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Summary of Load Rating Analysis 
 

LRFR LOAD RATING FACTORS 

LOADING LEVELS 
TRUCK 

H-20 HL-93 3S2 6 AXLE 3A. STR. 4A. STR. 6A. SEMI 

TONNAGE 20 36 36 66 30 34.5 38 

INVENTORY 2.35 1.15 --- --- --- --- --- 

POSTING --- --- --- --- --- --- --- 

OPERATING 3.12 1.49 3.12 2.02 2.02 2.59 2.91 

 

Description of Load Rating Analysis 
 

For each truck the arches and decking were analyzed to determine which controlled the rating factor. Analyzing the 

arches required modifying the FEA Analysis Code to accept the reconfigured axle loads and spacing. For all but the HL-93 

Load Case the lane load was removed. Outputs were analyzed to determine which elements were controlling the design 

and whether these elements were moment or shear controlled.  

 

Dec k analysis required more extensive checks using AutoCAD to determine wheel interactions at the decking depth, 

MathCad to calculate soil and live load pressures at these depths, and RISA to model continuous beam elements with 

these loads applied to them. The reaction and moment from the RISA analysis were then entered into the MathCAD 

sheet to calculate deck capacity (which depends on the Moment to Reaction ratio) and ultimately the Rating Factor.  

 

HL-20 Loading 
The deck needed to be analyzed for the following cases resulting in a possible combination of eight cases. 

 This analysis was simplified by eliminating some cases by inspection. 

The Inventory and Operating Cases for the Deep cover 1 lane case 

were eliminated based on the load patch area of the wheel 

interaction. The increase of the multiple presence factor would not 

outweigh the effects of a second vehicle acting on the same load 

patch area. After performing the Inventory analysis Shallow cover for one and two lanes resulted in the 2 lane case 

controlling, the Operating Shallow 1 lane case was eliminated because this is the same as the inventory analysis only 

with altered magnitudes. This resulted in five analyses.  

Load Rating Case Inventory Operating 

Cover Deep Shallow 

Lanes One Two 



 
 
H20 Configuration Deck Rating Factor 
H20 Inventory Deep 2 Lanes 3.31 
H20 Operating Deep 2 Lanes 4.42 
H20 Inventory Deep 1 Lane Eliminated by Inspection 
H20 Operating Deep 1 Lane Eliminated by Inspection 
H20 Inventory Shallow 1 Lane 2.59 
H20 Operating Shallow 1 Lane Eliminated by Inspection 
H20 Inventory Shallow 2 Lanes 2.35 
H20 Operating Shallow 2 Lanes 3.12 
 

HL-93 Loading 
The deck needed to be analyzed for the following cases resulting in a possible combination of sixteen cases.  

This analysis was simplified by eliminating some cases by inspection.  
In the case of the Deep cover analyses it was observed that 2 lanes 
would always control over 1 lane due to the wheel interactions at that 
depth. This eliminated four analyses.  
For the Deep cover case the truck was determined to control over the 

tandem because both the 32 kip axles interacted at the depth for a total load on the load patch of 64 kips vs. the 50 kips 
from the tandem. This eliminated two more analyses.  
For the shallow cover cases the tandem was determined to control over the truck because all the truck wheels did not 
interact at this shallow depth whereas the tandem's wheels did. This eliminated four analyses.  
For the shallow Tandem case one lane was determined to control over two lanes. This eliminated two more analyses.  
This resulted in four analyses.  
 

