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Project: Rockingham VT Bridge
Contractor: Cold River Bridges

Value Engineering Design: Calderwood Engineering
Design Computa ons by:  Eric T. Calderwood, PE
Design Check Computa ons by: Gregory MacAlister, EIT

Project Notes:

VTrans Structural Design Manual
4.3.2 Live Load Distribu on: use controlling value of lever rule to det. amount of load on exterior beam.  For 
interior and exterior beams, use controlling (larger) distribu on factor calculated for one lane loaded, two lanes 
loaded or 3 or more loaded for flexure. Same for shear loca ons within span and at sprts. Controlling distribu on 
factor will be larger of these.
For deflec on, g shall be =  max # lanes loaded / # beams * respec ve mul presence factor (m).
Calculate fa gue distribu on factors similarly but with only one lane loaded.
5.1.1.1.1: Concrete, high performance class A for bridge decks placed on steel
5.1.2.6:  Minimum Concrete Cover
5.2.1.1.1: Cast in Place Concrete Minimum deck thickness, paved deck, 8.5" 
5.2.5: Minimum Reinforcement, #5 bars at 12" for reinforcing steel
6.3.2 Steel plate thicknesses
‐Min: PL girder web ‐0.5"

PL girder flange ‐ 7/8"
transverse connec on plates ‐ 0.5"
gusset plates ‐ 0.5"

‐Max: 
Bent connec on plates‐ 0.75"

6.3.6 Girder Flange Propor ons
‐ Recommended minimum: 16"

Intermediate Diagraphrams for 24"‐48" Bridge Beams:
‐ for 31"‐36" depth plate girder web, use W27x84 Diaphram Member, number of bolts (N) = 7

≔Lpos =++⋅(( +49 ft 3 in)) 2 33 ft 6 in 132 ft total length of Posi ve Moment Girder sec on

≔Lneg =⋅34 ft 2 68 ft total length of Nega ve Moment Girder sec on

Flange Transi on loca ons:   49'‐3"
points of contraflexure: 83'‐3"

116'‐9"    (field splice)
150'‐9" 
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Distribu on Factors: 
Table 4.6.2.2.1‐2 L for use in LL Distribu on Factor Equa ons
+M: length of span for which moment is being calculated
‐M (near interior sprts of con nuous spans): average length of two adjacent spans
V: length of span for which shear is calculated
Rext: length of exterior span
Rint: avg length of two adjacent spans

≔K1 1.0

≔γc 150 pcf

≔f 'c 4 ksi ≔Ec ⋅⋅⋅33000 K1
⎛
⎜
⎜
⎜⎝

⎛
⎜
⎜
⎝

――
γc

――
kip

ft
3

⎞
⎟
⎟
⎠

1.5⎞
⎟
⎟
⎟⎠

‾‾‾‾‾⋅f 'c ksi =Ec 3834.25 ksi

Beam geometry/ Area/ y/ Iox/ Ioy Posi ve Moment Region

≔bbf 16.0 in
≔tbf 1.0625 in ≔Abf =⋅bbf tbf 0.12 ft

2
≔ybf ―
tbf
2

≔Ioxbf ―――
⋅bbf tbf

3

12
≔Ioybf ―――

⋅tbf bbf
3

12
≔dw 35 in
≔tw 0.4375 in ≔Aw =⋅dw tw 0.11 ft

2
≔yw +tbf ―

dw
2

≔Ioxw ―――
⋅tw dw

3

12
≔Ioyw ―――

⋅dw tw
3

12
≔btf 16.0 in
≔ttf 1.0625 in ≔Atf =⋅btf ttf 0.12 ft

2
≔ytf ++tbf dw ―

ttf
2

≔Ioxtf ―――
⋅btf ttf

3

12
≔Ioytf ―――

⋅ttf btf
3

12
≔dbeam =++ttf dw tbf 37.13 in

≔Ag =++⋅btf ttf ⋅bbf tbf ⋅dw tw 49.31 in
2

≔ybar =――――――――
⎛⎝ ++⋅Abf ybf ⋅Aw yw ⋅Atf ytf⎞⎠

Ag
18.56 in

≔Ix +++++Ioxbf ⋅Abf ⎛⎝ −ybf ybar⎞⎠
2

Ioxw ⋅Aw ⎛⎝ −yw ybar⎞⎠
2

Ioxtf ⋅Atf ⎛⎝ −ytf ybar⎞⎠
2

=Ix 12620.63 in
4

≔Iy ++Ioybf Ioyw Ioytf
=Iy 725.58 in

4
≔Stf =――――

Ix
⎛⎝ −dbeam ybar⎞⎠

679.9 in
3

≔Sbf =――
Ix
ybar

679.9 in
3

≔Itbf =+―――
⋅bbf

3
tbf

12
⋅―

dw
6

――
tw

3

12
362.71 in

4
≔Atbf =+⋅bbf tbf ⋅―

dw
6

tw 19.55 in
2

≔Ittf =+―――
⋅btf

3
ttf

12
⋅―

dw
6

――
tw

3

12
362.71 in

4
≔Attf =+⋅btf ttf ⋅―

dw
6

tw 19.55 in
2

≔rtbf =
‾‾‾‾
――
Itbf
Atbf

4.31 in ≔rttf =
‾‾‾
――
Ittf
Attf

4.31 in

/ / / /
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Beam geometry/ Area/ y/ Iox/ Ioy Nega ve Moment Region (flange widths only change)

≔bbfnm 18.375 in
≔tbf 1.0625 in ≔Abfnm =⋅bbfnm tbf 0.14 ft

2
≔ybfnm ―
tbf
2

≔Ioxbfnm ――――
⋅bbfnm tbf

3

12
≔Ioybfnm ――――

⋅tbf bbfnm
3

12

≔btfnm 18.375 in
≔ttf 1.0625 in ≔Atfnm =⋅btfnm ttf 0.14 ft

2
≔ytfnm ++tbf dw ―

ttf
2

≔Ioxtfnm ―――
⋅btfnm ttf

3

12
≔Ioytfnm ―――

⋅ttf btfnm
3

12

≔Agnm =++Abfnm Aw Atfnm 54.36 in
2

≔ybarnm =――――――――――
⎛⎝ ++⋅Abfnm ybf ⋅Aw yw ⋅Atfnm ytf⎞⎠

Agnm
18.56 in

≔Ixnm +++++Ioxbfnm ⋅Abfnm ⎛⎝ −ybfnm ybarnm⎞⎠
2

Ioxw ⋅Aw ⎛⎝ −yw ybarnm⎞⎠
2

Ioxtfnm ⋅Atfnm ⎛⎝ −ytfnm ybarnm⎞⎠
2

=Ixnm 14261.98 in
4

≔Iynm ++Ioybfnm Ioyw Ioytfnm

=Iynm 1098.9 in
4

≔Stfnm =―――――
Ixnm

⎛⎝ −dbeam ybarnm⎞⎠
768.32 in

3
≔Sbfnm =――

Ixnm
ybarnm

768.32 in
3

≔Itbfnm =+――――
⋅bbfnm

3
tbf

12
⋅―

dw
6

――
tw

3

12
549.37 in

4
≔Atbfnm =+⋅bbfnm tbf ⋅―

dw
6

tw 22.08 in
2

≔Ittfnm =+―――
⋅btfnm

3
ttf

12
⋅―

dw
6

――
tw

3

12
549.37 in

4
≔Attfnm =+⋅btfnm ttf ⋅―

dw
6

tw 22.08 in
2

≔rtbfnm =
‾‾‾‾‾
――
Itbfnm
Atbfnm

4.99 in ≔rttfnm =
‾‾‾‾‾
――
Ittfnm
Attfnm

4.99 in

≔tdeck 9.0 in ≔OH =+2 ft 7 in 2.58 ft
≔skew 30 deg ≔OHph =+3 ft 10 in 3.83 ft Temporary overhang due to phase 

construc on (at G2)
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Moment Interior Beam
(Table 4.6.2.2.2b‐1)

where,
S ‐ beam spacing( )
L ‐ span length of beam ( )
Kg ‐ longitudinal s ffness parameter (in^4) 
(4.6.2.2.1‐1) n ‐ ra o of modulus of 
elas cicy of beam and deck, A‐
ts‐ depth of concrete slab (in), eg‐distance 
between cg of basic beam and deck 
(assume deck cg h/2)

≔S =+10 ft 6 in 10.5 ft
≔LAPRCH 65.5 ft ≔LMAIN 69 ft ≔LnegM =―――――

⎛⎝ +LAPRCH LMAIN⎞⎠

2
67.25 ft

≔EB 29000 ksi
≔ED Ec
≔eg =+dbeam ――

tdeck
2

3.47 ft ≔n ―
EB
ED

≔ts tdeck

≔Kgpos ⋅n ⎛⎝ +Ix ⋅Ag eg
2 ⎞⎠ ≔Kgneg ⋅n ⎛⎝ +Ixnm ⋅Agnm eg

2 ⎞⎠

=Kgpos 741678.33 in
4

=Kgneg 820230.05 in
4

Moment Interior, Approach span, one lane loaded

≔g1MI1L +0.06 ⋅⋅
⎛
⎜⎝
――
S

⋅14 ft

⎞
⎟⎠

0.4
⎛
⎜⎝
―――

S

LAPRCH

⎞
⎟⎠

0.3 ⎛
⎜
⎝
―――――

Kgpos

⋅⋅12.0 LAPRCH ts
3

⎞
⎟
⎠

0.1

=g1MI1L 0.47
Moment Interior, Approach span, 
two or more lanes loaded

≔g1MI2L +0.075 ⋅⋅
⎛
⎜⎝
――
S

9.5 ft

⎞
⎟⎠

0.6
⎛
⎜⎝
―――

S

LAPRCH

⎞
⎟⎠

0.2 ⎛
⎜
⎝
―――――

Kgpos

⋅⋅12.0 LAPRCH ts
3

⎞
⎟
⎠

0.1

=g1MI2L 0.66
Moment Interior, Neg. Moment, 
one lane loaded

≔g2MI1L +0.06 ⋅⋅
⎛
⎜⎝
――
S

⋅14 ft

⎞
⎟⎠

0.4
⎛
⎜⎝
――
S

LnegM

⎞
⎟⎠

0.3 ⎛
⎜
⎝
―――――

Kgneg

⋅⋅12.0 LnegM ts
3

⎞
⎟
⎠

0.1

=g2MI1L 0.47

Moment Interior, Neg. Mom, 
two or more lanes loaded

≔g2MI2L +0.075 ⋅⋅
⎛
⎜⎝
――
S

9.5 ft

⎞
⎟⎠

0.6
⎛
⎜⎝
――
S

LnegM

⎞
⎟⎠

0.2 ⎛
⎜
⎝
―――――

Kgneg

⋅⋅12.0 LnegM ts
3

⎞
⎟
⎠

0.1

=g2MI2L 0.67
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Moment Interior, Main span, 
one lane loaded

≔g3MI1L +0.06 ⋅⋅
⎛
⎜⎝
――
S

⋅14 ft

⎞
⎟⎠

0.4
⎛
⎜⎝
――
S

LMAIN

⎞
⎟⎠

0.3 ⎛
⎜
⎝
―――――

Kgpos

⋅⋅12.0 LMAIN ts
3

⎞
⎟
⎠

0.1

=g3MI1L 0.46

Moment Interior, Main span, two or more lanes loaded

≔g3MI2L +0.075 ⋅⋅
⎛
⎜⎝
――
S

9.5 ft

⎞
⎟⎠

0.6
⎛
⎜⎝
――
S

LMAIN

⎞
⎟⎠

0.2 ⎛
⎜
⎝
―――――

Kgpos

⋅⋅12.0 LMAIN ts
3

⎞
⎟
⎠

0.1

=g3MI2L 0.66

≔gMIcontrol =max ⎛⎝ ,,,,,g3MI2L g3MI1L g2MI2L g2MI1L g1MI2L g1MI1L⎞⎠ 0.67
Moment Exterior 
(Table 4.6.2.2.2d‐1)

one lane loaded, Lever Rule

same for approach spans, main span and 
nega ve moment regions

≔LE1MEL1 =――――――――――
⋅0.5 (( −⋅2 (( −+S OH 2.83 ft)) 6 ft))

S
0.69

Table 3.6.1.1.2‐1, Mul presence 
factor (m)

≔m1L 1.20 ≔m2L 1.00

≔g1MEL1 =⋅m1L LE1MEL1 0.83

two or more lanes loaded:

≔de =−+2 ft 7 in 10 in 1.75 ft

≔e +0.77 ――
de

9.1 ft

≔g1MEL2 =⋅m2L ⎛⎝ ⋅e g1MI2L⎞⎠ 0.64 posi ve moment approach span

≔g2MEL2 =⋅m2L ⎛⎝ ⋅e g2MI2L⎞⎠ 0.64 nega ve moment region

≔g3MEL2 =⋅m2L ⎛⎝ ⋅e g3MI2L⎞⎠ 0.63 posi ve moment main span
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It should be noted that according to the 
VTrans Structures Manual 2010 the rigid 
cross‐sec on or pile distribu on factor is 
not required for the design of exterior 
beams

≔Nb 4

Skew Adjustment factor neglected for 
Moment (as skew adjustment reduces 
moment this is a conserva ve approach)

≔gpm =max ⎛⎝ ,,,,,,g1MEL2 g3MEL2 g1MEL1 g3MI2L g3MI1L g1MI2L g1MI1L⎞⎠ 0.83
Posi ve moment distribu on

