwood Engineering
Design ComputaƟons by:  Rachael Joyce, EIT
Design Check ComputaƟons by: GNM

References:

VTrans Structures Design Manual 5th EdiƟon
AASHTO LRFD Bridge Design SpecificaƟons, Seventh EdiƟon, 2014; The Manual for Bridge EvaluaƟon, AASHTO 
2011
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Section Live Load Section Live Load
Interior Positive Flexure HL-93 1.65 59.5 T 2.14 77.13 T Interior  Shear HL-93 3.19 114.85 T 4.14 148.88 T

Strength I 3s2 3.75 135.02 T Strength 1 3s2 6.52 234.55 T
6at 1.97 130.2 T 6at 4.13 272.35
3as 2.61 78.38 T 3as 5.29 158.66 T
4as 2.38 82.18 T 4as 4.84 166.9 T
5as 3.04 115.44 T 5as 5.45 207.05 T
h20 2.73 54.62 T 3.54 70.8 T h20 5.73 114.57 T 7.43 148.65 T

Exterior Girder Positive Flexure HL-93 1.43 51.6 T 1.86 66.89 T Exterior  Shear HL-93 2.63 94.8 T 3.41 122.89 T
Strength I 3s2 3.25 117.09 T Strength 1 3s2 5.38 193.61 T

6at 1.71 112.91 T 6at 3.41 224.81 T
3as 2.27 67.97 T 3as 4.37 130.97 T
4as 2.07 71.27 T 4as 3.99 137.76 T
5as 2.63 100.11 T 5as 4.5 170.91 T
h20 2.37 47.36 T 3.07 61.4 T h20 4.73 94.66 T 6.14 122.7 T

Interior Positive Flexure HL-93 1.38 49.7 T
Service 3 3s2

6at
3as
4as
5as
h20 2.28 45.62 T

Exterior  Positive Flexure HL-93 1.14 40.91 T
Service 3 3s2

6at
3as
4as
5as
h20 1.88 37.55 T

Loading Levels H-20 HL-93 3s2 6at 3as 4as 5as
Tonnage 20 36 36 66 30 34.5 38
Inventory 1.88 1.14
Operating 3.07 1.86 3.25 1.71 2.27 2.07 2.63

Sumary of Load Rating Sumary of Load Rating
Inventory Operating Inventory Operating



SecƟon ProperƟes

Span: ≔Lbear 44.0 ft
CL bearing to CL bearing

Beam length ≔Ltotal =+Lbear ⋅15 in 2 46.5 ft

SecƟon Type:  47.5" Wide X 18" Deep Solid Slab

Depth: ≔h 18 in
Width: ≔b 47.5 in
Number of beams ≔Nb 9

Total bridge width ≔W =+⋅b Nb ⋅⎛⎝ −Nb 1⎞⎠ ―
1

2
in 35.96 ft (2) 11.5' travel 

lanes

Thickness of Shear Key ≔tshearkey 0.75 in

Solid SecƟon ProperƟes

Gross Area of Solid SecƟon ≔Ag =⋅h b 855 in
2

Moment of InerƟa of Solid SecƟon

(interior beam, no curb) ≔Ix =――
⋅b h

3

12
23085 in

4
≔Iy =――

⋅h b
3

12
160757.813 in

4

Polar Moment of InerƟa ≔Ip =+Ix Iy 183842.813 in
4

St. Venant's Torsional InterƟa,
for solid secƟons per C4.6.2.2.1‐2
LRFD 2014

≔J =――
Ag

4

⋅40 Ip
72670.44 in

4

Extreme fiber to CG ≔yb ―
h

2
≔yt yb

SecƟon Modulus Interior Beam
(no curb)

≔Sb ―
Ix
yb

=Sb 2565 in
3

≔S Sb

≔St ―
Ix
yt

=St 2565 in
3
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Concrete  ProperƟes @ Service Load:

28 day concrete compressive 
strength

≔f 'c 6 ksi =‾‾‾‾‾⋅f'c ksi 2.45 ksi

normal weight concrete with 
rebar, unit weight

≔γc 0.150 ――
kip

ft
3

correcƟon factor for source of 
aggregate, taken as 1 (5.4.2.4)

≔K1 1.0

Concrete elasƟc modulus 
(5.4.2.4‐1)

≔Ec ⋅⋅⋅33000 K1
⎛
⎜
⎜
⎜⎝

⎛
⎜
⎜
⎝

――
γc

――
kip

ft
3

⎞
⎟
⎟
⎠

1.5⎞
⎟
⎟
⎟⎠

‾‾‾‾‾⋅f'c ksi =Ec 4695.98 ksi

=Ec 21756781923.26 ――
lb

⋅ft s
2
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Self weight dead load (DC, DW)

