
Bridge No: N/A Owner: VAOT
Town/City: Rockingham Maintainer:

Route Carried: VT Route 121 Year Built 2015

Crosses: Saxtons River Year(s) Rebuilt/Rehab: Note: piers are pre-existing

SUMMARY OF BRIDGE RATING

LRFR Load Rating Factors

Loading Levels Truck

H20 HL‐93 3s2 6‐axle 3A. Str. 4A. Str. 5A. Semi

Tonnage 20 36 36 66 30 34.5 38 Interior Negative Flexure

Inventory 4.136 1.187 Governs Load Rating

Posting

Operating 5.36 1.54 3.72 1.84 3.67 3.21 3.21
Comments **

** HL‐93 Loading governing the negative moment load rating is the negative moment truck train

Group 1 Posting Analysis (Configuration 1)
Governing Posting: N/A
Governing Load Model: N/A

Group 2 Posting Analysis (Configurations 2 - 5)
Governing Posting: N/A
Governing Load Model: N/A

Group 3 Posting Analysis (Configurations 6 - 8)
Governing Posting: N/A
Governing Load Model: N/A

Please check all the boxes that apply:
LRFR Evaluation Factors: LL Rating Bridge load rating is:

 governed by substructure rating
Live Load Distribution Factor: 0.83 Positive Moment Flex Connections control the load rating

0.83 Negative Moment Flex Exterior girder controls load rating
1.12 Shear Dist. Factor As-built load rating

Live Load DF Special Hauling: N/A As-inspected load rating
Impact Factor: 33% One Lane Loaded
Governing Condition Factor, φc: 1 Advanced Analysis Used

System Factor, φs: 1 Actual Measurements Taken

ADTT : 3700 Finite Fatigue Life 75 years*



BREAKDOWN OF BRIDGE RATING

Town/City: Rockingham Route Carried: VT Route 121
Bridge No: N/A Crosses: Saxtons River

LOAD RATING POINTS OF INTEREST

Inv Oper
72.0 kip 72.0 kip

Interior Beam Strength I       Shear
1.70 2.21

Exterior Beam Service 2  Positive 
Moment 

3.04 3.95

1.32 1.72

3.192.46

Bridge Component

 Interior Beam Strength I    
Positive Moment

Exterior Beam Strength I       
Shear

Exterior Beam Strength I  Positive 
Moment

Exterior Beam Strength I 
Negative Moment  

1.85

2.39

1.33

HL-93

3.09

1.73

2.40

Exterior Beam Service 2 Negative 
Moment 

Interior Beam Service 2  Positive 
Moment 

1.97

3.04 3.95

1.51

 Interior Beam Strength I    
Negative Moment

1.19 1.54

Interior Beam Service 2 Negative 
Moment 

CONTROLLING RATING 
FACTORS

1.19 1.54
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Section Live Load

Exterior Girder Positive Flexure HL‐93 2.385 85.88 T 3.09 111.32 T

Strength I 3s2 3.872 139.4 T 5.02 180.71 T

6at 2.54 167.66 T 3.29 217.33 T

3as 3.312 99.35 T 4.29 128.79 T

4as 2.878 99.3 T 3.73 128.72 T

5as 3.291 125.07 T 4.27 162.13 T

h20 4.534 90.68 T 5.88 117.54 T

Interior Girder Positive Flexure HL‐93 2.46 88.56 T 3.19 114.8 T

Strength I 3s2 3.993 143.76 T 5.18 186.36 T

6at 2.62 172.9 T 3.4 224.13 T

3as 3.415 102.46 T 4.43 132.81 T

4as 2.968 102.4 T 3.85 132.75 T

5as 3.394 128.98 T 4.4 167.2 T

h20 4.676 93.51 T 6.06 121.22 T

Exterior Girder Negative Flexure HL‐93 1.331 47.91 T 1.73 62.11 T

at Piers 3s2 3.218 115.85 T 4.17 150.17 T

Strength I 6at 1.592 105.05 T 2.06 136.17 T

3as 3.172 95.17 T 4.11 123.37 T

4as 2.776 95.77 T 3.6 124.15 T

5as 2.781 105.67 T 3.6 136.98 T

h20 4.639 55.62 T 6.01 72.1 T

Interior Girder Negative Flexure HL‐93 1.187 42.72 T 1.54 55.38 T

at Piers 3s2 2.869 103.3 T 3.72 133.91 T

Strength I 6at 1.419 93.67 T 1.84 121.42 T

3as 2.829 84.87 T 3.67 110.01 T

4as 2.475 85.4 T 3.21 110.7 T

5as 2.48 94.23 T 3.21 122.15 T

h20 4.136 49.59 T 5.36 64.29 T

Exterior Girder Negative Flexure HL‐93 1.983 71.38 T 2.57 92.54 T

6.3' from piers 3s2 3.472 124.97 T 4.5 162 T

Strength I 6at 2.388 157.64 T 3.1 204.34 T

3as 3.422 102.67 T 4.44 133.09 T

4as 2.995 95.77 T 3.88 124.15 T

5as 3 114 T 3.89 147.78 T

h20 6.435 128.69 T 8.34 166.82 T

Interior Girder Negative Flexure HL‐93 1.808 65.08 T 2.34 84.36 T

6.3 ft from piers 3s2 3.165 113.93 T 4.1 147.69 T

Strength I 6at 2.177 143.71 T 2.82 186.29 T

3as 3.12 93.6 T 4.04 121.33 T

4as 2.73 85.4 T 3.54 110.7 T

5as 2.735 94.23 T 3.55 122.15 T

h20 4.562 91.24 T 5.91 118.27 T

Inventory Operating

Sumary of Load Rating

ii



Section Live Load

Exterior Girder Positive Flexure HL‐93 3.04 109.3 T 3.95 142.09 T

Service II 3s2 4.93 177.42 T 6.41 230.65 T

6at 3.23 213.39 T 4.2 277.4 T

3as 4.21 126.45 T 5.48 164.38 T

4as 3.66 126.38 T 4.76 164.3 T

5as 4.19 159.19 T 5.45 206.94 T

h20 5.77 115.41 T 7.5 150.03 T

Interior Girder Positive Flexure HL‐93 3.04 109.29 T 3.95 142.07 T

Service II 3s2 4.93 177.4 T 6.41 230.62 T

6at 3.23 213.36 T 4.2 277.37 T

3as 4.21 126.43 T 5.48 164.36 T

4as 3.66 126.37 T 4.76 164.28 T

5as 4.19 159.17 T 5.45 206.92 T

h20 5.77 115.39 T 7.5 150.01 T

Exterior GIrder Negative Moment HL‐93 1.51 54.44 T 1.97 70.77 T

Service II 3s2 3.66 131.63 T 4.75 171.12 T

6at 1.81 119.35 T 2.35 155.16 T

3as 3.6 108.14 T 4.69 140.58 T

4as 3.15 108.81 T 4.1 141.46 T

5as 3.16 120.07 T 4.11 156.09 T

h20 5.27 105.41 T 6.85 137.03 T

Interior Girder Negative Moment HL‐93 1.32 47.7 T 1.72 62.01 T

Service II 3s2 3.2 115.33 T 4.16 149.93 T

6at 1.58 104.58 T 2.06 135.95 T

3as 3.16 94.75 T 4.11 123.94 T

4as 2.76 95.34 T 3.59 123.94 T

5as 2.77 105.2 T 3.6 136.76 T

h20 4.62 92.36 T 6 120.07 T

Inventory Operating

Sumary of Load Rating

iii



Section Live Load

Exterior GIrder Shear HL‐93 1.85 66.75 T 2.4 86.53 T

Stiffened Panel 3s2 2.8 100.81 T 3.63 130.68 T

w/in 6.3ft of piers 6at 1.7 111.87 T 2.2 145.02 T

Strength I 3as 2.66 79.66 T 3.44 103.27 T

4as 2.43 83.77 T 3.15 108.58 T

5as 2.51 95.31 T 3.25 123.54 T

h20 4.07 81.43 T 5.28 105.56 T

Interior Girder Shear HL‐93 1.7 61.33 T 2.21 79.5 T

Stiffened Panel 3s2 2.57 92.62 T 3.34 120.06 T

w/in 6.3ft of piers 6at 1.56 102.78 T 2.02 133.24 T

Strength I 3as 2.44 73.19 T 3.16 94.88 T

4as 2.23 76.96 T 2.89 99.76 T

5as 2.3 87.56 T 2.99 113.51 T

h20 3.74 74.82 T 4.85 96.99 T

Exterior Girder Shear HL‐93 1.92 69.04 T 2.49 89.5 T

Unstiffened Panel 3s2 3.03 109.13 T 3.93 141.46 T

6.3 ft from pier or 6at 1.8 118.75 T 2.33 153.93 T

further 3as 2.63 78.96 T 3.41 102.36 T

Strength I 4as 2.44 84.18 T 3.16 109.13 T

5as 2.6 98.67 T 3.37 127.9 T

h20 4.07 81.32 T 5.27 105.42 T

Interior GIrder Shear HL‐93 1.78 63.93 T 2.3 82.87 T

Unstiffened Panel 3s2 2.81 101.05 T 3.64 130.99 T

6.3 ft from pier or 6at 1.67 109.95 T 2.16 142.53 T

further 3as 2.44 73.12 T 3.16 94.78 T

Strength I 4as 2.26 77.95 T 2.93 101.05 T

5as 2.4 91.36 T 3.12 118.43 T

h20 3.77 75.30 T 4.88 97.61 T

OperatingInventory

Sumary of Load Rating

iv



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: Rachael Joyce, 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

≔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 1.125 in ≔Abf =⋅bbf tbf 18 in

2
≔ybf ―
tbf
2

≔Ioxbf ―――
⋅bbf tbf

3

12
≔Ioybf ―――

⋅tbf bbf
3

12
≔dw 35 in
≔tw 0.50 in ≔Aw =⋅dw tw 17.5 in

2
≔yw +tbf ―

dw
2

≔Ioxw ―――
⋅tw dw

3

12
≔Ioyw ―――

⋅dw tw
3

12
≔btf 16.0 in
≔ttf 1.125 in ≔Atf =⋅btf ttf 18 in

2
≔ytf ++tbf dw ―

ttf
2

≔Ioxtf ―――
⋅btf ttf

3

12
≔Ioytf ―――

⋅ttf btf
3

12
≔dbeam =++ttf dw tbf 37.25 in

≔Ag =++⋅btf ttf ⋅bbf tbf ⋅dw tw 53.5 in
2

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

Ag
18.63 in

≔Ix +++++Ioxbf ⋅Abf ⎛⎝ −ybf ybar⎞⎠
2

Ioxw ⋅Aw ⎛⎝ −yw ybar⎞⎠
2

Ioxtf ⋅Atf ⎛⎝ −ytf ybar⎞⎠
2

=Ix 13535.4 in
4

≔Iy ++Ioybf Ioyw Ioytf
=Iy 768.36 in

4
≔Stf =――――

Ix
⎛⎝ −dbeam ybar⎞⎠

726.73 in
3

≔Sbf =――
Ix
ybar

726.73 in
3

≔Itbf =+―――
⋅bbf

3
tbf

12
⋅―

dw
6

――
tw

3

12
384.06 in

4
≔Atbf =+⋅bbf tbf ⋅―

dw
6

tw 20.92 in
2

≔Ittf =+―――
⋅btf

3
ttf

12
⋅―

dw
6

――
tw

3

12
384.06 in

4
≔Attf =+⋅btf ttf ⋅―

dw
6

tw 20.92 in
2

≔rtbf =
‾‾‾‾
――
Itbf
Atbf

4.29 in ≔rttf =
‾‾‾
――
Ittf
Attf

4.29 in

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

≔bbfnm 18.375 in

≔tbf 1.125 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 1.125 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 58.84 in
2

