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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Transit Load Check - Bridge 009991
General Design Parameters 

Design References
(Acronym)....Design Reference 

(LFD)................AASHTO Standard Specifications for Highway Bridges, 17th Edition

Defined Parameters
kips 1000 lbf⋅≡ ksi 1000 psi⋅≡ CY 27ft3≡ SY 9ft2≡

klf
kips

ft
≡ ksf

kips

ft2
≡ plf

lbf
ft

≡ psf
lbf

ft2
≡ pcf

lbf

ft3
≡

Functions 
Limit Check

check actual limit,( ) "O.K." actual limit≤if

"No Good" otherwise

:=

Equality Check

check_equal value1 value2,( ) "O.K." 0.999999
value1
value2

≤ 1.000001≤if

"No Good" otherwise

:=
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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Analysis per AASHTO LRFD Bridge Design Specifications

Bridge Design Span

Parameters 

Bridge Length (Between Front Face of Backwalls) Lbridge 24.80 m⋅:=

Thickness of Expansion Joints texp 0 in⋅:= Note : Uses Roofing Paper for Bond Breaker

Length of Slab Lslab Lbridge 2 texp⋅−:= Lslab 81.365 ft=

Use 2 layers of roofing paper at back of slab end diaphragm for expansion joint bond breaker

Bearing Distance from End of Bridge to Centerline of Bearing distcl.brg 12 in⋅:=

Span Between Centerline Bearings

Span Span Lslab 2 distcl.brg⋅−:= Span 79.365 ft=

Page 2 of 14 Bridge 009991 LFD and TC4200 
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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Definition of Slab Design Sections (every 0.01L)

jbrg floor
100 distcl.brg⋅

Lslab

⎛
⎜
⎝

⎞
⎟
⎠

1+:= jbrg 2.000=

j 0 jbrg 1−..:= Locj
j

100
Lslab⋅:=

Locjbrg
distcl.brg:=

j jbrg 1+ 101 jbrg−..:= Locj
j 1−

100
Lslab⋅:=

Loc102 jbrg− Lslab distcl.brg−:=

j 102 jbrg− 1+ 102..:= Locj
j 2−

100
Lslab⋅:=

j 0 102..:=
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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

HS Live Load
Impact 

Impact min 0.30
50

125
Span

ft
+

,⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

:= Impact 0.245= LFD Section 3.8.2.1, Eq. 3-1

Design Truck Load
HS Truck Designation:   HS 14.2:=

numaxles.truck 3:= ai 0 numaxles.truck 1−..:= lanewidth 12 ft⋅:=

Axle Loads and Spacing (Forward) LFD Figure 3.7.7A

Paxle.f.truckai

8 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

:= Spacingaxle.truckai

0 ft⋅
14 ft⋅
14 ft⋅

:=
Locaxle.f.truckai

0

ai

n

Spacingaxle.truckn∑
=

:=

Locaxle.f.truck

0.000

14.000

28.000

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

ft=

Maximum Axle Load Pmax.truck max Paxle.f.truck( ):= Pmax.truck 22.720 kips=

Axle Loads and Spacing (Reverse) Paxle.r.truckai
Paxle.f.trucknumaxles.truck 1− ai−:=

Locaxle.r.truckai
0 ft⋅ ai 0=if

numaxles.truck ai−

numaxles.truck 1−

n

Spacingaxle.truckn∑
=

otherwise

:=
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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

HS Live Load (continued)
Truck Load Moment Calculation
Ms.truck.f j

1 Impact+( ) SSMmcl Lslab Span, Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.truck.r j
1 Impact+( ) SSMmcl Lslab Span, Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.pos.truck j
max Ms.truck.f j

Ms.truck.r j
,⎛

⎝
⎞
⎠

:=

Ms.neg.truckj
1 Impact+( )− Pmax.truck⋅ distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

1 Impact+( )− Pmax.truck⋅ distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

1 Impact+( )− Pmax.truck⋅ Locj⋅ Locj distcl.brg<if

1 Impact+( )− Pmax.truck⋅ Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Live Load Truck Shear
Vs.truck.f j

1 Impact+( ) SSVmcl Lslab Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truck.r j
1 Impact+( ) SSVmcl Lslab Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truckj
max Vs.truck.f j

Vs.truck.r j
,⎛

⎝
⎞
⎠

:=

27.93

102.98

233.89

364.8

495.71

626.62

757.53

888.44

MOMENT

Ms.pos.truck

ft kip⋅

Ms.neg.truck

ft kip⋅

Loc

ft

0

6.96

13.91

20.87

27.82

34.78

41.73

48.69

55.64
SHEAR

Vs.truck

kip

Loc

ft
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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Lane Load Moment Calculation

Uniform Load:   wlane 0.64 klf⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Moment):   Pconc.mom 18 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Shear):   Pconc.shear 26 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Ms.pos.unij
SSMuni Span wlane, Locj distcl.brg−, 0 in⋅,( ) distcl.brg Locj≤ Lslab distcl.brg−≤if

0 ft⋅ kips⋅ otherwise

:=

Ms.neg.unij

wlane− distcl.brg
2

⋅

2

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

wlane− distcl.brg
2

⋅

2

Locj

Lslab
⋅ Locj

Lslab
2

≥if

wlane− Locj( )2⋅

2
Locj distcl.brg≤if

wlane− Lslab Locj−( )2⋅

2
Locj Lslab distcl.brg−≥if

:=

Ms.pos.concj
0 ft⋅ kip⋅ distcl.brg Locj≥ Locj Lslab distcl.brg−≥∨if

SSMconc Span Pconc.mom, Locj distcl.brg−, Locj distcl.brg−,( ) otherwise

:=

Ms.neg.concj
Pconc.mom− distcl.brg⋅

Span Locj distcl.brg−( )−

Span
⋅ Locj

Lslab
2

<if

Pconc.mom− distcl.brg⋅
Locj distcl.brg−

Span
⋅ Locj

Lslab
2

≥if

Pconc.mom− Locj⋅ Locj distcl.brg≤if

Pconc.mom− Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.pos.lane Ms.pos.uni Ms.pos.conc+:=

Ms.neg.lane Ms.neg.uni Ms.neg.conc+:=
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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Lane Load Shear Calculation

Vs.unij
SSVuni Lslab wlane, Locj, distcl.brg,( ):=

Vs.concj
SSVconc Lslab Pconc.shear, Locj, distcl.brg,( ):=

Vs.lane Vs.uni Vs.conc+:=

16.19

80.95

178.09

275.22

372.36

469.5

566.64

663.77

760.91
MOMENT

Ms.pos.lane

ft kip⋅

Ms.neg.lane

ft kip⋅

Loc

ft

0

5.68

11.35

17.03

22.71

28.39

34.06

39.74

45.42
SHEAR

Vs.lane

kip

Loc

ft
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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Critical HS Moments and Shears

Ms.pos.HSj
max Ms.pos.truck j

Ms.pos.unij
,⎛

⎝
⎞
⎠

:=

Ms.neg.HSj
min Ms.neg.truckj

Ms.neg.unij
,⎛

⎝
⎞
⎠

:=

Vs.HSj
max Vs.truckj

Vs.unij
,⎛

⎝
⎞
⎠

:=

27.93

102.98

233.89

364.8

495.71

626.62

757.53

888.44

MOMENT

Ms.pos.HS

ft kip⋅

Ms.neg.HS

ft kip⋅

Loc

ft

0

6.96

13.91

20.87

27.82

34.78

41.73

48.69

55.64
SHEAR

Vs.HS

kip

Loc

ft

Maximum Loads:

Ms.max.HS max Ms.pos.HS( ):= Ms.max.HS 1019.354 ft kip⋅=

Ms.min.HS min Ms.neg.HS( ):= Ms.min.HS 27.931− ft kip⋅=

Vs.max.HS max Vs.HS( ):= Vs.max.HS 55.642 kip=
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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (no couples):

Number of Axles:   numaxles.TC4200 6:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
36745 kgf⋅ 47655 kgf⋅+

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=
Axle Spacing Array:   

Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0.000

6.001

25.000

31.001

50.000

56.001

⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎠

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 2464.158 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 171.292 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

TC 4200 ALRV Loading

0 8.14 16.27 24.41 32.55 40.68 48.82 56.96 65.09 73.23 81.36
0

500

1000

1500

2000

2500
MOMENT

Ms.pos.TC4200

ft kips⋅

Ms.pos.HS

ft kips⋅

Loc

ft

0 8.14 16.27 24.41 32.55 40.68 48.82 56.96 65.09 73.23 81.36
0

50

100

150

200
SHEAR

Vs.TC4200

kips

Vs.HS

kips

Loc

ft
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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (assume two coupled vehicles):

Number of Axles:   numaxles.TC4200 12:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
2 36745 kgf⋅ 47655 kgf⋅+( )⋅

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=

Axle Spacing Array:   
Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0

0

1

2

3

4

5

6

7

8

9

10

11

0.000

6.001

25.000

31.001

50.000

56.001

75.000

81.001

100.000

106.001

125.000

131.001

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 2464.158 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 173.395 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading
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2500
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Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Transit Load Check - Bridge 012001
General Design Parameters 

Design References
(Acronym)....Design Reference 

(LFD)................AASHTO Standard Specifications for Highway Bridges, 17th Edition

Defined Parameters
kips 1000 lbf⋅≡ ksi 1000 psi⋅≡ CY 27ft3≡ SY 9ft2≡

klf
kips

ft
≡ ksf

kips

ft2
≡ plf

lbf
ft

≡ psf
lbf

ft2
≡ pcf

lbf

ft3
≡

Functions 
Limit Check

check actual limit,( ) "O.K." actual limit≤if

"No Good" otherwise

:=

Equality Check

check_equal value1 value2,( ) "O.K." 0.999999
value1
value2

≤ 1.000001≤if

"No Good" otherwise

:=
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DATE:        7/14/2006
CHECKED BY: 

DATE:

Analysis per AASHTO LRFD Bridge Design Specifications

Bridge Design Span

Parameters 

Bridge Length (Between Front Face of Backwalls) Lbridge 35.00 m⋅:=

Thickness of Expansion Joints texp 0 in⋅:= Note : Uses Roofing Paper for Bond Breaker

Length of Slab Lslab Lbridge 2 texp⋅−:= Lslab 114.829 ft=

Use 2 layers of roofing paper at back of slab end diaphragm for expansion joint bond breaker