≔gnm =max ⎛⎝ ,,,g2MEL2 g1MEL1 g2MI1L g2MI2L⎞⎠ 0.83 Nega ve moment distribu on

≔gposfatm =―――――――――
max ⎛⎝ ,,g1MEL1 g1MI1L g3MI1L⎞⎠

m1L

0.69 Posi ve moment fa gue distribu on

≔gnegfatm =―――――――
max ⎛⎝ ,g1MEL1 g2MI1L⎞⎠

m1L

0.69 Nega ve moment fa gue distribu on
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Shear Interior Beam
(Table 4.6.2.2.3a‐1)

Shear Interior, one lane loaded

≔g1VIL1 +0.36 ―――
S

25.0 ft

=g1VIL1 0.78

Shear Interior, two or more lanes 
loaded

Shear Exterior Beam
(Table 4.6.2.2.3b‐1)

≔g1VIL2 −+0.2 ――
S

12 ft

⎛
⎜⎝
――
S

35 ft

⎞
⎟⎠

2.0

one lane loaded, Lever Rule =g1VIL2 0.99

≔g1VEL1 =⋅m1L LE1MEL1 0.83

two or more lanes loaded

≔de =−OH 10 in 1.75 ft

≔e =+0.60 ――
de
10 ft

0.78

≔g1VEL2 =⋅m2L ⎛⎝ ⋅e g1VIL1⎞⎠ 0.6

Skew Correc on factor for Shear:
LRFD 4.6.2.2.3c‐skewed bridges

≔Corskapr =+1 ⋅⋅0.20

⎛
⎜
⎜
⎝
―――――――

⎛
⎜⎝

⋅⋅⋅12 ―
in

ft
LAPRCH tdeck

3 ⎞
⎟⎠

Kgpos

⎞
⎟
⎟
⎠

0.3

tan ((skew)) 1.107

≔Corskneg =+1 ⋅⋅0.20

⎛
⎜
⎜
⎝
―――――――

⎛
⎜⎝

⋅⋅⋅12 ―
in

ft
LnegM tdeck

3 ⎞
⎟⎠

Kgneg

⎞
⎟
⎟
⎠

0.3

tan ((skew)) 1.105

≔Corskmain =+1 ⋅⋅0.20

⎛
⎜
⎜
⎝
―――――――

⎛
⎜⎝

⋅⋅⋅12 ―
in

ft
LMAIN tdeck

3 ⎞
⎟⎠

Kgpos

⎞
⎟
⎟
⎠

0.3

tan ((skew)) 1.109

≔Corsk =max ⎛⎝ ,,Corskapr Corskmain Corskneg⎞⎠ 1.11 Using highest calculated skew adjustment 
factor for shear

Controlling Shear Dis bu on 
Factor:

≔gv =⋅Corsk max ⎛⎝ ,,,g1VEL1 g1VEL2 g1VIL2 g1VIL1⎞⎠ 1.09

≔gvfat =⋅Corsk ――――――
max ⎛⎝ ,g1VEL1 g1VIL1⎞⎠

m1L

0.77
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Dead Load Computa ons:
115% of steel weight to account for 
connec on plates, diaphragms, weldments, 
& 1/16" add'l thickness on plates

≔Wstl =――――――――――――――――
+⋅⋅⋅Ag 490 pcf %115 Lpos ⋅⋅⋅Agnm 490 pcf %115 Lneg

+Lpos Lneg
199.68 plf

=Wstl 0.2 klf

≔Wextdeck =⋅⋅
⎛
⎜⎝

+―
S

2
OH

⎞
⎟⎠
tdeck 150 pcf 881.25 plf

=Wextdeck 0.88 klf

≔Wintdeck =⋅⋅S tdeck 150 pcf 1181.25 plf
=Wintdeck 1.18 klf

≔Wextpvt =⋅⋅
⎛
⎜⎝

−+―
S

2
OH 10 in

⎞
⎟⎠
3.25 in 145 pcf 274.9 plf

=Wextpvt 0.27 klf

≔Wintpvt =⋅⋅S 3.25 in 145 pcf 412.34 plf
=Wintpvt 0.41 klf

60% of railing load applied to exterior 
girders, steel railing taken at 25plf on top 
of concrete railing

≔Wextrail =⋅⋅%60 2 ―――――――――――――
(( +⋅⋅10 in (( +2 ft 3.25 in)) 150 pcf 25 plf))

2
185.31 plf

=Wextrail 0.19 klf

≔Wintrail =⋅⋅%40 2 ―――――――――――――
(( +⋅⋅10 in (( +2 ft 3.25 in)) 150 pcf 25 plf))

⎛⎝ −Nb 2⎞⎠
123.54 plf

=Wintrail 0.12 klf
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HS 20 load unfactored ‐
undistributed without dynamic 
load allowance

3.6.1.2.2 truck defini on

=Mmaxhs20 698.16 ft kip =Vmaxhs20 61.3 kip
=Mminhs20 −430.97 ft kip =M2neghs20 −376.82 ft kip

=Rahs20 52.94 kip =Rphs20 69.83 kip
=Mspmaxhs20 410.84 ft kip =Mspminhs20 −291.67 ft kip

=Vsphs20 41.69 kip
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Nega ve Moment Truck Train load 
unfactored ‐ undistributed 
without dynamic load allowance
(90% of HS‐20 truck train figured)

3.6.1.3 90% of two HS 20 trucks with 14' 
axle spacing and 50' from the rear axle of 
the front truck to the front axle of the rear 
truck.

=Mmaxnmtt 640.58 ft kip =Vmaxnmtt 56.05 kip
=Mminnmtt −636.91 ft kip =M2negnmtt −429.02 ft kip

=Ranmtt 47.65 kip =Rpnmtt 70.08 kip
=Mspminnmtt −262.99 ft kip =Mspmaxnmtt 344.62 ft kip

=Vspnmtt 38.76 kip
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Design Tandem Load,
Unfactored, Undistributed, with 
no dynamic load allowance

LRFD 3.6.1.2.3

=Mmaxtan 626.66 ft kip =Vmaxtan 48.12 kip
=Mmintan −327.1 ft kip =M2negtan −286 ft kip

=Ratan 45.63 kip =Rptan 50.06 kip
=Mspmintan −221.37 ft kip =Mspmaxtan 388.09 ft kip

=Vsptan 30.12 kip
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Fa gue Truck
Unfactored, Undistributed, with 
no dynamic load allowance

LRFD 3.6.1.4

=Mmaxfat 530.77 ft kip =Vmaxfat 54.11 kip
=Mminfat −369.79 ft kip =M2negfat −297.19 ft kip

=Mmaxrange 647.7 ft kip =Mminrange −456.98 ft kip
=Mspfatmax 321.98 ft kip =Mspfatmin −230.03 ft kip
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Uniform load Maximixed for Posi ve Moment approach spans govern by 
inspec on therefor spans 1 & 3 loaded, span 2 not loaded

=M13max 432.36 ft kip =V13max 35.92 kip
=M13min −207.85 ft kip ≔M2neg13 =M13min −207.85 ft kip

=Ra13 29.58 kip =Rp13 35.92 kip
=Msp13 −207.85 ft kip =Vsp13 0 kip
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Uniform load Maximized for Nega ve Moment, spans 1 & 2 
loaded, span 3 unloaded

=M12max 305.82 ft kip =V12max 40.73 kip
=M12min −522.54 ft kip =M2neg12 −277.22 ft kip

=Ra12 24.77 kip =Rp12 80.32 kip
=Mspmax12 187.38 ft kip =Mspmin12 −30.53 ft kip =Vsp12 21.84 kip
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Uniform load all spans loaded

=M123max 334.5 ft kip =V123max 39.63 kip
=M123min −450.83 ft kip =M2neg123 −236.58 ft kip

=Ra123 25.87 kip =Rp123 74.13 kip
=Msp123 −1.81 ⋅ft kip =Vsp123 16.75 kip
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Uniform load Span #1 only loaded (max fluid load posi ve moment)

=M1max 403.01 ft kip =V1max 37.02 kip
=M1min −279.56 ft kip =M2neg1 0 ft kip

=Ra1 28.48 kip =Rp1 42.11 kip
=Msp1 −189.19 ft kip =Vsp1 5.09 kip
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Flexural Design: Calcula on of 
Maximum Moments

Strenth I:

≔γll 1.75 ≔IM %33 ≔γdc 1.25 ≔γdw 1.5

Posi ve Moments

≔M1LL&I ⋅⋅γll gpm
⎛
⎜⎝

+⋅(( +%100 IM)) max ⎛⎝ ,Mmaxhs20 Mmaxtan⎞⎠ ⋅
⎛
⎜⎝
―――

⋅0.64 klf

1 klf

⎞
⎟⎠
max ⎛⎝ ,M13max M123max⎞⎠

⎞
⎟⎠

=M1LL&I 1748.44 ft kip

≔M1 luidext =⋅⋅γdc ―――
Wextdeck

1 klf
M123max 368.47 ft kip

≔M1 luidint =⋅⋅γdc ―――
Wintdeck

1 klf
M123max 493.91 ft kip

≔M1beam =⋅⋅γdc ――
Wstl

1 klf
M123max 83.49 ft kip

≔M1railext =⋅⋅γdc ―――
Wextrail

1 klf
M123max 77.48 ft kip

≔M1railint =⋅⋅γdc ―――
Wintrail

1 klf
M123max 51.66 ft kip

≔M1pvtext =⋅⋅γdw ―――
Wextpvt

1 klf
M123max 137.93 ft kip

≔M1pvtint =⋅⋅γdw ―――
Wintpvt

1 klf
M123max 206.89 ft kip

≔M1str1ext =++++M1LL&I M1beam M1 luidext M1railext M1pvtext 2415.82 ft kip

≔M1str1int =++++M1LL&I M1beam M1 luidint M1railint M1pvtint 2584.39 ft kip
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Nega ve Moments:

≔M2LL&I ⋅⋅γll gnm
⎛
⎜⎝

+⋅(( +%100 IM)) ⎛⎝ ,Mminhs20 Mminnmtt⎞⎠ ⋅―――
⋅0.64 klf

1 klf
⎛⎝ ,M123min M12min⎞⎠

⎞
⎟⎠

=M2LL&I −1713.98 ft kip

≔M2 luidext =⋅⋅γdc ―――
Wextdeck

1 klf
M123min −496.62 ft kip

≔M2 luidint =⋅⋅γdc ―――
Wintdeck

1 klf
M123min −665.68 ft kip

≔M2beam =⋅⋅γdc ――
Wstl

1 klf
M123min −112.53 ft kip

≔M2railext =⋅⋅γdc ―――
Wextrail

1 klf
M123min −104.43 ft kip

≔M2railint =⋅⋅γdc ―――
Wintrail

1 klf
M123min −69.62 ft kip

≔M2pvtext =⋅⋅γdw ―――
Wextpvt

1 klf
M123min −185.9 ft kip

≔M2pvtint =⋅⋅γdw ―――
Wintpvt

1 klf
M123min −278.84 ft kip

≔M2str1ext =++++M2LL&I M2beam M2 luidext M2railext M2pvtext −2613.45 ft kip

≔M2str1int =++++M2LL&I M2beam M2 luidint M2railint M2pvtint −2840.65 ft kip
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Nega ve Moments @ 0.1xL from 
pier: 

≔M3LL&I ⋅⋅γll gnm
⎛
⎜⎝

+⋅(( +%100 IM)) ⎛⎝ ,M2neghs20 M2negnmtt⎞⎠ ⋅―――
⋅0.64 klf

1 klf
⎛⎝ ,M2neg123 M2neg12⎞⎠

⎞
⎟⎠

=M3LL&I −1085.12 ft kip

≔M3 luidext =⋅⋅γdc ―――
Wextdeck

1 klf
M2neg123 −260.61 ft kip

≔M3 luidint =⋅⋅γdc ―――
Wintdeck

1 klf
M2neg123 −349.33 ft kip

≔M3beam =⋅⋅γdc ――
Wstl

1 klf
M2neg123 −59.05 ft kip

≔M3railext =⋅⋅γdc ―――
Wextrail

1 klf
M2neg123 −54.8 ft kip

≔M3railint =⋅⋅γdc ―――
Wintrail

1 klf
M2neg123 −36.53 ft kip

≔M3pvtext =⋅⋅γdw ―――
Wextpvt

1 klf
M2neg123 −97.55 ft kip

≔M3pvtint =⋅⋅γdw ―――
Wintpvt

1 klf
M2neg123 −146.33 ft kip

≔M3str1ext =++++M3LL&I M3beam M3 luidext M3railext M3pvtext −1557.14 ft kip

≔M3str1int =++++M3LL&I M3beam M3 luidint M3railint M3pvtint −1676.37 ft kip
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Capacity of Posi ve Moment 
Regions ‐ Strength Capacity

Exterior Girders ‐ Composite 
proper es:

≔AdeckexLT =⋅⋅
⎛
⎜⎝

+―
S

2
OH

⎞
⎟⎠
tdeck ――

ED
⋅3 EB

0.26 ft
2

≔AdeckexST =⋅⋅
⎛
⎜⎝

+―
S

2
OH

⎞
⎟⎠
tdeck ―

ED
EB

0.78 ft
2

≔yexlt =―――――――――――

⎛
⎜⎝

+⋅AdeckexLT
⎛
⎜⎝

+――
tdeck
2

dbeam
⎞
⎟⎠

⋅Ag ybar
⎞
⎟⎠

⎛⎝ +Ag AdeckexLT⎞⎠
28.49 in

≔yexst =―――――――――――

⎛
⎜⎝

+⋅AdeckexST
⎛
⎜⎝

+――
tdeck
2

dbeam
⎞
⎟⎠

⋅Ag ybar
⎞
⎟⎠

⎛⎝ +Ag AdeckexST⎞⎠
34.57 in

≔dtot =+++tdeck ttf dw tbf 46.13 in

≔IextLT +++⋅⋅tdeck
3 ⎛

⎜⎝
+―

S

2
OH

⎞
⎟⎠

――
ED
⋅3 EB

⋅AdeckexLT
⎛
⎜⎝

−−dtot ――
tdeck
2

yexlt
⎞
⎟⎠

2

Ix ⋅Ag ⎛⎝ −yexlt ybar⎞⎠
2

=IextLT 26933.39 in
4

≔SextfLT =―――――
IextLT

⎛⎝ −dbeam yexlt⎞⎠
3119.87 in

3
≔SexbfLT =――
IextLT
yexlt

945.29 in
3

≔IextST +++⋅⋅tdeck
3 ⎛

⎜⎝
+―

S

2
OH

⎞
⎟⎠

―
ED
EB

⋅AdeckexST
⎛
⎜⎝

−−dtot ――
tdeck
2

yexst
⎞
⎟⎠

2

Ix ⋅Ag ⎛⎝ −yexst ybar⎞⎠
2

=IextST 39884.01 in
4

≔SextfST =―――――
IextST

⎛⎝ −dbeam yexst⎞⎠
15601.21 in

3
≔SexbfST =――
IextST
yexst

1153.77 in
3
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Interior Girders ‐ Composite 
proper es:

≔AdeckinLT =⋅⋅S tdeck ――
ED
⋅3 EB

0.35 ft
2

≔AdeckinST =⋅⋅S tdeck ―
ED
EB

1.04 ft
2

≔yinlt =―――――――――――

⎛
⎜⎝

+⋅AdeckinLT
⎛
⎜⎝

+――
tdeck
2

dbeam
⎞
⎟⎠

⋅Ag ybar
⎞
⎟⎠

⎛⎝ +Ag AdeckinLT⎞⎠
30.17 in

≔yinst =―――――――――――

⎛
⎜⎝

+⋅AdeckinST
⎛
⎜⎝

+――
tdeck
2

dbeam
⎞
⎟⎠

⋅Ag ybar
⎞
⎟⎠

⎛⎝ +Ag AdeckinST⎞⎠
35.92 in

=dtot 46.13 in

≔IintLT +++⋅⋅tdeck
3
S ――

ED
⋅3 EB

⋅AdeckinLT
⎛
⎜⎝

−−dtot ――
tdeck
2

yinlt
⎞
⎟⎠

2

Ix ⋅Ag ⎛⎝ −yinlt ybar⎞⎠
2

=IintLT 29870.78 in
4

≔SintfLT =――――
IintLT

⎛⎝ −dbeam yinlt⎞⎠
4295.47 in

3
≔SinbfLT =――
IintLT
yinlt

990.05 in
3

≔IintST +++⋅⋅tdeck
3
S ―

ED
EB

⋅AdeckinST
⎛
⎜⎝

−−dtot ――
tdeck
2

yinst
⎞
⎟⎠

2

Ix ⋅Ag ⎛⎝ −yinst ybar⎞⎠
2

=IintST 44502.03 in
4

≔SintfST =―――――
IintST

⎛⎝ −dbeam yinst⎞⎠
36842.66 in

3
≔SinbfST =――
IintST
yinst

1239.02 in
3
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Calcula on of yield moment at 
Strength I condi on Exterior Girder:

Appendix D6.2.2 Composite Sec ons in 
Posi ve Flexure

≔Fy 50 ksi

≔MD1ext =+M1 luidext M1beam 451.96 ft kip

≔MD2ext =+M1pvtext M1railext 215.41 ft kip

≔MADexttf =⋅SextfST
⎛
⎜
⎝

−−Fy ――
MD1ext

Stf
――
MD2ext

SextfLT

⎞
⎟
⎠

53556.93 ft kip

≔MADextbf =⋅SexbfST
⎛
⎜
⎝

−−Fy ――
MD1ext

Sbf
――
MD2ext

SexbfLT

⎞
⎟
⎠

3777.47 ft kip

≔MADext =⎛⎝ ,MADexttf MADextbf⎞⎠ 3777.47 ft kip

≔Myext =++MADext MD1ext MD2ext 4444.85 ft kip
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Check Plas c Moment:

Appendix D6.1‐1 Composite Sec ons in 
Posi ve Flexure

≔PSe =⋅⋅⋅0.85 f'c
⎛
⎜⎝

+―
S

2
OH

⎞
⎟⎠
tdeck 2876.4 kip

≔PC =⋅Fy Atf 850 kip per Appendix Pc stands for Compression 
flange

≔PW =⋅Fy Aw 765.63 kip

≔PT =⋅Fy Abf 850 kip per Appendix Pt stands for Tension flange

≔Case =if

else if

else

>⎛⎝ +PT PW⎞⎠ ⎛⎝ +PC PSe⎞⎠
‖
‖1

>⎛⎝ ++PT PW PC⎞⎠ ⎛⎝PSe⎞⎠
‖
‖2

‖
‖3

3
The Plas c Neutral Axis is in the concrete 
deck this is not unexpected, the reinforcing 
steel is neglected as part of the sec on for 
the sake of simplicity and conserva sm.

≔Ypexbar =⋅tdeck ―――――
⎛⎝ ++PC PW PT⎞⎠

PSe
7.71 in

≔dtfe =+−tdeck Ypexbar ―
ttf
2

1.82 in

≔dwe =++dtfe ―
ttf
2

―
dw
2

19.85 in

≔dbfe =++dwe ―
dw
2

―
tbf
2

37.88 in

≔Mpex =+⋅Ypexbar
2

―――
PSe
⋅2 tdeck

⎛⎝ ++⋅PC dtfe ⋅PW dwe ⋅PT dbfe⎞⎠ 4870.67 ft kip
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Nominal Flexural resistance per LRFD 
6.10.7.1.2

≔Dpex =Ypexbar 7.71 in

≔Dtot =+tdeck dbeam 46.13 in

=――
Dpex
Dtot

0.17 Dp/Dtot > 0.1 therefor full plas c moment 
cannot be reached

≔Mnex =⋅Mpex
⎛
⎜
⎝

−1.07 ⋅0.7 ――
Dpex
Dtot

⎞
⎟
⎠

4641.36 ft kip

≔φf 1.00 Resistance Factor from LRFD 6.5.4.2

≔Mrex =⋅φf ⎛⎝ ,Mnex ⋅1.3 Myext⎞⎠ 4641.36 ft kip Nominal moment capacity must be less 
than 1.3x the yield moment per 
6.10.7.1.2‐3

=M1str1ext 2415.82 ft kip

=if

else

>Mrex M1str1ext
‖
‖ “Exterior	Girder	Strength	I	 lexure	okay”

‖
‖ “Exterior	Girder	Strength	I	 lexure	no	good”

“Exterior	Girder	Strength	I	 lexure	okay”
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Calcula on of yield moment at 
Strength I condi on Interior Girder:

Appendix D6.2.2 Composite Sec ons in 
Posi ve Flexure

≔Fy 50 ksi

≔MD1int =+M1 luidint M1beam 577.4 ft kip

≔MD2int =+M1pvtint M1railint 258.55 ft kip

≔MADinttf =⋅SintfST
⎛
⎜
⎝

−−Fy ――
MD1int

Stf
――
MD2int

SintfLT

⎞
⎟
⎠

120005.09 ft kip

≔MADintbf =⋅SinbfST
⎛
⎜
⎝

−−Fy ――
MD1int

Sbf
――
MD2int

SinbfLT

⎞
⎟
⎠

3786.79 ft kip

≔MADint =⎛⎝ ,MADinttf MADintbf⎞⎠ 3786.79 ft kip

≔Myint =++MADint MD1int MD2int 4622.74 ft kip
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Check Plas c Moment:

Appendix D6.1‐1 Composite Sec ons in 
Posi ve Flexure

≔PSi =⋅⋅⋅0.85 f'c S tdeck 3855.6 kip

≔PC =⋅Fy Atf 850 kip per Appendix Pc stands for Compression 
flange

≔PW =⋅Fy Aw 765.63 kip

≔PT =⋅Fy Abf 850 kip per Appendix Pt stands for Tension flange

≔Case =if

else if

else

>⎛⎝ +PT PW⎞⎠ ⎛⎝ +PC PSi⎞⎠
‖
‖1

>⎛⎝ ++PT PW PC⎞⎠ ⎛⎝PSi⎞⎠
‖
‖2

‖
‖3

3
The Plas c Neutral Axis is in the concrete 
deck this is not unexpected, the reinforcing 
steel is neglected as part of the sec on for 
the sake of simplicity and conserva sm.

≔Ypinbar =⋅tdeck ―――――
⎛⎝ ++PC PW PT⎞⎠

PSi
5.76 in

≔dt i =+−tdeck Ypinbar ―
ttf
2

3.78 in

≔dwi =++dt i ―
ttf
2

―
dw
2

21.81 in

≔db i =++dwi ―
dw
2

―
tbf
2

39.84 in

≔Mpin =+⋅Ypinbar
2

―――
PSi
⋅2 tdeck

⎛⎝ ++⋅PC dt i ⋅PW dwi ⋅PT db i⎞⎠ 5071.95 ft kip

Page 26 of 64



Nominal Flexural resistance per LRFD 
6.10.7.1.2

≔Dpin =Ypinbar 5.76 in

≔Dtot =+tdeck dbeam 46.13 in

=――
Dpin
Dtot

0.12 Dp/Dtot > 0.1 therefor full plas c moment 
cannot be reached

≔Mnin =⋅Mpin
⎛
⎜
⎝

−1.07 ⋅0.7 ――
Dpin
Dtot

⎞
⎟
⎠

4983.98 ft kip

≔φf 1.00 Resistance Factor from LRFD 6.5.4.2

≔Mrin =⋅φf ⎛⎝ ,Mnin ⋅1.3 Myint⎞⎠ 4983.98 ft kip Nominal moment capacity must be less 
than 1.3x the yield moment per 
6.10.7.1.2‐3

=M1str1int 2584.39 ft kip

=if

else

>Mrin M1str1int
‖
‖ “Interior	Girder	Strength	I	 lexure	okay”

‖
‖ “Interior	Girder	Strength	I	 lexure	no	good”

“Interior	Girder	Strength	I	 lexure	okay”
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Check Nega ve Moment Capacity 
of exterior girders:

Check Local Buckling per 6.10.8.2.2

≔λf =――
bbfnm

⋅2 tbf
8.65 flange slenderness ra o

≔Dc =ybar 18.56 in ≔λrw =⋅5.7
‾‾‾‾⎛
⎜
⎝
―
EB
Fy

⎞
⎟
⎠

137.27

≔Rb =if

else

<――
⋅2 Dc
tw

λrw

‖
‖1

‖
‖ “load	shedding	factor	must	be	calculated”

1

≔Rh 1 Sec on is not Hybrid, all plates are grade 
50, therefor 6.10.1.10

≔Fnclb =⋅⋅Rb Rh Fy 50 ksi Because the flange slenderness ra o is less 
than the compact flange slenderness ra o 
of 9.2 per C6.10.8.2.2‐1

Check Lateral torsional buckling resistance:
Cb taken as 1.0 

≔Fyc =Fy 50 ksi
≔Lp =⋅⋅1 rtbfnm

‾‾‾
―
EB
Fy

10.01 ft
≔Fyr =⋅0.7 Fyc 35 ksi

≔Lr =⋅⋅ rtbfnm
‾‾‾
―
EB
Fy

31.45 ft
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≔Lbpier =+9 ft 4 in 9.33 ft at pier loca ons 

≔F1ltb =|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<Lbpier Lp
‖
‖ ⋅⋅Rb Rh Fyc

<Lbpier Lr
‖
‖
‖‖

⋅⋅⋅
⎛
⎜
⎝

−1 ⋅
⎛
⎜
⎝

−1 ―――
Fyr
⋅Rh Fyc

⎞
⎟
⎠

⎛
⎜
⎝
―――

−Lbpier Lp
−Lr Lp

⎞
⎟
⎠

⎞
⎟
⎠
Rb Rh Fyc

‖
‖
‖
‖
‖

――――
⎛⎝ ⋅⋅Rb

2
EB⎞⎠

⎛
⎜
⎝
――
Lbpier
rtbf

⎞
⎟
⎠

2

50 ksi

≔F1nc ⎛⎝ ,F1ltb Fnclb⎞⎠ ≔F1nt =⋅Rh Fy 50 ksi

≔F1rc =⋅φf F1nc 50 ksi ≔F1rt =⋅φf F1nt 50 ksi

≔fbextstr1 =―――
M2str1ext
Sbfnm

−40.82 ksi
Note Minimum Load Ra ng factor 
of 1.20 minimum is governed by 
this load case and condi on≔fbintstr1 =―――

M2str1int
Sbfnm

−44.37 ksi

≔ftextstr1 =―――
M2str1ext
Stfnm

−40.82 ksi

≔ftintstr1 =―――
M2str1int
Stfnm

−44.37 ksi
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≔L2bpier =+25 ft 2 in 25.17 ft adjacent to next Cross frame at pier 
loca ons

≔F2ltb =|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<L2bpier Lp
‖
‖ ⋅⋅Rb Rh Fyc