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

Agnm
18.63 in

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

Ioxw ⋅Aw ⎛⎝ −yw ybarnm⎞⎠
2

Ioxtfnm ⋅Atfnm ⎛⎝ −ytfnm ybarnm⎞⎠
2

=Ixnm 15279.38 in
4

≔Iynm ++Ioybfnm Ioyw Ioytfnm

=Iynm 1163.64 in
4

≔Stfnm =―――――
Ixnm

⎛⎝ −dbeam ybarnm⎞⎠
820.37 in

3
≔Sbfnm =――

Ixnm
ybarnm

820.37 in
3

≔Itbfnm =+――――
⋅bbfnm

3
tbf

12
⋅―

dw
6

――
tw

3

12
581.7 in

4
≔Atbfnm =+⋅bbfnm tbf ⋅―

dw
6

tw 23.59 in
2

≔Ittfnm =+―――
⋅btfnm

3
ttf

12
⋅―

dw
6

――
tw

3

12
581.7 in

4
≔Attfnm =+⋅btfnm ttf ⋅―

dw
6

tw 23.59 in
2

≔rtbfnm =
‾‾‾‾‾
――
Itbfnm
Atbfnm

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

4.97 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

≔n ―
EB
ED

≔ts tdeck
≔eg =+――
dbeam
2

――
tdeck
2

1.93 ft

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

2 ⎞⎠

=Kgpos 318762.27 in
4

=Kgneg 353566.3 in
4

Moment Interior, Approach span, one lane loaded

≔g1MI1L +0.06 ⋅⋅
⎛
⎜⎝
――
S

⋅14 ft

⎞
⎟⎠

0.4
⎛
⎜⎝
―――

S

LAPRCH

⎞
⎟⎠

0.3 ⎛
⎜
⎜
⎝

―――――――
Kgpos

⋅⋅⋅12.0 ―
in

ft
LAPRCH ts

3

⎞
⎟
⎟
⎠

0.1

=g1MI1L 0.55
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 ―
in

ft
LAPRCH ts

3

⎞
⎟
⎟
⎠

0.1

=g1MI2L 0.77
Moment Interior, Neg. Moment, 
one lane loaded

≔g2MI1L +0.06 ⋅⋅
⎛
⎜⎝
――
S

⋅14 ft

⎞
⎟⎠

0.4
⎛
⎜⎝
――
S

LnegM

⎞
⎟⎠

0.3 ⎛
⎜
⎜
⎝

――――――
Kgneg

⋅⋅12.0 ―
in

ft
LnegM ts

3

⎞
⎟
⎟
⎠

0.1

=g2MI1L 0.55

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 ―
in

ft
LnegM ts

3

⎞
⎟
⎟
⎠

0.1

=g2MI2L 0.77
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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 ―
in

ft
LMAIN ts

3

⎞
⎟
⎟
⎠

0.1

=g3MI1L 0.54

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 ―
in

ft
LMAIN ts

3

⎞
⎟
⎟
⎠

0.1

=g3MI2L 0.76

≔gMIcontrol =max ⎛⎝ ,,,,,g3MI2L g3MI1L g2MI2L g2MI1L g1MI2L g1MI1L⎞⎠ 0.77
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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 ≔m3L 0.80 Used for two lanes loaded + Sidewalk Live Load

≔g1MEL1 =⋅m1L LE1MEL1 0.83

≔g1alt1 =⋅⋅0.5 ――――
(( +5 ft 2 in))

S
m2L 0.25 Exterior girder Live Load from Truck 

component concurrent with SW live load

≔g1alt2 =g1MEL1 0.83 loading with truck mounted on sidewalk 
one lane only

two or more lanes loaded: (for G4 fascia or G1 w/o sidewalk)

≔deg4 =−+2 ft 7 in 10 in 1.75 ft

≔eg4 =+0.77 ――
deg4
9.1 ft

0.96

≔g1MEL2 =⋅m2L ⎛⎝ ⋅eg4 g1MI2L⎞⎠ 0.74 posi ve moment approach span

≔g2MEL2 =⋅m2L ⎛⎝ ⋅eg4 g2MI2L⎞⎠ 0.742 nega ve moment region

≔g3MEL2 =⋅m2L ⎛⎝ ⋅eg4 g3MI2L⎞⎠ 0.73 posi ve moment main span

two or more lanes loaded: (for G1 w/ sidewalk)

≔deg1 =−−+2 ft 7 in 10 in 5 ft −3.25 ft de < ‐1.0   which is outside the range of 
applicability per sec on 4.6.2.2.2d therefor
set de = ‐1.0 

≔deg1 −1.0 ft

≔eg1 =+0.77 ――
deg1
9.1 ft

0.66
Alternate Loadings (Sidewalk & Live Loads)

≔g2alt1 =⋅m3L ⎛⎝ ⋅eg1 g1MI2L⎞⎠ 0.406
≔G1SWLL =⋅375 plf ――――

(( −S 8.5 in))

S
349.7 plf

≔g3alt1 =⋅m3L ⎛⎝ ⋅eg1 g2MI2L⎞⎠ 0.407
≔G2SWLL =−375 plf G1SWLL 25.3 plf

≔g4alt1 =⋅m3L ⎛⎝ ⋅eg1 g3MI2L⎞⎠ 0.401 Note that if G2swll is applied to interior girders it will cause the mul presence 
factor to decrease resul ng in a lower total moment therefor G2swll will be 
ignored in calcula ons
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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

≔galt1 =max ⎛⎝ ,,,g1alt1 g2alt1 g3alt1 g4alt1⎞⎠ 0.407 Vehicular load concurrent with SW LL

≔galt2 =g1alt2 0.83 Vehicular load without SW LL
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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 also for alternate loading condi on #2 with 
truck mounted on sidewalk

≔g1valt1 =g1alt1 0.25 Concurrent with SW live Loading

two or more lanes loaded

≔de =−OH 10 in 1.75 ft

≔e =+0.60 ――
de
10 ft

0.78

≔g1VEL2 =⋅m2L ⎛⎝ ⋅e g1VIL2⎞⎠ 0.76

two or more lanes loaded: (for G1 w/ sidewalk)

≔dev1 =−−+2 ft 7 in 10 in 5 ft −3.25 ft de < ‐1.0   which is outside the range of 
applicability per sec on 4.6.2.2.3b‐1 
therefor
set de = ‐1.0 

≔dev1 −1.0 ft

≔ev1 =+0.60 ―――
dev1
10.0 ft

0.5

≔g2valt1 =⋅m3L ⎛⎝ ⋅ev1 g1VIL2⎞⎠ 0.394
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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)) 1.138

≔Corskneg =+1 ⋅⋅0.20

⎛
⎜
⎜
⎝
―――――――

⎛
⎜⎝

⋅⋅⋅12 ―
in

ft
LnegM tdeck

3 ⎞
⎟⎠

Kgneg

⎞
⎟
⎟
⎠

0.3

tan ((skew)) 1.135

≔Corskmain =+1 ⋅⋅0.20

⎛
⎜
⎜
⎝
―――――――

⎛
⎜⎝

⋅⋅⋅12 ―
in

ft
LMAIN tdeck

3 ⎞
⎟⎠

Kgpos

⎞
⎟
⎟
⎠

0.3

tan ((skew)) 1.14

≔Corsk =max ⎛⎝ ,,Corskapr Corskmain Corskneg⎞⎠ 1.14 Using highest calculated skew adjustment 
factor for shear

Controlling Shear Dis bu on 
Factor:

≔gv =⋅Corsk max ⎛⎝ ,,,g1VEL1 g1VEL2 g1VIL2 g1VIL1⎞⎠ 1.12

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

m1L

0.79

≔gvalt1 =⋅Corsk max ⎛⎝ ,g1valt1 g2valt1⎞⎠ 0.45
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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
216.47 plf

=Wstl 0.22 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

≔WaltpvtG1 =−Wextpvt ⋅⋅⋅5 ft 3.25 in 145 pcf ――――
(( −S 8.5 in))

S
0.09 klf

≔Wutint =―――
500 plf

2
0.25 klf
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60% of railing & Sidewalk 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

≔WaltSWG1 =⋅⋅%60 1 700 plf 420 plf
=WaltSWG1 0.42 klf

≔WaltSWint =⋅⋅%40 1 ―――
700 plf

2
140 plf

=WaltSWint 0.14 klf
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3S2 truck per VTrans Structures 
Mnl 2010 sec on 15.2 not 
distributed without impact single 
wheel line only

=Mmax3s2 279.13 ft kip =Vmax3s2 26.79 kip
=Mmin3s2 −183.71 ft kip
=M2neg3s2 −160.62 ft kip =Vus3s2 22.83 kip
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6 Axle Trailer truck
per VTrans Structures Mnl 2010
sec on 15.2 not distributed 
without impact ‐ single wheel line 
only

=Mmax6at 425.5 ft kip =Vmax6at 44.25 kip
=Mmin6at −371.43 ft kip
=M2neg6at −233.46 ft kip =Vus6at 38.47 kip

Page 13 of 64



3 Axle Straight truck
per VTrans Structures Mnl 2010
sec on 15.2 not distributed 
without impact single wheel line 
only

=Mmax3as 326.39 ft kip =Vmax3as 28.25 kip
=Mmin3as −186.35 ft kip
=M2neg3as −162.93 ft kip =Vus3as 26.3 kip
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4 Axle Straight truck
per VTrans Structures Mnl 2010
sec on 15.2 not distributed 
without impact single wheel line 
only

=Mmax4as 375.54 ft kip =Vmax4as 30.89 kip
=Mmin4as −212.96 ft kip
=M2neg4as −186.2 ft kip =Vus4as 28.36 kip
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5 Axle Semi ‐ per
VTrans Structures Manual 2010
sec on 15.2 35' truck unfactored 
without dynamic load allowance 
Single wheel line only

=Mmax5as 328.4 ft kip =Vmax5as 29.91 kip
=Mmin5as −212.58 ft kip
=M2neg5as −185.87 ft kip =Vus5as 26.66 kip
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H 20 load unfactored ‐
undistributed without dynamic 
load allowance ‐ single wheel line 
only

=Mmaxh20 238.4 ft kip =Vmaxh20 18.42 kip
=Mminh20 −127.44 ft kip
=M2negh20 −111.43 ft kip =Vush20 17.02 kip
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HS 20 load unfactored ‐
undistributed without dynamic 
load allowance single LANE only

3.6.1.2.2 truck defini on

=Mmaxhs20 698.16 ft kip =Vmaxhs20 61.3 kip
=Mminhs20 −430.97 ft kip =Vushs20 55.61 kip
=M2neghs20 −376.82 ft kip
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Nega ve Moment Truck Train load 
unfactored ‐ undistributed 
without dynamic load allowance
(90% of HS‐20 truck train figured)
single LANE only

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 =Vusnmtt 51.87 kip
=M2negnmtt −429.02 ft kip
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Design Tandem Load,
Unfactored, Undistributed, with 
no dynamic load allowance
single LANE only

LRFD 3.6.1.2.3

=Mmaxtan 626.66 ft kip =Vmaxtan 48.12 kip
=Mmintan −327.1 ft kip
=M2negtan −286 ft kip =Vustan 43.41 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

=Vus13 29.62 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

=Vus12 34.43 kip
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Uniform load all spans loaded

=M123max 334.5 ft kip =V123max 39.63 kip =Vus123 33.33 kip

=M123min −450.83 ft kip =M2neg123 −236.58 ft 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

=Vus1 30.72 kip
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Service Load Dead Load Moments 
Maximum Posi ve Moments

≔M1 luidint =⋅―――
Wintdeck

1 klf
M123max 395.13 ft kip ≔M1 luidext =⋅―――

Wextdeck

1 klf
M123max 294.78 ft kip

≔M1beam =⋅――
Wstl

1 klf
M123max 72.41 ft kip

≔M1railint =⋅―――
Wintrail

1 klf
M123max 41.32 ft kip ≔M1railext =⋅―――

Wextrail

1 klf
M123max 61.99 ft kip

≔M1pvtint =⋅―――
Wintpvt

1 klf
M123max 137.93 ft kip ≔M1pvtext =⋅―――

Wextpvt

1 klf
M123max 91.95 ft kip

≔M1swdlext =⋅―――
WaltSWG1

1 klf
M123max 140.49 ft kip ≔M1swdlint =⋅―――

WaltSWint

1 klf
M123max 46.83 ft kip

≔M1altpvtg1 =⋅―――
WaltpvtG1

1 klf
M123max 30.7 ft kip ≔M1utint =⋅――

Wutint

1 klf
M123max 83.62 ft kip

≔IM %33 Dynamic Load Allowance

Strength I load Factors

≔γstrIL 1.75 ≔γstrIdc 1.25 ≔γstrIdw 1.50

Service II load Factors

≔γsvcIIL 1.30 ≔γsvcIIdc 1.00 ≔γsvcIIdw 1.00
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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⎞⎠
28.12 in

≔yexst =―――――――――――

⎛
⎜⎝

+⋅AdeckexST
⎛
⎜⎝

+――
tdeck
2

dbeam
⎞
⎟⎠

⋅Ag ybar
⎞
⎟⎠

⎛⎝ +Ag AdeckexST⎞⎠
34.27 in

≔dtot =+++tdeck ttf dw tbf 46.25 in

≔IextLT +++⋅⋅tdeck
3 ⎛

⎜⎝
+―

S

2
OH

⎞
⎟⎠

――
ED
⋅3 EB

⋅AdeckexLT
⎛
⎜⎝

−−dtot ――
tdeck
2

yexlt
⎞
⎟⎠

2

Ix ⋅Ag ⎛⎝ −yexlt ybar⎞⎠
2

=IextLT 28305.42 in
4

≔SextfLT =―――――
IextLT

⎛⎝ −dbeam yexlt⎞⎠
3101.05 in

3
≔SexbfLT =――
IextLT
yexlt

1006.51 in
3

≔IextST +++⋅⋅tdeck
3 ⎛

⎜⎝
+―

S

2
OH

⎞
⎟⎠

―
ED
EB

⋅AdeckexST
⎛
⎜⎝

−−dtot ――
tdeck
2

yexst
⎞
⎟⎠

2

Ix ⋅Ag ⎛⎝ −yexst ybar⎞⎠
2

=IextST 41948.89 in
4

≔SextfST =―――――
IextST

⎛⎝ −dbeam yexst⎞⎠
14067.21 in

3
≔SexbfST =――
IextST
yexst

1224.14 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⎞⎠
29.79 in

≔yinst =―――――――――――

⎛
⎜⎝

+⋅AdeckinST
⎛
⎜⎝

+――
tdeck
2

dbeam
⎞
⎟⎠

⋅Ag ybar
⎞
⎟⎠

⎛⎝ +Ag AdeckinST⎞⎠
35.67 in

=dtot 46.25 in

≔IintLT +++⋅⋅tdeck
3
S ――

ED
⋅3 EB

⋅AdeckinLT
⎛
⎜⎝

−−dtot ――
tdeck
2

yinlt
⎞
⎟⎠

2

Ix ⋅Ag ⎛⎝ −yinlt ybar⎞⎠
2

=IintLT 31401.6 in
4

≔SintfLT =――――
IintLT

⎛⎝ −dbeam yinlt⎞⎠
4211.53 in

3
≔SinbfLT =――
IintLT
yinlt

1053.96 in
3

≔IintST +++⋅⋅tdeck
3
S ―

ED
EB

⋅AdeckinST
⎛
⎜⎝

−−dtot ――
tdeck
2

yinst
⎞
⎟⎠

2

Ix ⋅Ag ⎛⎝ −yinst ybar⎞⎠
2

=IintST 46765.86 in
4

≔SintfST =―――――
IintST

⎛⎝ −dbeam yinst⎞⎠
29569.42 in

3
≔SinbfST =――
IintST
yinst

1311.13 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 =⋅γstrIdc ⎛⎝ +M1 luidext M1beam⎞⎠ 458.98 ft kip