Bearing Distance from End of Bridge to Centerline of Bearing distcl.brg 12 in⋅:=

Span Between Centerline Bearings

Span Span Lslab 2 distcl.brg⋅−:= Span 112.829 ft=
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DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 
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Definition of Slab Design Sections (every 0.01L)

jbrg floor
100 distcl.brg⋅

Lslab

⎛
⎜
⎝

⎞
⎟
⎠

1+:= jbrg 1.000=

j 0 jbrg 1−..:= Locj
j

100
Lslab⋅:=

Locjbrg
distcl.brg:=

j jbrg 1+ 101 jbrg−..:= Locj
j 1−

100
Lslab⋅:=

Loc102 jbrg− Lslab distcl.brg−:=

j 102 jbrg− 1+ 102..:= Locj
j 2−

100
Lslab⋅:=

j 0 102..:=
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HS Live Load
Impact 

Impact min 0.30
50

125
Span

ft
+

,⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

:= Impact 0.210= LFD Section 3.8.2.1, Eq. 3-1

Design Truck Load
HS Truck Designation:   HS 20.0:=

numaxles.truck 3:= ai 0 numaxles.truck 1−..:= lanewidth 12 ft⋅:=

Axle Loads and Spacing (Forward) LFD Figure 3.7.7A

Paxle.f.truckai

8 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

:= Spacingaxle.truckai

0 ft⋅
14 ft⋅
14 ft⋅

:=
Locaxle.f.truckai

0

ai

n

Spacingaxle.truckn∑
=

:=

Locaxle.f.truck

0.000

14.000

28.000

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

ft=

Maximum Axle Load Pmax.truck max Paxle.f.truck( ):= Pmax.truck 32.000 kips=

Axle Loads and Spacing (Reverse) Paxle.r.truckai
Paxle.f.trucknumaxles.truck 1− ai−:=

Locaxle.r.truckai
0 ft⋅ ai 0=if

numaxles.truck ai−

numaxles.truck 1−

n

Spacingaxle.truckn∑
=

otherwise

:=
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DATE:        7/14/2006
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HS Live Load (continued)
Truck Load Moment Calculation
Ms.truck.f j

1 Impact+( ) SSMmcl Lslab Span, Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.truck.r j
1 Impact+( ) SSMmcl Lslab Span, Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.pos.truck j
max Ms.truck.f j

Ms.truck.r j
,⎛

⎝
⎞
⎠

:=

Ms.neg.truckj
1 Impact+( )− Pmax.truck⋅ distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

1 Impact+( )− Pmax.truck⋅ distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

1 Impact+( )− Pmax.truck⋅ Locj⋅ Locj distcl.brg<if

1 Impact+( )− Pmax.truck⋅ Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Live Load Truck Shear
Vs.truck.f j

1 Impact+( ) SSVmcl Lslab Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truck.r j
1 Impact+( ) SSVmcl Lslab Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truckj
max Vs.truck.f j

Vs.truck.r j
,⎛

⎝
⎞
⎠

:=

38.39

231.81

502.02

772.22

1042.42

1312.63

1582.83

1853.04

2123.24
MOMENT

Ms.pos.truck

ft kip⋅

Ms.neg.truck

ft kip⋅

Loc

ft

0

9.98

19.95

29.93

39.91

49.88

59.86

69.84

79.81
SHEAR

Vs.truck

kip

Loc

ft
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CHECKED BY: 
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Lane Load Moment Calculation

Uniform Load:   wlane 0.64 klf⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Moment):   Pconc.mom 18 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Shear):   Pconc.shear 26 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Ms.pos.unij
SSMuni Span wlane, Locj distcl.brg−, 0 in⋅,( ) distcl.brg Locj≤ Lslab distcl.brg−≤if

0 ft⋅ kips⋅ otherwise

:=

Ms.neg.unij

wlane− distcl.brg
2

⋅

2

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

wlane− distcl.brg
2

⋅

2

Locj

Lslab
⋅ Locj

Lslab
2

≥if

wlane− Locj( )2⋅

2
Locj distcl.brg≤if

wlane− Lslab Locj−( )2⋅

2
Locj Lslab distcl.brg−≥if

:=

Ms.pos.concj
0 ft⋅ kip⋅ distcl.brg Locj≥ Locj Lslab distcl.brg−≥∨if

SSMconc Span Pconc.mom, Locj distcl.brg−, Locj distcl.brg−,( ) otherwise

:=

Ms.neg.concj
Pconc.mom− distcl.brg⋅

Span Locj distcl.brg−( )−

Span
⋅ Locj

Lslab
2

<if

Pconc.mom− distcl.brg⋅
Locj distcl.brg−

Span
⋅ Locj

Lslab
2

≥if

Pconc.mom− Locj⋅ Locj distcl.brg≤if

Pconc.mom− Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.pos.lane Ms.pos.uni Ms.pos.conc+:=

Ms.neg.lane Ms.neg.uni Ms.neg.conc+:=
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Lane Load Shear Calculation

Vs.unij
SSVuni Lslab wlane, Locj, distcl.brg,( ):=

Vs.concj
SSVconc Lslab Pconc.shear, Locj, distcl.brg,( ):=

Vs.lane Vs.uni Vs.conc+:=

22.17

211.48

445.13

678.78

912.43

1146.08

1379.73

1613.37

1847.02
MOMENT

Ms.pos.lane

ft kip⋅

Ms.neg.lane

ft kip⋅

Loc

ft

0

9.4

18.79

28.19

37.58

46.98

56.37

65.77

75.16
SHEAR

Vs.lane

kip

Loc

ft
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Critical HS Moments and Shears

Ms.pos.HSj
max Ms.pos.truck j

Ms.pos.unij
,⎛

⎝
⎞
⎠

:=

Ms.neg.HSj
min Ms.neg.truckj

Ms.neg.unij
,⎛

⎝
⎞
⎠

:=

Vs.HSj
max Vs.truckj

Vs.unij
,⎛

⎝
⎞
⎠

:=

38.39

231.81

502.02

772.22

1042.42

1312.63

1582.83

1853.04

2123.24
MOMENT

Ms.pos.HS

ft kip⋅

Ms.neg.HS

ft kip⋅

Loc

ft

0

9.98

19.95

29.93

39.91

49.88

59.86

69.84

79.81
SHEAR

Vs.HS

kip

Loc

ft

Maximum Loads:

Ms.max.HS max Ms.pos.HS( ):= Ms.max.HS 2123.239 ft kip⋅=

Ms.min.HS min Ms.neg.HS( ):= Ms.min.HS 38.390− ft kip⋅=

Vs.max.HS max Vs.HS( ):= Vs.max.HS 79.814 kip=
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DATE:        7/14/2006
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DATE:

Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (no couples):

Number of Axles:   numaxles.TC4200 6:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
36745 kgf⋅ 47655 kgf⋅+

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=
Axle Spacing Array:   

Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0.000

6.001

25.000

31.001

50.000

56.001

⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎠

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 4330.108 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 201.095 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=

Page 10 of 14 Bridge 012001 LFD and TC4200 
coupled.xmcd

25



Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

TC 4200 ALRV Loading

0 11.48 22.97 34.45 45.93 57.41 68.9 80.38 91.86 103.35
0

1000

2000

3000

4000

5000
MOMENT

Ms.pos.TC4200

ft kips⋅

Ms.pos.HS

ft kips⋅

Loc

ft

0 11.48 22.97 34.45 45.93 57.41 68.9 80.38 91.86 103.35
0

50

100

150

200

250
SHEAR

Vs.TC4200
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Vs.HS
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Loc

ft
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DATE:        7/14/2006
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (assume two coupled vehicles):

Number of Axles:   numaxles.TC4200 12:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
2 36745 kgf⋅ 47655 kgf⋅+( )⋅

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=

Axle Spacing Array:   
Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0

0

1

2

3

4

5

6

7

8

9

10

11

0.000

6.001

25.000

31.001

50.000

56.001

75.000

81.001

100.000

106.001

125.000

131.001

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 4810.347 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 236.211 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading

0 11.48 22.97 34.45 45.93 57.41 68.9 80.38 91.86 103.35
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Transit Load Check - Bridge 020731
General Design Parameters 

Design References
(Acronym)....Design Reference 

(LFD)................AASHTO Standard Specifications for Highway Bridges, 17th Edition

Defined Parameters
kips 1000 lbf⋅≡ ksi 1000 psi⋅≡ CY 27ft3≡ SY 9ft2≡

klf
kips

ft
≡ ksf

kips

ft2
≡ plf

lbf
ft

≡ psf
lbf

ft2
≡ pcf

lbf

ft3
≡

Functions 
Limit Check

check actual limit,( ) "O.K." actual limit≤if

"No Good" otherwise

:=

Equality Check

check_equal value1 value2,( ) "O.K." 0.999999
value1
value2

≤ 1.000001≤if

"No Good" otherwise

:=
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Analysis per AASHTO LRFD Bridge Design Specifications

Bridge Design Span

Parameters 

Bridge Length (Between Front Face of Backwalls) Lbridge 18.40 m⋅:=

Thickness of Expansion Joints texp 0 in⋅:= Note : Uses Roofing Paper for Bond Breaker

Length of Slab Lslab Lbridge 2 texp⋅−:= Lslab 60.367 ft=

Use 2 layers of roofing paper at back of slab end diaphragm for expansion joint bond breaker

Bearing Distance from End of Bridge to Centerline of Bearing distcl.brg 12 in⋅:=

Span Between Centerline Bearings

Span Span Lslab 2 distcl.brg⋅−:= Span 58.367 ft=
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Definition of Slab Design Sections (every 0.01L)

jbrg floor
100 distcl.brg⋅

Lslab

⎛
⎜
⎝

⎞
⎟
⎠

1+:= jbrg 2.000=

j 0 jbrg 1−..:= Locj
j

100
Lslab⋅:=

Locjbrg
distcl.brg:=

j jbrg 1+ 101 jbrg−..:= Locj
j 1−

100
Lslab⋅:=

Loc102 jbrg− Lslab distcl.brg−:=

j 102 jbrg− 1+ 102..:= Locj
j 2−

100
Lslab⋅:=

j 0 102..:=
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HS Live Load
Impact 

Impact min 0.30
50

125
Span

ft
+

,⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

:= Impact 0.273= LFD Section 3.8.2.1, Eq. 3-1

Design Truck Load
HS Truck Designation:   HS 20.0:=

numaxles.truck 3:= ai 0 numaxles.truck 1−..:= lanewidth 12 ft⋅:=

Axle Loads and Spacing (Forward) LFD Figure 3.7.7A

Paxle.f.truckai

8 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

:= Spacingaxle.truckai

0 ft⋅
14 ft⋅
14 ft⋅

:=
Locaxle.f.truckai

0

ai

n

Spacingaxle.truckn∑
=

:=

Locaxle.f.truck

0.000

14.000

28.000

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

ft=

Maximum Axle Load Pmax.truck max Paxle.f.truck( ):= Pmax.truck 32.000 kips=

Axle Loads and Spacing (Reverse) Paxle.r.truckai
Paxle.f.trucknumaxles.truck 1− ai−:=

