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1.0 INTRODUCTION  
 

1.1 Objectives 
 
The goal of this Manual is to provide ODOT with a tool to rate permit trucks for the Jeremiah 
Morrow Bridges.  This Manual is based on Load Factor Rating (LFR) principles.   
 
The previous rating spreadsheet tools were developed in 2009.  It allowed ODOT to quickly rate 
this bridge for user-defined permit vehicles without any adjacent normal traffic.  In March of 
2018, HNTB was scoped by ODOT to enhance the previous spreadsheet tools to have the 
following improvements: 
 

1)   Add an option to rate the bridge for the user-defined permit vehicle with one lane of 
adjacent normal traffic (HS25).  
 

2)   Increase the maximum distance between the first axle and the last axle of the user-
defined permit vehicle from 180 feet to 250 feet. 
 

3)  Incorporate a cross section view and a plan view showing permit vehicle wheel locations 
on the bridge in the input sheet of load rating tool.  
 

4)  Include a check to limit vehicles within 52 ft inside to inside of barrier walls while inputting 
the data in data spreadsheet. 
 

5)  Since rating the bridge for the permit vehicle with adjacent normal traffic takes much 
longer time, a new feature of using VBA progress bar is added in the rating tool to show 
Macro running progress. 

 
 
1.2 Description of the Bridge  

The Jeremiah Morrow project consists of twin bridges, one for northbound traffic and the other 
for southbound. The bridge was designed in 2006.  The construction started in 2010.  The 
southbound bridge was completed in 2013 and the northbound bridge was completed in 2016. 
  
Each bridge has a cast-in-place concrete box girder superstructure with an overall length of 
2,235 feet.  The superstructures of each bridge are identical.  The pier heights for each bridge 
are different. 
 
Each bridge has six spans (270’, 440’, 440’ 440’, 416’ and 229’) supported on bearings at the 
abutments and Pier 5.  The remaining Piers 1, 2, 3, and 4 are twin-wall piers that are integral 
with the superstructure.    
 
In plan, the bridge has a constant width of 55 ft (52 ft inside to inside of barrier walls).  The 
bridges will initially be striped for 3 lanes of traffic in each direction with 6 and 10 feet shoulders. 
 
In the future, the bridge can be re-striped for 4 – 12 foot lanes of traffic between the traffic 
barriers.   
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In elevation, the bridge is variable depth.  The section depth at the pier location is 25 feet and 
the section depth at the mid-span is 12 feet. 
 
The bridge is constructed using the cast-in-place balanced cantilever method.  Two small 
portions next to the abutments are constructed on falsework. 
 
All Figures (1-1 through 1-13) describing the bridge are contained in Appendix A for 
convenience. 
 
1.3 Manual Organization  

The seven sections of this Manual are summarized as follows.  
 
Section 1 - Introduction and Objectives 
 
Section 2 - Provides a general description of the load rating methodologies used 
including descriptions of the load factors, the load combinations, and the permit vehicles 
considered.  
 
Section 3 -  Provides detailed information on organization of the workbooks and 
worksheets.  
 
Section 4 -  Describes the procedures used to obtain inventory ratings, operating ratings, 
and permit vehicle ratings.   
 
Section 5 -  Contains the interpretation of the results and presents four examples 
(inventory rating, operating rating, and rating for a permit vehicle with and without one lane 
of adjacent normal traffic).   

 
 Section 6 -  Summarizes the primary assumptions used when assembling the inventory 

and operating ratings.  In addition, the summary HS inventory and operating rating values 
are provided in this section. 

 
 Section 7 -  References 
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2.0 METHODOLOGY 
 
2.1 Overview  
 
Load factor principles of the AASHTO Standard (LFD) Specifications are used for service load 
checks to be performed in conjunction with strength ratings.  Through the use of different load 
factors at the strength limit state or different allowable stresses at service load limits, inventory 
ratings (design vehicle) differ from operating ratings (design vehicles or user-defined vehicles). 
 
This user Manual describes a unique evaluation tool developed specifically for this structure.  
The spreadsheet was developed to perform the following three tasks. 
 