≔MD2ext =+⋅γstrIdw M1pvtext ⋅γstrIdc ⎛⎝ +M1railext M1swdlext⎞⎠ 391.02 ft kip

≔MADexttf =⋅SextfST
⎛
⎜
⎝

−−Fy ――
MD1ext

Stf
――
MD2ext

SextfLT

⎞
⎟
⎠

47955.18 ft kip

≔MADextbf =⋅SexbfST
⎛
⎜
⎝

−−Fy ――
MD1ext

Sbf
――
MD2ext

SexbfLT

⎞
⎟
⎠

3851.89 ft kip

≔MADext =⎛⎝ ,MADexttf MADextbf⎞⎠ 3851.89 ft kip

≔Myext =++MADext MD1ext MD2ext 4701.9 ft kip

By inspec on Bo om flange governs yield 
moment calcula ons in the composite 
posi ve moment sec on.

D6.2.2‐2
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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 900 kip per Appendix Pc stands for Compression flange

≔PW =⋅Fy Aw 875 kip

≔PT =⋅Fy Abf 900 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
8.37 in

≔dtfe =+−tdeck Ypexbar ―
ttf
2

1.19 in

≔dwe =++dtfe ―
ttf
2

―
dw
2

19.26 in

≔dbfe =++dwe ―
dw
2

―
tbf
2

37.32 in

≔Mpex =+⋅Ypexbar
2

―――
PSe
⋅2 tdeck

⎛⎝ ++⋅PC dtfe ⋅PW dwe ⋅PT dbfe⎞⎠ 5225.18 ft kip
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Nominal Flexural resistance per LRFD 
6.10.7.1.2

≔Dpex =Ypexbar 8.37 in

≔Dtot =+tdeck dbeam 46.25 in

=――
Dpex
Dtot

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

≔Mnex =⋅Mpex
⎛
⎜
⎝

−1.07 ⋅0.7 ――
Dpex
Dtot

⎞
⎟
⎠

4929.03 ft kip 6.10.7.1.2‐2

≔φf 1.00 Resistance Factor from LRFD 6.5.4.2

≔Mrex =⋅φf ⎛⎝ ,Mnex ⋅1.3 Myext⎞⎠ 4929.03 ft kip Nominal moment capacity must be less 
than 1.3x the yield moment per 
6.10.7.1.2‐3
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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 =⋅γstrIdc ⎛⎝ +M1 luidint M1beam⎞⎠ 584.42 ft kip

≔MD2int =+⋅γstrIdw ⎛⎝ +M1pvtint M1utint⎞⎠ ⋅γstrIdc ⎛⎝ +M1railint M1swdlint⎞⎠ 442.52 ft kip

≔MADinttf =⋅SintfST
⎛
⎜
⎝

−−Fy ――
MD1int

Stf
――
MD2int

SintfLT

⎞
⎟
⎠

96320.07 ft kip

≔MADintbf =⋅SinbfST
⎛
⎜
⎝

−−Fy ――
MD1int

Sbf
――
MD2int

SinbfLT

⎞
⎟
⎠

3858.16 ft kip

≔MADint =⎛⎝ ,MADinttf MADintbf⎞⎠ 3858.16 ft kip

≔Myint =++MADint MD1int MD2int 4885.1 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 900 kip per Appendix Pc stands for Compression 
flange

≔PW =⋅Fy Aw 875 kip

≔PT =⋅Fy Abf 900 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
6.24 in

≔dt i =+−tdeck Ypinbar ―
ttf
2

3.32 in

≔dwi =++dt i ―
ttf
2

―
dw
2

21.38 in

≔db i =++dwi ―
dw
2

―
tbf
2

39.44 in

≔Mpin =+⋅Ypinbar
2

―――
PSi
⋅2 tdeck

⎛⎝ ++⋅PC dt i ⋅PW dwi ⋅PT db i⎞⎠ 5462.11 ft kip
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Nominal Flexural resistance per LRFD 
6.10.7.1.2

≔Dpin =Ypinbar 6.24 in

≔Dtot =+tdeck dbeam 46.25 in

=――
Dpin
Dtot

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

≔Mnin =⋅Mpin
⎛
⎜
⎝

−1.07 ⋅0.7 ――
Dpin
Dtot

⎞
⎟
⎠

5328.25 ft kip

≔φf 1.00 Resistance Factor from LRFD 6.5.4.2

≔Mrin =⋅φf ⎛⎝ ,Mnin ⋅1.3 Myint⎞⎠ 5328.25 ft kip Nominal moment capacity must be less 
than 1.3x the yield moment per 
6.10.7.1.2‐3
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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
8.17 flange slenderness ra o 6.10.8.2.2‐3

≔Dc =ybar 18.63 in ≔λrw =⋅5.7
‾‾‾‾⎛
⎜
⎝
―
EB
Fy

⎞
⎟
⎠

137.27 6.10.6.2.3‐1 to check load shedding factor ‐
ie determina on of web compactness

≔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

9.97 ft

≔Fyr =⋅0.7 Fyc 35 ksi

Unbraced length to achieve full yield stress 
of the flange

≔Lr =⋅⋅ rtbfnm
‾‾‾
―
EB
Fy

31.31 ft Unbraced length to achieve nominal ini al 
yielding ‐ 70% of yield strength
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≔Lbpierext =+12 ft 4.375 in 12.365 ft at pier loca ons (exterior girders only)

≔F1ltbext =|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<Lbpierext Lp
‖
‖ ⋅⋅Rb Rh Fyc

<Lbpierext Lr
‖
‖
‖‖

⋅⋅⋅
⎛
⎜
⎝

−1 ⋅
⎛
⎜
⎝

−1 ―――
Fyr
⋅Rh Fyc

⎞
⎟
⎠

⎛
⎜
⎝
――――

−Lbpierext Lp
−Lr Lp

⎞
⎟
⎠

⎞
⎟
⎠
Rb Rh Fyc

‖
‖
‖
‖
‖

――――
⎛⎝ ⋅⋅Rb

2
EB⎞⎠

⎛
⎜
⎝
―――
Lbpierext
rtbf

⎞
⎟
⎠

2

48.31 ksi

≔F1ncext =⎛⎝ ,F1ltbext Fnclb⎞⎠ 48.31 ksi ≔F1nt =⋅Rh Fy 50 ksi

≔F1rcext =⋅φf F1ncext 48.31 ksi ≔F1rt =⋅φf F1nt 50 ksi
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≔Lbpierint =+6 ft 3.625 in 6.302 ft at pier loca ons (interior girders only)

≔F1ltbint =|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<Lbpierint Lp
‖
‖ ⋅⋅Rb Rh Fyc

<Lbpierint Lr
‖
‖
‖‖

⋅⋅⋅
⎛
⎜
⎝

−1 ⋅
⎛
⎜
⎝

−1 ―――
Fyr
⋅Rh Fyc

⎞
⎟
⎠

⎛
⎜
⎝
――――

−Lbpierext Lp
−Lr Lp

⎞
⎟
⎠

⎞
⎟
⎠
Rb Rh Fyc

‖
‖
‖
‖
‖

――――
⎛⎝ ⋅⋅Rb

2
EB⎞⎠

⎛
⎜
⎝
―――
Lbpierext
rtbf

⎞
⎟
⎠

2

50 ksi

≔F1ncint =⎛⎝ ,F1ltbint Fnclb⎞⎠ 50 ksi ≔F1nt =⋅Rh Fy 50 ksi

≔F1rcint =⋅φf F1ncint 50 ksi ≔F1rt =⋅φf F1nt 50 ksi
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≔L2bpier =+25 ft 2 in 25.17 ft adjacent to next Cross frame at pier 
loca ons ‐ interior or exterior

≔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

39.32 ksi

≔F2nc ⎛⎝ ,F2ltb Fnclb⎞⎠

≔F2rc =⋅φf F2nc 39.32 ksi
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Service II capacity of girder flanges

≔FsvcIIpos =⋅0.95 Fy 47.5 ksi Per LRFD 6.10.4.2.2 for both top flanges 
and bo om flanges where deck is 
composite with steel

≔FsvcIIneg =⋅0.80 Fy 40 ksi Per LRFD 6.10.4.2.2 for both top flanges 
and bo om flanges where deck is not 
composite with steel (nega ve moment 
region)

≔Cs2pos =FsvcIIpos 47.5 ksi

≔Cs2neg =−FsvcIIneg −40 ksi
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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 507.5 kip

≔ku 5 for uns ffened panels per 6.10.9.2

=―
D

tw
70 ≔φv 1.0 Per 6.5.4.2 for Shear 

=⋅1.12
‾‾‾‾‾
――

⋅EB ku
Fyw

60.31 =⋅1.40
‾‾‾‾‾
――

⋅EB ku
Fyw

75.39

Because D/tw < 75.39 & > 60.31:

≔Cu =⋅――
1.12

―
D

tw

‾‾‾‾‾
――

⋅EB ku
Fyw

0.86

≔Vnu =⋅Cu Vp 437.28 kip ≔Vru =⋅φv Vnu 437.28 kip for uns ffened regions

For interior girders near interior supports 
with connec on plates w/in  75.625" of 
Bearing S ffener

≔do 75.625 in

≔ks =+5 ―――
5

⎛
⎜⎝
―
do
D

⎞
⎟⎠

2
6.07 6.10.9.3.2‐7

=⋅1.12
‾‾‾‾‾
――

⋅EB ks
Fyw

66.46 =⋅1.40
‾‾‾‾‾
――

⋅EB ks
Fyw

83.08

Because D/tw between 66.46 & 83.08
(D/tw =80) use eqn: 6.10.9.3.2‐5 for C

≔Cs =⋅――
1.12

―
D

tw

‾‾‾‾‾
――

⋅EB ks
Fyw

0.95

≔Vns =⋅Cs Vp 481.84 kip ≔Vrs =⋅φv Vns 481.84 kip For S ffened Regions at 
adjacent to piers
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The Following Computa ons are the load calcula on por on of the load ra ng, all the 
computa ons prior to this are the capacity por on of the load ra ng ‐ for simplicity it 
makes sense for us to summarize the capaci es as we are doing the load ra ng.

The general load ra ng formula is as follows:

[Capacity ‐ factored Dead Loads]/factored live load with impact = Ra ng Factor

Ra ng factors for Inventory ra ngs use a live load factor of 1.75 for strength condi ons, 
and 1.30 for service II condi ons

Ra ng factors for Opera ng ra ngs use a live load factor of 1.35 for strength
and 1.00 for service II condi ons

to get the load ra ng in Tons for either opera ng or inventory mul ply the ra ng factor 
by the weight of the design vehicle used to calculate the specific ra ng factor in tons.  
LRFR 6A.4.2.1‐1
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Flexural Design Load Ra ng: Calcula on of Maximum 
Moments factor of 2 applied to those trucks where 
reac ons were determined using a single wheelline

Posi ve Moments ‐ Unfactored

≔M1HL93 ⋅gpm
⎛
⎜⎝

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

⋅0.64 klf

1 klf

⎞
⎟⎠
max ⎛⎝ ,M13max M123max⎞⎠

⎞
⎟⎠

=M1HL93 999.11 ft kip
≔M13s2 =⋅⋅⋅2 gpm (( +%100 IM)) Mmax3s2 615.49 ft kip ≔Cfep =Mrex 4929.03 ft kip
≔M16at =⋅⋅⋅2 gpm (( +%100 IM)) Mmax6at 938.23 ft kip
≔M13as =⋅⋅⋅2 gpm (( +%100 IM)) Mmax3as 719.7 ft kip ≔C ip =Mrin 5328.25 ft kip
≔M14as =⋅⋅⋅2 gpm (( +%100 IM)) Mmax4as 828.07 ft kip
≔M15as =⋅⋅⋅2 gpm (( +%100 IM)) Mmax5as 724.12 ft kip ≔γstrop 1.35
≔M1h20 =⋅⋅⋅2 gpm (( +%100 IM)) Mmaxh20 525.68 ft kip
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Posi ve Moment Load Factors 
Exterior Girders:

≔RFfepinvHL93 =――――――――――――――――――――――
−−Cfep ⋅γstrIdc ⎛⎝ +++M1beam M1railext M1swdlext M1 luidext⎞⎠ ⋅γstrIdw ⎛⎝M1altpvtg1⎞⎠