Self weight dead load ≔wg =⋅Ag γc 0.89 ――
kip

ft

Superimposed dead load
3"  bituminous wearing surface (VTrans Structures Design Manual 

5th EdiƟon Table 3.3.1)
≔wws =⋅⋅3 in 0.150 ――

kip

ft
3

b 0.15 ――
kip

ft

Rail Weight (Bridge Rail Galvanized 2 Rail Box Beam Standard S‐360A) 
50plf (without curb)
exterior beams carry 60%, interior beams carry 40%

≔wrail 50 plf
≔wcurb =⋅γc (( ⋅2 ft 7 in)) 175 plf

Interior beams carry 40% ≔wbint =⋅⋅2 ⎛⎝ +wrail wcurb⎞⎠ ――
0.40

7
0.03 klf

Exterior beams carry 60% ≔wbext =⋅⋅2 ⎛⎝ +wrail wcurb⎞⎠ ――
0.60

2
0.14 klf

Unfactored Bending moment at mid‐span

Self Weight  ≔Mg ――――
⋅wg Lbear

2

8
=Mg 215.53 ⋅kip ft

Wear Surface  ≔Mws ――――
⋅wws Lbear

2

8
=Mws 35.92 ⋅kip ft

Rail ‐ Interior Beam ≔Mbint ――――
⋅wbint Lbear

2

8
=Mbint 6.22 ⋅kip ft

Rail ‐ Exterior Beam ≔Mbext ――――
⋅wbext Lbear

2

8
=Mbext 32.67 ⋅kip ft

Unfactored Shear at Supports

Self Weight ‐ Interior Beam ≔Vg ―――
⋅wg Lbear
2

=Vg 19.59 kip

Wear Surface ‐ Interior Beam ≔Vws ―――
⋅wws Lbear
2

=Vws 3.27 kip

Rail ‐ Interior Beam ≔Vbint ――――
⋅wbint Lbear
2

=Vbint 0.57 kip

Rail  ‐ Exterior Beam ≔Vbext ――――
⋅wbext Lbear
2

=Vbext 2.97 kip

see 048‐br‐15 CalculaƟons/Dead Load

≔IM %33 Dynamic Load Allowance per 3.6.2.1‐1 (for HL‐93 Loads)
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DistribuƟon Factor Method for Moment (AASHTO LRFD 4.6.2.2.2)

Table 4.6.2.2.2b‐1 DistribuƟon of Live Load for Moment, Interior Beams
concrete beams used in mulƟbeam decks (g), two design lanes loaded

Two design lanes loaded:
Number of beams (Nb) 
defined above

≔k =⋅2.5 Nb
−0.2

1.61 ≔Checkk if

else

≥k 1.5
‖
‖ “OK”

‖
‖ “kൌ1.5”=J 72670.44 in

4

=Ix 23085 in
4

=Checkk “OK”
=Lbear 44 ft

Interior Moment DistribuƟon Factor  (gmint)
per table 4.6.2.2.2b‐1, type g, two design 
lanes page 4‐37 (LRFD 2014)

≔gmint ⋅⋅⋅k

⎛
⎜
⎜
⎝
――

⎛
⎜⎝
―
b

in

⎞
⎟⎠

305

⎞
⎟
⎟
⎠

0.6

⎛
⎜⎝
――――

⋅b 12

⋅12.0 Lbear

⎞
⎟⎠

0.2
⎛
⎜⎝
―
Ix
J

⎞
⎟⎠

0.06

=gmint 0.304

NOTE: factor of 12 included above to account for MATHCAD correcƟng units, AASHTO already accounts for difference in units 
with included factor, e.g. b (inches), Lbear (feet)

Table 4.6.2.2.2d‐1 DistribuƟon of Live Load for Moment, Exterior Beams
concrete beams used in mulƟbeam decks (g), two design lanes loaded
two 11'‐6" lanes + 4'‐6" shoulders => two 16' lanes + 2' curbs => 36' overall width

overall width of the bridge =W 35.96 ft

rail guard width (inboard distance 
from center of beam)

≔brail 0.5 ft

Exterior Moment DistribuƟon Factor (gmext)

Note: distance de shall be taken as posiƟve if the exterior web is 
inboard of the interior face of the traffic railing (4.6.2.2.2d‐
Exterior Beams)

≔de −―
b

2
brail =de 1.48 ft

for de< 2.0, OK

For concrete box beams used in mulƟbeam decks 
(em > 1.0)