 Inventory rating using standard HS load configuration 
 Operating rating using standard HS load configuration 
 Permit evaluation (at the operating level) for user-defined vehicles 

 
2.1.1. Criteria and Assumptions  

 The load rating analysis is based on the requirement of the AASHTO Manual for Condition 
Evaluation of Bridges, 1994 Second Edition, with all Interim Revisions [1].  The capacity of 
each structural component was calculated according to the AASHTO Standard 
Specifications for Highway Bridges, 17th Edition, [2] and AASHTO Guide Specifications for 
Segmental Bridges [3]. 

 
The multi-lane load reduction factor (AASHTO Standard Specification article 3.12) has 
been included in the spreadsheet for both the inventory rating and operating rating. 
 
The design plans are those created by the Engineer of Record for bidding purposes.  
These plans are based on a number of assumptions, such as age of the concrete at 
erection, construction sequence, method of erection, temporary support conditions etc. 
 
The load rating values provided in this Manual are based on the design plans.  The SB 
Bridge was designed the same as the NB Bridge. Both bridges were constructed similarly, 
and closely following the original design plan; therefore, the load rating tool developed for 
ODOT based on the design plan can be used for both bridges. 

 
2.1.2. Inventory and Operating Rating Levels  

In general, load rating factors are developed for two conditions.   
 
 Inventory load rating factors describe the prescribed design load on the bridge 

associated with standard loads and factors. 
 

 The Operating Load Rating Factors are based on an evaluation of the bridge using 
reduced load factors.  The Operating Load Rating factors are used to determine the 
maximum weight vehicles that can safely use the bridge.  

 
 The general load rating equation is the following, 
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 RF = (C- D) / (L + I)  
 

Where  
 

RF   represents a rating factor,   
C   represents the capacity of the component being evaluated,   
D   represents dead load effects and other built-in construction force effects 

including post-tensioning, and  
L+ I   is used to represent live load force effects.  

 
 Rating factors are dependent on the live load used to generate the L+I forces.   

 
 The inventory and operating ratings are provided as capacity in “tons” for the standard HS 

load configuration. For example, “25 tons” shown in the inventory rating summary sheet is 
corresponding to standard HS25. 

 
 Four lanes of live load are used to determine the inventory HS rating while three lanes (the 

number of striped lanes), are used for the operating rating live load. 
   

2.1.3. Permit Rating  

The permit vehicle is rated using the same criteria as the operating rating.  The permit 
rating is calculated using VBA Macro with a concept called the “Margin of Safety” to obtain 
the rating factor.   
 
The Margin of Safety is defined as follows. 

MARGIN OF SAFETY (%) = (1 – X) * 100 

 
Where  
 
X= (Total Applied Load) / (The maximum load allowed for the same load  
      configuration) 

 
A Margin of Safety value less than zero indicates that the element is overstressed and that 
its capacity has been exceeded.  Therefore, the rating factor will be less than 1.0.  The 
Margin of Safety represents the available capacity beyond what is needed to support the 
applied load. 
 

2.2 Loads, Load Factors, and Allowable Stresses 

2.2.1 Loads other than Live Loads  

Temperature effects were considered in the longitudinal analysis.  Other non-gravity 
load effects such as wind were not considered.  The transverse rating factors did not 
include temperature force effects.  
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2.2.2 Live Loads  

The standard HS25 truck and lane loading were used for the bridge design.  Four 
lanes of live load were used to design the bridge.  The bridge will be striped for three 
lanes of traffic in its initial configuration.  

This customized rating tool will allow ODOT to define any permit vehicle shown in 
Figure 2-1 by inputting wheel configurations, axle locations and wheel loadings.  The 
user can define the transverse position of the permit vehicle on the bridge deck 
relative to the PGL.  In addition, the user can specify different impact factors.  Under 
the normal traffic condition, impact factor 0.15 is recommended for longitudinal load 
rating and impactor 0.3 is recommended for transverse load rating. 

 
 

Figure 2-1 Definition of Load Configuration (User-Define Vehicle) 
 

The user configured permit vehicle illustrated in Figure 2.1 consists of a maximum 8 
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wheels per axle and may utilize up to 25 axles.  The maximum distance between first 
axle and last axle of the permit vehicle was increased from previous 180 ft to 250 ft.   
The user configured permit vehicle can represent a single vehicle or a group of 
vehicles in the most unfavorable position. 