⋅γstrIL M1HL93
2.385

≔invratHL93e =⋅36 tonf RFfepinvHL93 85.88 tonf ≔RFfepopHL93 =⋅RFfepinvHL93 ――
γstrIL
γstrop

3.09
≔operatHL93e =⋅36 tonf RFfepopHL93 111.32 tonf

≔RFfepinv3s2 =――――――――――――――――――――――
−−Cfep ⋅γstrIdc ⎛⎝ +++M1beam M1railext M1swdlext M1 luidext⎞⎠ ⋅γstrIdw ⎛⎝M1altpvtg1⎞⎠

⋅γstrIL M13s2
3.872

≔invrat3s2e =⋅36 tonf RFfepinv3s2 139.4 tonf ≔RFfepop3s2 =⋅RFfepinv3s2 ――
γstrIL
γstrop

5.02
≔operat3s2e =⋅36 tonf RFfepop3s2 180.71 tonf

≔RFfepinv6at =――――――――――――――――――――――
−−Cfep ⋅γstrIdc ⎛⎝ +++M1beam M1railext M1swdlext M1 luidext⎞⎠ ⋅γstrIdw ⎛⎝M1altpvtg1⎞⎠

⋅γstrIL M16at
2.54

≔invrat6ate =⋅66 tonf RFfepinv6at 167.66 tonf ≔RFfepop6at =⋅RFfepinv6at ――
γstrIL
γstrop

3.29
≔operat6ate =⋅66 tonf RFfepop6at 217.33 tonf

≔RFfepinv3as =――――――――――――――――――――――
−−Cfep ⋅γstrIdc ⎛⎝ +++M1beam M1railext M1swdlext M1 luidext⎞⎠ ⋅γstrIdw ⎛⎝M1altpvtg1⎞⎠

⋅γstrIL M13as
3.312

≔invrat3ase =⋅30 tonf RFfepinv3as 99.35 tonf ≔RFfepop3as =⋅RFfepinv3as ――
γstrIL
γstrop

4.29
≔operat3ase =⋅30 tonf RFfepop3as 128.79 tonf

≔RFfepinv4as =――――――――――――――――――――――
−−Cfep ⋅γstrIdc ⎛⎝ +++M1beam M1railext M1swdlext M1 luidext⎞⎠ ⋅γstrIdw ⎛⎝M1altpvtg1⎞⎠

⋅γstrIL M14as
2.878

≔invrat4ase =⋅34.5 tonf RFfepinv4as 99.3 tonf ≔RFfepop4as =⋅RFfepinv4as ――
γstrIL
γstrop

3.73
≔operat4ase =⋅34.5 tonf RFfepop4as 128.72 tonf

≔RFfepinv5as =――――――――――――――――――――――
−−Cfep ⋅γstrIdc ⎛⎝ +++M1beam M1railext M1swdlext M1 luidext⎞⎠ ⋅γstrIdw ⎛⎝M1altpvtg1⎞⎠

⋅γstrIL M15as
3.291

≔invrat5ase =⋅38 tonf RFfepinv5as 125.07 tonf ≔RFfepop5as =⋅RFfepinv5as ――
γstrIL
γstrop

4.27
≔operat5ase =⋅38 tonf RFfepop5as 162.13 tonf

≔RFfepinvh20 =――――――――――――――――――――――
−−Cfep ⋅γstrIdc ⎛⎝ +++M1beam M1railext M1swdlext M1 luidext⎞⎠ ⋅γstrIdw ⎛⎝M1altpvtg1⎞⎠

⋅γstrIL M1h20
4.534

≔invratH20e =⋅20 tonf RFfepinvh20 90.68 tonf ≔RFfepoph20 =⋅RFfepinvh20 ――
γstrIL
γstrop

5.88
≔operatH20e =⋅20 tonf RFfepoph20 117.54 tonf

≔INVposmomex (( ,,,,,,invratHL93e invrat3s2e invrat6ate invrat3ase invrat4ase invrat5ase invratH20e))

≔OPERposmomex (( ,,,,,,operatHL93e operat3s2e operat6ate operat3ase operat4ase operat5ase operatH20e))

=INVposmomex 85.88 tonf =OPERposmomex 111.32 tonf Controlling Posi ve flexure
ra ngs ‐ exterior
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Posi ve Moment Load Factors 
Interior Girders:

≔RF ipinvHL93 =――――――――――――――――――――――――
−−C ip ⋅γstrIdc ⎛⎝ +++M1beam M1railint M1swdlint M1 luidint⎞⎠ ⋅γstrIdw ⎛⎝ +M1pvtint M1utint⎞⎠

⋅γstrIL M1HL93
2.46

≔invratHL93i =⋅36 tonf RF ipinvHL93 88.56 tonf ≔RF ipopHL93 =⋅RF ipinvHL93 ――
γstrIL
γstrop

3.19
≔operatHL93i =⋅36 tonf RF ipopHL93 114.8 tonf

≔RF ipinv3s2 =――――――――――――――――――――――――
−−C ip ⋅γstrIdc ⎛⎝ +++M1beam M1railint M1swdlint M1 luidint⎞⎠ ⋅γstrIdw ⎛⎝ +M1pvtint M1utint⎞⎠

⋅γstrIL M13s2
3.993

≔invrat3s2i =⋅36 tonf RF ipinv3s2 143.76 tonf ≔RF ipop3s2 =⋅RF ipinv3s2 ――
γstrIL
γstrop

5.18
≔operat3s2i =⋅36 tonf RF ipop3s2 186.36 tonf

≔RF ipinv6at =――――――――――――――――――――――――
−−C ip ⋅γstrIdc ⎛⎝ +++M1beam M1railint M1swdlint M1 luidint⎞⎠ ⋅γstrIdw ⎛⎝ +M1pvtint M1utint⎞⎠

⋅γstrIL M16at
2.62

≔invrat6ati =⋅66 tonf RF ipinv6at 172.9 tonf ≔RF ipop6at =⋅RF ipinv6at ――
γstrIL
γstrop

3.4
≔operat6ati =⋅66 tonf RF ipop6at 224.13 tonf

≔RF ipinv3as =――――――――――――――――――――――――
−−C ip ⋅γstrIdc ⎛⎝ +++M1beam M1railint M1swdlint M1 luidint⎞⎠ ⋅γstrIdw ⎛⎝ +M1pvtint M1utint⎞⎠

⋅γstrIL M13as
3.415

≔invrat3asi =⋅30 tonf RF ipinv3as 102.46 tonf ≔RF ipop3as =⋅RF ipinv3as ――
γstrIL
γstrop

4.43
≔operat3asi =⋅30 tonf RF ipop3as 132.81 tonf

≔RF ipinv4as =――――――――――――――――――――――――
−−C ip ⋅γstrIdc ⎛⎝ +++M1beam M1railint M1swdlint M1 luidint⎞⎠ ⋅γstrIdw ⎛⎝ +M1pvtint M1utint⎞⎠

⋅γstrIL M14as
2.968

≔invrat4asi =⋅34.5 tonf RF ipinv4as 102.4 tonf ≔RF ipop4as =⋅RF ipinv4as ――
γstrIL
γstrop

3.85
≔operat4asi =⋅34.5 tonf RF ipop4as 132.75 tonf

≔RF ipinv5as =――――――――――――――――――――――――
−−C ip ⋅γstrIdc ⎛⎝ +++M1beam M1railint M1swdlint M1 luidint⎞⎠ ⋅γstrIdw ⎛⎝ +M1pvtint M1utint⎞⎠

⋅γstrIL M15as
3.394

≔invrat5asi =⋅38 tonf RF ipinv5as 128.98 tonf ≔RF ipop5as =⋅RF ipinv5as ――
γstrIL
γstrop

4.4
≔operat5asi =⋅38 tonf RF ipop5as 167.2 tonf

≔RF ipinvh20 =――――――――――――――――――――――――
−−C ip ⋅γstrIdc ⎛⎝ +++M1beam M1railint M1swdlint M1 luidint⎞⎠ ⋅γstrIdw ⎛⎝ +M1pvtint M1utint⎞⎠

⋅γstrIL M1h20
4.676

≔invratH20i =⋅20 tonf RF ipinvh20 93.51 tonf ≔RF ipoph20 =⋅RF ipinvh20 ――
γstrIL
γstrop

6.06
≔operatH20i =⋅20 tonf RF ipoph20 121.22 tonf

≔INVposmomin (( ,,,,,,invratHL93i invrat3s2i invrat6ati invrat3asi invrat4asi invrat5asi invratH20i))

≔OPERposmomin (( ,,,,,,operatHL93i operat3s2i operat6ati operat3asi operat4asi operat5asi operatH20i))

=INVposmomin 88.56 tonf =OPERposmomin 114.8 tonf Controlling Posi ve flexure
ra ngs ‐ interior
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Nega ve Moments: Dead & Live 
Loads at pier CL brg

≔M2 luidint =⋅―――
Wintdeck

1 klf
M123min −532.54 ft kip ≔M2 luidext =⋅―――

Wextdeck

1 klf
M123min −397.29 ft kip

≔M2beam =⋅――
Wstl

1 klf
M123min −97.59 ft kip

≔M2railint =⋅―――
Wintrail

1 klf
M123min −55.7 ft kip ≔M2railext =⋅―――

Wextrail

1 klf
M123min −83.54 ft kip

≔M2pvtint =⋅―――
Wintpvt

1 klf
M123min −185.9 ft kip ≔M2pvtext =⋅―――

Wextpvt

1 klf
M123min −123.93 ft kip

≔M2swdlext =⋅―――
WaltSWG1

1 klf
M123min −189.35 ft kip ≔M2swdlint =⋅―――

WaltSWint

1 klf
M123min −63.12 ft kip

≔M2altpvtg1 =⋅―――
WaltpvtG1

1 klf
M123min −41.38 ft kip ≔M2utint =⋅――

Wutint

1 klf
M123min −112.71 ft kip

≔M2HL93 ⋅gnm
⎛
⎜⎝

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

1 klf
⎛⎝ ,M123min M12min⎞⎠

⎞
⎟⎠

=M2HL93 −979.42 ft kip

≔M23s2 =⋅⋅⋅2 gpm (( +%100 IM)) Mmin3s2 −405.08 ft kip ≔Cfen =−F1rcext −48.31 ksi
≔M26at =⋅⋅⋅2 gpm (( +%100 IM)) Mmin6at −819 ft kip ≔C in =−F1rcint −50 ksi
≔M23as =⋅⋅⋅2 gpm (( +%100 IM)) Mmin3as −410.89 ft kip
≔M24as =⋅⋅⋅2 gpm (( +%100 IM)) Mmin4as −469.58 ft kip
≔M25as =⋅⋅⋅2 gpm (( +%100 IM)) Mmin5as −468.75 ft kip
≔M2h20 =⋅⋅⋅2 gpm (( +%100 IM)) Mminh20 −281.01 ft kip

For nega ve moment capacity capacity is clearly controlled 
by the compression flange, tensile flange "stresses" need 
not be checked 
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Nega ve Moment Load Factors 
Exterior Girders at piers:

≔RFfeninvHL93 =――――――――――――――――――――――

−−Cfen ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railext M2 luidext M2swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M2altpvtg1
Sbfnm

⋅γstrIL ―――
M2HL93
Sbfnm

1.331

≔invratHL93ne =⋅36 tonf RFfeninvHL93 47.91 tonf ≔RFfenopHL93 =⋅RFfeninvHL93 ――
γstrIL
γstrop

1.73
≔operatHL93ne =⋅36 tonf RFfenopHL93 62.11 tonf

≔RFfeninv3s2 =――――――――――――――――――――――

−−Cfen ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railext M2 luidext M2swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M2altpvtg1
Sbfnm

⋅γstrIL ――
M23s2
Sbfnm

3.218

≔invrat3s2ne =⋅36 tonf RFfeninv3s2 115.85 tonf ≔RFfenop3s2 =⋅RFfeninv3s2 ――
γstrIL
γstrop

4.17
≔operat3s2ne =⋅36 tonf RFfenop3s2 150.17 tonf

≔RFfeninv6at =――――――――――――――――――――――

−−Cfen ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railext M2 luidext M2swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M2altpvtg1
Sbfnm

⋅γstrIL ――
M26at
Sbfnm

1.592

≔invrat6atne =⋅66 tonf RFfeninv6at 105.05 tonf ≔RFfenop6at =⋅RFfeninv6at ――
γstrIL
γstrop

2.06
≔operat6atne =⋅66 tonf RFfenop6at 136.17 tonf

≔RFfeninv3as =――――――――――――――――――――――

−−Cfen ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railext M2 luidext M2swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M2altpvtg1
Sbfnm

⋅γstrIL ――
M23as
Sbfnm

3.172

≔invrat3asne =⋅30 tonf RFfeninv3as 95.17 tonf ≔RFfenop3as =⋅RFfeninv3as ――
γstrIL
γstrop

4.11
≔operat3asne =⋅30 tonf RFfenop3as 123.37 tonf

≔RFfeninv4as =――――――――――――――――――――――

−−Cfen ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railext M2 luidext M2swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M2altpvtg1
Sbfnm