Locaxle.r.truckai
0 ft⋅ ai 0=if

numaxles.truck ai−

numaxles.truck 1−

n

Spacingaxle.truckn∑
=

otherwise

:=
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HS Live Load (continued)
Truck Load Moment Calculation
Ms.truck.f j

1 Impact+( ) SSMmcl Lslab Span, Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.truck.r j
1 Impact+( ) SSMmcl Lslab Span, Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.pos.truck j
max Ms.truck.f j

Ms.truck.r j
,⎛

⎝
⎞
⎠

:=

Ms.neg.truckj
1 Impact+( )− Pmax.truck⋅ distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

1 Impact+( )− Pmax.truck⋅ distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

1 Impact+( )− Pmax.truck⋅ Locj⋅ Locj distcl.brg<if

1 Impact+( )− Pmax.truck⋅ Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Live Load Truck Shear
Vs.truck.f j

1 Impact+( ) SSVmcl Lslab Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truck.r j
1 Impact+( ) SSVmcl Lslab Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truckj
max Vs.truck.f j

Vs.truck.r j
,⎛

⎝
⎞
⎠

:=

40.05

88.62

217.28

345.95

474.61

603.28

731.95

860.61

989.28
MOMENT

Ms.pos.truck

ft kip⋅

Ms.neg.truck

ft kip⋅

Loc

ft

0

9.58

19.16

28.75

38.33

47.91

57.49

67.07

76.65
SHEAR

Vs.truck

kip

Loc

ft
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Lane Load Moment Calculation

Uniform Load:   wlane 0.64 klf⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Moment):   Pconc.mom 18 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Shear):   Pconc.shear 26 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Ms.pos.unij
SSMuni Span wlane, Locj distcl.brg−, 0 in⋅,( ) distcl.brg Locj≤ Lslab distcl.brg−≤if

0 ft⋅ kips⋅ otherwise

:=

Ms.neg.unij

wlane− distcl.brg
2

⋅

2

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

wlane− distcl.brg
2

⋅

2

Locj

Lslab
⋅ Locj

Lslab
2

≥if

wlane− Locj( )2⋅

2
Locj distcl.brg≤if

wlane− Lslab Locj−( )2⋅

2
Locj Lslab distcl.brg−≥if

:=

Ms.pos.concj
0 ft⋅ kip⋅ distcl.brg Locj≥ Locj Lslab distcl.brg−≥∨if

SSMconc Span Pconc.mom, Locj distcl.brg−, Locj distcl.brg−,( ) otherwise

:=

Ms.neg.concj
Pconc.mom− distcl.brg⋅

Span Locj distcl.brg−( )−

Span
⋅ Locj

Lslab
2

<if

Pconc.mom− distcl.brg⋅
Locj distcl.brg−

Span
⋅ Locj

Lslab
2

≥if

Pconc.mom− Locj⋅ Locj distcl.brg≤if

Pconc.mom− Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.pos.lane Ms.pos.uni Ms.pos.conc+:=

Ms.neg.lane Ms.neg.uni Ms.neg.conc+:=
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Lane Load Shear Calculation

Vs.unij
SSVuni Lslab wlane, Locj, distcl.brg,( ):=

Vs.concj
SSVconc Lslab Pconc.shear, Locj, distcl.brg,( ):=

Vs.lane Vs.uni Vs.conc+:=

23.32

64.74

152.8

240.85

328.91

416.96

505.02

593.07

681.13
MOMENT

Ms.pos.lane

ft kip⋅

Ms.neg.lane

ft kip⋅

Loc

ft

0

7.11

14.22

21.32

28.43

35.54

42.65

49.75

56.86
SHEAR

Vs.lane

kip

Loc

ft
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Critical HS Moments and Shears

Ms.pos.HSj
max Ms.pos.truck j

Ms.pos.unij
,⎛

⎝
⎞
⎠

:=

Ms.neg.HSj
min Ms.neg.truckj

Ms.neg.unij
,⎛

⎝
⎞
⎠

:=

Vs.HSj
max Vs.truckj

Vs.unij
,⎛

⎝
⎞
⎠

:=

40.05

88.62

217.28

345.95

474.61

603.28

731.95

860.61

989.28
MOMENT

Ms.pos.HS

ft kip⋅

Ms.neg.HS

ft kip⋅

Loc

ft

0

9.58

19.16

28.75

38.33

47.91

57.49

67.07

76.65
SHEAR

Vs.HS

kip

Loc

ft

Maximum Loads:

Ms.max.HS max Ms.pos.HS( ):= Ms.max.HS 989.280 ft kip⋅=

Ms.min.HS min Ms.neg.HS( ):= Ms.min.HS 40.051− ft kip⋅=

Vs.max.HS max Vs.HS( ):= Vs.max.HS 76.655 kip=
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (no couples):

Number of Axles:   numaxles.TC4200 6:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
36745 kgf⋅ 47655 kgf⋅+

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=
Axle Spacing Array:   

Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0.000

6.001

25.000

31.001

50.000

56.001

⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎠

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 1324.943 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 138.451 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading

0 6.04 12.07 18.11 24.15 30.18 36.22 42.26 48.29 54.33 60.37
0

500

1000

1500
MOMENT

Ms.pos.TC4200

ft kips⋅

Ms.pos.HS

ft kips⋅

Loc

ft

0 6.04 12.07 18.11 24.15 30.18 36.22 42.26 48.29 54.33 60.37
0

50

100

150
SHEAR

Vs.TC4200

kips

Vs.HS

kips

Loc

ft
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (assume two coupled vehicles):

Number of Axles:   numaxles.TC4200 12:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
2 36745 kgf⋅ 47655 kgf⋅+( )⋅

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=

Axle Spacing Array:   
Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0

0

1

2

3

4

5

6

7

8

9

10

11

0.000

6.001

25.000

31.001

50.000

56.001

75.000

81.001

100.000

106.001

125.000

131.001

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=

Page 12 of 14 Bridge 020731 LFD and TC4200 
coupled.xmcd

41



Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 1324.943 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 138.451 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading

0 6.04 12.07 18.11 24.15 30.18 36.22 42.26 48.29 54.33 60.37
0

500

1000

1500
MOMENT

Ms.pos.TC4200

ft kips⋅

Ms.pos.HS

ft kips⋅

Loc

ft

0 6.04 12.07 18.11 24.15 30.18 36.22 42.26 48.29 54.33 60.37
0

50

100

150
SHEAR

Vs.TC4200

kips

Vs.HS

kips

Loc

ft
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Transit Load Check - Bridge 020741
General Design Parameters 

Design References
(Acronym)....Design Reference 

(LFD)................AASHTO Standard Specifications for Highway Bridges, 17th Edition

Defined Parameters
kips 1000 lbf⋅≡ ksi 1000 psi⋅≡ CY 27ft3≡ SY 9ft2≡

klf
kips

ft
≡ ksf

kips

ft2
≡ plf

lbf
ft

≡ psf
lbf

ft2
≡ pcf

lbf

ft3
≡

Functions 
Limit Check

check actual limit,( ) "O.K." actual limit≤if

"No Good" otherwise

:=

Equality Check

check_equal value1 value2,( ) "O.K." 0.999999
value1
value2

≤ 1.000001≤if

"No Good" otherwise

:=

Page 1 of 14 Bridge 020741 LFD and TC4200 
coupled.xmcd

44



Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Analysis per AASHTO LRFD Bridge Design Specifications

Bridge Design Span

Parameters 

Bridge Length (Between Front Face of Backwalls) Lbridge 21.70 m⋅:=

Thickness of Expansion Joints texp 0 in⋅:= Note : Uses Roofing Paper for Bond Breaker

Length of Slab Lslab Lbridge 2 texp⋅−:= Lslab 71.194 ft=

Use 2 layers of roofing paper at back of slab end diaphragm for expansion joint bond breaker

Bearing Distance from End of Bridge to Centerline of Bearing distcl.brg 12 in⋅:=

Span Between Centerline Bearings

Span Span Lslab 2 distcl.brg⋅−:= Span 69.194 ft=
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Definition of Slab Design Sections (every 0.01L)

jbrg floor
100 distcl.brg⋅

Lslab

⎛
⎜
⎝

⎞
⎟
⎠

1+:= jbrg 2.000=

j 0 jbrg 1−..:= Locj
j

100
Lslab⋅:=

Locjbrg
distcl.brg:=

j jbrg 1+ 101 jbrg−..:= Locj
j 1−

100
Lslab⋅:=

Loc102 jbrg− Lslab distcl.brg−:=

j 102 jbrg− 1+ 102..:= Locj
j 2−

100
Lslab⋅:=

j 0 102..:=
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HS Live Load
Impact 

Impact min 0.30
50

125
Span

ft
+

,⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

:= Impact 0.257= LFD Section 3.8.2.1, Eq. 3-1

Design Truck Load
HS Truck Designation:   HS 20.0:=

numaxles.truck 3:= ai 0 numaxles.truck 1−..:= lanewidth 12 ft⋅:=

Axle Loads and Spacing (Forward) LFD Figure 3.7.7A

Paxle.f.truckai

8 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

:= Spacingaxle.truckai

0 ft⋅
14 ft⋅
14 ft⋅

:=
Locaxle.f.truckai

0

ai

n

Spacingaxle.truckn∑
=

:=

Locaxle.f.truck

0.000

14.000

28.000

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

ft=

Maximum Axle Load Pmax.truck max Paxle.f.truck( ):= Pmax.truck 32.000 kips=

Axle Loads and Spacing (Reverse) Paxle.r.truckai
Paxle.f.trucknumaxles.truck 1− ai−:=

Locaxle.r.truckai
0 ft⋅ ai 0=if

numaxles.truck ai−

numaxles.truck 1−

n

Spacingaxle.truckn∑
=

otherwise

:=
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HS Live Load (continued)
Truck Load Moment Calculation
Ms.truck.f j

1 Impact+( ) SSMmcl Lslab Span, Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.truck.r j
1 Impact+( ) SSMmcl Lslab Span, Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.pos.truck j
max Ms.truck.f j

Ms.truck.r j
,⎛

⎝
⎞
⎠

:=

Ms.neg.truckj
1 Impact+( )− Pmax.truck⋅ distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