≔em +1.04 ――
de

⋅25 ft
=em 1.1

≔gmext ⋅em gmint =gmext 0.335

Max. Moment Load DistribuƟon factor ≔gm max ⎛⎝ ,gmint gmext⎞⎠ =gm 0.335
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DistribuƟon Factor Method for Shear (AASHTO LRFD 4.6.2.2.3)

Table 4.6.2.2.3a‐1 DistribuƟon of Live Load for Shear, Interior Beams
concrete beams used in mulƟbeam decks (g), one design lane loaded

Interior Shear DistribuƟon Factor

Based on 4.6.2.2.3a Interior beams, the values of b, L, Nb, J and I comply with the ranges of applicability 
given in table 4.6.2.2.3a

=b 47.5 in
=Lbear 44 ft

=Nb 9
=J 72670.44 in

4

=Ix 23085 in
4

Therefore, Table 4.6.2.2.3a‐1 is applicable

≔gvint ⋅⋅⋅

⎛
⎜
⎜
⎝
――

⎛
⎜⎝
―
b

in

⎞
⎟⎠

156

⎞
⎟
⎟
⎠

0.4

⎛
⎜⎝
――――

⋅b 12

⋅12.0 Lbear

⎞
⎟⎠

0.1
⎛
⎜⎝
―
Ix
J

⎞
⎟⎠

0.05
⎛
⎜
⎜
⎝
――

⎛
⎜⎝
―
b

in

⎞
⎟⎠

48

⎞
⎟
⎟
⎠

=gvint 0.46

Exterior Shear DistribuƟon Factor

Table 4.6.2.2.3b‐1, applicable cross secƟon (g) =de 1.48 ft conservaƟve

Note: distance de shall be taken as posiƟve if the exterior web is 
inboard of the interior face of the traffic railing (4.6.2.2.2d‐
Exterior Beams)

For concrete box beams used in mulƟbeam decks ≔ev +1.0

⎛
⎜
⎜
⎝
―――――

−+de ―
b

12
2.0 in

⋅40 ft

⎞
⎟
⎟
⎠

0.5

=ev 1.2

≔gvext ⋅⋅ev gvint 1.0 =gvext 0.55

Skew correcƟon for 
Shear Table 4.6.2.2.3c‐1

≔θ 0 ° ≔skewfactor +1.0 ⋅――――

⋅12.0
⎛
⎜⎝
――
Lbear
ft

⎞
⎟⎠

⋅90
⎛
⎜⎝
―
h

in

⎞
⎟⎠

‾‾‾‾‾tan ((θ))

=skewfactor 1.0

≔gvint ⋅gvint skewfactor =gvint 0.46

≔gvext ⋅gvext skewfactor =gvext 0.55 ≔gv max ⎛⎝ ,gvint gvext⎞⎠ =gv 0.55

DISTRIBUTION FACTORS

≔gmint 0.304 ≔gvint 0.46 USER NOTE: Input max distribuƟon 
factors to excel sheets for int. & ext. 
Live Load Moment and Shear calcs.

≔gmext 0.335 ≔gvext 0.55
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3S2 truck 
per VTrans Structures Mnl 2010 secƟon 15.2 not distributed without impact, both wheel lines

=Mmax3s2 364 ft൉kip =Vmax3s2 42.73 kip
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6 Axle Trailer truck
per VTrans Structures Mnl 2010 secƟon 15.2 not distributed without impact ‐ both wheel lines

=Mmax6at 692.04 ft൉kip =Vmax6at 67.46 kip
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3 Axle Straight truck
per VTrans Structures Mnl 2010 secƟon 15.2 not distributed without impact both wheel lines

=Mmax3as 522.55 ft൉kip =Vmax3as 52.64 kip
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4 Axle Straight truck
per VTrans Structures Mnl 2010 secƟon 15.2 not distributed without impact  both wheel lines

=Mmax4as 573.09 ft൉kip =Vmax4as 57.55 kip
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5 Axle Semi ‐ per
VTrans Structures Manual 2010 secƟon 15.2 35' truck unfactored without dynamic load 
allowance, both wheel lines

=Mmax5as 449.36 ft൉kip =Vmax5as 51.09 kip
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H 20 load unfactored ‐ undistributed without dynamic load allowance ‐ both wheel lines

=Mmaxh20 385.64 ft൉kip =Vmaxh20 37.45 kip
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HS 20 load unfactored ‐ undistributed without dynamic load allowance, both wheel lines

=Mmaxhs20 520.73 ft൉kip =Vmaxhs20 56.73 kip
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LRFD 3.6.1.2.3

Design Tandem Load,
Unfactored, Undistributed, with no dynamic load allowance 

=Mmaxtan 501.14 ft൉kip =Vmaxtan 47.73 kip
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Design Lane Load,
Unfactored, Undistributed, with no dynamic load allowance 