⋅γstrIL ――
M24as
Sbfnm

2.776

≔invrat4asne =⋅34.5 tonf RFfeninv4as 95.77 tonf ≔RFfenop4as =⋅RFfeninv4as ――
γstrIL
γstrop

3.6
≔operat4asne =⋅34.5 tonf RFfenop4as 124.15 tonf
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≔RFfeninv5as =――――――――――――――――――――――

−−Cfen ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railext M2 luidext M2swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M2altpvtg1
Sbfnm

⋅γstrIL ――
M25as
Sbfnm

2.781

≔invrat5asne =⋅38 tonf RFfeninv5as 105.67 tonf ≔RFfenop5as =⋅RFfeninv5as ――
γstrIL
γstrop

3.6
≔operat5asne =⋅38 tonf RFfenop5as 136.98 tonf

≔RFfeninvh20 =――――――――――――――――――――――

−−Cfen ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railext M2 luidext M2swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M2altpvtg1
Sbfnm

⋅γstrIL ――
M2h20
Sbfnm

4.639

≔invrath20ne =⋅20 tonf RFfeninv5as 55.62 tonf ≔RFfenoph20 =⋅RFfeninvh20 ――
γstrIL
γstrop

6.01
≔operath20ne =⋅20 tonf RFfenop5as 72.1 tonf

≔INVnegmomex (( ,,,,,,invratHL93ne invrat3s2ne invrat6atne invrat3asne invrat4asne invrat5asne invrath20ne))

≔OPERnegmomex (( ,,,,,,operatHL93ne operat3s2ne operat6atne operat3asne operat4asne operat5asne operath20ne))

=INVnegmomex 47.91 tonf =OPERnegmomex 62.11 tonf Controlling nega ve flexure
ra ngs ‐ exterior
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Nega ve Moment Load Factors 
Interior Girders at piers:

≔RF ininvHL93 =――――――――――――――――――――――――

−−C in ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railint M2 luidint M2swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M2pvtint M2utint⎞⎠
Sbfnm

⋅γstrIL ―――
M2HL93
Sbfnm

1.187

≔invratHL93ni =⋅36 tonf RF ininvHL93 42.72 tonf ≔RF inopHL93 =⋅RF ininvHL93 ――
γstrIL
γstrop

1.54
≔operatHL93ni =⋅36 tonf RF inopHL93 55.38 tonf

≔RF ininv3s2 =――――――――――――――――――――――――

−−C in ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railint M2 luidint M2swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M2pvtint M2utint⎞⎠
Sbfnm

⋅γstrIL ――
M23s2
Sbfnm

2.869

≔invrat3s2ni =⋅36 tonf RF ininv3s2 103.3 tonf ≔RF inop3s2 =⋅RF ininv3s2 ――
γstrIL
γstrop

3.72
≔operat3s2ni =⋅36 tonf RF inop3s2 133.91 tonf

≔RF ininv6at =――――――――――――――――――――――――

−−C in ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railint M2 luidint M2swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M2pvtint M2utint⎞⎠
Sbfnm

⋅γstrIL ――
M26at
Sbfnm

1.419

≔invrat6atni =⋅66 tonf RF ininv6at 93.67 tonf ≔RF inop6at =⋅RF ininv6at ――
γstrIL
γstrop

1.84
≔operat6atni =⋅66 tonf RF inop6at 121.42 tonf

≔RF ininv3as =――――――――――――――――――――――――

−−C in ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railint M2 luidint M2swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M2pvtint M2utint⎞⎠
Sbfnm

⋅γstrIL ――
M23as
Sbfnm

2.829

≔invrat3asni =⋅30 tonf RF ininv3as 84.87 tonf ≔RF inop3as =⋅RF ininv3as ――
γstrIL
γstrop

3.67
≔operat3asni =⋅30 tonf RF inop3as 110.01 tonf

≔RF ininv4as =――――――――――――――――――――――――

−−C in ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railint M2 luidint M2swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M2pvtint M2utint⎞⎠
Sbfnm

⋅γstrIL ――
M24as
Sbfnm

2.475

≔invrat4asni =⋅34.5 tonf RF ininv4as 85.4 tonf ≔RF inop4as =⋅RF ininv4as ――
γstrIL
γstrop

3.21
≔operat4asni =⋅34.5 tonf RF inop4as 110.7 tonf
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≔RF ininv5as =――――――――――――――――――――――――

−−C in ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railint M2 luidint M2swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M2pvtint M2utint⎞⎠
Sbfnm

⋅γstrIL ――
M25as
Sbfnm

2.48

≔invrat5asni =⋅38 tonf RF ininv5as 94.23 tonf ≔RF inop5as =⋅RF ininv5as ――
γstrIL
γstrop

3.21
≔operat5asni =⋅38 tonf RF inop5as 122.15 tonf

≔RF ininvh20 =――――――――――――――――――――――――

−−C in ⋅γstrIdc ――――――――――――
⎛⎝ +++M2beam M2railint M2 luidint M2swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M2pvtint M2utint⎞⎠
Sbfnm

⋅γstrIL ――
M2h20
Sbfnm

4.136

≔invrath20ni =⋅20 tonf RF ininv5as 49.59 tonf ≔RF inoph20 =⋅RF ininvh20 ――
γstrIL
γstrop

5.36
≔operath20ni =⋅20 tonf RF inop5as 64.29 tonf

≔INVnegmomin (( ,,,,,,invratHL93ni invrat3s2ni invrat6atni invrat3asni invrat4asni invrat5asni invrath20ni))

≔OPERnegmomin (( ,,,,,,operatHL93ni operat3s2ni operat6atni operat3asni operat4asni operat5asni operath20ni))

=INVnegmomin 42.72 tonf =OPERnegmomin 55.38 tonf Controlling nega ve flexure
ra ngs ‐ interior
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Nega ve Moments: Dead & Live 
Loads at pier CL brg

≔M3 luidint =⋅―――
Wintdeck

1 klf
M2neg123 −279.46 ft kip ≔M3 luidext =⋅―――

Wextdeck

1 klf
M2neg123 −208.49 ft kip

≔M3beam =⋅――
Wstl

1 klf
M2neg123 −51.21 ft kip

≔M3railint =⋅―――
Wintrail

1 klf
M2neg123 −29.23 ft kip ≔M3railext =⋅―――

Wextrail

1 klf
M2neg123 −43.84 ft kip

≔M3pvtint =⋅―――
Wintpvt

1 klf
M2neg123 −97.55 ft kip ≔M3pvtext =⋅―――

Wextpvt

1 klf
M2neg123 −65.04 ft kip

≔M3swdlext =⋅―――
WaltSWG1

1 klf
M2neg123 −99.37 ft kip ≔M3swdlint =⋅―――

WaltSWint

1 klf
M2neg123 −33.12 ft kip

≔M3altpvtg1 =⋅―――
WaltpvtG1

1 klf
M2neg123 −21.72 ft kip ≔M3utint =⋅――

Wutint

1 klf
M2neg123 −59.15 ft kip

≔M3HL93 ⋅gnm
⎛
⎜⎝

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

1 klf
⎛⎝ ,M2neg123 M2neg12⎞⎠

⎞
⎟⎠

=M3HL93 −620.07 ft kip

≔M33s2 =⋅⋅⋅2 gpm (( +%100 IM)) M2neg3s2 −354.18 ft kip ≔Cf2n =−F2rc −39.32 ksi
≔M36at =⋅⋅⋅2 gpm (( +%100 IM)) M2neg6at −514.79 ft kip
≔M33as =⋅⋅⋅2 gpm (( +%100 IM)) M2neg3as −359.27 ft kip
≔M34as =⋅⋅⋅2 gpm (( +%100 IM)) M2neg4as −410.58 ft kip
≔M35as =⋅⋅⋅2 gpm (( +%100 IM)) M2neg5as −409.85 ft kip
≔M3h20 =⋅⋅⋅2 gpm (( +%100 IM)) M2negh20 −245.7 ft kip

For nega ve moment capacity capacity is clearly controlled 
by the compression flange, tensile flange "stresses" need 
not be checked 
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Nega ve Moment Load Factors 
Exterior Girders at 1st diaphragm 
back from pier:

≔RF2feninvHL93 =――――――――――――――――――――――

−−Cf2n ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railext M3 luidext M3swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M3altpvtg1
Sbfnm

⋅γstrIL ―――
M3HL93
Sbfnm

1.983

≔invratHL93n2e =⋅36 tonf RF2feninvHL93 71.38 tonf ≔RF2fenopHL93 =⋅RF2feninvHL93 ――
γstrIL
γstrop

2.57
≔operatHL93n2e =⋅36 tonf RF2fenopHL93 92.54 tonf

≔RF2feninv3s2 =――――――――――――――――――――――

−−Cf2n ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railext M3 luidext M3swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M3altpvtg1
Sbfnm

⋅γstrIL ――
M33s2
Sbfnm

3.472

≔invrat3s2n2e =⋅36 tonf RF2feninv3s2 124.97 tonf ≔RF2fenop3s2 =⋅RF2feninv3s2 ――
γstrIL
γstrop

4.5
≔operat3s2n2e =⋅36 tonf RF2fenop3s2 162 tonf

≔RF2feninv6at =――――――――――――――――――――――

−−Cf2n ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railext M3 luidext M3swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M3altpvtg1
Sbfnm

⋅γstrIL ――
M36at
Sbfnm

2.388

≔invrat6atn2e =⋅66 tonf RF2feninv6at 157.64 tonf ≔RF2fenop6at =⋅RF2feninv6at ――
γstrIL
γstrop

3.1
≔operat6atn2e =⋅66 tonf RF2fenop6at 204.34 tonf

≔RF2feninv3as =――――――――――――――――――――――

−−Cf2n ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railext M3 luidext M3swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M3altpvtg1
Sbfnm

⋅γstrIL ――
M33as
Sbfnm

3.422

≔invrat3asn2e =⋅30 tonf RF2feninv3as 102.67 tonf ≔RF2fenop3as =⋅RF2feninv3as ――
γstrIL
γstrop

4.44
≔operat3asn2e =⋅30 tonf RF2fenop3as 133.09 tonf

≔RF2feninv4as =――――――――――――――――――――――

−−Cf2n ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railext M3 luidext M3swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M3altpvtg1
Sbfnm

⋅γstrIL ――
M34as
Sbfnm

2.995

≔invrat4asn2e =⋅34.5 tonf RFfeninv4as 95.77 tonf ≔RF2fenop4as =⋅RF2feninv4as ――
γstrIL
γstrop

3.88
≔operat4asn2e =⋅34.5 tonf RFfenop4as 124.15 tonf
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≔RF2feninv5as =――――――――――――――――――――――

−−Cf2n ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railext M3 luidext M3swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M3altpvtg1
Sbfnm

⋅γstrIL ――
M35as
Sbfnm

3

≔invrat5asn2e =⋅38 tonf RF2feninv5as 114 tonf ≔RF2fenop5as =⋅RF2feninv5as ――
γstrIL
γstrop

3.89
≔operat5asn2e =⋅38 tonf RF2fenop5as 147.78 tonf

≔RF2feninvh20 =――――――――――――――――――――――

−−Cfen ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railext M3 luidext M3swdlext⎞⎠

Sbfnm
⋅γstrIdw ―――
M3altpvtg1
Sbfnm

⋅γstrIL ――
M3h20
Sbfnm

6.435

≔invrath20n2e =⋅20 tonf RF2feninvh20 128.69 tonf ≔RF2fenoph20 =⋅RF2feninvh20 ――
γstrIL
γstrop

8.34
≔operath20n2e =⋅20 tonf RF2fenoph20 166.82 tonf

≔INVneg2ex (( ,,,,,,invratHL93n2e invrat3s2n2e invrat6atn2e invrat3asn2e invrat4asn2e invrat5asn2e invrath20n2e))

≔OPERneg2ex (( ,,,,,,operatHL93n2e operat3s2n2e operat6atn2e operat3asn2e operat4asn2e operat5asn2e operath20n2e))

=INVneg2ex 71.38 tonf =OPERneg2ex 92.54 tonf Controlling nega ve flexure
ra ngs ‐ exterior at 1st 
diaphragm back from pier
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Nega ve Moment Load Factors 
Interior Girders at 1st diaphragm 
back from piers:

≔RF2 ininvHL93 =――――――――――――――――――――――――

−−Cf2n ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railint M3 luidint M3swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M3pvtint M3utint⎞⎠
Sbfnm

⋅γstrIL ―――
M3HL93
Sbfnm

1.808

≔invratHL93n2i =⋅36 tonf RF2 ininvHL93 65.08 tonf ≔RF2 inopHL93 =⋅RF2 ininvHL93 ――
γstrIL
γstrop

2.34
≔operatHL93n2i =⋅36 tonf RF2 inopHL93 84.36 tonf

≔RF2 ininv3s2 =――――――――――――――――――――――――

−−Cf2n ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railint M3 luidint M3swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M3pvtint M3utint⎞⎠
Sbfnm

⋅γstrIL ――
M33s2
Sbfnm

3.165

≔invrat3s2n2i =⋅36 tonf RF2 ininv3s2 113.93 tonf ≔RF2 inop3s2 =⋅RF2 ininv3s2 ――
γstrIL
γstrop