<L2bpier Lr
‖
‖
‖‖

⋅⋅⋅
⎛
⎜
⎝

−1 ⋅
⎛
⎜
⎝

−1 ―――
Fyr
⋅Rh Fyc

⎞
⎟
⎠

⎛
⎜
⎝
――――

−L2bpier Lp
−Lr Lp

⎞
⎟
⎠

⎞
⎟
⎠
Rb Rh Fyc

‖
‖
‖
‖
‖

――――
⎛⎝ ⋅⋅Rb

2
EB⎞⎠

⎛
⎜
⎝
――
L2bpier
rtbf

⎞
⎟
⎠

2

39.4 ksi

≔F2nc ⎛⎝ ,F2ltb Fnclb⎞⎠

≔F2rc =⋅φf F2nc 39.4 ksi

≔fbextstr1 =―――
M3str1ext
Sbfnm

−24.32 ksi

≔fbintstr1 =―――
M3str1int
Sbfnm

−26.18 ksi
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Check Constructability:

Posi ve Moment Region Governs by inspec on as the nega ve 
moment region is designed non‐composite, therefor by defini on 
it is capable of carrying the fluid loads during deck construc on.
Overhang moment is carried between Cross frames by a couple 
resisted by lateral flange bending between cross frames

≔L1max =+25 ft 2 in 25.17 ft
≔wconcoh =⋅tdeck γc 0.11 ksf
≔wconstll =50 psf 0.05 ksf

≔γllcon1 1.75 Construc on live load during deck placement

≔w1oh =+⋅γdc wconcoh ⋅γllcon1 wconstll 0.23 ksf

≔Moh =⋅⋅w1oh
⎛
⎜⎝

−OHph ―
btf
2

⎞
⎟⎠

⎛
⎜
⎜
⎝

+――――

⎛
⎜⎝

−OHph ―
btf
2

⎞
⎟⎠

2
―
btf
2

⎞
⎟
⎟
⎠

1.63 ――
ft kip

ft

≔Dcpl =++dw ―
ttf
2

―
tbf
2

36.06 in

≔ωlat =――
Moh

Dcpl
0.54 ――

kip

ft

≔Mlat =――――
⋅ωlat L1max

2

8
42.82 ft kip

≔Sytf =―――
⋅btf

2
ttf

6
45.33 in

3
≔fltf =――
Mlat

Sytf
11.33 ksi

≔Sybf =―――
⋅bbf

2
tbf

6
45.33 in

3
≔flbf =――
Mlat

Sybf
11.33 ksi

≔Wphasedeck =⋅⋅
⎛
⎜⎝

+―
S

2
OHph

⎞
⎟⎠
tdeck γc 1021.88 plf

≔Wconstll =⋅
⎛
⎜⎝

+―
S

2
OHph

⎞
⎟⎠
wconstll 454.17 plf

≔W1str1phase =+⋅γdc Wphasedeck ⋅γllcon1 Wconstll 2.07 klf

≔M1phase =⋅――――
W1str1phase
1 klf

M1max 835.09 ft kip

≔f1butf =+―
fltf
3

―――
M1phase
Stf

18.52 ksi

≔f1bubf =+―
flbf
3

―――
M1phase
Sbf

18.52 ksi
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Check overhang during deck placement for Strength IV condi on:

≔wconcoh =⋅tdeck γc 0.11 ksf
≔wconstll =50 psf 0.05 ksf

≔γllcon4 1.5 Construc on live load during deck placement for strength IV use 1.5 as some live 
load will be present during the placement≔γdc4 1.5

≔w4oh =+⋅γdc4 wconcoh ⋅γllcon4 wconstll 0.24 ksf

≔Moh4 =⋅⋅w4oh
⎛
⎜⎝

−OHph ―
btf
2

⎞
⎟⎠

⎛
⎜
⎜
⎝

+――――

⎛
⎜⎝

−OHph ―
btf
2

⎞
⎟⎠

2
―
btf
2

⎞
⎟
⎟
⎠

1.74 ――
ft kip

ft

≔Dcpl =++dw ―
ttf
2

―
tbf
2

36.06 in

≔ω4lat =――
Moh4

Dcpl
0.58 ――

kip

ft

≔M4lat =――――
⋅ω4lat L1max

2

8
45.75 ft kip

≔f4ltf =――
M4lat

Sytf
12.11 ksi ≔f4lbf =――

M4lat

Sybf
12.11 ksi

≔W4str4phase =+⋅γdc4 Wphasedeck ⋅γllcon4 Wconstll 2.21 klf

≔M4phase =⋅――――
W4str4phase
1 klf

M1max 892.28 ft kip

≔f4butf =+―
fltf
3

―――
M4phase
Stf

19.53 ksi

≔f4bubf =+―
flbf
3

―――
M4phase
Sbf

19.53 ksi
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For Interior Girders Constructability stresses 
(Str I & Str IV cases):

≔M1str1int =⋅――――――――――
+⋅⋅⋅γdc S tdeck γc ⋅⋅γllcon1 S wconstll

1 klf
M1max 965.33 ft kip

≔M4str4int =⋅―――――――――――
⎛⎝ +⋅⋅⋅γdc4 S tdeck γc ⋅⋅γllcon4 S wconstll⎞⎠

1 klf
M1max 1031.45 ft kip

≔f1t int =―――
M1str1int
Stf

17.04 ksi ≔f4t int =―――
M4str4int
Stf

18.2 ksi

≔f1b int =―――
M1str1int
Sbf

17.04 ksi ≔f4b int =―――
M4str4int
Sbf

18.2 ksi

≔fbutf =max ⎛⎝ ,,,f4butf f1butf f1t int f4t int⎞⎠ 19.53 ksi Controlling top flange stress during deck 
construc on

≔fbubf =max ⎛⎝ ,,,f4bubf f1bubf f1b int f4b int⎞⎠ 19.53 ksi Controlling bo om flange stress during 
deck construc on
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Check Constructability for Phase 
Const Overhang

Check Local Buckling per 6.10.8.2.2

≔λtf =――
btf
⋅2 ttf

7.53

flange slenderness ra o bo om flange

≔Dc =ybar 18.56 in ≔λrw =⋅5.7
‾‾‾‾⎛
⎜
⎝
―
EB
Fy

⎞
⎟
⎠

137.27

=Rb 1 =Rh 1

≔Fnct lb =⋅⋅Rb Rh Fy 50 ksi Because the flange slenderness ra o is less 
than the compact flange slenderness ra o 
of 9.2 per C6.10.8.2.2‐1

Check Lateral torsional buckling resistance:
Cb taken as 1.0 

≔Lp =⋅⋅1 rttf
‾‾‾
―
EB
Fy

8.64 ft ≔Fyc =Fy 50 ksi

≔Lr =⋅⋅ rttf
‾‾‾
―
EB
Fy

27.16 ft ≔Fyr =⋅0.7 Fyc 35 ksi

≔Fltbtf =|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<L1max Lp
‖
‖ ⋅⋅Rb Rh Fyc

<L1max Lr
‖
‖
‖‖

⋅⋅⋅
⎛
⎜
⎝

−1 ⋅
⎛
⎜
⎝

−1 ―――
Fyr
⋅Rh Fyc

⎞
⎟
⎠

⎛
⎜
⎝
――――

−L1max Lp
−Lr Lp

⎞
⎟
⎠

⎞
⎟
⎠
Rb Rh Fyc

‖
‖
‖
‖
‖

――――
⎛⎝ ⋅⋅Rb

2
EB⎞⎠

⎛
⎜
⎝
――
L1max
rttf

⎞
⎟
⎠

2

36.61 ksi

≔Fnctf =⎛⎝ ,Fltbtf Fnct lb⎞⎠ 36.61 ksi

≔Frctf =⋅φf Fnctf 36.61 ksi Resistance of Top flange is greater than Top flange stresses 
due to maximum overhang and deck placement sequence 
including 50psf live load due to formwork and construc on 
equipment.  Bo om flange is okay by inspec on.  Capacity 
will be equal or greater, stresses will be equal or lesser 
therefor no further inves ga on is necessary.
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Check Strength III ‐Wind Loads

≔Pwind 0.050 ksf table 3.8.1.2.1‐1

≔γll3 0.0 ≔γw3 1.40 =γdc 1.25 =γdw 1.5

Consider the wind on the bo om 1/2 of the 
web and on the bo om flange to be carried 
by the bo om flange of the exterior girders 
between diaphragms in lateral flange 
bending.  Wind on the top 1/2 of the web, 
railing, and top flange is carried by the 
deck ac ng as a diaphragm.

≔ωwindbtm =⋅Pwind
⎛
⎜⎝

+―
dw
2

tbf
⎞
⎟⎠

77.34 plf

≔Mulatbf =⋅ωwindbtm ―――
L1max

2

8
6.12 ft kip

In cases of nega ve moment the bo om 
flange is in compression ‐ in cases of 
posi ve moment the bo om flange is in 
tension

≔fl3 =⋅γw3 ――
Mulatbf

Sybf
2.27 ksi

≔M4LL&I ⋅⋅γll3 gpm
⎛
⎜⎝

+⋅(( +%100 IM)) max ⎛⎝ ,Mmaxhs20 Mmaxtan⎞⎠ ⋅―――
0.64 klf

1 klf
max ⎛⎝ ,M13max M123max⎞⎠

⎞
⎟⎠

=M4LL&I 0 ft kip Maximum posi ve & Nega ve moments 
for LL+I for Strength III are the same, zero

≔fu3postf =++―――
M4LL&I
SextfST

――――――
⎛⎝ +M1railext M1pvtext⎞⎠

SextfLT
――――――

+M1 luidext M1beam
Stf

8.81 ksi

≔fu3posbf =+++―――
M4LL&I
SexbfST

――――――
⎛⎝ +M1railext M1pvtext⎞⎠

SexbfLT
――――――

+M1 luidext M1beam
Sbf

―
fl3
3

11.47 ksi

≔Frc 50 ksi top & Bo om flanges okay in posi ve flexure for strength III per LRFD 6.10.8.2.1
Top flange is in compression, but in the finished construc on for the strength limit state 
the Moment capacity is > the yield moment therefor se ng the Resistance to the yield 
strength in the composite sec on is conserva ve.

≔Frt =⋅⋅φf Rh Fy 50 ksi

≔Muneg3x =++++M4LL&I M2 luidext M2beam M2railext M2pvtext −899.47 ft kip

≔fubf3neg =+―――
Muneg3x

Sbfnm
――
−fl3
3

−14.8 ksi ≔futf3neg =―――
Muneg3x

Stfnm
−14.05 ksi

=F1rc 50 ksi Top & Bo om flanges okay in nega ve 
flexure both at pier and adjacent to pier  
for strength III per LRFD 6.10.8.2.1
calculated resistance from nega ve 
moment calcula ons located previously

=F2rc 39.4 ksi
=Frt 50 ksi
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Check Strength V ‐ condi on:

≔γll5 1.35 ≔γw5 0.40

≔M5LL&I ⋅⋅γll5 gpm
⎛
⎜⎝

+⋅(( +%100 IM)) max ⎛⎝ ,Mmaxhs20 Mmaxtan⎞⎠ ⋅―――
0.64 klf

1 klf
max ⎛⎝ ,M13max M123max⎞⎠

⎞
⎟⎠

=M5LL&I 1348.8 ft kip

≔M6LL&I ⋅⋅γll5 gnm
⎛
⎜⎝

+⋅(( +%100 IM)) ⎛⎝ ,Mminhs20 Mminnmtt⎞⎠ ⋅―――
⋅0.64 klf

1 klf
⎛⎝ ,M123min M12min⎞⎠

⎞
⎟⎠

=M6LL&I −1322.21 ft kip

≔fl5 =⋅γw5 ――
Mulatbf

Sybf
0.65 ksi

≔fu5postf =++―――
M5LL&I
SextfST

――――――
⎛⎝ +M1railext M1pvtext⎞⎠

SextfLT
――――――

+M1 luidext M1beam
Stf

9.84 ksi

≔fu5posbf =+++―――
M5LL&I
SexbfST

――――――
⎛⎝ +M1railext M1pvtext⎞⎠

SexbfLT
――――――

+M1 luidext M1beam
Sbf

―
fl5
3

24.96 ksi

=Frctf 36.61 ksi top & Bo om flanges okay in posi ve 
flexure for strength V per LRFD 6.10.8.1.2≔Frt =⋅⋅φf Rh Fy 50 ksi

≔Muneg5x =++++M6LL&I M2 luidext M2beam M2railext M2pvtext −2221.68 ft kip

≔fubf5neg =+―――
Muneg5x

Sbfnm
――
−fl5
3

−34.92 ksi

≔futf5neg =―――
Muneg5x

Stfnm
−34.7 ksi

=F1rc 50 ksi Top & Bo om flange okay in  Nega ve 
flexure both at pier and adjacent to pier  
for strength V per LRFD 6.10.8.1.1 
calculated resistance from nega ve 
moment calcula ons located previously

=F2rc 39.4 ksi

=Frt 50 ksi
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Check Service II load case for 
Exterior girders Posi ve moments