1 Impact+( )− Pmax.truck⋅ distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

1 Impact+( )− Pmax.truck⋅ Locj⋅ Locj distcl.brg<if

1 Impact+( )− Pmax.truck⋅ Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Live Load Truck Shear
Vs.truck.f j

1 Impact+( ) SSVmcl Lslab Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truck.r j
1 Impact+( ) SSVmcl Lslab Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truckj
max Vs.truck.f j

Vs.truck.r j
,⎛

⎝
⎞
⎠

:=

39.67

117.93

275.53

433.14

590.74

748.35

905.95

1063.56

1221.16
MOMENT

Ms.pos.truck

ft kip⋅

Ms.neg.truck

ft kip⋅

Loc

ft

0

9.72

19.44

29.16

38.89

48.61

58.33

68.05

77.77
SHEAR

Vs.truck

kip

Loc

ft
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Lane Load Moment Calculation

Uniform Load:   wlane 0.64 klf⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Moment):   Pconc.mom 18 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Shear):   Pconc.shear 26 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Ms.pos.unij
SSMuni Span wlane, Locj distcl.brg−, 0 in⋅,( ) distcl.brg Locj≤ Lslab distcl.brg−≤if

0 ft⋅ kips⋅ otherwise

:=

Ms.neg.unij

wlane− distcl.brg
2

⋅

2

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

wlane− distcl.brg
2

⋅

2

Locj

Lslab
⋅ Locj

Lslab
2

≥if

wlane− Locj( )2⋅

2
Locj distcl.brg≤if

wlane− Lslab Locj−( )2⋅

2
Locj Lslab distcl.brg−≥if

:=

Ms.pos.concj
0 ft⋅ kip⋅ distcl.brg Locj≥ Locj Lslab distcl.brg−≥∨if

SSMconc Span Pconc.mom, Locj distcl.brg−, Locj distcl.brg−,( ) otherwise

:=

Ms.neg.concj
Pconc.mom− distcl.brg⋅

Span Locj distcl.brg−( )−

Span
⋅ Locj

Lslab
2

<if

Pconc.mom− distcl.brg⋅
Locj distcl.brg−

Span
⋅ Locj

Lslab
2

≥if

Pconc.mom− Locj⋅ Locj distcl.brg≤if

Pconc.mom− Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.pos.lane Ms.pos.uni Ms.pos.conc+:=

Ms.neg.lane Ms.neg.uni Ms.neg.conc+:=
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Lane Load Shear Calculation

Vs.unij
SSVuni Lslab wlane, Locj, distcl.brg,( ):=

Vs.concj
SSVconc Lslab Pconc.shear, Locj, distcl.brg,( ):=

Vs.lane Vs.uni Vs.conc+:=

23.04

88.99

201.02

313.05

425.08

537.11

649.13

761.16

873.19
MOMENT

Ms.pos.lane

ft kip⋅

Ms.neg.lane

ft kip⋅

Loc

ft

0

7.57

15.13

22.7

30.27

37.84

45.4

52.97

60.54
SHEAR

Vs.lane

kip

Loc

ft
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Critical HS Moments and Shears

Ms.pos.HSj
max Ms.pos.truck j

Ms.pos.unij
,⎛

⎝
⎞
⎠

:=

Ms.neg.HSj
min Ms.neg.truckj

Ms.neg.unij
,⎛

⎝
⎞
⎠

:=

Vs.HSj
max Vs.truckj

Vs.unij
,⎛

⎝
⎞
⎠

:=

39.67

117.93

275.53

433.14

590.74

748.35

905.95

1063.56

1221.16
MOMENT

Ms.pos.HS

ft kip⋅

Ms.neg.HS

ft kip⋅

Loc

ft

0

9.72

19.44

29.16

38.89

48.61

58.33

68.05

77.77
SHEAR

Vs.HS

kip

Loc

ft

Maximum Loads:

Ms.max.HS max Ms.pos.HS( ):= Ms.max.HS 1221.159 ft kip⋅=

Ms.min.HS min Ms.neg.HS( ):= Ms.min.HS 39.674− ft kip⋅=

Vs.max.HS max Vs.HS( ):= Vs.max.HS 77.771 kip=
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (no couples):

Number of Axles:   numaxles.TC4200 6:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
36745 kgf⋅ 47655 kgf⋅+

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=
Axle Spacing Array:   

Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0.000

6.001

25.000

31.001

50.000

56.001

⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎠

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 1897.382 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 157.874 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading

0 7.12 14.24 21.36 28.48 35.6 42.72 49.84 56.96 64.07 71.19
0

500

1000

1500

2000
MOMENT

Ms.pos.TC4200

ft kips⋅

Ms.pos.HS

ft kips⋅

Loc

ft

0 7.12 14.24 21.36 28.48 35.6 42.72 49.84 56.96 64.07 71.19
0

50

100

150

200
SHEAR

Vs.TC4200

kips

Vs.HS

kips

Loc

ft
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (assume two coupled vehicles):

Number of Axles:   numaxles.TC4200 12:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
2 36745 kgf⋅ 47655 kgf⋅+( )⋅

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=

Axle Spacing Array:   
Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0

0

1

2

3

4

5

6

7

8

9

10

11

0.000

6.001

25.000

31.001

50.000

56.001

75.000

81.001

100.000

106.001

125.000

131.001

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 1897.382 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 157.874 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading
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Transit Load Check - Bridge 021561
General Design Parameters 

Design References
(Acronym)....Design Reference 

(LFD)................AASHTO Standard Specifications for Highway Bridges, 17th Edition

Defined Parameters
kips 1000 lbf⋅≡ ksi 1000 psi⋅≡ CY 27ft3≡ SY 9ft2≡

klf
kips

ft
≡ ksf

kips

ft2
≡ plf

lbf
ft

≡ psf
lbf

ft2
≡ pcf

lbf

ft3
≡

Functions 
Limit Check

check actual limit,( ) "O.K." actual limit≤if

"No Good" otherwise

:=

Equality Check

check_equal value1 value2,( ) "O.K." 0.999999
value1
value2

≤ 1.000001≤if

"No Good" otherwise

:=
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Analysis per AASHTO LRFD Bridge Design Specifications

Bridge Design Span

Parameters 

Bridge Length (Between Front Face of Backwalls) Lbridge 4.40 m⋅:=

Thickness of Expansion Joints texp 0 in⋅:= Note : Uses Roofing Paper for Bond Breaker

Length of Slab Lslab Lbridge 2 texp⋅−:= Lslab 14.436 ft=

Use 2 layers of roofing paper at back of slab end diaphragm for expansion joint bond breaker

Bearing Distance from End of Bridge to Centerline of Bearing distcl.brg 12 in⋅:=

Span Between Centerline Bearings

Span Span Lslab 2 distcl.brg⋅−:= Span 12.436 ft=
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Definition of Slab Design Sections (every 0.01L)

jbrg floor
100 distcl.brg⋅

Lslab

⎛
⎜
⎝

⎞
⎟
⎠

1+:= jbrg 7.000=

j 0 jbrg 1−..:= Locj
j

100
Lslab⋅:=

Locjbrg
distcl.brg:=

j jbrg 1+ 101 jbrg−..:= Locj
j 1−

100
Lslab⋅:=

Loc102 jbrg− Lslab distcl.brg−:=

j 102 jbrg− 1+ 102..:= Locj
j 2−

100
Lslab⋅:=

j 0 102..:=
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HS Live Load
Impact 

Impact min 0.30
50

125
Span

ft
+

,⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

:= Impact 0.300= LFD Section 3.8.2.1, Eq. 3-1

Design Truck Load
HS Truck Designation:   HS 13.9:=

numaxles.truck 3:= ai 0 numaxles.truck 1−..:= lanewidth 12 ft⋅:=

Axle Loads and Spacing (Forward) LFD Figure 3.7.7A

Paxle.f.truckai

8 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

:= Spacingaxle.truckai

0 ft⋅
14 ft⋅
14 ft⋅

:=
Locaxle.f.truckai

0

ai

n

Spacingaxle.truckn∑
=

:=

Locaxle.f.truck

0.000

14.000

28.000

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

ft=

Maximum Axle Load Pmax.truck max Paxle.f.truck( ):= Pmax.truck 22.240 kips=

Axle Loads and Spacing (Reverse) Paxle.r.truckai
Paxle.f.trucknumaxles.truck 1− ai−:=

Locaxle.r.truckai
0 ft⋅ ai 0=if

numaxles.truck ai−

numaxles.truck 1−

n

Spacingaxle.truckn∑
=

otherwise

:=
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HS Live Load (continued)
Truck Load Moment Calculation
Ms.truck.f j

1 Impact+( ) SSMmcl Lslab Span, Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.truck.r j
1 Impact+( ) SSMmcl Lslab Span, Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.pos.truck j
max Ms.truck.f j

Ms.truck.r j
,⎛

⎝
⎞
⎠

:=

Ms.neg.truckj
1 Impact+( )− Pmax.truck⋅ distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

1 Impact+( )− Pmax.truck⋅ distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

1 Impact+( )− Pmax.truck⋅ Locj⋅ Locj distcl.brg<if

1 Impact+( )− Pmax.truck⋅ Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Live Load Truck Shear
Vs.truck.f j

1 Impact+( ) SSVmcl Lslab Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truck.r j
1 Impact+( ) SSVmcl Lslab Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truckj
max Vs.truck.f j

Vs.truck.r j
,⎛

⎝
⎞
⎠

:=

26.91

12.31

2.29

16.89

31.49

46.09

60.69

75.29

89.89
MOMENT

Ms.pos.truck

ft kip⋅

Ms.neg.truck

ft kip⋅

Loc

ft

0

3.61

7.23

10.84

14.46

18.07

21.68

25.3

28.91
SHEAR

Vs.truck

kip

Loc

ft
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Lane Load Moment Calculation

Uniform Load:   wlane 0.64 klf⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Moment):   Pconc.mom 18 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Shear):   Pconc.shear 26 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Ms.pos.unij
SSMuni Span wlane, Locj distcl.brg−, 0 in⋅,( ) distcl.brg Locj≤ Lslab distcl.brg−≤if