4.1
≔operat3s2n2i =⋅36 tonf RF2 inop3s2 147.69 tonf

≔RF2 ininv6at =――――――――――――――――――――――――

−−Cf2n ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railint M3 luidint M3swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M3pvtint M3utint⎞⎠
Sbfnm

⋅γstrIL ――
M36at
Sbfnm

2.177

≔invrat6atn2i =⋅66 tonf RF2 ininv6at 143.71 tonf ≔RF2 inop6at =⋅RF2 ininv6at ――
γstrIL
γstrop

2.82
≔operat6atn2i =⋅66 tonf RF2 inop6at 186.29 tonf

≔RF2 ininv3as =――――――――――――――――――――――――

−−Cf2n ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railint M3 luidint M3swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M3pvtint M3utint⎞⎠
Sbfnm

⋅γstrIL ――
M33as
Sbfnm

3.12

≔invrat3asn2i =⋅30 tonf RF2 ininv3as 93.6 tonf ≔RF2 inop3as =⋅RF2 ininv3as ――
γstrIL
γstrop

4.04
≔operat3asn2i =⋅30 tonf RF2 inop3as 121.33 tonf

≔RF2 ininv4as =――――――――――――――――――――――――

−−Cf2n ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railint M3 luidint M3swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M3pvtint M3utint⎞⎠
Sbfnm

⋅γstrIL ――
M34as
Sbfnm

2.73

≔invrat4asn2i =⋅34.5 tonf RF ininv4as 85.4 tonf ≔RF2 inop4as =⋅RF2 ininv4as ――
γstrIL
γstrop

3.54
≔operat4asn2i =⋅34.5 tonf RF inop4as 110.7 tonf
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≔RF2 ininv5as =――――――――――――――――――――――――

−−Cf2n ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railint M3 luidint M3swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M3pvtint M3utint⎞⎠
Sbfnm

⋅γstrIL ――
M35as
Sbfnm

2.735

≔invrat5asn2i =⋅38 tonf RF ininv5as 94.23 tonf ≔RF2 inop5as =⋅RF2 ininv5as ――
γstrIL
γstrop

3.55
≔operat5asn2i =⋅38 tonf RF inop5as 122.15 tonf

≔RF2 ininvh20 =――――――――――――――――――――――――

−−Cf2n ⋅γstrIdc ――――――――――――
⎛⎝ +++M3beam M3railint M3 luidint M3swdlint⎞⎠

Sbfnm
⋅γstrIdw ――――――

⎛⎝ +M3pvtint M3utint⎞⎠
Sbfnm

⋅γstrIL ――
M3h20
Sbfnm

4.562

≔invrath20n2i =⋅20 tonf RF2 ininvh20 91.24 tonf ≔RF2 inoph20 =⋅RF2 ininvh20 ――
γstrIL
γstrop

5.91
≔operath20n2i =⋅20 tonf RF2 inoph20 118.27 tonf

≔INVneg2in (( ,,,,,,invratHL93n2i invrat3s2n2i invrat6atn2i invrat3asn2i invrat4asn2i invrat5asn2i invrath20n2i))

≔OPERneg2in (( ,,,,,,operatHL93n2i operat3s2n2i operat6atn2i operat3asn2i operat4asn2i operat5asn2i operath20n2i))

=INVneg2in 65.08 tonf =OPERneg2in 84.36 tonf Controlling nega ve flexure
ra ngs ‐ interior at 1st 
diaphragm back
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Posi ve Moment Dead Load 
Stresses Svc II

≔fbesIIpos =+⋅γsvcIIdc
⎛
⎜
⎝

+――――――
⎛⎝ +M1beam M1 luidext⎞⎠

Sbf
―――――――
⎛⎝ +M1railext M1swdlext⎞⎠

SexbfLT

⎞
⎟
⎠

――――――
⋅γsvcIIdw ⎛⎝M1altpvtg1⎞⎠

SexbfLT
8.843 ksi

≔ftesIIpos =+⋅γsvcIIdc
⎛
⎜
⎝

+――――――
⎛⎝ +M1beam M1 luidext⎞⎠

Stf
―――――――
⎛⎝ +M1railext M1swdlext⎞⎠

SextfLT

⎞
⎟
⎠

――――――
⋅γsvcIIdw ⎛⎝M1altpvtg1⎞⎠

SextfLT
6.965 ksi

≔fbisIIpos =+⋅γsvcIIdc
⎛
⎜
⎝

+――――――
⎛⎝ +M1beam M1 luidint⎞⎠

Sbf
―――――――
⎛⎝ +M1railint M1swdlint⎞⎠

SexbfLT

⎞
⎟
⎠

――――――――
⋅γsvcIIdw ⎛⎝ +M1pvtint M1utint⎞⎠

SexbfLT
11.41 ksi

≔ftisIIpos =+⋅γsvcIIdc
⎛
⎜
⎝

+――――――
⎛⎝ +M1beam M1 luidint⎞⎠

Stf
―――――――
⎛⎝ +M1railint M1swdlint⎞⎠

SextfLT

⎞
⎟
⎠

――――――――
⋅γsvcIIdw ⎛⎝ +M1pvtint M1utint⎞⎠

SextfLT
8.92 ksi

≔fbesIIneg =―――――――――――――――――――――
+⋅γsvcIIdc ⎛⎝ +++M2beam M2 luidext M2railext M2swdlext⎞⎠ ⋅γsvcIIdw ⎛⎝M2altpvtg1⎞⎠

Sbfnm
−11.836 ksi

≔fbesIIneg =―――――――――――――――――――――
+⋅γsvcIIdc ⎛⎝ +++M2beam M2 luidext M2railext M2swdlext⎞⎠ ⋅γsvcIIdw ⎛⎝M2altpvtg1⎞⎠

Stfnm
−11.836 ksi

≔fbisIIneg =―――――――――――――――――――――――
+⋅γsvcIIdc ⎛⎝ +++M2beam M2 luidint M2railint M2swdlint⎞⎠ ⋅γsvcIIdw ⎛⎝ +M2pvtint M2utint⎞⎠

Sbfnm
−15.323 ksi

≔fbisIIneg =―――――――――――――――――――――――
+⋅γsvcIIdc ⎛⎝ +++M2beam M2 luidint M2railint M2swdlint⎞⎠ ⋅γsvcIIdw ⎛⎝ +M2pvtint M2utint⎞⎠

Stfnm
−15.323 ksi

Capaci es ‐ Service II:

≔Cs2pos =FsvcIIpos 47.5 ksi Posi ve moment Capacity Svc II

≔Cs2neg =−FsvcIIneg −40 ksi Nega ve moment Capacity Svc II

≔γsvcIILop 1.0 =γsvcIIL 1.3
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Posi ve Moment Load Factors 
Exterior Girders:

Posi ve moment region governed by bo om 
flange stress for Svc II limit state by inspec on

≔RFes2invHL93p =―――――
−Cs2pos fbesIIpos

⋅γsvcIIL ―――
M1HL93
SexbfST

3.04 ≔RFes2opHL93p =⋅RFes2invHL93p ―――
γsvcIIL
γsvcIILop

3.95

≔invsvcHL93pe =⋅RFes2invHL93p 36 tonf 109.3 tonf
≔opsvcrHL93pe =⋅RFes2opHL93p 36 tonf 142.09 tonf

≔RFes2inv3s2p =―――――
−Cs2pos fbesIIpos

⋅γsvcIIL ――
M13s2
SexbfST

4.93 ≔RFes2op3s2p =⋅RFes2inv3s2p ―――
γsvcIIL
γsvcIILop

6.41

≔invsvc3s2pe =⋅RFes2inv3s2p 36 tonf 177.42 tonf
≔opsvcr3s2pe =⋅RFes2op3s2p 36 tonf 230.65 tonf

≔RFes2inv6atp =―――――
−Cs2pos fbesIIpos

⋅γsvcIIL ――
M16at
SexbfST

3.23 ≔RFes2op6atp =⋅RFes2inv6atp ―――
γsvcIIL
γsvcIILop

4.2

≔invsvc6atpe =⋅RFes2inv6atp 66 tonf 213.39 tonf
≔opsvcr6atpe =⋅RFes2op6atp 66 tonf 277.4 tonf

≔RFes2inv3asp =―――――
−Cs2pos fbesIIpos

⋅γsvcIIL ――
M13as
SexbfST

4.21 ≔RFes2op3asp =⋅RFes2inv3asp ―――
γsvcIIL
γsvcIILop

5.48

≔invsvc3aspe =⋅RFes2inv3asp 30 tonf 126.45 tonf
≔opsvcr3aspe =⋅RFes2op3asp 30 tonf 164.38 tonf

≔RFes2inv4asp =―――――
−Cs2pos fbesIIpos

⋅γsvcIIL ――
M14as
SexbfST

3.66 ≔RFes2op4asp =⋅RFes2inv4asp ―――
γsvcIIL
γsvcIILop

4.76

≔invsvc4aspe =⋅RFes2inv4asp 34.5 tonf 126.38 tonf
≔opsvcr4aspe =⋅RFes2op4asp 34.5 tonf 164.3 tonf

≔RFes2inv5asp =―――――
−Cs2pos fbesIIpos

⋅γsvcIIL ――
M15as
SexbfST

4.19 ≔RFes2op5asp =⋅RFes2inv5asp ―――
γsvcIIL
γsvcIILop

5.45

≔invsvc5aspe =⋅RFes2inv5asp 38 tonf 159.19 tonf
≔opsvcr5aspe =⋅RFes2op5asp 38 tonf 206.94 tonf

≔RFes2invh20p =―――――
−Cs2pos fbesIIpos

⋅γsvcIIL ――
M1h20
SexbfST

5.77 ≔RFes2oph20p =⋅RFes2invh20p ―――
γsvcIIL
γsvcIILop

7.5

≔invsvch20pe =⋅RFes2invh20p 20 tonf 115.41 tonf
≔opsvcrh20pe =⋅RFes2oph20p 20 tonf 150.03 tonf

≔INVpossvcIIe (( ,,,,,,invsvcHL93pe invsvc3s2pe invsvc6atpe invsvc3aspe invsvc4aspe invsvc5aspe invsvch20pe))

≔OPERpossvcIIe (( ,,,,,,opsvcrHL93pe opsvcr3s2pe opsvcr6atpe opsvcr3aspe opsvcr4aspe opsvcr5aspe opsvcrh20pe))

=INVpossvcIIe 109.3 tonf =OPERpossvcIIe 142.09 tonf Controlling posi ve flexure
Svc II load ra ngs ‐ exterior
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Posi ve Moment Load Factors 
Interior Girders:

Posi ve moment region governed by bo om 
flange stress for Svc II limit state by inspec on

≔RFis2invHL93p =―――――
−Cs2pos fbisIIpos

⋅γsvcIIL ―――
M1HL93
SinbfST

3.04 ≔RFis2opHL93p =⋅RFis2invHL93p ―――
γsvcIIL
γsvcIILop

3.95

≔invsvcHL93pi =⋅RFis2invHL93p 36 tonf 109.29 tonf
≔opsvcrHL93pi =⋅RFis2opHL93p 36 tonf 142.07 tonf

≔RFis2inv3s2p =―――――
−Cs2pos fbisIIpos

⋅γsvcIIL ――
M13s2
SinbfST

4.93 ≔RFis2op3s2p =⋅RFis2inv3s2p ―――
γsvcIIL
γsvcIILop

6.41

≔invsvc3s2pi =⋅RFis2inv3s2p 36 tonf 177.4 tonf
≔opsvcr3s2pi =⋅RFis2op3s2p 36 tonf 230.62 tonf

≔RFis2inv6atp =―――――
−Cs2pos fbisIIpos

⋅γsvcIIL ――
M16at
SinbfST

3.23 ≔RFis2op6atp =⋅RFis2inv6atp ―――
γsvcIIL
γsvcIILop

4.2

≔invsvc6atpi =⋅RFis2inv6atp 66 tonf 213.36 tonf
≔opsvcr6atpi =⋅RFis2op6atp 66 tonf 277.37 tonf

≔RFis2inv3asp =―――――
−Cs2pos fbisIIpos

⋅γsvcIIL ――
M13as
SinbfST

4.21 ≔RFis2op3asp =⋅RFis2inv3asp ―――
γsvcIIL
γsvcIILop

5.48

≔invsvc3aspi =⋅RFis2inv3asp 30 tonf 126.43 tonf
≔opsvcr3aspi =⋅RFis2op3asp 30 tonf 164.36 tonf

≔RFis2inv4asp =―――――
−Cs2pos fbisIIpos

⋅γsvcIIL ――
M14as
SinbfST

3.66 ≔RFis2op4asp =⋅RFis2inv4asp ―――
γsvcIIL
γsvcIILop

4.76

≔invsvc4aspi =⋅RFis2inv4asp 34.5 tonf 126.37 tonf
≔opsvcr4aspi =⋅RFis2op4asp 34.5 tonf 164.28 tonf

≔RFis2inv5asp =―――――
−Cs2pos fbisIIpos

⋅γsvcIIL ――
M15as
SinbfST

4.19 ≔RFis2op5asp =⋅RFis2inv5asp ―――
γsvcIIL
γsvcIILop

5.45

≔invsvc5aspi =⋅RFis2inv5asp 38 tonf 159.17 tonf
≔opsvcr5aspi =⋅RFis2op5asp 38 tonf 206.92 tonf