This latest enhanced rating tool allows users to rate the bridge for the permit truck 
concurrent with one lane of adjacent normal traffic represented by Standard HS25 and 
lane loading defined by AASHTO Standard Specification.  

Positions between the permit truck and adjacent traffic varies transversely and 
longitudinally.  On transverse direction, the user needs manually input the “Y” shown 
in Figure 2-1, which is the distance between adjacent wheels of the normal traffic and 
the permit truck.  If the distance “Y” is expected to vary other than a constant, the user 
needs to input different “Y”, then rerun the Macro to obtain the corresponding rating 
factor.  In order for the permit vehicle to pass the bridge, those rating factors must be 
greater than 1.0.  The variation of “Y” mainly just have impact on the transverse rating 
factor.   

On longitudinal direction, VBA macro was built into the rating spreadsheets, which can 
automatedly account for different positions of the permit vehicle and normal traffic.  
For the permit truck with normal traffic, running Macro of the spreadsheet to get rating 
factor takes longer.  More axles the permit truck has, the more time is needed. 

 
 2.2.3 Load Factors and Load Combinations 

In general, conventional LFR load factors and combinations were considered in the 
analysis.  Table 2-1summarizes the loadings used with their corresponding load 
factors.    

 
Table 2-1 Load Factors Used in the Analysis 

 

Load Combinations 
Factor Used 

    Longitudinal     Transverse 
    Permanent  
    Dead loads 

   Dc  1.3  1.3 
   PT  1.0  1.0 

    Transient   
       Loads 

     Temperature  
        Gradient  0.5  0.0 
         Uniform  
    Temperature  1.0  0.0 
        Creep and  
        Shrinkage  1.0  0.0 

  Inventory Live  
         Load 

     HS 25 – Lane  2.17  0.0 
     HS 25 –Truck  2.17  1.3 

  Operating Live 
         Load 

     HS 25 – Lane  2.17  0.0 
     HS 25 –Truck  2.17  1.3 
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 2.2.4 Allowable Stresses  

The following table summarizes the allowable stresses.  Different values of allowable 
stress are utilized when evaluating different components.  Permit evaluations use the 
same allowable stress criteria as the Operating Rating. 

Table 2-2   Allowable Stresses Used in the Analysis 
 

    Stress Type and Location 
         Allowable 

   Inventory    Operating 
Tension - longitudinal, top deck zero zero 
Tension - longitudinal, all other 
locations  considered  230 psi 460 psi 
Tension - transverse, top deck zero 230 psi 
Tension - transverse, all other 
locations considered  230 psi 460 psi 
Compression (all loads combined) 2400 psi 2400 psi 
Principal Tensile Stress 270 psi 350 psi 

 

2.3 Analysis Methods  

2.3.1 Longitudinal Analysis  

The longitudinal analysis was accomplished using a proprietary HNTB structural 
analysis software, T-187.  This software will perform construction staging and time 
dependent analysis.  The same software was used to design the bridge.  Figure 2-2 
shows the T-187 model for longitudinal analysis 

The built in dead load and PT forces are taken at day 10,000 which is assumed to be 
at the end of pre-stress losses.  

The resulting structural model was then used to determine the live load force effects.  
The standard HS loading and user defined permit loading are generated using two 
different methods. 

HS loading is applied to the model to generate internal force envelopes for shear and 
bending moment.  Multi-lane effects and impacts are considered, following the 
AASHTO guidelines. 

For user defined permit loading, moment and shear influence lines for each structure 
element are generated by moving a point from one end of the bridge to the other.   
After the permit vehicle is defined by the user, a macro is used to generate moment 
and shear envelopes.   
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Figure 2-2  T-187 Model for Longitudinal Analysis 

 
2.3.2 Transverse Analysis  

The transverse analysis was assembled as follows.  LARSA was used to generate 3D 
finite element models, and T-187 was used for the frame models.   