0 ft⋅ kips⋅ otherwise

:=

Ms.neg.unij

wlane− distcl.brg
2

⋅

2

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

wlane− distcl.brg
2

⋅

2

Locj

Lslab
⋅ Locj

Lslab
2

≥if

wlane− Locj( )2⋅

2
Locj distcl.brg≤if

wlane− Lslab Locj−( )2⋅

2
Locj Lslab distcl.brg−≥if

:=

Ms.pos.concj
0 ft⋅ kip⋅ distcl.brg Locj≥ Locj Lslab distcl.brg−≥∨if

SSMconc Span Pconc.mom, Locj distcl.brg−, Locj distcl.brg−,( ) otherwise

:=

Ms.neg.concj
Pconc.mom− distcl.brg⋅

Span Locj distcl.brg−( )−

Span
⋅ Locj

Lslab
2

<if

Pconc.mom− distcl.brg⋅
Locj distcl.brg−

Span
⋅ Locj

Lslab
2

≥if

Pconc.mom− Locj⋅ Locj distcl.brg≤if

Pconc.mom− Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.pos.lane Ms.pos.uni Ms.pos.conc+:=

Ms.neg.lane Ms.neg.uni Ms.neg.conc+:=
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Lane Load Shear Calculation

Vs.unij
SSVuni Lslab wlane, Locj, distcl.brg,( ):=

Vs.concj
SSVconc Lslab Pconc.shear, Locj, distcl.brg,( ):=

Vs.lane Vs.uni Vs.conc+:=

16.55

6.77

3.02

12.81

22.59

32.38

42.17

51.95

61.74
MOMENT

Ms.pos.lane

ft kip⋅

Ms.neg.lane

ft kip⋅

Loc

ft

0

3.39

6.77

10.16

13.54

16.93

20.31

23.7

27.09
SHEAR

Vs.lane

kip

Loc

ft

Page 7 of 14 Bridge 021561 LFD and TC4200 
coupled.xmcd

64



Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
DESIGNED BY:  G. F. Myers

DATE:        7/14/2006
CHECKED BY: 

DATE:

Critical HS Moments and Shears

Ms.pos.HSj
max Ms.pos.truck j

Ms.pos.unij
,⎛

⎝
⎞
⎠

:=

Ms.neg.HSj
min Ms.neg.truckj

Ms.neg.unij
,⎛

⎝
⎞
⎠

:=

Vs.HSj
max Vs.truckj

Vs.unij
,⎛

⎝
⎞
⎠

:=

26.91

12.31

2.29

16.89

31.49

46.09

60.69

75.29

89.89
MOMENT

Ms.pos.HS

ft kip⋅

Ms.neg.HS

ft kip⋅

Loc

ft

0

3.61

7.23

10.84

14.46

18.07

21.68

25.3

28.91
SHEAR

Vs.HS

kip

Loc

ft

Maximum Loads:

Ms.max.HS max Ms.pos.HS( ):= Ms.max.HS 89.885 ft kip⋅=

Ms.min.HS min Ms.neg.HS( ):= Ms.min.HS 26.909− ft kip⋅=

Vs.max.HS max Vs.HS( ):= Vs.max.HS 28.912 kip=
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (no couples):

Number of Axles:   numaxles.TC4200 6:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
36745 kgf⋅ 47655 kgf⋅+

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=
Axle Spacing Array:   

Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0.000

6.001

25.000

31.001

50.000

56.001

⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎠

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 133.187 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 67.690 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (assume two coupled vehicles):

Number of Axles:   numaxles.TC4200 12:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
2 36745 kgf⋅ 47655 kgf⋅+( )⋅

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=

Axle Spacing Array:   
Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0

0

1

2

3

4

5

6

7

8

9

10

11

0.000

6.001

25.000

31.001

50.000

56.001

75.000

81.001

100.000

106.001

125.000

131.001

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 133.187 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 67.690 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading
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Transit Load Check - Bridge 023311
General Design Parameters 

Design References
(Acronym)....Design Reference 

(LFD)................AASHTO Standard Specifications for Highway Bridges, 17th Edition

Defined Parameters
kips 1000 lbf⋅≡ ksi 1000 psi⋅≡ CY 27ft3≡ SY 9ft2≡

klf
kips

ft
≡ ksf

kips

ft2
≡ plf

lbf
ft

≡ psf
lbf

ft2
≡ pcf

lbf

ft3
≡

Functions 
Limit Check

check actual limit,( ) "O.K." actual limit≤if

"No Good" otherwise

:=

Equality Check

check_equal value1 value2,( ) "O.K." 0.999999
value1
value2

≤ 1.000001≤if

"No Good" otherwise

:=
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Analysis per AASHTO LRFD Bridge Design Specifications

Bridge Design Span

Parameters 

Bridge Length (Between Front Face of Backwalls) Lbridge 25.20 m⋅:=

Thickness of Expansion Joints texp 0 in⋅:= Note : Uses Roofing Paper for Bond Breaker

Length of Slab Lslab Lbridge 2 texp⋅−:= Lslab 82.677 ft=

Use 2 layers of roofing paper at back of slab end diaphragm for expansion joint bond breaker

Bearing Distance from End of Bridge to Centerline of Bearing distcl.brg 12 in⋅:=

Span Between Centerline Bearings

Span Span Lslab 2 distcl.brg⋅−:= Span 80.677 ft=
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Definition of Slab Design Sections (every 0.01L)

jbrg floor
100 distcl.brg⋅

Lslab

⎛
⎜
⎝

⎞
⎟
⎠

1+:= jbrg 2.000=

j 0 jbrg 1−..:= Locj
j

100
Lslab⋅:=

Locjbrg
distcl.brg:=

j jbrg 1+ 101 jbrg−..:= Locj
j 1−

100
Lslab⋅:=

Loc102 jbrg− Lslab distcl.brg−:=

j 102 jbrg− 1+ 102..:= Locj
j 2−

100
Lslab⋅:=

j 0 102..:=
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HS Live Load
Impact 

Impact min 0.30
50

125
Span

ft
+

,⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

:= Impact 0.243= LFD Section 3.8.2.1, Eq. 3-1

Design Truck Load
HS Truck Designation:   HS 20:=

numaxles.truck 3:= ai 0 numaxles.truck 1−..:= lanewidth 12 ft⋅:=

Axle Loads and Spacing (Forward) LFD Figure 3.7.7A

Paxle.f.truckai

8 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

:= Spacingaxle.truckai

0 ft⋅
14 ft⋅
14 ft⋅

:=
Locaxle.f.truckai

0

ai

n

Spacingaxle.truckn∑
=

:=

Locaxle.f.truck

0.000

14.000

28.000

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

ft=

Maximum Axle Load Pmax.truck max Paxle.f.truck( ):= Pmax.truck 32.000 kips=

Axle Loads and Spacing (Reverse) Paxle.r.truckai
Paxle.f.trucknumaxles.truck 1− ai−:=

Locaxle.r.truckai
0 ft⋅ ai 0=if

numaxles.truck ai−

numaxles.truck 1−

n

Spacingaxle.truckn∑
=

otherwise

:=
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HS Live Load (continued)
Truck Load Moment Calculation
Ms.truck.f j

1 Impact+( ) SSMmcl Lslab Span, Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.truck.r j
1 Impact+( ) SSMmcl Lslab Span, Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.pos.truck j
max Ms.truck.f j

Ms.truck.r j
,⎛

⎝
⎞
⎠

:=

Ms.neg.truckj
1 Impact+( )− Pmax.truck⋅ distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

1 Impact+( )− Pmax.truck⋅ distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

1 Impact+( )− Pmax.truck⋅ Locj⋅ Locj distcl.brg<if

1 Impact+( )− Pmax.truck⋅ Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Live Load Truck Shear
Vs.truck.f j

1 Impact+( ) SSVmcl Lslab Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truck.r j
1 Impact+( ) SSVmcl Lslab Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truckj
max Vs.truck.f j

Vs.truck.r j
,⎛

⎝
⎞
⎠

:=

39.3

148.51

336.32

524.13

711.93

899.74

1087.55

1275.36

1463.16
MOMENT

Ms.pos.truck

ft kip⋅

Ms.neg.truck

ft kip⋅

Loc

ft

0

9.8

19.61

29.41

39.21

49.01

58.82

68.62

78.42
SHEAR

Vs.truck

kip

Loc

ft
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Lane Load Moment Calculation

Uniform Load:   wlane 0.64 klf⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Moment):   Pconc.mom 18 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Shear):   Pconc.shear 26 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Ms.pos.unij
SSMuni Span wlane, Locj distcl.brg−, 0 in⋅,( ) distcl.brg Locj≤ Lslab distcl.brg−≤if

0 ft⋅ kips⋅ otherwise

:=

Ms.neg.unij

wlane− distcl.brg
2

⋅

2

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

wlane− distcl.brg
2

⋅

2

Locj

Lslab
⋅ Locj

Lslab
2

≥if

wlane− Locj( )2⋅

2
Locj distcl.brg≤if

wlane− Lslab Locj−( )2⋅

2
Locj Lslab distcl.brg−≥if

:=

Ms.pos.concj
0 ft⋅ kip⋅ distcl.brg Locj≥ Locj Lslab distcl.brg−≥∨if

SSMconc Span Pconc.mom, Locj distcl.brg−, Locj distcl.brg−,( ) otherwise

:=

Ms.neg.concj
Pconc.mom− distcl.brg⋅

Span Locj distcl.brg−( )−

Span
⋅ Locj

Lslab
2

<if

Pconc.mom− distcl.brg⋅
Locj distcl.brg−

Span
⋅ Locj

Lslab
2

≥if

Pconc.mom− Locj⋅ Locj distcl.brg≤if

Pconc.mom− Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.pos.lane Ms.pos.uni Ms.pos.conc+:=

Ms.neg.lane Ms.neg.uni Ms.neg.conc+:=
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Lane Load Shear Calculation

Vs.unij
SSVuni Lslab wlane, Locj, distcl.brg,( ):=

Vs.concj
SSVconc Lslab Pconc.shear, Locj, distcl.brg,( ):=

Vs.lane Vs.uni Vs.conc+:=

22.77

117.4

257.57

397.74

537.91

678.08

818.25

958.42

1098.59
MOMENT

Ms.pos.lane

ft kip⋅

Ms.neg.lane

ft kip⋅

Loc

ft

0

8.05

16.1

24.15

32.21

40.26

48.31

56.36

64.41
SHEAR

Vs.lane

kip

Loc

ft
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Critical HS Moments and Shears

Ms.pos.HSj
max Ms.pos.truck j

Ms.pos.unij
,⎛

⎝
⎞
⎠

:=

Ms.neg.HSj
min Ms.neg.truckj

Ms.neg.unij
,⎛

⎝
⎞
⎠

:=

Vs.HSj
max Vs.truckj

Vs.unij
,⎛

⎝
⎞
⎠

:=

39.3

148.51

336.32

524.13

711.93

899.74

1087.55

1275.36

1463.16
MOMENT

Ms.pos.HS

ft kip⋅

Ms.neg.HS

ft kip⋅

Loc

ft

0

9.8

19.61

29.41

39.21

49.01

58.82

68.62

78.42
SHEAR

Vs.HS

kip

Loc

ft

Maximum Loads:

Ms.max.HS max Ms.pos.HS( ):= Ms.max.HS 1463.164 ft kip⋅=

Ms.min.HS min Ms.neg.HS( ):= Ms.min.HS 39.298− ft kip⋅=

Vs.max.HS max Vs.HS( ):= Vs.max.HS 78.424 kip=
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (no couples):

Number of Axles:   numaxles.TC4200 6:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
36745 kgf⋅ 47655 kgf⋅+

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=
Axle Spacing Array:   

Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0.000

6.001

25.000

31.001

50.000

56.001

⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎠

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 2537.291 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 172.777 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (assume two coupled vehicles):

Number of Axles:   numaxles.TC4200 12:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
2 36745 kgf⋅ 47655 kgf⋅+( )⋅

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=

Axle Spacing Array:   
Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0

0

1

2

3

4

5

6

7

8

9

10

11

0.000

6.001

25.000

31.001

50.000

56.001

75.000

81.001

100.000

106.001

125.000

131.001

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 2537.291 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 175.558 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading

0 8.27 16.54 24.8 33.07 41.34 49.61 57.87 66.14 74.41 82.68
0

500

1000

1500

2000

2500

3000
MOMENT
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Loc

ft
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Transit Load Check - Bridge 023321
General Design Parameters 

Design References
(Acronym)....Design Reference 

(LFD)................AASHTO Standard Specifications for Highway Bridges, 17th Edition

Defined Parameters
kips 1000 lbf⋅≡ ksi 1000 psi⋅≡ CY 27ft3≡ SY 9ft2≡

klf
kips

ft
≡ ksf

kips

ft2
≡ plf

lbf
ft

≡ psf
lbf

ft2
≡ pcf

lbf

ft3
≡

Functions 
Limit Check

check actual limit,( ) "O.K." actual limit≤if

"No Good" otherwise

:=

Equality Check

check_equal value1 value2,( ) "O.K." 0.999999
value1
value2

≤ 1.000001≤if

"No Good" otherwise

:=
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Analysis per AASHTO LRFD Bridge Design Specifications

Bridge Design Span

Parameters 

Bridge Length (Between Front Face of Backwalls) Lbridge 30.20 m⋅:=

Thickness of Expansion Joints texp 0 in⋅:= Note : Uses Roofing Paper for Bond Breaker

Length of Slab Lslab Lbridge 2 texp⋅−:= Lslab 99.081 ft=

Use 2 layers of roofing paper at back of slab end diaphragm for expansion joint bond breaker

Bearing Distance from End of Bridge to Centerline of Bearing distcl.brg 12 in⋅:=

Span Between Centerline Bearings

Span Span Lslab 2 distcl.brg⋅−:= Span 97.081 ft=
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Definition of Slab Design Sections (every 0.01L)

jbrg floor
100 distcl.brg⋅

Lslab

⎛
⎜
⎝

⎞
⎟
⎠

1+:= jbrg 2.000=

j 0 jbrg 1−..:= Locj
j

100
Lslab⋅:=

Locjbrg
distcl.brg:=

j jbrg 1+ 101 jbrg−..:= Locj
j 1−

100
Lslab⋅:=

Loc102 jbrg− Lslab distcl.brg−:=

j 102 jbrg− 1+ 102..:= Locj
j 2−

100
Lslab⋅:=

j 0 102..:=
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HS Live Load
Impact 

Impact min 0.30
50

125
Span

ft
+

,⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

:= Impact 0.225= LFD Section 3.8.2.1, Eq. 3-1

Design Truck Load
HS Truck Designation:   HS 20:=

numaxles.truck 3:= ai 0 numaxles.truck 1−..:= lanewidth 12 ft⋅:=

Axle Loads and Spacing (Forward) LFD Figure 3.7.7A

Paxle.f.truckai

8 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

:= Spacingaxle.truckai

0 ft⋅
14 ft⋅
14 ft⋅

:=
Locaxle.f.truckai

0

ai

n

Spacingaxle.truckn∑
=

:=

Locaxle.f.truck

0.000

14.000

28.000

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

ft=

Maximum Axle Load Pmax.truck max Paxle.f.truck( ):= Pmax.truck 32.000 kips=

Axle Loads and Spacing (Reverse) Paxle.r.truckai
Paxle.f.trucknumaxles.truck 1− ai−:=

Locaxle.r.truckai
0 ft⋅ ai 0=if

numaxles.truck ai−

numaxles.truck 1−

n

Spacingaxle.truckn∑
=

otherwise

:=
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HS Live Load (continued)
Truck Load Moment Calculation
Ms.truck.f j

1 Impact+( ) SSMmcl Lslab Span, Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.truck.r j
1 Impact+( ) SSMmcl Lslab Span, Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.pos.truck j
max Ms.truck.f j

Ms.truck.r j
,⎛

⎝
⎞
⎠

:=

Ms.neg.truckj
1 Impact+( )− Pmax.truck⋅ distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

1 Impact+( )− Pmax.truck⋅ distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

1 Impact+( )− Pmax.truck⋅ Locj⋅ Locj distcl.brg<if

1 Impact+( )− Pmax.truck⋅ Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Live Load Truck Shear
Vs.truck.f j

1 Impact+( ) SSVmcl Lslab Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truck.r j
1 Impact+( ) SSVmcl Lslab Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truckj
max Vs.truck.f j

Vs.truck.r j
,⎛

⎝
⎞
⎠

:=

38.84

191.35

421.54

651.73

881.92

1112.11

1342.3

1572.5

1802.69
MOMENT

Ms.pos.truck

ft kip⋅

Ms.neg.truck

ft kip⋅

Loc

ft

0

9.85

19.71

29.56

39.42

49.27

59.13

68.98

78.84
SHEAR

Vs.truck

kip

Loc

ft
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Lane Load Moment Calculation

Uniform Load:   wlane 0.64 klf⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Moment):   Pconc.mom 18 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Shear):   Pconc.shear 26 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Ms.pos.unij
SSMuni Span wlane, Locj distcl.brg−, 0 in⋅,( ) distcl.brg Locj≤ Lslab distcl.brg−≤if

0 ft⋅ kips⋅ otherwise

:=

Ms.neg.unij

wlane− distcl.brg
2

⋅

2

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

wlane− distcl.brg
2

⋅

2

Locj

Lslab
⋅ Locj

Lslab
2

≥if

wlane− Locj( )2⋅

2
Locj distcl.brg≤if

wlane− Lslab Locj−( )2⋅

2
Locj Lslab distcl.brg−≥if

:=

Ms.pos.concj
0 ft⋅ kip⋅ distcl.brg Locj≥ Locj Lslab distcl.brg−≥∨if

SSMconc Span Pconc.mom, Locj distcl.brg−, Locj distcl.brg−,( ) otherwise

:=

Ms.neg.concj
Pconc.mom− distcl.brg⋅

Span Locj distcl.brg−( )−

Span
⋅ Locj

Lslab
2

<if

Pconc.mom− distcl.brg⋅
Locj distcl.brg−

Span
⋅ Locj

Lslab
2

≥if

Pconc.mom− Locj⋅ Locj distcl.brg≤if

Pconc.mom− Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.pos.lane Ms.pos.uni Ms.pos.conc+:=

Ms.neg.lane Ms.neg.uni Ms.neg.conc+:=
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Lane Load Shear Calculation

Vs.unij
SSVuni Lslab wlane, Locj, distcl.brg,( ):=

Vs.concj
SSVconc Lslab Pconc.shear, Locj, distcl.brg,( ):=

Vs.lane Vs.uni Vs.conc+:=

22.44

162.73

347.91

533.08

718.26

903.43

1088.61

1273.78

1458.96
MOMENT

Ms.pos.lane

ft kip⋅

Ms.neg.lane

ft kip⋅

Loc

ft

0

8.74

17.48

26.22

34.96

43.7

52.44

61.17

69.91
SHEAR

Vs.lane

kip

Loc

ft
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Critical HS Moments and Shears

Ms.pos.HSj
max Ms.pos.truck j

Ms.pos.unij
,⎛

⎝
⎞
⎠

:=

Ms.neg.HSj
min Ms.neg.truckj

Ms.neg.unij
,⎛

⎝
⎞
⎠

:=

Vs.HSj
max Vs.truckj

Vs.unij
,⎛

⎝
⎞
⎠

:=

38.84

191.35

421.54

651.73

881.92

1112.11

1342.3

1572.5

1802.69
MOMENT

Ms.pos.HS

ft kip⋅

Ms.neg.HS

ft kip⋅

Loc

ft

0

9.85

19.71

29.56

39.42

49.27

59.13

68.98

78.84
SHEAR

Vs.HS

kip

Loc

ft

Maximum Loads:

Ms.max.HS max Ms.pos.HS( ):= Ms.max.HS 1802.688 ft kip⋅=

Ms.min.HS min Ms.neg.HS( ):= Ms.min.HS 38.844− ft kip⋅=

Vs.max.HS max Vs.HS( ):= Vs.max.HS 78.838 kip=
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (no couples):

Number of Axles:   numaxles.TC4200 6:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
36745 kgf⋅ 47655 kgf⋅+

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=
Axle Spacing Array:   

Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0.000

6.001

25.000

31.001

50.000

56.001

⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎠

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 3451.470 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 187.952 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (assume two coupled vehicles):

Number of Axles:   numaxles.TC4200 12:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
2 36745 kgf⋅ 47655 kgf⋅+( )⋅

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=

Axle Spacing Array:   
Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0

0

1

2

3

4

5

6

7

8

9

10

11

0.000

6.001

25.000

31.001

50.000

56.001

75.000

81.001

100.000

106.001

125.000

131.001

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 3573.233 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 204.603 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading

0 9.91 19.82 29.72 39.63 49.54 59.45 69.36 79.27 89.17 99.08
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Transit Load Check - Bridge 023721
General Design Parameters 

Design References
(Acronym)....Design Reference 

(LFD)................AASHTO Standard Specifications for Highway Bridges, 17th Edition