HL-93 Configuration Deck Rating Factor 

Load Rating Case Inventory Operating 
Vehicle Truck Tandem 
Cover Deep Shallow 
Lanes One Two 



HL93 Truck Inventory Deep 2 Lanes 1.79 
HL93 Truck Operating Deep 2 Lanes 2.23 
HL93 Truck Inventory Deep 1 Lane Eliminated by Inspection 
HL93 Truck Operating Deep 1 Lane Eliminated by Inspection 
HL93 Truck Inventory Shallow 1 Lane Eliminated by Inspection 
HL93 Truck Operating Shallow 1 Lane Eliminated by Inspection 
HL93 Truck Inventory Shallow 2 Lanes Eliminated by Inspection 
HL93 Truck Operating Shallow 2 Lanes Eliminated by Inspection 
HL93 Tandem Inventory Deep 2 Lanes Eliminated by Inspection 
HL93 Tandem Operating Deep 2 Lanes Eliminated by Inspection 
HL93 Tandem Inventory Deep 1 Lane Eliminated by Inspection 
HL93 Tandem Operating Deep 1 Lane Eliminated by Inspection 
HL93 Tandem Inventory Shallow 1 Lane 1.48 
HL93 Tandem Operating Shallow 1 Lane 1.96 
HL93 Tandem Inventory Shallow 2 Lanes Eliminated by Inspection 
HL93 Tandem Operating Shallow 2 Lanes Eliminated by Inspection 

 

Vermont Standard Load Rating Trucks 
The remainder of the trucks were analyzed for Operating Rating Factors only. For each truck the deck needed to be 
analyzed for the following cases resulting in a possible combination of four cases. However it was found that the Deep 
case was always controlled by two lanes and the shallow case was always controlled by one lane. Therefore there were 
only two cases per Truck for these cases.  

 
 Cover Deep Shallow 

Lanes One Two 



Advanced Infrastructure Technologies
20 Godfrey Drive, Orono, ME  04473
Telephone:  207-866-6526
Fax:  207-866-6501

Project Name:
Project Number:
Location:
Client:

General LRFR, design level load rating equation:
[Ref. AASHTO Manual for Bridge Evaluation]

For use in this load rating spreadsheet this equation is simplified to:

Where the variables are as follows:
C = Capacity (Moment or Shear, and positive or negative depending on the condition being checked) 
D = Total envelope dead load effect, includes DC, EV, EH, DW, with all appropriate STRENGTH I load factors
LL = Total envelope live load effect, includes IM, and worst design vehicle, 1&2 lanes loaded with MPF

Inputs:

ARCHES
Moment Capacity, Reinforced Region, φMn 841.8 in*kip
Moment Capacity, Unreinforced Region, φMn 522.7 in*kip
Development Length of End Reinforcing Bars 28.0 in
Length of Bars above TOF (excluding ld) 0.0 in
Shear Capacity, Reinforced Region, φVn 112.4 kip
Shear Capacity, Unreinforced Region, φVn 54 kip

Vehicle Description H20

Results:
ARCHES Operating

Moment Rating Factor 3.60
Shear Rating Factor 16.22

DECKING
Rating Factor 3.12

Overall Rating Factor 3.12

AIT Load Rating Analysis Sheet

Inventory
2.78

12.51

2.35

2.35

Fairfield, Vt Checked By: Z.Uzman
VDOT Date: 5/28/2014

Fairfield Vt Bridge Name: J. Kenerson
12018 Date: 5/27/2014
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Advanced Infrastructure Technologies
20 Godfrey Drive, Orono, ME  04473
Telephone:  207-866-6526
Fax:  207-866-6501

Project Name:
Project Number:
Location:
Client:

General LRFR, design level load rating equation:
[Ref. AASHTO Manual for Bridge Evaluation]

For use in this load rating spreadsheet this equation is simplified to:

Where the variables are as follows:
C = Capacity (Moment or Shear, and positive or negative depending on the condition being checked) 
D = Total envelope dead load effect, includes DC, EV, EH, DW, with all appropriate STRENGTH I load factors
LL = Total envelope live load effect, includes IM, and worst design vehicle, 1&2 lanes loaded with MPF
Michigan Overload Class A Results

Inputs:

ARCHES
Moment Capacity, Reinforced Region, φMn 841.8 in*kip
Moment Capacity, Unreinforced Region, φMn 522.7 in*kip
Development Length of End Reinforcing Bars 28.0 in
Length of Bars above TOF (excluding ld) 0.0 in
Shear Capacity, Reinforced Region, φVn 112.4 kip
Shear Capacity, Unreinforced Region, φVn 54 kip