≔γllsvc2 1.3

≔MsvcIILLMax ⋅⋅γllsvc2 gpm
⎛
⎜⎝

+⋅(( +%100 IM)) max ⎛⎝ ,Mmaxhs20 Mmaxtan⎞⎠ ⋅―――
0.64 klf

1 klf
max ⎛⎝ ,M13max M123max⎞⎠

⎞
⎟⎠

=MsvcIILLMax 1298.84 ft kip

≔MPsvcIIncdcx =⋅―――――
+Wextdeck Wstl

1 klf
M123max 361.57 ft kip

≔MPsvcIIsidcx =⋅―――
Wextrail

1 klf
M123max 61.99 ft kip

≔MPsvcIIdwx =⋅―――
Wextpvt

1 klf
M123max 91.95 ft kip

≔fsvcIIposbfx =++――――
MPsvcIIncdcx

Sbf
―――――――

+MPsvcIIsidcx MPsvcIIdwx
SexbfLT

――――
MsvcIILLMax
SexbfST

21.84 ksi

≔fsvcIIpostfx =++――――
MPsvcIIncdcx

Stf
―――――――

+MPsvcIIsidcx MPsvcIIdwx
SextfLT

――――
MsvcIILLMax
SextfST

7.97 ksi

≔MsvcIILLMin ⋅⋅γllsvc2 gnm
⎛
⎜⎝

+⋅(( +%100 IM)) min ⎛⎝ ,Mminhs20 Mmintan⎞⎠ ⋅―――
0.64 klf

1 klf
⎛⎝ ,M12max M123max⎞⎠

⎞
⎟⎠

=MsvcIILLMin −406.77 ft kip

≔MNsvcIItotx =+⋅――――――――――
+++Wextdeck Wstl Wextrail Wextpvt

1 klf
M123min MsvcIILLMin −1101.56 ft kip

≔fsvcIInegbfx =―――
MNsvcIItotx

Sbf
−19.44 ksi ≔fsvcIInegtfx =――――

−MNsvcIItotx
Stf

19.44 ksi

≔FsvcIIpos =⋅0.95 Fy 47.5 ksi Per LRFD 6.4.2.2 for both top flanges and 
bo om flanges where deck is composite 
with steel

≔FsvcIIneg =⋅0.80 Fy 40 ksi Per LRFD 6.4.2.2 for both top flanges and 
bo om flanges where deck is not 
composite with steel (nega ve moment 
region)
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Check Service II load case for 
Interior girders Posi ve moments

≔γllsvc2 1.3

≔MsvcIILLMax ⋅⋅γllsvc2 gpm
⎛
⎜⎝

+⋅(( +%100 IM)) max ⎛⎝ ,Mmaxhs20 Mmaxtan⎞⎠ ⋅―――
0.64 klf

1 klf
max ⎛⎝ ,M13max M123max⎞⎠

⎞
⎟⎠

=MsvcIILLMax 1298.84 ft kip

≔MPsvcIIncdci =⋅―――――
+Wintdeck Wstl

1 klf
M123max 461.92 ft kip

≔MPsvcIIsidci =⋅―――
Wintrail

1 klf
M123max 41.32 ft kip

≔MPsvcIIdwi =⋅―――
Wintpvt

1 klf
M123max 137.93 ft kip

≔fsvcIIposb i =++――――
MPsvcIIncdci

Sbf
―――――――

+MPsvcIIsidci MPsvcIIdwi
SinbfLT

――――
MsvcIILLMax
SinbfST

22.9 ksi

≔fsvcIIpost i =++――――
MPsvcIIncdci

Stf
―――――――

+MPsvcIIsidci MPsvcIIdwi
SextfLT

――――
MsvcIILLMax

SintfST
9.27 ksi

≔MsvcIILLMin ⋅⋅γllsvc2 gnm
⎛
⎜⎝

+⋅(( +%100 IM)) ⎛⎝ ,Mminhs20 Mmintan⎞⎠ ⋅―――
0.64 klf

1 klf
⎛⎝ ,M12max M123max⎞⎠

⎞
⎟⎠

=MsvcIILLMin −406.77 ft kip

≔MNsvcIItoti =+⋅――――――――――
+++Wintdeck Wstl Wintrail Wintpvt

1 klf
M123min MsvcIILLMin −1270.93 ft kip

≔fsvcIInegb i =―――
MNsvcIItoti

Sbf
−22.43 ksi ≔fsvcIInegt i =――――

−MNsvcIItoti
Stf

22.43 ksi

≔FsvcIIpos =⋅0.95 Fy 47.5 ksi Per LRFD 6.4.2.2 for both top flanges and 
bo om flanges where deck is composite 
with steel

≔FsvcIIneg =⋅0.80 Fy 40 ksi Per LRFD 6.4.2.2 for both top flanges and 
bo om flanges where deck is not 
composite with steel (nega ve moment 
region)Stresses in Exterior Girders are way below 

the limit therefor permanent deforma ons 
are not an cipated in the permanent 
structure
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Check Fa gue Load Case:

Base Metal for Uncoated Weathering steel, and complete Joint 
Penetra on fully NDT ground welded bu  splices (as per flange 
splices) also for bolted connec ons with high strength bolts designed 
as slip cri cal connec ons with pretensioned bolts in holes that are 
drilled full sized or subpunched and reamed full size:  Category B

≔IMfat %15
Base metal at the toe of 
transverse s ffener to flange 
welds:  Category C'

=gposfatm 0.69
=gnegfatm 0.69

≔AB =120 10
8
ksi

3
12000000000 ksi

3
≔ΔthB 16 ksi Table 6.6.1.2.3‐1 (AASHTO LRFD)

≔AC' =⋅44 10
8
ksi

3
4400000000 ksi

3
≔ΔthC' 12 ksi Table 6.6.1.2.3‐1 (AASHTO LRFD)

=Mmaxrange 647.7 ft kip ≔γfatI 1.5

=Mminrange −456.98 ft kip ≔ΔFB =ΔthB 16 ksi ≔ΔFC' =ΔthC' 12 ksi

6.6.1.2.5 for Infinite Life check 
Fa gue I, Base metal and welded flange
splices are okay as the total factored 
fa gue range of stress is less than the 
threshold for infinite life.

≔fBinbfmax =⋅⋅γfatI ――――――――
⎛⎝ +%100 IMfat⎞⎠ Mmaxrange

SinbfST
gposfatm 7.48 ksi Interior btm Flange Max 

Posi ve moment

≔fBintfmax =⋅⋅γfatI ――――――――
⋅⎛⎝ +%100 IMfat⎞⎠ Mmaxrange

SexbfST
gposfatm 8.03 ksi Exterior btm Flange Max 

Posi ve moment

≔fBtfmax =⋅⋅γfatI ――――――――
⋅⎛⎝ +%100 IMfat⎞⎠ Mminrange

Stfnm
gnegfatm −8.5 ksi Interior or Exterior top Flange 

Max Nega ve moment

Stresses at the toe of the fillet welds will be 
less than those at the extreme fiber of the 
girder as they are calculated here and 
therefor the stress range will be less than 
that calculated here, and the calculated 
stresses are less than the fa gue threshold 
for category C' details therefor there is no 
reason to con nue to inves gate fa gue at 
the connec on plate welds it is okay by 
inspec on.
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Shear computa ons: (ver cal 
shear)

Nominal resistance of Uns ffened webs per 
6.10.9.2

≔D =dw 35 in ≔Fyw =Fy 50 ksi

≔Vp =⋅⋅⋅0.58 tw D Fyw 444.06 kip

≔k 5 for uns ffened panels per 6.10.9.2

=―
D

tw
80

=⋅1.12
‾‾‾‾‾
――

⋅EB k

Fyw
60.31

=⋅1.40
‾‾‾‾‾
――

⋅EB k

Fyw
75.39

Because D/tw > 75.39:

≔C =⋅―――
1.57

⎛
⎜⎝
―
D

tw

⎞
⎟⎠

2

⎛
⎜
⎝
――

⋅EB k

Fyw

⎞
⎟
⎠

0.71

≔Vn =⋅C Vp 315.91 kip

≔φv 1.0 Per 6.5.4.2 for Shear

≔Vr =⋅φv Vn 315.91 kip

=γll 1.75 =γdc 1.25 =γdw 1.5

≔Vull =⋅⋅gv γll
⎛
⎜⎝

+⋅(( +%100 IM)) max ⎛⎝ ,,Vmaxhs20 Vmaxnmtt Vmaxtan⎞⎠ ⋅―――
⋅0.64 klf

1 klf
V12max

⎞
⎟⎠

205.61 kip

≔Vuext =++Vull ―――――――――――
⋅⋅γdc ⎛⎝ ++Wstl Wextdeck Wextrail⎞⎠ V123max

1 klf
――――――

⋅⋅γdw Wextpvt V123max
1 klf

284.68 kip

≔Vuint =++Vull ―――――――――――
⋅⋅γdc ⎛⎝ ++Wstl Wintdeck Wintrail⎞⎠ V123max

1 klf
――――――

⋅⋅γdw Wintpvt V123max
1 klf

304.65 kip

Shear Resistance is > factored shear 
therefor ver cal shear is okay
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Bearing S ffeners: =IM %33
Use the same material as for the flanges of 
the girder for bearing s ffeners =γll 1.75 =γdc 1.25 =γdw 1.5

≔Rupll =⋅⋅gv γll
⎛
⎜⎝

+⋅(( +%100 IM)) max ⎛⎝ ,,Rphs20 Rpnmtt Rptan⎞⎠ ⋅―――
⋅0.64 klf

1 klf
Rp12

⎞
⎟⎠

276.34 kip

≔Ruall =⋅⋅gv γll
⎛
⎜⎝

+⋅(( +%100 IM)) max ⎛⎝ ,,Rahs20 Ranmtt Ratan⎞⎠ ⋅―――
⋅0.64 klf

1 klf
Ra123

⎞
⎟⎠

166.19 kip

≔Rupex =+Rupll ⋅―――――――――――――
+⋅γdc ⎛⎝ ++Wstl Wextdeck Wextrail⎞⎠ ⋅γdw Wextpvt

1 klf
Rp12 436.59 kip

≔Ruaex =+Ruall ⋅―――――――――――――
+⋅γdc ⎛⎝ ++Wstl Wextdeck Wextrail⎞⎠ ⋅γdw Wextpvt

1 klf
Ra123 217.8 kip

≔Rupin =+Rupll ⋅―――――――――――――
+⋅γdc ⎛⎝ ++Wstl Wintdeck Wintrail⎞⎠ ⋅γdw Wintpvt

1 klf
Rp12 477.07 kip

≔Ruain =+Ruall ⋅―――――――――――――
+⋅γdc ⎛⎝ ++Wstl Wintdeck Wintrail⎞⎠ ⋅γdw Wintpvt

1 klf
Ra123 230.83 kip

≔tbsp =ttf 1.06 in

≔btpmax =⋅⋅0.48 tbsp
‾‾‾
―
EB
Fy

12.28 in ≔btp 7 in

≔Atp =+⋅⋅btp 2 tbsp ⋅⋅9 2 tw
2

18.32 in
2

≔Itp =+――――――
⋅⎛⎝ +⋅btp 2 tw⎞⎠

3
tbsp

12
―――――――

⋅tw
3

⎛⎝ −⋅⋅2 9 tw tbsp⎞⎠
12

266.5 in
4

≔Leffp =⋅0.75 D 26.25 in per 6.10.11.2.4 a & b

≔rtp =
‾‾‾
――
Itp
Atp

3.81 in ≔φc 0.90 per 6.5.4.2

≔Po =⋅Atp Fyw 916.02 kip
≔Pe =⋅―――

⋅
2
EB

⎛
⎜
⎝
――
Leffp
rtp

⎞
⎟
⎠

2
Atp 110698.13 kip

=―
Pe
Po

120.85 ≔Pn =⋅0.658

⎛
⎜
⎝
―
Po

Pe

⎞
⎟
⎠ Po 912.85 kip

≔Pr =⋅φc Pn 821.56 kip 7" wide bearing s ffeners is adequate for 
pier and abutment loca ons
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Check Horizontal Shear in Posi ve 
Moment regions (shear flow)

Radial Fa gue Range due to skew:

≔Frc 40 kip Es mated lateral forces from diaphragm due to differen al 
deflec ons being induced in adjacent beam line from skew effects

≔wint 48 in Effec ve Length of Deck except at end supports

≔wend 24 in Effec ve Length of Deck at end supports

≔Ffat2int =――
Frc
wint

0.83 ――
kip

in

≔Ffat2end =――
Frc
wend

1.67 ――
kip

in

≔Qext =⋅AdeckexST
⎛
⎜⎝

−−dtot ――
tdeck
2

yexst
⎞
⎟⎠

789.3 in
3

1st moment of transformed 
short term area of concrete deck 
about the neutral axis of the 
sec on

≔Qint =⋅AdeckinST
⎛
⎜⎝

−−dtot ――
tdeck
2

yinst
⎞
⎟⎠

855.8 in
3

=――
Qext
IextST

⎛⎝ ⋅1.979 10
−2⎞⎠ in

−1
≔n 3 Studs per loca on

=――
Qint
IintST

⎛⎝ ⋅1.9231 10
−2⎞⎠ in

−1

Cycles per truck passage will be 1.0 per sec on 6.6.1.2.5‐2 because the spans are >40.0 feet 
and we are only designing for "other than" at interior supports

≔ds =―
7

8
in 0.88 in ≔DirDist %55

≔ADTT14 280 ≔ADTT89 1100 ADTT at 75 years es mated at 1.85% 
annual increase over 75 years 

≔ADTTsl =⋅――――――
+ADTT14 ADTT89
2

DirDist 379.5

≔N =⋅⋅⋅365 75 1 ADTTsl 10388812.5 AASHTO 6.6.1.2.5

≔αfat =⋅(( −34.5 ⋅4.28 log ((N)))) ksi 4.47 ksi AASHTO 6.10.10.2‐3

≔Zr =⋅αfat ds
2

3.42 kip AASHTO 6.10.10.2‐2

=⋅n Zr 10.26 kip
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=IintST 44502.03 in
4

=Ffat2int 0.83 ――
kip

in

≔IMfat %15

=IextST 39884.01 in
4

=Ffat2end 1.67 ――
kip

in
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Nominal Shear Force (shear studs 
strength condi on)