≔RFis2invh20p =―――――
−Cs2pos fbisIIpos

⋅γsvcIIL ――
M1h20
SinbfST

5.77 ≔RFis2oph20p =⋅RFis2invh20p ―――
γsvcIIL
γsvcIILop

7.5

≔invsvch20pi =⋅RFis2invh20p 20 tonf 115.39 tonf
≔opsvcrh20pi =⋅RFis2oph20p 20 tonf 150.01 tonf

≔INVpossvcIIi (( ,,,,,,invsvcHL93pi invsvc3s2pi invsvc6atpi invsvc3aspi invsvc4aspi invsvc5aspi invsvch20pi))

≔OPERpossvcIIi (( ,,,,,,opsvcrHL93pi opsvcr3s2pi opsvcr6atpi opsvcr3aspi opsvcr4aspi opsvcr5aspi opsvcrh20pi))

=INVpossvcIIi 109.29 tonf =OPERpossvcIIi 142.07 tonf Controlling posi ve flexure
Svc II load ra ngs ‐ interior
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Nega ve Moment Load Factors 
Exterior Girders:

Nega ve moment region the same for top and bo om 
flange stress for Svc II limit state by inspec on

≔RFes2invHL93n =―――――
−Cs2neg fbesIIneg

⋅γsvcIIL ―――
M2HL93
Sbfnm

1.51 ≔RFes2opHL93n =⋅RFes2invHL93n ―――
γsvcIIL
γsvcIILop

1.97

≔invsvcHL93ne =⋅RFes2invHL93n 36 tonf 54.44 tonf
≔opsvcrHL93ne =⋅RFes2opHL93n 36 tonf 70.77 tonf

≔RFes2inv3s2n =―――――
−Cs2neg fbesIIneg

⋅γsvcIIL ――
M23s2
Sbfnm

3.66 ≔RFes2op3s2n =⋅RFes2inv3s2n ―――
γsvcIIL
γsvcIILop

4.75

≔invsvc3s2ne =⋅RFes2inv3s2n 36 tonf 131.63 tonf
≔opsvcr3s2ne =⋅RFes2op3s2n 36 tonf 171.12 tonf

≔RFes2inv6atn =―――――
−Cs2neg fbesIIneg

⋅γsvcIIL ――
M26at
Sbfnm

1.81 ≔RFes2op6atn =⋅RFes2inv6atn ―――
γsvcIIL
γsvcIILop

2.35

≔invsvc6atne =⋅RFes2inv6atn 66 tonf 119.35 tonf
≔opsvcr6atne =⋅RFes2op6atn 66 tonf 155.16 tonf

≔RFes2inv3asn =―――――
−Cs2neg fbesIIneg

⋅γsvcIIL ――
M23as
Sbfnm

3.6 ≔RFes2op3asn =⋅RFes2inv3asn ―――
γsvcIIL
γsvcIILop

4.69

≔invsvc3asne =⋅RFes2inv3asn 30 tonf 108.14 tonf
≔opsvcr3asne =⋅RFes2op3asn 30 tonf 140.58 tonf

≔RFes2inv4asn =―――――
−Cs2neg fbesIIneg

⋅γsvcIIL ――
M24as
Sbfnm

3.15 ≔RFes2op4asn =⋅RFes2inv4asn ―――
γsvcIIL
γsvcIILop

4.1

≔invsvc4asne =⋅RFes2inv4asn 34.5 tonf 108.81 tonf
≔opsvcr4asne =⋅RFes2op4asn 34.5 tonf 141.46 tonf

≔RFes2inv5asn =―――――
−Cs2neg fbesIIneg

⋅γsvcIIL ――
M25as
Sbfnm

3.16 ≔RFes2op5asn =⋅RFes2inv5asn ―――
γsvcIIL
γsvcIILop

4.11

≔invsvc5asne =⋅RFes2inv5asn 38 tonf 120.07 tonf
≔opsvcr5asne =⋅RFes2op5asn 38 tonf 156.09 tonf

≔RFes2invh20n =―――――
−Cs2neg fbesIIneg

⋅γsvcIIL ――
M2h20
Sbfnm

5.27 ≔RFes2oph20n =⋅RFes2invh20n ―――
γsvcIIL
γsvcIILop

6.85

≔invsvch20ne =⋅RFes2invh20n 20 tonf 105.41 tonf
≔opsvcrh20ne =⋅RFes2oph20n 20 tonf 137.03 tonf

≔INVnegsvcIIe (( ,,,,,,invsvcHL93ne invsvc3s2ne invsvc6atne invsvc3asne invsvc4asne invsvc5asne invsvch20ne))

≔OPERnegsvcIIe (( ,,,,,,opsvcrHL93ne opsvcr3s2ne opsvcr6atne opsvcr3asne opsvcr4asne opsvcr5asne opsvcrh20ne))

=INVnegsvcIIe 54.44 tonf =OPERnegsvcIIe 70.77 tonf Controlling nega ve flexure
Svc II load ra ngs ‐ exterior girder
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Nega ve Moment Load Factors 
Interior Girders:

Nega ve moment region the same for top and bo om 
flange stress for Svc II limit state by inspec on

≔RFis2invHL93n =―――――
−Cs2neg fbisIIneg

⋅γsvcIIL ―――
M2HL93
Sbfnm

1.32 ≔RFis2opHL93n =⋅RFis2invHL93n ―――
γsvcIIL
γsvcIILop

1.72

≔invsvcHL93ni =⋅RFis2invHL93n 36 tonf 47.7 tonf
≔opsvcrHL93ni =⋅RFis2opHL93n 36 tonf 62.01 tonf

≔RFis2inv3s2n =―――――
−Cs2neg fbisIIneg

⋅γsvcIIL ――
M23s2
Sbfnm

3.2 ≔RFis2op3s2n =⋅RFis2inv3s2n ―――
γsvcIIL
γsvcIILop

4.16

≔invsvc3s2ni =⋅RFis2inv3s2n 36 tonf 115.33 tonf
≔opsvcr3s2ni =⋅RFis2op3s2n 36 tonf 149.93 tonf

≔RFis2inv6atn =―――――
−Cs2neg fbisIIneg

⋅γsvcIIL ――
M26at
Sbfnm

1.58 ≔RFis2op6atn =⋅RFis2inv6atn ―――
γsvcIIL
γsvcIILop

2.06

≔invsvc6atni =⋅RFis2inv6atn 66 tonf 104.58 tonf
≔opsvcr6atni =⋅RFis2op6atn 66 tonf 135.95 tonf

≔RFis2inv3asn =―――――
−Cs2neg fbisIIneg

⋅γsvcIIL ――
M23as
Sbfnm

3.16 ≔RFis2op3asn =⋅RFis2inv3asn ―――
γsvcIIL
γsvcIILop

4.11

≔invsvc3asni =⋅RFis2inv3asn 30 tonf 94.75 tonf
≔opsvcr3asni =⋅RFis2op3asn 30 tonf 123.17 tonf

≔RFis2inv4asn =―――――
−Cs2neg fbisIIneg

⋅γsvcIIL ――
M24as
Sbfnm

2.76 ≔RFis2op4asn =⋅RFis2inv4asn ―――
γsvcIIL
γsvcIILop

3.59

≔invsvc4asni =⋅RFis2inv4asn 34.5 tonf 95.34 tonf
≔opsvcr4asni =⋅RFis2op4asn 34.5 tonf 123.94 tonf

≔RFis2inv5asn =―――――
−Cs2neg fbisIIneg

⋅γsvcIIL ――
M25as
Sbfnm

2.77 ≔RFis2op5asn =⋅RFis2inv5asn ―――
γsvcIIL
γsvcIILop

3.6

≔invsvc5asni =⋅RFis2inv5asn 38 tonf 105.2 tonf
≔opsvcr5asni =⋅RFis2op5asn 38 tonf 136.76 tonf

≔RFis2invh20n =―――――
−Cs2neg fbisIIneg

⋅γsvcIIL ――
M2h20
Sbfnm

4.62 ≔RFis2oph20n =⋅RFis2invh20n ―――
γsvcIIL
γsvcIILop

6

≔invsvch20ni =⋅RFis2invh20n 20 tonf 92.36 tonf
≔opsvcrh20ni =⋅RFis2oph20n 20 tonf 120.07 tonf

≔INVnegsvcIIi (( ,,,,,,invsvcHL93ni invsvc3s2ni invsvc6atni invsvc3asni invsvc4asni invsvc5asni invsvch20ni))

≔OPERnegsvcIIi (( ,,,,,,opsvcrHL93ni opsvcr3s2ni opsvcr6atni opsvcr3asni opsvcr4asni opsvcr5asni opsvcrh20ni))

=INVnegsvcIIi 47.7 tonf =OPERnegsvcIIi 62.01 tonf Controlling nega ve flexure
Svc II load ra ngs ‐ interior girder
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Strength I Live Load Shear at CL brg 
Piers:

≔Vhl93 =⋅gv
⎛
⎜⎝

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

1 klf
⎛⎝max ⎛⎝ ,V123max V12max⎞⎠⎞⎠

⎞
⎟⎠

120.81 kip

≔V3s2 =⋅⋅⋅2 gv (( +%100 IM)) Vmax3s2 79.99 kip
≔V6at =⋅⋅⋅2 gv (( +%100 IM)) Vmax6at 132.15 kip
≔V3as =⋅⋅⋅2 gv (( +%100 IM)) Vmax3as 84.36 kip
≔V4as =⋅⋅⋅2 gv (( +%100 IM)) Vmax4as 92.26 kip
≔V5as =⋅⋅⋅2 gv (( +%100 IM)) Vmax5as 89.31 kip
≔Vh20 =⋅⋅⋅2 gv (( +%100 IM)) Vmaxh20 55.01 kip

≔Vdcext =⋅――――――――――
+++Wstl Wextdeck WaltSWG1 Wextrail

1 klf
V123max 67.5 kip

≔Vdwext =⋅―――
WaltpvtG1

1 klf
V123max 3.64 kip

≔Vdcint =⋅――――――――――
+++Wstl Wintdeck WaltSWint Wintrail

1 klf
V123max 65.84 kip

≔Vdwint =⋅―――――
+Wintpvt Wutint

1 klf
V123max 26.25 kip
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Strength I shear Load Ra ngs‐
Exterior Girder ‐ s ffened sec on at 
piers:

≔Csv =Vrs 481.84 kip

≔RFvinvhl93e =――――――――――
−−Csv ⋅γstrIdc Vdcext ⋅γstrIdw Vdwext

⋅γstrIL Vhl93
1.85 ≔RFvophl93e =⋅RFvinvhl93e ――

γstrIL
γstrop

2.4

≔invrvhl93es =⋅RFvinvhl93e 36 tonf 66.75 tonf
≔oprvhl93es =⋅RFvophl93e 36 tonf 86.53 tonf

≔RFvinv3s2e =――――――――――
−−Csv ⋅γstrIdc Vdcext ⋅γstrIdw Vdwext

⋅γstrIL V3s2
2.8 ≔RFvop3s2e =⋅RFvinv3s2e ――

γstrIL
γstrop

3.63

≔invrv3s2es =⋅RFvinv3s2e 36 tonf 100.81 tonf
≔oprv3s2es =⋅RFvop3s2e 36 tonf 130.68 tonf

≔RFvinv6ate =――――――――――
−−Csv ⋅γstrIdc Vdcext ⋅γstrIdw Vdwext

⋅γstrIL V6at
1.7 ≔RFvop6ate =⋅RFvinv6ate ――

γstrIL
γstrop

2.2

≔invrv6ates =⋅RFvinv6ate 66 tonf 111.87 tonf
≔oprv6ates =⋅RFvop6ate 66 tonf 145.02 tonf

≔RFvinv3ase =――――――――――
−−Csv ⋅γstrIdc Vdcext ⋅γstrIdw Vdwext

⋅γstrIL V3as
2.66 ≔RFvop3ase =⋅RFvinv3ase ――

γstrIL
γstrop

3.44

≔invrv3ases =⋅RFvinv3ase 30 tonf 79.66 tonf
≔oprv3ases =⋅RFvop3ase 30 tonf 103.27 tonf

≔RFvinv4ase =――――――――――
−−Csv ⋅γstrIdc Vdcext ⋅γstrIdw Vdwext

⋅γstrIL V4as
2.43 ≔RFvop4ase =⋅RFvinv4ase ――

γstrIL
γstrop

3.15

≔invrv4ases =⋅RFvinv4ase 34.5 tonf 83.77 tonf
≔oprv4ases =⋅RFvop4ase 34.5 tonf 108.58 tonf

≔RFvinv5ase =――――――――――
−−Csv ⋅γstrIdc Vdcext ⋅γstrIdw Vdwext

⋅γstrIL V5as
2.51 ≔RFvop5ase =⋅RFvinv5ase ――

γstrIL
γstrop

3.25

≔invrv5ases =⋅RFvinv5ase 38 tonf 95.31 tonf
≔oprv5ases =⋅RFvop5ase 38 tonf 123.54 tonf

≔RFvinvh20e =――――――――――
−−Csv ⋅γstrIdc Vdcext ⋅γstrIdw Vdwext

⋅γstrIL Vh20
4.07 ≔RFvoph20e =⋅RFvinvh20e ――

γstrIL
γstrop

5.28

≔invrvh20es =⋅RFvinvh20e 20 tonf 81.43 tonf
≔oprvh20es =⋅RFvoph20e 20 tonf 105.56 tonf