Vehicle Description HL-93

Results:
ARCHES Operating

Moment Rating Factor 1.49
Shear Rating Factor 6.08

DECKING
Tandem Rating Factor 1.96
Truck Rating Factor 2.23

Overall RF 1.49

Fairfield Vt Bridge Name: J. Kenerson
12018 Date: 5/29/2014

AIT Load Rating Analysis Sheet

Fairfield, Vt Checked By:
VDOT Date:

Inventory

1.79
1.48

1.15

4.69
1.15
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Advanced Infrastructure Technologies
20 Godfrey Drive, Orono, ME  04473
Telephone:  207-866-6526
Fax:  207-866-6501

Project Name:
Project Number:
Location:
Client:

General LRFR, design level load rating equation:
[Ref. AASHTO Manual for Bridge Evaluation]

For use in this load rating spreadsheet this equation is simplified to:

Where the variables are as follows:
C = Capacity (Moment or Shear, and positive or negative depending on the condition being checked) 
D = Total envelope dead load effect, includes DC, EV, EH, DW, with all appropriate STRENGTH I load factors
LL = Total envelope live load effect, includes IM, and worst design vehicle, 1&2 lanes loaded with MPF
Michigan Overload Class A Results

Inputs:

ARCHES
Moment Capacity, Reinforced Region, φMn 841.8 in*kip
Moment Capacity, Unreinforced Region, φMn 522.7 in*kip
Development Length of End Reinforcing Bars 28.0 in
Length of Bars above TOF (excluding ld) 0.0 in
Shear Capacity, Reinforced Region, φVn 112.4 kip
Shear Capacity, Unreinforced Region, φVn 54 kip

Vehicle Description 3S2 

Results:
ARCHES Operating

Moment RF 4.36
Shear RF 17.34

DECKING
Shallow Cover Rating Factor 3.12
Deep Cover Rating Factor 4.04

Overall RF 3.12

Fairfield Vt Bridge Name: J. Kenerson
12018 Date: 5/28/2014
Fairfield, Vt Checked By: Z.Uzman
VDOT Date: 5/28/2014

AIT Load Rating Analysis Sheet
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Advanced Infrastructure Technologies
20 Godfrey Drive, Orono, ME  04473
Telephone:  207-866-6526
Fax:  207-866-6501

Project Name:
Project Number:
Location:
Client:

General LRFR, design level load rating equation:
[Ref. AASHTO Manual for Bridge Evaluation]

For use in this load rating spreadsheet this equation is simplified to:

Where the variables are as follows:
C = Capacity (Moment or Shear, and positive or negative depending on the condition being checked) 
D = Total envelope dead load effect, includes DC, EV, EH, DW, with all appropriate STRENGTH I load factors
LL = Total envelope live load effect, includes IM, and worst design vehicle, 1&2 lanes loaded with MPF
Michigan Overload Class A Results

Inputs:

ARCHES
Moment Capacity, Reinforced Region, φMn 841.8 in*kip
Moment Capacity, Unreinforced Region, φMn 522.7 in*kip
Development Length of End Reinforcing Bars 28.0 in
Length of Bars above TOF (excluding ld) 0.0 in
Shear Capacity, Reinforced Region, φVn 112.4 kip
Shear Capacity, Unreinforced Region, φVn 54 kip

Vehicle Description 6 Axle Trailer

Results:
ARCHES Operating

Moment RF 2.20
Shear RF 8.44

DECKING
Shallow Cover Rating Factor 2.02
Deep Cover Rating Factor 2.51

Overall RF 2.02

AIT Load Rating Analysis Sheet

Fairfield, Vt Checked By: Z.Uzman
VDOT Date: 5/28/2014

Fairfield Vt Bridge Name: J. Kenerson
12018 Date: 5/28/2014
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Advanced Infrastructure Technologies
20 Godfrey Drive, Orono, ME  04473
Telephone:  207-866-6526
Fax:  207-866-6501