≔P1pi =⋅⋅⋅0.85 f'c S tdeck 3855.6 kip LRFD  6.10.10.4.2‐2

≔P1pe =⋅⋅⋅0.85 f'c
⎛
⎜⎝

+―
S

2
OH

⎞
⎟⎠
tdeck 2876.4 kip LRFD  6.10.10.4.2‐2

≔Asc =⋅
⎛
⎜⎝
―
ds
2

⎞
⎟⎠

2

0.6 in
2

≔P2p =⋅Fy Ag 2465.63 kip LRFD  6.10.10.4.2‐3

≔Fuss 60 ksi LRFD  6.4.4

≔Pp =⎛⎝ ,max ⎛⎝ ,P1pi P1pe⎞⎠ P2p⎞⎠ 2465.63 kip

≔Fp =⋅――
Frc
wint

52 ft 520 kip Es mated due to skew effects

≔P =‾‾‾‾‾‾‾+Pp
2

Fp
2

2519.86 kip LRFD  6.10.10.4.2‐1

≔Qn1 =⋅⋅0.5 Asc ‾‾‾‾‾⋅f'c Ec 37.23 kip LRFD  6.10.10.4.3‐1

≔Qn2 =⋅Asc Fuss 36.08 kip LRFD  6.10.10.4.3‐1

≔Qn =⎛⎝ ,Qn1 Qn2⎞⎠ 36.08 kip LRFD  6.10.10.4.3‐1

≔φsc 0.85 LRFD  6.5.4.2 for shear connectors

≔Qr =⋅φsc Qn 30.67 kip LRFD  6.10.10.4.1‐1

Number of Shear Connectors required between points 
of contraflexure & Maximum moment or between end 
reac ons and points of maximum moment:  

≔#SSrqd =―
P

Qr
82.17

use a minimum of 28 sets of 3 studs 
between points of contraflexure and 
maximum moment

=―――
#SSrqd
3

27.39
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Although steel is designed non composite for nega ve flexure ‐ check stress in deck in order to determine 
required As in neg moment region, and then be able to check Shear stud requirements between points of 
contraflexure w/in nega ve moment regions for non‐composite designs (per 6.10.10.3)

=Ixnm 14261.98 in
4

=AdeckinST 149.93 in
2

=ybarnm 18.56 in

=Agnm 54.36 in
2

=AdeckexST 111.85 in
2

=dtot 46.13 in

≔ybarnegex =――――――――――――

+⋅Agnm ybarnm ⋅AdeckexST
⎛
⎜⎝

+dbeam ――
tdeck
2

⎞
⎟⎠

+AdeckexST Agnm
34.08 in

≔ybarnegin =――――――――――――

+⋅Agnm ybarnm ⋅AdeckinST
⎛
⎜⎝

+dbeam ――
tdeck
2

⎞
⎟⎠

+AdeckinST Agnm
35.49 in

≔Icompnmex +++⋅⋅tdeck
3 ⎛

⎜⎝
+―

S

2
OH

⎞
⎟⎠

―
ED
EB

⋅AdeckexST
⎛
⎜⎝

−−dtot ――
tdeck
2

ybarnegex
⎞
⎟⎠

2

Ixnm ⋅Agnm ⎛⎝ −ybarnegex ybarnm⎞⎠
2

=Icompnmex 42779.07 in
4

≔Sdecknmex =――――――

⋅
⎛
⎜
⎝
―
EB
ED

⎞
⎟
⎠

⎛⎝Icompnmex⎞⎠

−dtot ybarnegex
26867.85 in

3

≔Icompnmin +++⋅⋅tdeck
3
S ―

ED
EB

⋅AdeckinST
⎛
⎜⎝

−−dtot ――
tdeck
2

ybarnegin
⎞
⎟⎠

2

Ixnm ⋅Agnm ⎛⎝ −ybarnegin ybarnm⎞⎠
2

=Icompnmin 47625.86 in
4

≔Sdecknmin =――――――

⋅
⎛
⎜
⎝
―
EB
ED

⎞
⎟
⎠

⎛⎝Icompnmin⎞⎠

−dtot ybarnegin
33865.39 in

3

≔MNsvcIItotxdeck =+⋅―――――
+Wextrail Wextpvt

1 klf
M123min MsvcIILLMin −614.25 ft kip

≔MNsvcIItotideck =+⋅―――――
+Wintrail Wintpvt

1 klf
M123min MsvcIILLMin −648.37 ft kip

≔fsvc2deckex =―――――
−MNsvcIItotxdeck

Sdecknmex
274.34 psi Per sec on 6.10.1.7 if maximum tensile stress in concrete 

deck due to service II loading condi on is >phi x fr then 
the area of reinforcing steel in the deck must be a 
minimum of 1% of the deck area in nega ve moment 
regions.≔fsvc2deckin =―――――

−MNsvcIItotideck
Sdecknmin

229.74 psi

≔φ 0.90 ≔fr =⋅0.24 ‾‾‾‾‾⋅f'c ksi 0.48 ksi

=⋅φ fr 432 psi Stress in deck is not expected to exceed phi x the modulus 
of rupture therefor the 1% of deck area in reinforcing 
steel is not required in the nega ve moment region
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Within nega ve moment region provide a minimum longitudinal steel area of #5 bars at 8" centers on the 
bo om mat, and #5 bars at 12" centers longitudinal steel at the top of the deck.

≔Arebar =+――――――

⋅⋅0.31 in
2
12 ―

in

ft

12 in
――――――

⋅⋅0.31 in
2
12 ―

in

ft

8 in
0.775 ――

in
2

ft
=ybarnm 18.56 in

≔TopClr 2.5 in ≔BtmClr 1.5 in

≔yrebar =+⋅
⎛
⎜⎝

++dbeam 1.5 in ⋅―
5

16
in 1.5

⎞
⎟⎠

――
0.465

0.775
⋅

⎛
⎜⎝

−−+dbeam 9 in 2.5 in ⋅―
5

16
in 1.5

⎞
⎟⎠

――
0.31

0.775
40.72 in

≔Arebarx =⋅Arebar
⎛
⎜⎝

+―
S

2
OH

⎞
⎟⎠

6.07 in
2

≔ybarx =――――――――
+⋅Arebarx yrebar ⋅Agnm ybarnm
+Arebarx Agnm

20.79 in

≔Arebari =⋅Arebar ((S)) 8.14 in
2

≔ybari =――――――――
+⋅Arebari yrebar ⋅Agnm ybarnm
+Arebari Agnm

21.45 in

≔Inmex =++Ixnm ⋅Arebarx ⎛⎝ −ybarx yrebar⎞⎠
2

⋅Agnm ⎛⎝ −ybarx ybarnm⎞⎠
2

16942.76 in
4

≔Snmex =―――――――
Inmex

⎛⎝ −+dbeam tdeck ybarx⎞⎠
668.7 in

3

≔Inmin =++Ixnm ⋅Arebari ⎛⎝ −ybari yrebar⎞⎠
2

⋅Agnm ⎛⎝ −ybari ybarnm⎞⎠
2

17736.54 in
4

≔Snmin =――――――
Inmin

⎛⎝ −+dbeam tdeck ybari⎞⎠
718.73 in

3

≔fsrx =⋅⋅γfatI ―――――――――
⋅⋅−1 ⎛⎝ +%100 IMfat⎞⎠ Mminrange

Snmex
gnegfatm 9.77 ksi

≔fsri =⋅⋅γfatI ―――――――――
⋅⋅−1 ⎛⎝ +%100 IMfat⎞⎠ Mminrange

Snmin
gnegfatm 9.09 ksi

≔nacx =――――
⎛⎝ ⋅Arebarx fsrx⎞⎠

Zr
17.34 Number of addi onal studs required between points of 

contraflexure over piers for exterior girders per 6.10.10.3 
install in 2.61  .  provide 7 sets of 3 at 6" 

≔naci =――――
⎛⎝ ⋅Arebari fsri⎞⎠

Zr
21.62 Number of addi onal studs required between points of 

contraflexure over piers for interior girders per 6.10.10.3 
install in 3.5   of the contraflexure. provide 8 sets of 3 at 6"
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Bolted Field Splice:

Check Live Load Maximum and 
Minimum at splice loca ons:  
(unfactored undistributed)

≔Mspllpostruck =⋅(( +%100 IM)) max ⎛⎝ ,,Mspmaxtan Mspmaxnmtt Mspmaxhs20⎞⎠ 546.42 ft kip

≔Mspllposlane =⋅―――
0.640 klf

1 klf
max ⎛⎝ ,,,Msp1 Mspmax12 Msp13 Msp123⎞⎠ 119.93 ft kip

≔Mspllnegtruck =⋅(( +%100 IM)) min ⎛⎝ ,,Mspmintan Mspminnmtt Mspminhs20⎞⎠ −387.92 ft kip

≔Mspllneglane =⋅―――
0.640 klf

1 klf
⎛⎝ ,,,Msp1 Mspmin12 Msp13 Msp123⎞⎠ −133.02 ft kip
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≔Mspdcext =⋅―――――――
++Wstl Wextdeck Wextrail

1 klf
Msp123 −2.29 ft kip

≔Mspdwext =⋅―――
Wextpvt

1 klf
Msp123 −0.5 ft kip

≔Mspdcint =⋅―――――――
++Wstl Wintdeck Wintrail

1 klf
Msp123 −2.72 ft kip

≔Mspdwint =⋅―――
Wintpvt

1 klf
Msp123 −0.75 ft kip

Service Moment & Shear at Svc II 
at the splice loca ons: ≔γllsvc2 1.3 ≔γdcsvc2 1 ≔γdwsvc2 1

≔Mspllpos =⋅gpm ⎛⎝ +Mspllpostruck Mspllposlane⎞⎠ 552.37 ft kip

≔Mspllneg =⋅gnm ⎛⎝ +Mspllnegtruck Mspllneglane⎞⎠ −431.83 ft kip

≔MspsvcIIpos +⋅γllsvc2 Mspllpos ⋅γdcsvc2 max
⎛
⎜
⎝

,
⎛
⎜
⎝

+Mspdcext ⋅―――
γdwsvc2
γdcsvc2

Mspdwext
⎞
⎟
⎠

⎛
⎜
⎝

+Mspdcint ⋅―――
γdwsvc2
γdcsvc2

Mspdwint
⎞
⎟
⎠

⎞
⎟
⎠

=MspsvcIIpos 715.29 ft kip

≔MspsvcIIneg +⋅γllsvc2 Mspllneg ⋅γdcsvc2
⎛
⎜
⎝

,
⎛
⎜
⎝

+Mspdcext ⋅―――
γdwsvc2
γdcsvc2

Mspdwext
⎞
⎟
⎠

⎛
⎜
⎝

+Mspdcint ⋅―――
γdwsvc2
γdcsvc2

Mspdwint
⎞
⎟
⎠

⎞
⎟
⎠

=MspsvcIIneg −564.86 ft kip

≔Msvc2sp =max ⎛⎝ ,||MspsvcIIpos|| ||MspsvcIIneg||⎞⎠ 715.29 ft kip

≔Vspllsvc2 ⋅⋅γllsvc2 gv
⎛
⎜⎝

+⋅(( +%100 IM)) max ⎛⎝ ,,Vsptan Vspnmtt Vsphs20⎞⎠ ⋅―――
⋅0.64 klf

1 klf
max ⎛⎝ ,,,Vsp1 Vsp12 Vsp13 Vsp123⎞⎠

⎞
⎟⎠

=Vspllsvc2 98.55 kip

≔Vspdcint ⋅――――――――
⎛⎝ ++Wstl Wintdeck Wintrail⎞⎠

1 klf
Vsp123 ≔Vspdwint ⋅―――

Wintpvt

1 klf
Vsp123

≔Vspdcext ⋅――――――――
⎛⎝ ++Wstl Wextdeck Wextrail⎞⎠

1 klf
Vsp123 ≔Vspdwext ⋅―――

Wextpvt

1 klf
Vsp123

≔VS =+Vspllsvc2 max ⎛⎝ ,⎛⎝ +⋅γdcsvc2 Vspdcint ⋅γdwsvc2 Vspdwint⎞⎠ ⎛⎝ +⋅γdcsvc2 Vspdcext ⋅γdwsvc2 Vspdwext⎞⎠⎞⎠ 130.66 kip
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Strength I moments & Shear
at the splice loca on:

=γll 1.75 =γdc 1.25 =γdw 1.5 ≔γdcmin 0.90 ≔γdwmin 0.65

≔Mspstr1pos +⋅γll Mspllpos ⋅γdcmin max
⎛
⎜
⎝

,
⎛
⎜
⎝

+Mspdcext ⋅――
γdwmin
γdcmin

Mspdwext
⎞
⎟
⎠

⎛
⎜
⎝

+Mspdcint ⋅――
γdwmin
γdcmin

Mspdwint
⎞
⎟
⎠

⎞
⎟
⎠

=Mspstr1pos 964.26 ft kip

≔Mspstr1neg +⋅γll Mspllneg ⋅γdc
⎛
⎜
⎝

,
⎛
⎜
⎝

+Mspdcext ⋅――
γdw
γdc

Mspdwext
⎞
⎟
⎠

⎛
⎜
⎝

+Mspdcint ⋅――
γdw
γdc

Mspdwint
⎞
⎟
⎠

⎞
⎟
⎠

=Mspstr1neg −760.24 ft kip

≔Vspllstr1 ⋅⋅γll gv
⎛
⎜⎝

+⋅(( +%100 IM)) max ⎛⎝ ,,Vsptan Vspnmtt Vsphs20⎞⎠ ⋅―――
⋅0.64 klf

1 klf
max ⎛⎝ ,,,Vsp1 Vsp12 Vsp13 Vsp123⎞⎠

⎞
⎟⎠

=Vspllstr1 132.66 kip

≔Vspstr1 =+Vspllstr1 max ⎛⎝ ,⎛⎝ +⋅γdc Vspdcint ⋅γdw Vspdwint⎞⎠ ⎛⎝ +⋅γdc Vspdcext ⋅γdw Vspdwext⎞⎠⎞⎠ 174.52 kip