=Mmaxlane 154.88 ⋅kip ft
=Vmaxlane 14.08 kip
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Truck & Dead Load Moment, Shear & Truck Weight Summary

Moment Shear Truck Weights

3S2 =Mmax3s2 364 ft൉kip =Vmax3s2 42.73 kip ≔W3s2 =36 tonf 72 kip
6 Axle Trailer =Mmax6at 692.04 ft൉kip =Vmax6at 67.46 kip ≔W6at =66 tonf 132 kip
3 Axle Straight =Mmax3as 522.55 ft൉kip =Vmax3as 52.64 kip ≔W3as =30 tonf 60 kip
4 Axle Straight =Mmax4as 573.09 ft൉kip =Vmax4as 57.55 kip ≔W4as =34.5 tonf 69 kip
5 Axle Straight =Mmax5as 449.36 ft൉kip =Vmax5as 51.09 kip ≔W5as =38 tonf 76 kip
H20 =Mmaxh20 385.64 ft൉kip =Vmaxh20 37.45 kip ≔Wh20 =20 tonf 40 kip
HS20 (HL93 Truck) =Mmaxhs20 520.73 ft൉kip =Vmaxhs20 56.73 kip ≔Whs20 =36 tonf 72 kip
Tandem Truck =Mmaxtan 501.14 ft൉kip =Vmaxtan 47.73 kip
Lane =Mmaxlane 154.88 ⋅kip ft =Vmaxlane 14.08 kip

Beam Self Weight =Mg 215.53 ⋅kip ft =Vg 19.59 kip

Wear Surface =Mws 35.92 ⋅kip ft =Vws 3.27 kip

Rail (Interior Beam) =Mbint 6.22 ⋅kip ft =Vbint 0.57 kip

Rail (Exterior Beam) =Mbext 32.67 ⋅kip ft =Vbext 2.97 kip
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Live Load Flexural moment interior beam:

≔Mihs20 =⋅⋅gmint (( +%100 IM)) max ⎛⎝ ,Mmaxhs20 Mmaxtan⎞⎠ 210.54 ft൉kip HS20 controls over tandem

≔Milane =⋅gmint Mmaxlane 47.08 ft൉kip

≔Mi3s2 =⋅⋅gmint (( +%100 IM)) Mmax3s2 147.17 ft൉kip
≔Mi6at =⋅⋅gmint (( +%100 IM)) Mmax6at 279.81 ft൉kip
≔Mi3as =⋅⋅gmint (( +%100 IM)) Mmax3as 211.28 ft൉kip
≔Mi4as =⋅⋅gmint (( +%100 IM)) Mmax4as 231.71 ft൉kip
≔Mi5as =⋅⋅gmint (( +%100 IM)) Mmax5as 181.69 ft൉kip
≔Mih20 =⋅⋅gmint (( +%100 IM)) Mmaxh20 155.92 ft൉kip

Live Load Flexural moment exterior beam:

≔Mehs20 =⋅⋅gmext (( +%100 IM)) max ⎛⎝ ,Mmaxhs20 Mmaxtan⎞⎠ 232.01 ft൉kip HS20 controls over tandem

≔Melane =⋅gmext Mmaxlane 51.88 ft൉kip

≔Me3s2 =⋅⋅gmext (( +%100 IM)) Mmax3s2 162.18 ft൉kip
≔Me6at =⋅⋅gmext (( +%100 IM)) Mmax6at 308.34 ft൉kip
≔Me3as =⋅⋅gmext (( +%100 IM)) Mmax3as 232.82 ft൉kip
≔Me4as =⋅⋅gmext (( +%100 IM)) Mmax4as 255.34 ft൉kip
≔Me5as =⋅⋅gmext (( +%100 IM)) Mmax5as 200.21 ft൉kip
≔Meh20 =⋅⋅gmext (( +%100 IM)) Mmaxh20 171.82 ft൉kip
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STRENGTH 1

Flexural Capacity for Strength 1:

≔Mr =⋅12914.672 kip in 1076.22 ⋅kip ft
≔Vr 260.023 kip

Strength 1: Table 6A.4.2.2‐1‐ Load Factors

Prestressed Concrete Strength 1 Dead Load (DC) ≔γDCSTR1 1.25

Prestressed Concrete Strength 1 Dead Load (DW) ≔γDWSTR1 1.50

Prestressed Concrete Strength 1 Design Inventory Live Load ≔γINVSTR1 1.75

Prestressed Concrete Strength 1 Design OperaƟng Live Load ≔γOPSTR1 1.35

Moment Capacity ≔Cmom =Mr 1076.22 ft൉kip

Factored Dead Load ≔Deadint =+⋅γDCSTR1 ⎛⎝ +Mg Mbint⎞⎠ ⋅γDWSTR1 ⎛⎝Mws⎞⎠ 331.08 ft൉kip
≔Deadext =+⋅γDCSTR1 ⎛⎝ +Mg Mbext⎞⎠ ⋅γDWSTR1 ⎛⎝Mws⎞⎠ 364.13 ft൉kip
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RaƟng Factors, Moment Interior Flexure Strength 1:

≔InvRFStr1MI_hl93 =――――――――
−Cmom Deadint

⋅γINVSTR1 ⎛⎝ +Mihs20 Milane⎞⎠
1.65 ≔OpRFStr1MI_hl93 =――――――――

−Cmom Deadint
⋅γOPSTR1 ⎛⎝ +Mihs20 Milane⎞⎠

2.14

≔OpRFStr1MI_3s2 =―――――
−Cmom Deadint

⋅γOPSTR1 ⎛⎝Mi3s2⎞⎠
3.75

≔OpRFStr1MI_6at =―――――
−Cmom Deadint

⋅γOPSTR1 ⎛⎝Mi6at⎞⎠
1.97

≔OpRFStr1MI_3as =―――――
−Cmom Deadint

⋅γOPSTR1 ⎛⎝Mi3as⎞⎠
2.61

≔OpRFStr1MI_4as =―――――
−Cmom Deadint

⋅γOPSTR1 ⎛⎝Mi4as⎞⎠
2.38

≔OpRFStr1MI_5as =―――――
−Cmom Deadint

⋅γOPSTR1 ⎛⎝Mi5as⎞⎠
3.04

≔InvRFStr1MI_h20 =―――――
−Cmom Deadint

⋅γINVSTR1 ⎛⎝Mih20⎞⎠
2.73 ≔OpRFStr1MI_h20 =―――――

−Cmom Deadint
⋅γOPSTR1 ⎛⎝Mih20⎞⎠

3.54

Interior Beam Flexure RaƟng:

≔InvRStr1MI_hl93 =⋅InvRFStr1MI_hl93 Whs20 59.5 tonf ≔OpRStr1MI_hl93 =⋅OpRFStr1MI_hl93 Whs20 77.13 tonf

≔OpRStr1MI_3s2 =⋅OpRFStr1MI_3s2 W3s2 135.02 tonf
≔OpRStr1MI_6at =⋅OpRFStr1MI_6at W6at 130.2 tonf
≔OpRStr1MI_3as =⋅OpRFStr1MI_3as W3as 78.38 tonf
≔OpRStr1MI_4as =⋅OpRFStr1MI_4as W4as 82.18 tonf
≔OpRStr1MI_5as =⋅OpRFStr1MI_5as W5as 115.44 tonf

≔InvRStr1MI_h20 =⋅InvRFStr1MI_h20 Wh20 54.62 tonf ≔OpRStr1MI_h20 =⋅OpRFStr1MI_h20 Wh20 70.8 tonf

≔InvRStr1MI ⎛⎝ ,InvRStr1MI_hl93 InvRStr1MI_h20⎞⎠

≔OpRStr1MI ⎛⎝ ,,,,,,OpRStr1MI_hl93 OpRStr1MI_3s2 OpRStr1MI_6at OpRStr1MI_3as OpRStr1MI_4as OpRStr1MI_5as OpRStr1MI_h20⎞⎠

=InvRStr1MI 54.62 tonf

=OpRStr1MI 70.8 tonf
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RaƟng Factors, Moment Exterior Flexure Strength 1:

≔InvRFStr1ME_hl93 =――――――――
−Cmom Deadext

⋅γINVSTR1 ⎛⎝ +Mehs20 Melane⎞⎠
1.43 ≔OpRFStr1ME_hl93 =――――――――

−Cmom Deadext
⋅γOPSTR1 ⎛⎝ +Mehs20 Melane⎞⎠

1.86

≔OpRFStr1ME_3s2 =―――――
−Cmom Deadext

⋅γOPSTR1 ⎛⎝Me3s2⎞⎠
3.25

≔OpRFStr1ME_6at =―――――
−Cmom Deadext

⋅γOPSTR1 ⎛⎝Me6at⎞⎠
1.71

≔OpRFStr1ME_3as =―――――
−Cmom Deadext

⋅γOPSTR1 ⎛⎝Me3as⎞⎠
2.27

≔OpRFStr1ME_4as =―――――
−Cmom Deadext

⋅γOPSTR1 ⎛⎝Me4as⎞⎠
2.07

≔OpRFStr1ME_5as =―――――
−Cmom Deadext

⋅γOPSTR1 ⎛⎝Me5as⎞⎠
2.63

≔InvRFStr1ME_h20 =―――――
−Cmom Deadext

⋅γINVSTR1 ⎛⎝Meh20⎞⎠
2.37 ≔OpRFStr1ME_h20 =―――――

−Cmom Deadext
⋅γOPSTR1 ⎛⎝Meh20⎞⎠

3.07

Strength 1 Moment Exterior Beam RaƟng:

≔InvRStr1ME_hl93 =⋅InvRFStr1ME_hl93 Whs20 51.6 tonf ≔OpRStr1ME_hl93 =⋅OpRFStr1ME_hl93 Whs20 66.89 tonf

≔OpRFStr1ME_3s2 =⋅OpRFStr1ME_3s2 W3s2 117.09 tonf
≔OpRStr1ME_6at =⋅OpRFStr1ME_6at W6at 112.91 tonf
≔OpRStr1ME_3as =⋅OpRFStr1ME_3as W3as 67.97 tonf
≔OpRStr1ME_4as =⋅OpRFStr1ME_4as W4as 71.27 tonf
≔OpRStr1ME_5as =⋅OpRFStr1ME_5as W5as 100.11 tonf

≔InvRStr1ME_h20 =⋅InvRFStr1ME_h20 Wh20 47.36 tonf ≔OpRStr1ME_h20 =⋅OpRFStr1ME_h20 Wh20 61.4 tonf

≔InvRStr1ME ⎛⎝ ,InvRStr1ME_hl93 InvRStr1ME_h20⎞⎠

≔OpRStr1ME ⎛⎝ ,,,,,,OpRStr1ME_hl93 OpRFStr1ME_3s2 OpRStr1ME_6at OpRStr1ME_3as OpRStr1ME_4as OpRStr1ME_5as OpRStr1ME_h20⎞⎠

=InvRStr1ME 47.36 tonf
=OpRStr1ME 61.4 tonf
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SHEAR INTERIOR, STRENGTH 1

Shear Capacity ≔Cv =Vr 260.02 kip

Factored Dead Load ≔Dvint =+⋅γDCSTR1 ⎛⎝ +Vg Vbint⎞⎠ ⋅γDWSTR1 ⎛⎝Vws⎞⎠ 30.1 kip
≔Dvext =+⋅γDCSTR1 ⎛⎝ +Vg Vbext⎞⎠ ⋅γDWSTR1 ⎛⎝Vws⎞⎠ 33.1 kip

Live Load Shear Interior beam

≔Vihs20 =⋅⋅gvint (( +%100 IM)) max ⎛⎝ ,Vmaxhs20 Vmaxtan⎞⎠ 34.71 kip HS20 controls over tandem

≔Vilane =⋅gvint Vmaxlane 6.48 kip

≔Vi3s2 =⋅⋅gvint (( +%100 IM)) Vmax3s2 26.14 kip
≔Vi6at =⋅⋅gvint (( +%100 IM)) Vmax6at 41.27 kip
≔Vi3as =⋅⋅gvint (( +%100 IM)) Vmax3as 32.2 kip
≔Vi4as =⋅⋅gvint (( +%100 IM)) Vmax4as 35.21 kip
≔Vi5as =⋅⋅gvint (( +%100 IM)) Vmax5as 31.26 kip
≔Vih20 =⋅⋅gvint (( +%100 IM)) Vmaxh20 22.91 kip

Live Load Shear Exterior beam:

≔Vehs20 =⋅⋅gvext (( +%100 IM)) max ⎛⎝ ,Vmaxhs20 Vmaxtan⎞⎠ 41.5 kip HS20 controls over tandem

≔Velane =⋅gvext Vmaxlane 7.74 kip

≔Ve3s2 =⋅⋅gvext (( +%100 IM)) Vmax3s2 31.26 kip
≔Ve6at =⋅⋅gvext (( +%100 IM)) Vmax6at 49.35 kip
≔Ve3as =⋅⋅gvext (( +%100 IM)) Vmax3as 38.5 kip
≔Ve4as =⋅⋅gvext (( +%100 IM)) Vmax4as 42.09 kip
≔Ve5as =⋅⋅gvext (( +%100 IM)) Vmax5as 37.37 kip
≔Veh20 =⋅⋅gvext (( +%100 IM)) Vmaxh20 27.4 kip
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RaƟng Factors, Shear Interior Strength 1:

≔InvRFStr1VI_hl93 =――――――――
−Cv Dvint

⋅γINVSTR1 ⎛⎝ +Vihs20 Vilane⎞⎠
3.19 ≔OpRFStr1VI_hl93 =―――――――

−Cv Dvint
⋅γOPSTR1 ⎛⎝ +Vihs20 Vilane⎞⎠

4.14

≔OpRFStr1VI_3s2 =―――――
−Cv Dvint

⋅γOPSTR1 ⎛⎝Vi3s2⎞⎠
6.52

≔OpRFStr1VI_6at =―――――
−Cv Dvint

⋅γOPSTR1 ⎛⎝Vi6at⎞⎠
4.13

≔OpRFStr1VI_3as =―――――
−Cv Dvint

⋅γOPSTR1 ⎛⎝Vi3as⎞⎠
5.29

≔OpRFStr1VI_4as =―――――
−Cv Dvint

⋅γOPSTR1 ⎛⎝Vi4as⎞⎠
4.84

≔OpRFStr1VI_5as =―――――
−Cv Dvint

⋅γOPSTR1 ⎛⎝Vi5as⎞⎠
5.45

≔InvRFStr1VI_h20 =―――――
−Cv Dvint

⋅γINVSTR1 ⎛⎝Vih20⎞⎠
5.73 ≔OpRFStr1VI_h20 =―――――

−Cv Dvint
⋅γOPSTR1 ⎛⎝Vih20⎞⎠

7.43

Shear Interior Beam RaƟng:

≔InvRStr1VI_hl93 =⋅InvRFStr1VI_hl93 Whs20 114.85 tonf ≔OpRStr1VI_hl93 =⋅OpRFStr1VI_hl93 Whs20 148.88 tonf

≔OpRStr1VI_3s2 =⋅OpRFStr1VI_3s2 W3s2 234.55 tonf
≔OpRStr1VI_6at =⋅OpRFStr1VI_6at W6at 272.35 tonf
≔OpRStr1VI_3as =⋅OpRFStr1VI_3as W3as 158.66 tonf
≔OpRStr1VI_4as =⋅OpRFStr1VI_4as W4as 166.9 tonf
≔OpRStr1VI_5as =⋅OpRFStr1VI_5as W5as 207.05 tonf

≔InvRStr1VI_h20 =⋅InvRFStr1VI_h20 Wh20 114.67 tonf ≔OpRStr1VI_h20 =⋅OpRFStr1VI_h20 Wh20 148.65 tonf

≔InvRStr1VI ⎛⎝ ,InvRStr1VI_hl93 InvRStr1VI_h20⎞⎠

≔OpRStr1VI ⎛⎝ ,,,,,,OpRStr1VI_hl93 OpRStr1VI_3s2 OpRStr1VI_6at OpRStr1VI_3as OpRStr1VI_4as OpRStr1VI_5as OpRStr1VI_h20⎞⎠

=InvRStr1VI 114.67 tonf

=OpRStr1VI 148.65 tonf
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RaƟng Factors, Shear Exterior Strength 1:

≔InvRFStr1VE_hl93 =――――――――
−Cv Dvext

⋅γINVSTR1 ⎛⎝ +Vehs20 Velane⎞⎠
2.63 ≔OpRFStr1VE_hl93 =――――――――

−Cv Dvext
⋅γOPSTR1 ⎛⎝ +Vehs20 Velane⎞⎠

3.41

≔OpRFStr1VE_3s2 =―――――
−Cv Dvext

⋅γOPSTR1 ⎛⎝Ve3s2⎞⎠
5.38

≔OpRFStr1VE_6at =―――――
−Cv Dvext

⋅γOPSTR1 ⎛⎝Ve6at⎞⎠
3.41

≔OpRFStr1VE_3as =―――――
−Cv Dvext

⋅γOPSTR1 ⎛⎝Ve3as⎞⎠
4.37

≔OpRFStr1VE_4as =―――――
−Cv Dvext

⋅γOPSTR1 ⎛⎝Ve4as⎞⎠
3.99

≔OpRFStr1VE_5as =―――――
−Cv Dvext

⋅γOPSTR1 ⎛⎝Ve5as⎞⎠
4.5

≔InvRFStr1VE_h20 =―――――
−Cv Dvext

⋅γINVSTR1 ⎛⎝Veh20⎞⎠
4.73 ≔OpRFStr1VE_h20 =―――――

−Cv Dvext
⋅γOPSTR1 Veh20

6.14

Shear Exterior RaƟng:

≔InvRStr1VE_hl93 =⋅InvRFStr1VE_hl93 Whs20 94.8 tonf ≔OpRStr1VE_hl93 =⋅OpRFStr1VE_hl93 Whs20 122.89 tonf