Project Name:
Project Number:
Location:
Client:

General LRFR, design level load rating equation:
[Ref. AASHTO Manual for Bridge Evaluation]

For use in this load rating spreadsheet this equation is simplified to:

Where the variables are as follows:
C = Capacity (Moment or Shear, and positive or negative depending on the condition being checked) 
D = Total envelope dead load effect, includes DC, EV, EH, DW, with all appropriate STRENGTH I load factors
LL = Total envelope live load effect, includes IM, and worst design vehicle, 1&2 lanes loaded with MPF
Michigan Overload Class A Results

Inputs:

ARCHES
Moment Capacity, Reinforced Region, φMn 841.8 in*kip
Moment Capacity, Unreinforced Region, φMn 522.7 in*kip
Development Length of End Reinforcing Bars 28.0 in
Length of Bars above TOF (excluding ld) 0.0 in
Shear Capacity, Reinforced Region, φVn 112.4 kip
Shear Capacity, Unreinforced Region, φVn 54 kip

Vehicle Description 3 Axle Straight

Results:
ARCHES Operating

Moment RF 2.71
Shear RF 11.55

DECKING
Shallow Cover Rating Factor 2.02
Deep Cover Rating Factor 3.51

Overall RF 2.02

Fairfield Vt Bridge Name: J. Kenerson
12018 Date: 5/28/2014
Fairfield, Vt Checked By: Z.Uzman
VDOT Date: 5/28/2014

AIT Load Rating Analysis Sheet
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Advanced Infrastructure Technologies
20 Godfrey Drive, Orono, ME  04473
Telephone:  207-866-6526
Fax:  207-866-6501

Project Name:
Project Number:
Location:
Client:

General LRFR, design level load rating equation:
[Ref. AASHTO Manual for Bridge Evaluation]

For use in this load rating spreadsheet this equation is simplified to:

Where the variables are as follows:
C = Capacity (Moment or Shear, and positive or negative depending on the condition being checked) 
D = Total envelope dead load effect, includes DC, EV, EH, DW, with all appropriate STRENGTH I load factors
LL = Total envelope live load effect, includes IM, and worst design vehicle, 1&2 lanes loaded with MPF
Michigan Overload Class A Results

Inputs:

ARCHES
Moment Capacity, Reinforced Region, φMn 841.8 in*kip
Moment Capacity, Unreinforced Region, φMn 522.7 in*kip
Development Length of End Reinforcing Bars 28.0 in
Length of Bars above TOF (excluding ld) 0.0 in
Shear Capacity, Reinforced Region, φVn 112.4 kip
Shear Capacity, Unreinforced Region, φVn 54 kip

Vehicle Description 4 Axle Straight

Results:
ARCHES Operating

Moment RF 2.61
Shear RF 10.70

DECKING
Shallow Cover Rating Factor 2.59
Deep Cover Rating Factor 3.06

Overall RF 2.59

Fairfield Vt Bridge Name: J. Kenerson
12018 Date: 5/28/2014
Fairfield, Vt Checked By: Z.Uzman
VDOT Date: 5/28/2014

AIT Load Rating Analysis Sheet



-1
00

0 

-8
00

 

-6
00

 

-4
00

 

-2
00

 0 

20
0 

40
0 

60
0 

80
0 

10
00

 0.
0 

10
0.

0 
20

0.
0 

30
0.

0 
40

0.
0 

50
0.

0 
60

0.
0 

Moment (inch*kips) 

Lo
ca

tio
n 

Al
on

g 
Ar

ch
 (i

nc
he

s)
 

M
om

en
t E

nv
el

op
es

 a
nd

 C
ap

ac
iti

es
 

St
re

ng
th

 I 
(M

in
) 

St
re

ng
th

 I 
(M

ax
) 

Ca
pa

ci
ty

 (P
os

.) 
Ca

pa
ci

ty
 (N

eg
.) 