Defined Parameters
kips 1000 lbf⋅≡ ksi 1000 psi⋅≡ CY 27ft3≡ SY 9ft2≡

klf
kips

ft
≡ ksf

kips

ft2
≡ plf

lbf
ft

≡ psf
lbf

ft2
≡ pcf

lbf

ft3
≡

Functions 
Limit Check

check actual limit,( ) "O.K." actual limit≤if

"No Good" otherwise

:=

Equality Check

check_equal value1 value2,( ) "O.K." 0.999999
value1
value2

≤ 1.000001≤if

"No Good" otherwise

:=
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Analysis per AASHTO LRFD Bridge Design Specifications

Bridge Design Span

Parameters 

Bridge Length (Between Front Face of Backwalls) Lbridge 28.10 m⋅:=

Thickness of Expansion Joints texp 0 in⋅:= Note : Uses Roofing Paper for Bond Breaker

Length of Slab Lslab Lbridge 2 texp⋅−:= Lslab 92.192 ft=

Use 2 layers of roofing paper at back of slab end diaphragm for expansion joint bond breaker

Bearing Distance from End of Bridge to Centerline of Bearing distcl.brg 12 in⋅:=

Span Between Centerline Bearings

Span Span Lslab 2 distcl.brg⋅−:= Span 90.192 ft=
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Definition of Slab Design Sections (every 0.01L)

jbrg floor
100 distcl.brg⋅

Lslab

⎛
⎜
⎝

⎞
⎟
⎠

1+:= jbrg 2.000=

j 0 jbrg 1−..:= Locj
j

100
Lslab⋅:=

Locjbrg
distcl.brg:=

j jbrg 1+ 101 jbrg−..:= Locj
j 1−

100
Lslab⋅:=

Loc102 jbrg− Lslab distcl.brg−:=

j 102 jbrg− 1+ 102..:= Locj
j 2−

100
Lslab⋅:=

j 0 102..:=
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HS Live Load
Impact 

Impact min 0.30
50

125
Span

ft
+

,⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

:= Impact 0.232= LFD Section 3.8.2.1, Eq. 3-1

Design Truck Load
HS Truck Designation:   HS 20:=

numaxles.truck 3:= ai 0 numaxles.truck 1−..:= lanewidth 12 ft⋅:=

Axle Loads and Spacing (Forward) LFD Figure 3.7.7A

Paxle.f.truckai

8 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

:= Spacingaxle.truckai

0 ft⋅
14 ft⋅
14 ft⋅

:=
Locaxle.f.truckai

0

ai

n

Spacingaxle.truckn∑
=

:=

Locaxle.f.truck

0.000

14.000

28.000

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

ft=

Maximum Axle Load Pmax.truck max Paxle.f.truck( ):= Pmax.truck 32.000 kips=

Axle Loads and Spacing (Reverse) Paxle.r.truckai
Paxle.f.trucknumaxles.truck 1− ai−:=

Locaxle.r.truckai
0 ft⋅ ai 0=if

numaxles.truck ai−

numaxles.truck 1−

n

Spacingaxle.truckn∑
=

otherwise

:=
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HS Live Load (continued)
Truck Load Moment Calculation
Ms.truck.f j

1 Impact+( ) SSMmcl Lslab Span, Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.truck.r j
1 Impact+( ) SSMmcl Lslab Span, Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.pos.truck j
max Ms.truck.f j

Ms.truck.r j
,⎛

⎝
⎞
⎠

:=

Ms.neg.truckj
1 Impact+( )− Pmax.truck⋅ distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

1 Impact+( )− Pmax.truck⋅ distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

1 Impact+( )− Pmax.truck⋅ Locj⋅ Locj distcl.brg<if

1 Impact+( )− Pmax.truck⋅ Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Live Load Truck Shear
Vs.truck.f j

1 Impact+( ) SSVmcl Lslab Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truck.r j
1 Impact+( ) SSVmcl Lslab Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truckj
max Vs.truck.f j

Vs.truck.r j
,⎛

⎝
⎞
⎠

:=

39.01

173.47

385.94

598.41

810.88

1023.36

1235.83

1448.3

1660.77
MOMENT

Ms.pos.truck

ft kip⋅

Ms.neg.truck

ft kip⋅

Loc

ft

0

9.84

19.68

29.52

39.36

49.2

59.04

68.88

78.72
SHEAR

Vs.truck

kip

Loc

ft
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Lane Load Moment Calculation

Uniform Load:   wlane 0.64 klf⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Moment):   Pconc.mom 18 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Shear):   Pconc.shear 26 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Ms.pos.unij
SSMuni Span wlane, Locj distcl.brg−, 0 in⋅,( ) distcl.brg Locj≤ Lslab distcl.brg−≤if

0 ft⋅ kips⋅ otherwise

:=

Ms.neg.unij

wlane− distcl.brg
2

⋅

2

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

wlane− distcl.brg
2

⋅

2

Locj

Lslab
⋅ Locj

Lslab
2

≥if

wlane− Locj( )2⋅

2
Locj distcl.brg≤if

wlane− Lslab Locj−( )2⋅

2
Locj Lslab distcl.brg−≥if

:=

Ms.pos.concj
0 ft⋅ kip⋅ distcl.brg Locj≥ Locj Lslab distcl.brg−≥∨if

SSMconc Span Pconc.mom, Locj distcl.brg−, Locj distcl.brg−,( ) otherwise

:=

Ms.neg.concj
Pconc.mom− distcl.brg⋅

Span Locj distcl.brg−( )−

Span
⋅ Locj

Lslab
2

<if

Pconc.mom− distcl.brg⋅
Locj distcl.brg−

Span
⋅ Locj

Lslab
2

≥if

Pconc.mom− Locj⋅ Locj distcl.brg≤if

Pconc.mom− Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.pos.lane Ms.pos.uni Ms.pos.conc+:=

Ms.neg.lane Ms.neg.uni Ms.neg.conc+:=
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Lane Load Shear Calculation

Vs.unij
SSVuni Lslab wlane, Locj, distcl.brg,( ):=

Vs.concj
SSVconc Lslab Pconc.shear, Locj, distcl.brg,( ):=

Vs.lane Vs.uni Vs.conc+:=

22.58

143.01

308.6

474.19

639.78

805.37

970.95

1136.54

1302.13
MOMENT

Ms.pos.lane

ft kip⋅

Ms.neg.lane

ft kip⋅

Loc

ft

0

8.45

16.9

25.35

33.8

42.26

50.71

59.16

67.61
SHEAR

Vs.lane

kip

Loc

ft
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Critical HS Moments and Shears

Ms.pos.HSj
max Ms.pos.truck j

Ms.pos.unij
,⎛

⎝
⎞
⎠

:=

Ms.neg.HSj
min Ms.neg.truckj

Ms.neg.unij
,⎛

⎝
⎞
⎠

:=

Vs.HSj
max Vs.truckj

Vs.unij
,⎛

⎝
⎞
⎠

:=

39.01

173.47

385.94

598.41

810.88

1023.36

1235.83

1448.3

1660.77
MOMENT

Ms.pos.HS

ft kip⋅

Ms.neg.HS

ft kip⋅

Loc

ft

0

9.84

19.68

29.52

39.36

49.2

59.04

68.88

78.72
SHEAR

Vs.HS

kip

Loc

ft

Maximum Loads:

Ms.max.HS max Ms.pos.HS( ):= Ms.max.HS 1660.773 ft kip⋅=

Ms.min.HS min Ms.neg.HS( ):= Ms.min.HS 39.007− ft kip⋅=

Vs.max.HS max Vs.HS( ):= Vs.max.HS 78.717 kip=
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (no couples):

Number of Axles:   numaxles.TC4200 6:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
36745 kgf⋅ 47655 kgf⋅+

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=
Axle Spacing Array:   

Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0.000

6.001

25.000

31.001

50.000

56.001

⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎠

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 3067.513 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 182.251 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading

0 9.22 18.44 27.66 36.88 46.1 55.31 64.53 73.75 82.97 92.19
0

1000

2000

3000

4000
MOMENT

Ms.pos.TC4200

ft kips⋅

Ms.pos.HS

ft kips⋅

Loc

ft

0 9.22 18.44 27.66 36.88 46.1 55.31 64.53 73.75 82.97 92.19
0

50

100

150

200
SHEAR

Vs.TC4200

kips

Vs.HS

kips

Loc

ft
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (assume two coupled vehicles):

Number of Axles:   numaxles.TC4200 12:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
2 36745 kgf⋅ 47655 kgf⋅+( )⋅

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=

Axle Spacing Array:   
Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0

0

1

2

3

4

5

6

7

8

9

10

11

0.000

6.001

25.000

31.001

50.000

56.001

75.000

81.001

100.000

106.001

125.000

131.001

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 3092.594 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 193.488 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading

0 9.22 18.44 27.66 36.88 46.1 55.31 64.53 73.75 82.97 92.19
0

1000

2000

3000

4000
MOMENT

Ms.pos.TC4200

ft kips⋅

Ms.pos.HS

ft kips⋅

Loc

ft

0 9.22 18.44 27.66 36.88 46.1 55.31 64.53 73.75 82.97 92.19
0

50

100

150

200
SHEAR

Vs.TC4200

kips

Vs.HS

kips

Loc

ft
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Transit Load Check - Bridge 024581
General Design Parameters 

Design References
(Acronym)....Design Reference 

(LFD)................AASHTO Standard Specifications for Highway Bridges, 17th Edition

Defined Parameters
kips 1000 lbf⋅≡ ksi 1000 psi⋅≡ CY 27ft3≡ SY 9ft2≡

klf
kips

ft
≡ ksf

kips

ft2
≡ plf

lbf
ft

≡ psf
lbf

ft2
≡ pcf

lbf

ft3
≡

Functions 
Limit Check

check actual limit,( ) "O.K." actual limit≤if

"No Good" otherwise

:=

Equality Check

check_equal value1 value2,( ) "O.K." 0.999999
value1
value2

≤ 1.000001≤if

"No Good" otherwise

:=
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Analysis per AASHTO LRFD Bridge Design Specifications

Bridge Design Span

Parameters 

Bridge Length (Between Front Face of Backwalls) Lbridge 26.10 m⋅:=

Thickness of Expansion Joints texp 0 in⋅:= Note : Uses Roofing Paper for Bond Breaker

Length of Slab Lslab Lbridge 2 texp⋅−:= Lslab 85.630 ft=

Use 2 layers of roofing paper at back of slab end diaphragm for expansion joint bond breaker