=Vr 315.91 kip =⋅%75 Vr 236.93 kip Ul mate shear Capacity & half 
thereof

≔VUW =――――
⎛⎝ +Vr Vspstr1⎞⎠

2
245.22 kip 6.13.6.1.4b‐2 because Ul mate shear at 

the splice loca on is greater than 75% of 
the girder ul mate shear strength

≔d ―
7

8
in diameter of A325 bolts
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Check Flange "Stresses" at strength I condi on at 
the midthickness of the flanges, at the smaller 
sec on being spliced

≔yintfLL =−−dbeam yinst ―
ttf
2

0.68 in ≔yinbfLL =−yinst ―
ttf
2

35.39 in

≔yextfLL =−−dbeam yexst ―
ttf
2

2.03 in ≔yexbfLL =−yexst ―
ttf
2

34.04 in

≔yintfDL =−−dbeam yinlt ―
ttf
2

6.42 in ≔yinbfDL =−yinlt ―
ttf
2

29.64 in

≔yextfDL =−−dbeam yexlt ―
ttf
2

8.1 in ≔yexbfDL =−yexlt ―
ttf
2

27.96 in

≔ytfneg =−−dbeam ybar ―
ttf
2

18.03 in ≔ybfneg =−ybar ―
ttf
2

18.03 in

≔ftfposin =++―――――――
⋅⋅⋅−1 γll Mspllpos yintfLL

IintST
――――――――

⋅⋅⋅−1 γdcmin Mspdcint yintfDL
IintLT

――――――――
⋅⋅⋅−1 γdwmin Mspdwint yintfDL

IintLT
−0.17 ksi

≔fbfposin =++――――――
⋅⋅γll Mspllpos yinbfLL

IintST
―――――――

⋅⋅γdcmin Mspdcint yinbfDL
IintLT

―――――――
⋅⋅γdwmin Mspdwint yinbfDL

IintLT
9.19 ksi

≔ftfposex =++―――――――
⋅⋅⋅−1 γll Mspllpos yextfLL

IextST
――――――――

⋅⋅⋅−1 γdcmin Mspdcext yextfDL
IextLT

――――――――
⋅⋅⋅−1 γdwmin Mspdwext yextfDL

IextLT
−0.58 ksi

≔fbfposex =++――――――
⋅⋅γll Mspllpos yinbfLL

IextST
―――――――

⋅⋅γdcmin Mspdcint yinbfDL
IextLT

―――――――
⋅⋅γdwmin Mspdwint yinbfDL

IextLT
10.25 ksi

≔ftfnegin =―――――――――――――――
⋅⋅−1 ⎛⎝ ++⋅γll Mspllneg ⋅γdc Mspdcint ⋅γdw Mspdwint⎞⎠ ytfneg

Ix
13.03 ksi

≔fbfnegin =――――――――――――――
⋅⎛⎝ ++⋅γll Mspllneg ⋅γdc Mspdcint ⋅γdw Mspdwint⎞⎠ ybfneg

Ix
−13.03 ksi

≔ftfnegex =――――――――――――――――
⋅⋅−1 ⎛⎝ ++⋅γll Mspllneg ⋅γdc Mspdcext ⋅γdw Mspdwext⎞⎠ ytfneg

Ix
13.02 ksi

≔fbfnegex =――――――――――――――
⋅⎛⎝ ++⋅γll Mspllneg ⋅γdc Mspdcext ⋅γdw Mspdwext⎞⎠ ybfneg

Ix
−13.02 ksi

By inspec on the bo om flange is the controlling flange for 
posi ve moment and the  top flange for nega ve moments

75% of yield strength of flanges will govern each flange by 
inspec on
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≔Fbfcomp =F2rc 39.4 ksi ≔fcfcomp =||fbfnegin|| 13.03 ksi

≔Fbftens =⋅φf Fy 50 ksi ≔fcftens =||ftfnegin|| 13.03 ksi

≔fcf =fcftens 13.03 ksi ≔fncf =||fcfcomp|| 13.03 ksi

≔αtf 1.0 ≔αcf =―――
Fbfcomp
Fy

0.79

≔Fcf =max

⎛
⎜
⎜
⎝

,――――――

⎛
⎜
⎝

+
⎛
⎜
⎝
―
fcf
Rh

⎞
⎟
⎠

⋅⋅αtf φf Fy
⎞
⎟
⎠

2
⋅⋅⋅0.75 αtf φf Fy

⎞
⎟
⎟
⎠

37.5 ksi (( ))

≔Rcf =―
Fcf
fcf

2.88

≔Fncf =⋅Rcf ――
fncf
Rh

37.5 ksi

≔Fu 70 ksi for AASHTO M270 Grade 50W per AASHTO LRFD Table 6.4.1‐1

≔φholes 1 in ≔Rows 4 Number of rows of bolts in flange splices

≔Agcf =⋅ttf btf 17 in
2

≔Ancf =⋅ttf ⎛⎝ −btf ⋅Rows φholes⎞⎠ 12.75 in
2

≔φu 0.8

≔Aetcf =⋅
⎛
⎜
⎝
―――

⋅φu Fu
⋅φf Fy

⎞
⎟
⎠
Ancf 14.28 in

2
≔Aeccf =Agcf 17 in

2

≔Ptens =⋅Aetcf Fcf 535.5 kip Top & Bo om flanges will be designed for the same loads, flange 
splices will be iden cal to each other for fabrica on efficiency, flange 
thicknesses do not require fill plates on either side of the splice

≔Pcomp =⋅Agcf Fcf 637.5 kip

≔tspo ―
1

2
in ≔bspo 16 in

≔tspi ―
1

2
in ≔bspi 7.00 in

≔Aosp =⋅tspo bspo 8 in
2

≔Aisp =⋅⋅tspi bspi 2 7 in
2

≔Ptensosp =⋅Ptens ――――
Aosp

+Aosp Aisp
285.6 kip ≔Ptensisp =⋅Ptens ――――

Aisp
+Aosp Aisp

249.9 kip

≔Pcomposp =⋅Pcomp ――――
Aosp

+Aosp Aisp
340 kip ≔Pcompisp =⋅Pcomp ――――

Aisp
+Aosp Aisp

297.5 kip
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Splice plates in Tension:

≔φy 0.95

=⋅⋅φy Fy Aosp 380 kip Yielding on the gross sec on for the outside splice plate > P tension 
for outside splice plate

=⋅⋅φu Fu ⎛⎝ −Aosp ⋅⋅tspo φholes Rows⎞⎠ 336 kip Fracture on the net sec on for the outside splice plate > P tension for 
outside Splice plate

=⋅⋅φy Fy Aisp 332.5 kip Yielding on the gross sec on for the inside splice plate > P tension for 
inside splice plates

=⋅⋅φu Fu ⎛⎝ −Aisp ⋅⋅tspi φholes Rows⎞⎠ 280 kip Fracture on the net sec on for the outside splice plate > P tension for 
inside Splice plates

Splice plates in Compression:

≔φc 0.90 per 6.5.4.2 for steel in compression

=⋅⋅φc Fy Aosp 360 kip Compression Resistance on Gross Area of Outside Splice plate
> P Compression on outside splice plates therefor okay

=⋅⋅φc Fy Aisp 315 kip Compression Resistance on Gross Area of inside Splice plate
> P Compression on inside splice plates therefor okay

Check # of Bolts required for Shear 
resistance:

≔φs 0.80 6.5.4.2 for ASTM A325 bolts

≔Ab 0.60 in
2

≔Ns 1 Figured in single shear as outside splice plate has a higher load in it
than the inside splice plate and therefore will govern the number of 
bolts needed for both slip & strength

≔Fub 120 ksi

≔Rn =⋅⋅⋅0.48 Ab Fub Ns 34.56 kip nominal shear of a single7/8"  bolt in single shear

≔Rr =⋅φs Rn 27.65 kip Resistance of a single 7/8" bolt in single shear

≔Nbf =―――――――
max ⎛⎝ ,Pcomposp Ptensosp⎞⎠

Rr
12.3 Use four rows of four bolts for a total of 16 bolts in each flange splice

≔Nbf 16

≔Rrtot =⋅Rr Nbf 442.37 kip
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Check Block Shear:

≔Avn1 =⋅⋅2
⎛
⎜⎝

−+⋅3 in 3 1.5 in ⋅φholes
⎛
⎜⎝

+2 ⋅―
1

2
2

⎞
⎟⎠

⎞
⎟⎠
tspo 7.5 in

2

≔Atn1 =⋅⋅2 ⎛⎝ +−1.5 in ⋅φholes 1.5 4 in⎞⎠ tspo 4 in
2

≔Avg1 =⋅⋅2 (( +⋅3 in 3 1.5 in)) tspo 10.5 in
2

≔Rp 1.0 For holes drilled full size or sub‐punched and reamed ≔φbs 0.80 ≔Ubs 1.0

≔Rrsp1 =⋅⋅φbs Rp ⎛⎝ +⋅⋅0.58 Fu Avn1 ⋅⋅Ubs Fu Atn1⎞⎠ 467.6 kip

≔Rrsp2 =⋅⋅φbs Rp ⎛⎝ +⋅⋅0.58 Fy Avg1 ⋅⋅Ubs Fu Atn1⎞⎠ 467.6 kip

≔Rrsp =⎛⎝ ,Rrsp1 Rrsp2⎞⎠ 467.6 kip For Outside Splice Plates block shear

For Inside Splice Plates block shear the 
Net Area in Shear, Gross area in shear, 
and net area in tension are all the same 
as for the outside splice plates, the 
resul ng Resis ng force is therefore 
also the same.

=Rrsp 467.6 kip
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≔Avn2 =⋅⋅2
⎛
⎜⎝

−+⋅3 in 3 1.5 in ⋅φholes
⎛
⎜⎝

+2 ⋅―
1

2
2

⎞
⎟⎠

⎞
⎟⎠
ttf 15.94 in

2

≔Atn2 =⋅⋅2 ⎛⎝ +−1.5 in ⋅φholes 1.5 4 in⎞⎠ ttf 8.5 in
2

≔Avg2 =⋅⋅2 (( +⋅3 in 3 1.5 in)) ttf 22.31 in
2

≔Rrf1 =⋅⋅φbs Rp ⎛⎝ +⋅⋅0.58 Fu Avn2 ⋅⋅Ubs Fu Atn2⎞⎠ 993.65 kip

≔Rrf2 =⋅⋅φbs Rp ⎛⎝ +⋅⋅0.58 Fy Avg2 ⋅⋅Ubs Fu Atn2⎞⎠ 993.65 kip

≔Rrf =max ⎛⎝ ,Rrf1 Rrf2⎞⎠ 993.65 kip For Flange Plates block shear capacity 
greater than Ptens & Pcomp therefor 
okay
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Check Slip at Service II loading (outer splice plate to flange surface governs)

≔ftfposinsvc2 =++――――――――
⋅⋅⋅−1 γllsvc2 Mspllpos yintfLL

IintST
――――――――

⋅⋅⋅−1 γdcsvc2 Mspdcint yintfDL
IintLT

――――――――
⋅⋅⋅−1 γdwsvc2 Mspdwint yintfDL

IintLT
−0.12 ksi

≔fbfposinsvc2 =++―――――――
⋅⋅γllsvc2 Mspllpos yinbfLL

IintST
―――――――

⋅⋅γdcsvc2 Mspdcint yinbfDL
IintLT

―――――――
⋅⋅γdwsvc2 Mspdwint yinbfDL

IintLT
6.81 ksi

≔ftfposexsvc2 =++――――――――
⋅⋅⋅−1 γllsvc2 Mspllpos yextfLL

IextST
――――――――

⋅⋅⋅−1 γdcsvc2 Mspdcext yextfDL
IextLT

―――――――――
⋅⋅⋅−1 γdwsvc2 Mspdwext yextfDL

IextLT
−0.43 ksi

≔fbfposexsvc2 =++―――――――
⋅⋅γllsvc2 Mspllpos yinbfLL

IextST
―――――――

⋅⋅γdcsvc2 Mspdcint yinbfDL
IextLT

―――――――
⋅⋅γdwsvc2 Mspdwint yinbfDL

IextLT
7.6 ksi

≔ftfneginsvc2 =――――――――――――――――――
⋅⋅−1 ⎛⎝ ++⋅γllsvc2 Mspllneg ⋅γdcsvc2 Mspdcint ⋅γdwsvc2 Mspdwint⎞⎠ ytfneg

Ix
9.68 ksi

≔fbfneginsvc2 =―――――――――――――――――
⋅⎛⎝ ++⋅γllsvc2 Mspllneg ⋅γdcsvc2 Mspdcint ⋅γdwsvc2 Mspdwint⎞⎠ ybfneg

Ix
−9.68 ksi

≔ftfnegexsvc2 =――――――――――――――――――
⋅⋅−1 ⎛⎝ ++⋅γllsvc2 Mspllneg ⋅γdcsvc2 Mspdcext ⋅γdwsvc2 Mspdwext⎞⎠ ytfneg

Ix
9.67 ksi

≔fbfnegexsvc2 =―――――――――――――――――
⋅⎛⎝ ++⋅γllsvc2 Mspllneg ⋅γdcsvc2 Mspdcext ⋅γdwsvc2 Mspdwext⎞⎠ ybfneg

Ix
−9.67 ksi

Nega ve moment stresses govern 
flange & splice capacity

≔Psvc2 =|| ⋅⋅fbfneginsvc2 bbf tbf|| 164.63 kip Service Load total force compression in bo om flange.  
Tension in top flange will be the same by inspec on.