St
re

ng
th

 I 
DL

 (M
in

) 
St

re
ng

th
 I 

DL
 (M

ax
) 

St
re

ng
th

 I 
LL

 (M
in

) 
St

re
ng

th
 I 

LL
 (M

ax
) 



-1
50

.0
 

-1
00

.0
 

-5
0.

0 

0.
0 

50
.0

 

10
0.

0 

15
0.

0 

0.
0 

10
0.

0 
20

0.
0 

30
0.

0 
40

0.
0 

50
0.

0 
60

0.
0 

Shear (kips) 

Lo
ca

tio
n 

Al
on

g 
Ar

ch
 (i

nc
he

s)
 

Sh
ea

r E
nv

el
op

es
 a

nd
 C

ap
ac

iti
es

 

St
re

ng
th

 I 
(M

in
) 

St
re

ng
th

 I 
(M

ax
) 

Ca
pa

ci
ty

 (P
os

.) 
Ca

pa
ci

ty
 (N

eg
.) 

St
re

ng
th

 I 
DL

 (M
in

) 
St

re
ng

th
 I 

DL
 (M

ax
) 

St
re

ng
th

 I 
LL

 (M
in

) 
St

re
ng

th
 I 

LL
 (M

ax
) 



0.
00

 

5.
00

 

10
.0

0 

15
.0

0 

20
.0

0 

25
.0

0 

0.
0 

10
0.

0 
20

0.
0 

30
0.

0 
40

0.
0 

50
0.

0 
60

0.
0 

Load Rating Factors 

Lo
ca

tio
n 

Al
on

g 
Ar

ch
 (i

nc
he

s)
 

Lo
ad

 R
at

in
g 

Fa
ct

or
s A

lo
ng

 A
rc

h 

In
ve

nt
or

y M
om

en
t R

F 
O

pe
ra

tin
g 

M
om

en
t R

F 
In

ve
nt

or
y S

he
ar

 R
F 

O
pe

ra
tin

g 
Sh

ea
r R

F 





θ

γ

γ

ρ

θ

γ ρ

γ ρ

θ

θ



γ

θ

θ



Φ

Φ Φ

Φ

γ

ρ γ



γ

Φ

Φ Φ

Φ



Advanced Infrastructure Technologies
20 Godfrey Drive, Orono, ME  04473
Telephone:  207-866-6526
Fax:  207-866-6501

Project Name:
Project Number:
Location:
Client:

General LRFR, design level load rating equation:
[Ref. AASHTO Manual for Bridge Evaluation]

For use in this load rating spreadsheet this equation is simplified to:

Where the variables are as follows:
C = Capacity (Moment or Shear, and positive or negative depending on the condition being checked) 
D = Total envelope dead load effect, includes DC, EV, EH, DW, with all appropriate STRENGTH I load factors
LL = Total envelope live load effect, includes IM, and worst design vehicle, 1&2 lanes loaded with MPF
Michigan Overload Class A Results

Inputs:

ARCHES
Moment Capacity, Reinforced Region, φMn 841.8 in*kip
Moment Capacity, Unreinforced Region, φMn 522.7 in*kip
Development Length of End Reinforcing Bars 28.0 in
Length of Bars above TOF (excluding ld) 0.0 in
Shear Capacity, Reinforced Region, φVn 112.4 kip
Shear Capacity, Unreinforced Region, φVn 54 kip

Vehicle Description 5 Axle Semi

Results:
ARCHES Operating

Moment RF 3.50
Shear RF 16.27

DECKING
Shallow Cover Rating Factor 2.91
Deep Cover Rating Factor 3.93

Overall RF 2.91

Fairfield Vt Bridge Name: J. Kenerson
12018 Date: 5/28/2014
Fairfield, Vt Checked By: Z.Uzman
VDOT Date: 5/28/2014

AIT Load Rating Analysis Sheet
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