Bearing Distance from End of Bridge to Centerline of Bearing distcl.brg 12 in⋅:=

Span Between Centerline Bearings

Span Span Lslab 2 distcl.brg⋅−:= Span 83.630 ft=
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Definition of Slab Design Sections (every 0.01L)

jbrg floor
100 distcl.brg⋅

Lslab

⎛
⎜
⎝

⎞
⎟
⎠

1+:= jbrg 2.000=

j 0 jbrg 1−..:= Locj
j

100
Lslab⋅:=

Locjbrg
distcl.brg:=

j jbrg 1+ 101 jbrg−..:= Locj
j 1−

100
Lslab⋅:=

Loc102 jbrg− Lslab distcl.brg−:=

j 102 jbrg− 1+ 102..:= Locj
j 2−

100
Lslab⋅:=

j 0 102..:=
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HS Live Load
Impact 

Impact min 0.30
50

125
Span

ft
+

,⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

:= Impact 0.240= LFD Section 3.8.2.1, Eq. 3-1

Design Truck Load
HS Truck Designation:   HS 19.6:=

numaxles.truck 3:= ai 0 numaxles.truck 1−..:= lanewidth 12 ft⋅:=

Axle Loads and Spacing (Forward) LFD Figure 3.7.7A

Paxle.f.truckai

8 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

32 kips⋅
HS
20

⋅

:= Spacingaxle.truckai

0 ft⋅
14 ft⋅
14 ft⋅

:=
Locaxle.f.truckai

0

ai

n

Spacingaxle.truckn∑
=

:=

Locaxle.f.truck

0.000

14.000

28.000

⎛
⎜
⎜
⎝

⎞
⎟
⎟
⎠

ft=

Maximum Axle Load Pmax.truck max Paxle.f.truck( ):= Pmax.truck 31.360 kips=

Axle Loads and Spacing (Reverse) Paxle.r.truckai
Paxle.f.trucknumaxles.truck 1− ai−:=

Locaxle.r.truckai
0 ft⋅ ai 0=if

numaxles.truck ai−

numaxles.truck 1−

n

Spacingaxle.truckn∑
=

otherwise

:=
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HS Live Load (continued)
Truck Load Moment Calculation
Ms.truck.f j

1 Impact+( ) SSMmcl Lslab Span, Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.truck.r j
1 Impact+( ) SSMmcl Lslab Span, Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Ms.pos.truck j
max Ms.truck.f j

Ms.truck.r j
,⎛

⎝
⎞
⎠

:=

Ms.neg.truckj
1 Impact+( )− Pmax.truck⋅ distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

1 Impact+( )− Pmax.truck⋅ distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

1 Impact+( )− Pmax.truck⋅ Locj⋅ Locj distcl.brg<if

1 Impact+( )− Pmax.truck⋅ Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Live Load Truck Shear
Vs.truck.f j

1 Impact+( ) SSVmcl Lslab Paxle.f.truck, Locaxle.f.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truck.r j
1 Impact+( ) SSVmcl Lslab Paxle.r.truck, Locaxle.r.truck, Locj, numaxles.truck, distcl.brg,( )⋅:=

Vs.truckj
max Vs.truck.f j

Vs.truck.r j
,⎛

⎝
⎞
⎠

:=

38.42

153.16

344.75

536.33

727.92

919.5

1111.09

1302.67

1494.26
MOMENT

Ms.pos.truck

ft kip⋅

Ms.neg.truck

ft kip⋅

Loc

ft

0

9.62

19.24

28.86

38.48

48.1

57.72

67.34

76.96
SHEAR

Vs.truck

kip

Loc

ft
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Lane Load Moment Calculation

Uniform Load:   wlane 0.64 klf⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Moment):   Pconc.mom 18 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Conc. Load (Shear):   Pconc.shear 26 kip⋅
HS
20

⋅ 1 Impact+( )⋅:= LFD Figure 3.7.6B

Ms.pos.unij
SSMuni Span wlane, Locj distcl.brg−, 0 in⋅,( ) distcl.brg Locj≤ Lslab distcl.brg−≤if

0 ft⋅ kips⋅ otherwise

:=

Ms.neg.unij

wlane− distcl.brg
2

⋅

2

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

wlane− distcl.brg
2

⋅

2

Locj

Lslab
⋅ Locj

Lslab
2

≥if

wlane− Locj( )2⋅

2
Locj distcl.brg≤if

wlane− Lslab Locj−( )2⋅

2
Locj Lslab distcl.brg−≥if

:=

Ms.pos.concj
0 ft⋅ kip⋅ distcl.brg Locj≥ Locj Lslab distcl.brg−≥∨if

SSMconc Span Pconc.mom, Locj distcl.brg−, Locj distcl.brg−,( ) otherwise

:=

Ms.neg.concj
Pconc.mom− distcl.brg⋅

Span Locj distcl.brg−( )−

Span
⋅ Locj

Lslab
2

<if

Pconc.mom− distcl.brg⋅
Locj distcl.brg−

Span
⋅ Locj

Lslab
2

≥if

Pconc.mom− Locj⋅ Locj distcl.brg≤if

Pconc.mom− Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.pos.lane Ms.pos.uni Ms.pos.conc+:=

Ms.neg.lane Ms.neg.uni Ms.neg.conc+:=
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Lane Load Shear Calculation

Vs.unij
SSVuni Lslab wlane, Locj, distcl.brg,( ):=

Vs.concj
SSVconc Lslab Pconc.shear, Locj, distcl.brg,( ):=

Vs.lane Vs.uni Vs.conc+:=

22.26

122.64

267.54

412.44

557.34

702.24

847.14

992.04

1136.93
MOMENT

Ms.pos.lane

ft kip⋅

Ms.neg.lane

ft kip⋅

Loc

ft

0

8.01

16.02

24.04

32.05

40.06

48.07

56.09

64.1
SHEAR

Vs.lane

kip

Loc

ft
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Critical HS Moments and Shears

Ms.pos.HSj
max Ms.pos.truck j

Ms.pos.unij
,⎛

⎝
⎞
⎠

:=

Ms.neg.HSj
min Ms.neg.truckj

Ms.neg.unij
,⎛

⎝
⎞
⎠

:=

Vs.HSj
max Vs.truckj

Vs.unij
,⎛

⎝
⎞
⎠

:=

38.42

153.16

344.75

536.33

727.92

919.5

1111.09

1302.67

1494.26
MOMENT

Ms.pos.HS

ft kip⋅

Ms.neg.HS

ft kip⋅

Loc

ft

0

9.62

19.24

28.86

38.48

48.1

57.72

67.34

76.96
SHEAR

Vs.HS

kip

Loc

ft

Maximum Loads:

Ms.max.HS max Ms.pos.HS( ):= Ms.max.HS 1494.258 ft kip⋅=

Ms.min.HS min Ms.neg.HS( ):= Ms.min.HS 38.422− ft kip⋅=

Vs.max.HS max Vs.HS( ):= Vs.max.HS 76.963 kip=

Page 8 of 14 Bridge 024581 LFD and TC4200 
coupled.xmcd

121



Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (no couples):

Number of Axles:   numaxles.TC4200 6:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
36745 kgf⋅ 47655 kgf⋅+

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=
Axle Spacing Array:   

Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0.000

6.001

25.000

31.001

50.000

56.001

⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎝

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎠

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=

Page 9 of 14 Bridge 024581 LFD and TC4200 
coupled.xmcd

122



Transit Load Check
Structural Design

PROJECT NO: 420010.00   TASK: 0011
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DATE:        7/14/2006
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 2701.842 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 175.948 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading

0 8.56 17.13 25.69 34.25 42.81 51.38 59.94 68.5 77.07 85.63
0

500

1000

1500

2000

2500

3000
MOMENT

Ms.pos.TC4200

ft kips⋅

Ms.pos.HS

ft kips⋅

Loc

ft

0 8.56 17.13 25.69 34.25 42.81 51.38 59.94 68.5 77.07 85.63
0

50

100

150

200
SHEAR

Vs.TC4200

kips

Vs.HS

kips

Loc

ft
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Transit Load Checks - 
Verification that HS Inventory Rated Loading is the Critical Loading
Transit Load Check - TC 4200 ALRV (assume two coupled vehicles):

Number of Axles:   numaxles.TC4200 12:= Axle Index:   ai 0 numaxles.TC4200 1−..:=

Assumptions for Axle Loads:
1.)  All axle loads are balanced and equal
2.)  Normal Passenger Load in Vehicle corresponds to service inventory load

Axle Loads:   Paxle
2 36745 kgf⋅ 47655 kgf⋅+( )⋅

numaxles.TC4200
:= Paxle 31.012 kip=

Vehicle Impact (assumed for steel rail vehicle):   Impact 20%:=

Axle Load Array:   
Paxle.TC4200ai

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

Paxle 1 Impact+( )⋅

:=

Axle Spacing Array:   
Spacingaxle.TC4200ai

0 m⋅
1.829 m⋅
5.791m
1.829m
5.791 m⋅
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅
5.791m
1.829 m⋅

:=

Axle Location Array (from first axle as reference): 

          Locaxle.TC4200ai
0

ai

n

Spacingaxle.TC4200n∑
=

:=
Locaxle.TC4200

0

0

1

2

3

4

5

6

7

8

9

10

11

0.000

6.001

25.000

31.001

50.000

56.001

75.000

81.001

100.000

106.001

125.000

131.001

ft=

Maximum Axle Load (with Impact):

Pmax.TC4200 max Paxle.TC4200( ):=

Pmax.TC4200 37.214 kips=
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Moment Calculation
Ms.pos.TC4200 j

SSMmcl Lslab Span, Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( ):=

Ms.neg.TC4200j
Pmax.TC4200 distcl.brg⋅

Lslab Locj−

Lslab
⋅ Locj

Lslab
2

<if

Pmax.TC4200 distcl.brg⋅
Locj

Lslab
⋅ Locj

Lslab
2

≥if

Pmax.TC4200 Locj⋅ Locj distcl.brg<if

Pmax.TC4200 Lslab Locj−( )⋅ Locj Lslab distcl.brg−>if

:=

Ms.max.TC4200 max Ms.pos.TC4200( ):= Ms.max.TC4200 2701.842 ft kips⋅=

check Ms.max.TC4200 Ms.max.HS,( ) "No Good"=

Shear Calculation
Vs.TC4200j

1 Impact+( ) SSVmcl Lslab Paxle.TC4200, Locaxle.TC4200, Locj, numaxles.TC4200, distcl.brg,( )⋅:=

Vs.max.TC4200 max Vs.TC4200( ):= Vs.max.TC4200 181.199 kips= check Vs.max.TC4200 Vs.max.HS,( ) "No Good"=
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TC 4200 ALRV Loading

0 8.56 17.13 25.69 34.25 42.81 51.38 59.94 68.5 77.07 85.63
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