≔Psvc2spo =⋅Psvc2 ――――
Aosp

+Aosp Aisp
87.8 kip Design Slip force between outside splice plate & Flange 

top or bo om.

≔Kh 1.0 Bolts are standard sized

≔Ks 0.50 Class B Slip Condi on

=Ns 1 1 Plane between outside splice plate & flange

≔Pt 39 kip For A325 Bolts

≔Rnslip =⋅⋅⋅Kh Ks Ns Pt 19.5 kip per bolt

≔Rrslip_ langes =⋅Rnslip Nbf 312 kip > Svc 2 slip demand between ou er splice plate and flange, resistance at 
inner splice plate is the same, but demand is less, inner splice plate is okay 
for svc 2 slip by inspec on
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Check Bearing capacity at bolt 
holes

≔Lc =−1.5 in ――
φholes

2
1 in ≔φbb 0.80

≔Rnbrg1 =⋅⋅⋅1.2 Lc tspo Fu 42 kip per end bolts in ou er splice plate which 
governs over the inner splice plates and the 
flange

≔Rnbrg2 =⋅⋅⋅2.4 d tspo Fu 73.5 kip per interior bolts in ou er splice plate which 
governs over the inner splice plates and the 
flange

≔Rrbrg =⋅φbb ⎛⎝ ,Rnbrg1 Rnbrg2⎞⎠ 33.6 kip

≔Pbrgmax =―――
Pcomposp
Nbf

21.25 kip Maximum Bearing on splice plate end bolts 
less than factored resistance per end bolt 
therefor okay
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≔n 11 #of bolts in a ver cal row

≔m 2 # of ver cal rows of bolts 

≔s 3 in Ver cal Pitch

≔g 3 in Horizontal Pitch

≔tspw 0.5 in
≔Dspw +⋅(( −n 1)) s ⋅2 ((1.75 in))

=Dspw 33.5 in

Includes 1/4" gap between web 
between girders at splice≔e =+⋅―――

(( −m 1))

2
g ⋅――

3.75

2
in 3.375 in

≔Ip =⋅⋅n ―
m

12
⎛⎝ +⋅s

2 ⎛⎝ −n
2

1⎞⎠ ⋅g
2 ⎛⎝ −m

2
1⎞⎠⎞⎠ 2029.5 ――

in
4

in
2

C6.13.6.1.4b‐3

≔MUV =⋅VUW e 68.97 ft kip

From Previous Calcula ons for 
Nega ve Flexure:

≔Fcfneg =Fcf 37.5 ksi =D 35 in =Rh 1
≔Fncfneg =−Fncf −37.5 ksi =tw 0.44 in

≔Muwneg =⋅―――
⋅tw D

2

12
⎛⎝ −⋅Rh Fcfneg Fncfneg⎞⎠ 279.1341 ft kip

≔Huwneg =⋅――
⋅tw D

2
⎛⎝ +⋅Rh Fcfneg Fncfneg⎞⎠ 0 kip

Horizontal load in web = zero as top & bo om flange stresses are the same at nega ve 
moment condi on (ie sum of flange stresses = 0)

From Previous Calcula ons for Posi ve Flexure:

≔Fcfpos =⋅0.75 Fy 37.5 ksi

≔Rcfpos =――
Fcfpos
fbfposex

3.66

=⋅Rcfpos ftfposex −2.12 ksi

≔Muwpos =⋅―――
⋅tw D

2

12
⎛⎝ −⋅Rh Fcfpos ⋅Rcfpos ftfposex⎞⎠ 147.47 ft kip

≔Huwpos =⋅――
⋅tw D

2
⎛⎝ +⋅Rh Fcfpos ⋅Rcfpos ftfposex⎞⎠ 270.86 kip
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≔Nbw =⋅m n 22

≔x =+e g 6.38 in ≔y =⋅(( −n 1)) ―
s

2
15 in

≔Mtot1 =+Muwneg MUV 348.1 ft kip

≔Ps1 =――
VUW
Nbw

11.15 kip ≔Ph1 =―――
Huwneg
Nbw

0 kip

≔Pmv1 =―――
⋅Mtot1 x

Ip
13.12 kip

≔Pmh1 =―――
⋅Mtot1 y

Ip
30.87 kip

≔Pmax1 =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+⎛⎝ +Pmv1 Ps1⎞⎠
2

⎛⎝ +Pmh1 Ph1⎞⎠
2

39.27 kip

≔Mtot2 =+Muwpos MUV 216.43 ft kip

≔Ps2 =Ps1 11.15 kip ≔Ph2 =―――
Huwpos
Nbw

12.31 kip

≔Pmv2 =―――
⋅Mtot2 x

Ip
8.16 kip ≔Pmh2 =―――

⋅Mtot2 y

Ip
19.2 kip

≔Pmax2 =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+⎛⎝ +Pmv2 Ps2⎞⎠
2

⎛⎝ +Pmh2 Ph2⎞⎠
2

36.95 kip
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Check Bearing capacity at bolt 
holes from bolt to web material

≔Lcw =−1.75 in ――
φholes

2
1.25 in ≔φbb 0.80

≔Rnbrg3 =⋅⋅⋅1.2 Lcw tspo Fu 52.5 kip per extreme bolt loca on in web to end of 
web plate

≔Rnbrg4 =⋅⋅⋅2.4 d tw Fu 64.31 kip per interior bolt loca ons in web

≔Rrbrg =⋅φbb ⎛⎝ ,Rnbrg3 Rnbrg4⎞⎠ 42 kip Maximum Bearing on web thickness at 
extreme bolt loca ons

Maximum bearing at web loca ons is less than the factored bearing 
resistance on the web thickness therefore bolts are okay in bearing because 
all remaining bolts will have less load on them than the extreme bolt 
loca ons.
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Check slip resistance at extreme bolt loca on (Service II) flange stresses at mid thickness of flanges from 
previous computa ons exterior girder controls for posi ve moment & interior for nega ve moment:

=ftfposinsvc2 −0.12 ksi =ftfposexsvc2 −0.43 ksi =ftfnegexsvc2 9.67 ksi =ftfneginsvc2 9.68 ksi
=fbfposinsvc2 6.81 ksi =fbfposexsvc2 7.6 ksi =fbfnegexsvc2 −9.67 ksi =fbfneginsvc2 −9.68 ksi

≔Ms1 =⋅―――
⋅tw D

2

12
||⎛⎝ −fbfposexsvc2 ftfposexsvc2⎞⎠|| 29.87 ft kip ≔Hs1 =⋅――

⋅tw D

2
⎛⎝ +fbfposexsvc2 ftfposexsvc2⎞⎠ 54.91 kip

≔Ms2 =⋅―――
⋅tw D

2

12
||⎛⎝ −fbfneginsvc2 ftfneginsvc2⎞⎠|| 72.09 ft kip ≔Hs2 =⋅――

⋅tw D

2
⎛⎝ +fbfneginsvc2 ftfneginsvc2⎞⎠ 0 kip

=VS 130.66 kip

≔Msv =⋅VS e 36.75 ft kip

≔Msvc1 =+Ms1 Msv 66.62 ft kip ≔Msvc2 =+Ms2 Msv 108.83 ft kip

≔Psv1 =―――
⋅Msvc1 x

Ip
2.51 kip ≔Ps =――

VS
Nbw

5.94 kip

≔Psh1 =―――
⋅Msvc1 y

Ip
5.91 kip ≔Ph1 =――

Hs1
Nbw

2.5 kip

≔P1svc2 =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+⎛⎝ +Psv1 Ps⎞⎠
2

⎛⎝ +Psh1 Ph1⎞⎠
2

11.92 kip

≔Psv2 =―――
⋅Msvc2 x

Ip
4.1 kip ≔Ps =――

VS
Nbw

5.94 kip

≔Psh2 =―――
⋅Msvc2 y

Ip
9.65 kip ≔Ph2 =――

Hs2
Nbw

0 kip

≔P2svc2 =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+⎛⎝ +Psv2 Ps⎞⎠
2

⎛⎝ +Psh2 Ph2⎞⎠
2

13.93 kip

=Kh 1 Bolts are standard sized

=Ks 0.5 Class B Slip Condi on

≔Ns2 2 2 Plane between web & web plates

=Pt 39 kip For A325 Bolts

≔Rnslipweb =⋅⋅⋅Kh Ks Ns2 Pt 39 kip per bolt >> Maximum Svc II slip load therefor 
web splice is okay for slip resistance at Svc II 
load case
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Check Flexural Yielding of Gross 
Sec on of web splice plates at 
strength limit state:

=Mtot1 348.1 ft kip =Mtot2 216.43 ft kip

≔Spl =―――――
⋅⋅2 tspw Dspw

2

6
187.04 in

3

≔Aplg =⋅⋅2 tspw Dspw 33.5 in
2

≔f lex1 =+――
Mtot1

Spl
―――
Huwneg
Aplg

22.33 ksi

≔f lex2 =+――
Mtot2

Spl
―――
Huwpos
Aplg

21.97 ksi

=⋅φf Fy 50 ksi >> flexural stress at strength I for both 
maximum posi ve & nega ve moments 
expected at splice plates therefor okay

Check Shear yielding of the gross 
sec on of the splice plates:

=VUW 245.22 kip =――
VUW
Aplg

7.32 ksi

=⋅⋅0.58 φv Fy 29 ksi >> Shear stress at web splice plates
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Fa gue stresses at the bolted field splice:  Stress at Net sec on 

≔γfatI 1.5

≔ΔFB =ΔthB 16 ksi
Calcula on of sec on modulus through Net sec on of Splice 
plates only without regard for concrete deck Actual stresses 
are expected to be less than those calculated here ‐ Fa gue 
Cat B for Slip Cri cal Bolted Joints

≔Iosp =――――――――
⋅tspo

3
⎛⎝ −bspo ⋅φholes Rows⎞⎠

12
0.13 in

4
≔Iisp =⋅2 ――――――――

⋅tspi
3

⎛⎝ −bspi ⋅φholes Rows⎞⎠
12

0.06 in
4

≔Iwspg =⋅2 ――――
⋅tspw ⎛⎝Dspw⎞⎠

3

12
3132.95 in

4

≔Ideduct =−――――――
⋅⋅⋅−2 n tspw φholes

3

12
⋅⋅⋅⋅2 tspw φholes 2 ⎛⎝ ++++3

2
in

2
6
2
in

2
9
2
in

2
12

2
in

2
15

2
in

2 ⎞⎠ −990.92 in
4

≔Iwspn =+Iwspg Ideduct 2142.03 in
4

≔Iospnet =⋅2
⎛
⎜
⎝

+Iosp ⋅⋅⎛⎝ −bspo ⋅Rows φholes⎞⎠ tspo
⎛
⎜⎝

+――
dbeam
2

――
tspo
2

⎞
⎟⎠

2 ⎞
⎟
⎠

4247.17 in
4

≔Iispnet =⋅2
⎛
⎜
⎝

+Iisp ⋅⋅⎛⎝ −⋅2 bspi ⋅Rows φholes⎞⎠ tspi
⎛
⎜⎝

−−−――
dbeam
2

ttf tbf ――
tspi
2

⎞
⎟⎠

2 ⎞
⎟
⎠

2620.48 in
4

≔Ispnet =++Iwspn Iospnet Iispnet 9009.68 in
4

≔Sspnet =―――――
Ispnet

⎛
⎜⎝
――――

+dbeam tspo
2

⎞
⎟⎠

478.92 in
3

≔ffatmax =⋅⋅γfatI ――――――――
⎛⎝ +%100 IMfat⎞⎠ Mspfatmax

Sspnet
gposfatm 9.61 ksi

≔ffatmin =⋅⋅γfatI ――――――――
⋅⎛⎝ +%100 IMfat⎞⎠ Mspfatmin

Sspnet
gnegfatm −6.87 ksi

Stresses are less than the fa gue stress threshold for detail 
category B and therefor infinite life is expected 
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Calcula on of sec on modulus through Net sec on of 
Girder only without regard for concrete deck Actual stresses 
are expected to be less than those calculated here ‐ Fa gue 
Cat B for Slip Cri cal Bolted Joints

≔Inf =―――――――
⋅⎛⎝ −btf ⋅Rows φholes⎞⎠ ttf

3

12
1.2 in

4
Calculated for Top flange (btm flange the same)

=Ioxw 1563.15 in
4

≔Iwebdeduct =−―――――
⋅⋅−n tw φholes

3

12
⋅⋅⋅tw φholes 2 ⎛⎝ ++++3

2
in

2
6
2
in

2
9
2
in

2
12

2
in

2
15

2
in

2 ⎞⎠ −433.53 in
4

≔Iwebnet =+Ioxw Iwebdeduct 1129.63 in
4

≔Anet lange =⋅⎛⎝ −btf φholes⎞⎠ ttf 15.94 in
2

≔Inetgirder =++Iwebnet ⋅2 Inf ⋅2
⎛
⎜
⎝

⋅Anet lange
⎛
⎜⎝

−――
dbeam
2

―
ttf
2

⎞
⎟⎠

2 ⎞
⎟
⎠

11495.41 in
4

≔Snetgirder =―――
Inetgirder
⎛
⎜⎝
――
dbeam
2

⎞
⎟⎠

619.28 in
3

≔fgfatmax =⋅⋅γfatI ――――――――
⎛⎝ +%100 IMfat⎞⎠ Mspfatmax

Snetgirder
gposfatm 7.43 ksi

≔fgfatmin =⋅⋅γfatI ――――――――
⋅⎛⎝ +%100 IMfat⎞⎠ Mspfatmin

Snetgirder
gnegfatm −5.31 ksi

Stresses are less than the fa gue stress threshold for detail 
category B and therefor infinite life is expected 
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