≔INVshearpierext (( ,,,,,,invrvhl93es invrv3s2es invrv6ates invrv3ases invrv4ases invrv5ases invrvh20es))

≔OPERshearpierext (( ,,,,,,oprvhl93es oprv3s2es oprv6ates oprv3ases oprv4ases oprv5ases oprvh20es))

=INVshearpierext 66.75 tonf =OPERshearpierext 86.53 tonf
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Strength I shear Load Ra ngs‐
Interior Girder ‐ s ffened sec on at 
piers:

≔RFvinvhl93i =――――――――――
−−Csv ⋅γstrIdc Vdcint ⋅γstrIdw Vdwint

⋅γstrIL Vhl93
1.7 ≔RFvophl93i =⋅RFvinvhl93i ――

γstrIL
γstrop

2.21

≔invrvhl93is =⋅RFvinvhl93i 36 tonf 61.33 tonf
≔oprvhl93is =⋅RFvophl93i 36 tonf 79.5 tonf

≔RFvinv3s2i =――――――――――
−−Csv ⋅γstrIdc Vdcint ⋅γstrIdw Vdwint

⋅γstrIL V3s2
2.57 ≔RFvop3s2i =⋅RFvinv3s2i ――

γstrIL
γstrop

3.34

≔invrv3s2is =⋅RFvinv3s2i 36 tonf 92.62 tonf
≔oprv3s2is =⋅RFvop3s2i 36 tonf 120.06 tonf

≔RFvinv6ati =――――――――――
−−Csv ⋅γstrIdc Vdcint ⋅γstrIdw Vdwint

⋅γstrIL V6at
1.56 ≔RFvop6ati =⋅RFvinv6ati ――

γstrIL
γstrop

2.02

≔invrv6atis =⋅RFvinv6ati 66 tonf 102.78 tonf
≔oprv6atis =⋅RFvop6ati 66 tonf 133.24 tonf

≔RFvinv3asi =――――――――――
−−Csv ⋅γstrIdc Vdcint ⋅γstrIdw Vdwint

⋅γstrIL V3as
2.44 ≔RFvop3asi =⋅RFvinv3asi ――

γstrIL
γstrop

3.16

≔invrv3asis =⋅RFvinv3asi 30 tonf 73.19 tonf
≔oprv3asis =⋅RFvop3asi 30 tonf 94.88 tonf

≔RFvinv4asi =――――――――――
−−Csv ⋅γstrIdc Vdcint ⋅γstrIdw Vdwint

⋅γstrIL V4as
2.23 ≔RFvop4asi =⋅RFvinv4asi ――

γstrIL
γstrop

2.89

≔invrv4asis =⋅RFvinv4asi 34.5 tonf 76.96 tonf
≔oprv4asis =⋅RFvop4asi 34.5 tonf 99.76 tonf

≔RFvinv5asi =――――――――――
−−Csv ⋅γstrIdc Vdcint ⋅γstrIdw Vdwint

⋅γstrIL V5as
2.3 ≔RFvop5asi =⋅RFvinv5asi ――

γstrIL
γstrop

2.99

≔invrv5asis =⋅RFvinv5asi 38 tonf 87.56 tonf
≔oprv5asis =⋅RFvop5asi 38 tonf 113.51 tonf

≔RFvinvh20i =――――――――――
−−Csv ⋅γstrIdc Vdcint ⋅γstrIdw Vdwint

⋅γstrIL Vh20
3.74 ≔RFvoph20i =⋅RFvinvh20i ――

γstrIL
γstrop

4.85

≔invrvh20is =⋅RFvinvh20i 20 tonf 74.82 tonf
≔oprvh20is =⋅RFvoph20i 20 tonf 96.99 tonf

≔INVshearpierint (( ,,,,,,invrvhl93is invrv3s2is invrv6atis invrv3asis invrv4asis invrv5asis invrvh20is))

≔OPERshearpierint (( ,,,,,,oprvhl93is oprv3s2is oprv6atis oprv3asis oprv4asis oprv5asis oprvh20is))

=INVshearpierint 61.33 tonf =OPERshearpierint 79.5 tonf
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Strength I Live Load Maximum 
Shear at Uns ffened sec ons:

≔Vuhl93 =⋅gv
⎛
⎜⎝

+⋅(( +%100 IM)) max ⎛⎝ ,Vushs20 Vusnmtt⎞⎠ ⋅―――
0.64 klf

1 klf
⎛⎝max ⎛⎝ ,Vus123 Vus12⎞⎠⎞⎠

⎞
⎟⎠

107.78 kip

≔Vu3s2 =⋅⋅⋅2 gv (( +%100 IM)) Vus3s2 68.19 kip
≔Vu6at =⋅⋅⋅2 gv (( +%100 IM)) Vus6at 114.89 kip
≔Vu3as =⋅⋅⋅2 gv (( +%100 IM)) Vus3as 78.53 kip
≔Vu4as =⋅⋅⋅2 gv (( +%100 IM)) Vus4as 84.71 kip
≔Vu5as =⋅⋅⋅2 gv (( +%100 IM)) Vus5as 79.61 kip
≔Vuh20 =⋅⋅⋅2 gv (( +%100 IM)) Vush20 50.84 kip

≔Vudcext =⋅――――――――――
+++Wstl Wextdeck WaltSWG1 Wextrail

1 klf
Vus123 56.76 kip

≔Vudwext =⋅―――
WaltpvtG1

1 klf
Vus123 3.06 kip

≔Vudcint =⋅――――――――――
+++Wstl Wintdeck WaltSWint Wintrail

1 klf
Vus123 55.37 kip

≔Vudwint =⋅―――――
+Wintpvt Wutint

1 klf
Vus123 22.08 kip
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Strength I shear Load Ra ngs‐
Exterior Girder ‐ uns ffened sec ons: ≔Cuv =Vru 437.28 kip

≔RFvinvhl93ue =―――――――――――
−−Cuv ⋅γstrIdc Vudcext ⋅γstrIdw Vudwext

⋅γstrIL Vuhl93
1.92 ≔RFvophl93ue =⋅RFvinvhl93ue ――

γstrIL
γstrop

2.49

≔invrvhl93eu =⋅RFvinvhl93ue 36 tonf 69.04 tonf
≔oprvhl93eu =⋅RFvophl93ue 36 tonf 89.5 tonf

≔RFvinv3s2ue =―――――――――――
−−Cuv ⋅γstrIdc Vudcext ⋅γstrIdw Vudwext

⋅γstrIL Vu3s2
3.03 ≔RFvop3s2ue =⋅RFvinv3s2ue ――

γstrIL
γstrop

3.93

≔invrv3s2eu =⋅RFvinv3s2ue 36 tonf 109.13 tonf
≔oprv3s2eu =⋅RFvop3s2ue 36 tonf 141.46 tonf

≔RFvinv6atue =―――――――――――
−−Cuv ⋅γstrIdc Vudcext ⋅γstrIdw Vudwext

⋅γstrIL Vu6at
1.8 ≔RFvop6atue =⋅RFvinv6atue ――

γstrIL
γstrop

2.33

≔invrv6ateu =⋅RFvinv6atue 66 tonf 118.75 tonf
≔oprv6ateu =⋅RFvop6atue 66 tonf 153.93 tonf

≔RFvinv3asue =―――――――――――
−−Cuv ⋅γstrIdc Vudcext ⋅γstrIdw Vudwext

⋅γstrIL Vu3as
2.63 ≔RFvop3asue =⋅RFvinv3asue ――

γstrIL
γstrop

3.41

≔invrv3aseu =⋅RFvinv3asue 30 tonf 78.96 tonf
≔oprv3aseu =⋅RFvop3asue 30 tonf 102.36 tonf

≔RFvinv4asue =―――――――――――
−−Cuv ⋅γstrIdc Vudcext ⋅γstrIdw Vudwext

⋅γstrIL Vu4as
2.44 ≔RFvop4asue =⋅RFvinv4asue ――

γstrIL
γstrop

3.16

≔invrv4aseu =⋅RFvinv4asue 34.5 tonf 84.18 tonf
≔oprv4aseu =⋅RFvop4asue 34.5 tonf 109.13 tonf

≔RFvinv5asue =―――――――――――
−−Cuv ⋅γstrIdc Vudcext ⋅γstrIdw Vudwext

⋅γstrIL Vu5as
2.6 ≔RFvop5asue =⋅RFvinv5asue ――

γstrIL
γstrop

3.37

≔invrv5aseu =⋅RFvinv5asue 38 tonf 98.67 tonf
≔oprv5aseu =⋅RFvop5asue 38 tonf 127.9 tonf

≔RFvinvh20ue =―――――――――――
−−Cuv ⋅γstrIdc Vudcext ⋅γstrIdw Vudwext

⋅γstrIL Vuh20
4.07 ≔RFvoph20ue =⋅RFvinvh20ue ――

γstrIL
γstrop

5.27

≔invrvh20eu =⋅RFvinvh20ue 20 tonf 81.32 tonf
≔oprvh20eu =⋅RFvoph20ue 20 tonf 105.42 tonf

≔INVshearunstext (( ,,,,,,invrvhl93eu invrv3s2eu invrv6ateu invrv3aseu invrv4aseu invrv5aseu invrvh20eu))

≔OPERshearunstext (( ,,,,,,oprvhl93eu oprv3s2eu oprv6ateu oprv3aseu oprv4aseu oprv5aseu oprvh20eu))

=INVshearunstext 69.04 tonf =OPERshearunstext 89.5 tonf
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Strength I shear Load Ra ngs‐
Interior Girder ‐ uns ffened 
sec ons:

≔RFvinvhl93ui =―――――――――――
−−Cuv ⋅γstrIdc Vudcint ⋅γstrIdw Vudwint

⋅γstrIL Vuhl93
1.78 ≔RFvophl93ui =⋅RFvinvhl93ui ――

γstrIL
γstrop

2.3

≔invrvhl93iu =⋅RFvinvhl93ui 36 tonf 63.93 tonf
≔oprvhl93iu =⋅RFvophl93ui 36 tonf 82.87 tonf

≔RFvinv3s2ui =―――――――――――
−−Cuv ⋅γstrIdc Vudcint ⋅γstrIdw Vudwint

⋅γstrIL Vu3s2
2.81 ≔RFvop3s2ui =⋅RFvinv3s2ui ――

γstrIL
γstrop

3.64

≔invrv3s2iu =⋅RFvinv3s2ui 36 tonf 101.05 tonf
≔oprv3s2iu =⋅RFvop3s2ui 36 tonf 130.99 tonf

≔RFvinv6atui =―――――――――――
−−Cuv ⋅γstrIdc Vudcint ⋅γstrIdw Vudwint

⋅γstrIL Vu6at
1.67 ≔RFvop6atui =⋅RFvinv6atui ――

γstrIL
γstrop

2.16

≔invrv6atiu =⋅RFvinv6atui 66 tonf 109.95 tonf
≔oprv6atiu =⋅RFvop6atui 66 tonf 142.53 tonf

≔RFvinv3asui =―――――――――――
−−Cuv ⋅γstrIdc Vudcint ⋅γstrIdw Vudwint

⋅γstrIL Vu3as
2.44 ≔RFvop3asui =⋅RFvinv3asui ――

γstrIL
γstrop

3.16

≔invrv3asiu =⋅RFvinv3asui 30 tonf 73.12 tonf
≔oprv3asiu =⋅RFvop3asui 30 tonf 94.78 tonf

≔RFvinv4asui =―――――――――――
−−Cuv ⋅γstrIdc Vudcint ⋅γstrIdw Vudwint

⋅γstrIL Vu4as
2.26 ≔RFvop4asui =⋅RFvinv4asui ――

γstrIL
γstrop

2.93

≔invrv4asiu =⋅RFvinv4asui 34.5 tonf 77.95 tonf
≔oprv4asiu =⋅RFvop4asui 34.5 tonf 101.05 tonf

≔RFvinv5asui =―――――――――――
−−Cuv ⋅γstrIdc Vudcint ⋅γstrIdw Vudwint

⋅γstrIL Vu5as
2.4 ≔RFvop5asui =⋅RFvinv5asui ――

γstrIL
γstrop

3.12

≔invrv5asiu =⋅RFvinv5asui 38 tonf 91.36 tonf
≔oprv5asiu =⋅RFvop5asui 38 tonf 118.43 tonf

≔RFvinvh20ui =―――――――――――
−−Cuv ⋅γstrIdc Vudcint ⋅γstrIdw Vudwint

⋅γstrIL Vuh20
3.77 ≔RFvoph20ui =⋅RFvinvh20ui ――

γstrIL
γstrop

4.88

≔invrvh20iu =⋅RFvinvh20ui 20 tonf 75.3 tonf
≔oprvh20iu =⋅RFvoph20ui 20 tonf 97.61 tonf

≔INVshearunstint (( ,,,,,,invrvhl93iu invrv3s2iu invrv6atiu invrv3asiu invrv4asiu invrv5asiu invrvh20iu))

≔OPERshearunstint (( ,,,,,,oprvhl93iu oprv3s2iu oprv6atiu oprv3asiu oprv4asiu oprv5asiu oprvh20iu))

=INVshearunstint 63.93 tonf =OPERshearunstint 82.87 tonf
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