≔OpRStr1VE_3s2 =⋅OpRFStr1VE_3s2 W3s2 193.61 tonf

≔OpRStr1VE_6at =⋅OpRFStr1VE_6at W6at 224.81 tonf

≔OpRStr1VE_3as =⋅OpRFStr1VE_3as W3as 130.97 tonf

≔OpRStr1VE_4as =⋅OpRFStr1VE_4as W4as 137.76 tonf

≔OpRStr1VE_5as =⋅OpRFStr1VE_5as W5as 170.91 tonf

≔InvRStr1VE_h20 =⋅InvRFStr1VE_h20 Wh20 94.66 tonf ≔OpRStr1VE_h20 =⋅OpRFStr1VE_h20 Wh20 122.7 tonf

≔InvRStr1VE ⎛⎝ ,InvRStr1VE_hl93 InvRStr1VE_h20⎞⎠

≔OpRStr1VE ⎛⎝ ,,,,,,OpRStr1VE_hl93 OpRStr1VE_3s2 OpRStr1VE_6at OpRStr1VE_3as OpRStr1VE_4as OpRStr1VE_5as OpRStr1VE_h20⎞⎠

=InvRStr1VE 94.66 tonf
=OpRStr1VE 122.7 tonf
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SERVICE 3

Capacity for Service 3:

≔fS3allow 0.232 ksi ≔CS3 =fS3allow 0.23 ksi
≔S 2565 in

3
≔Ppe 807.79 kip

≔Ag 855 in
2

≔e 4.318 in

Strength 1: Table 6A.4.2.2‐1‐ Load Factors

Prestressed Concrete Strength 1 Dead Load (DC) ≔γDCServ3 1.00

Prestressed Concrete Strength 1 Dead Load (DW) ≔γDWServ3 1.00

Prestressed Concrete Strength 1 Design Inventory Live Load ≔γINVServ3 0.80

Moment Capacity ≔CS3 =fS3allow 0.23 ksi

Factored Dead Load ≔DS3int =+⋅γDCServ3 ⎛⎝ +Mg Mbint⎞⎠ ⋅γDWServ3 ⎛⎝Mws⎞⎠ 257.68 ft൉kip
≔DS3ext =+⋅γDCServ3 ⎛⎝ +Mg Mbext⎞⎠ ⋅γDWServ3 ⎛⎝Mws⎞⎠ 284.12 ft൉kip
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RaƟng Factors, Moment Interior Service 3:

≔InvRFS3MI_hl93 =――――――――――

+−CS3
⎛
⎜⎝
――
DS3int
S

⎞
⎟⎠

⎛
⎜
⎝

+――
Ppe
Ag

――
⋅Ppe e

S

⎞
⎟
⎠

⋅γINVServ3 ―――――
⎛⎝ +Mihs20 Milane⎞⎠

S

1.38

≔InvRFS3MI_h20 =――――――――――

+−CS3
⎛
⎜⎝
――
DS3int
S

⎞
⎟⎠

⎛
⎜
⎝

+――
Ppe
Ag

――
⋅Ppe e

S

⎞
⎟
⎠

⋅γINVServ3 ―――
⎛⎝Mih20⎞⎠

S

2.28

Service 3 Moment Interior RaƟng:

≔InvRS3MI_hl93 =⋅InvRFS3MI_hl93 Whs20 49.7 tonf

≔InvRS3MI_h20 =⋅InvRFS3MI_h20 Wh20 45.62 tonf

≔InvRS3MI ⎛⎝ ,InvRS3MI_hl93 InvRS3MI_h20⎞⎠

=InvRS3MI 45.62 tonf
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RaƟng Factors, Service 3 Moment Exterior Beam RaƟng:

≔InvRFS3ME_hl93 =――――――――――

+−CS3
⎛
⎜⎝
――
DS3ext
S

⎞
⎟⎠

⎛
⎜
⎝

+――
Ppe
Ag

――
⋅Ppe e

S

⎞
⎟
⎠

⋅γINVServ3 ――――――
⎛⎝ +Mehs20 Melane⎞⎠

S

1.14

≔InvRFS3ME_h20 =――――――――――

+−CS3
⎛
⎜⎝
――
DS3ext
S

⎞
⎟⎠

⎛
⎜
⎝

+――
Ppe
Ag

――
⋅Ppe e

S

⎞
⎟
⎠

⋅γINVServ3 ―――
⎛⎝Meh20⎞⎠

S

1.88

Service 3 Moment Exterior Beam RaƟng:

≔InvRFS3ME_hl93 =⋅InvRFS3ME_hl93 Whs20 40.91 tonf

≔InvRS3ME_h20 =⋅InvRFS3ME_h20 Wh20 37.55 tonf

≔InvRS3ME ⎛⎝ ,InvRFS3ME_hl93 InvRS3ME_h20⎞⎠

=InvRS3ME 37.55 tonf
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