Two T-187 models (2-D frame model) were used to calculate moment and stress 
under the effect of dead load and post-tensioning.  The first model shown in Figure 2-3 
used the geometry of the shallow segmental region (near midspan), and the second 
model used the geometry of the deep segmental region near a pier.   

 

 
 
 

 

 
 

 
Figure 2-3 Shallow Section T-187 Model for Transverse Analysis 

(Deep Section Similar) 
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Two LARSA models (shallow section shown in Figure 2-4 and deep section 
respectively) were used to generate the live load influence surfaces.  The LARSA 
models generate the 3D influence surface under a unit point load.  A spreadsheet 
macro was developed in the load rating spreadsheet to calculate slab moments under 
any truck configurations (typical HS or a user-defined). 

 
 
 
 
 
  

 

 

 

 

 

 

 

 

 
Figure 2- 4 Shallow Section LARSA Model for Transverse Analysis 

(Deep Section Similar) 
 

The transverse design is always controlled by wheel loads.  Within the spreadsheet 
the transverse moments for ratings of permit or permit combining with one lane of 
adjacent normal traffic are obtained using the following procedures: 

 Calculate the 3D moment surface for each wheel load using the unit loads and the 
3D LARSA model.  Figure 2-5 shows a 3D moment surface defined by a point load 
acting near the box center on shallow section. 
 

 The total transverse influence surface is then generated by superimposing the 
moment surfaces from each individual wheel load. 

 
 Obtain the maximum and minimum moment at a particular transverse position 

from the total transverse moment surface. 
 

Note that the above procedures are applied to the deep and shallow sections 
respectively. 
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For the inventory and operating ratings, the transverse position of the vehicles is not 
defined.  Therefore, the above procedures have to be repeated to consider the effect 
due to the most unfavorable vehicle position.  A set of calculations have been 
conducted to generate the envelope by varying vehicle positions in the transverse 
direction.   
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2-5   3D Moment Surface Defined by A Point Load 

Acting Near the Box Center on Shallow Section. 
(Deep Section Similar) 

 
 

 
2.4  Member Capacities 

2.4.1 Longitudinal Checks 

Longitudinal member capacities are evaluated for the following conditions. 
 
Serviceability  
 
 Longitudinal normal stresses (top and bottom) 

 
 Principal tensile stress in the webs at the section CG 
 
Strength   
 
 Longitudinal moment capacity (positive and negative). When checking the 

longitudinal capacity, the external post-tensioning effect is considered as an 
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externally applied load, not a part of the section capacity.  
  

 Section shear capacity including the effect of web bending.   This check is 
performed in accordance with Podolny and Muller [5]. 
 

 
2.4.2 Transverse Checks 

Serviceability  
 
 Top and bottom stress checks on the top slab. 
 
Strength   
 
 Moment capacity at each section of the top slab. 
 
These checks apply to both deep and shallow sections.  
 

 
 

2.5 Rating methods 

The results for member rating in the longitudinal direction are summarized in the “Long 
result summary” tab in the workbook.  For results in the transverse direction, see the “Trans 
result summary” tab.  The “RatingSummary” tab shows the minimum rating factor. 

When performing inventory and operating rating for Standard HS loading, the rating factors 
are multiplied by the tonnage of the vehicle or the HS loading used to generate the L+I force 
to arrive at the HS rating and tonnage rating.  Therefore, the rating output is provided in 
“tons”.  When performing permit vehicle rating, the rating factors that are provided 
correspond to the Margin of Safety.    

In the “Long result summary” tab, the results are broken down for Serviceability (Column C 
to Column G) and Strength (column H to Column J).  The minimum ratings for each 
individual check are provided in cell C26 for maximum top stress check, cell D26 for 
minimum top stress check, cell E26 for maximum bottom stress check, cell F26 for 
minimum bottom stress check, cell G26 for web principal stress check, cell H26 for 
maximum moment check, cell I26 for minimum moment check, and cell J26 for web shear 
check.   

In the “Trans result summary” tab, the transverse results on the deep section (cell B26 to 
cell H84) and shallow section (cell L26 to cell R84) are provided.  Further, each segment is 
broken down by Serviceability (Column C to Column F for deep segment and Column M to 
Column P for shallow segment) and Strength (column G to Column H for deep segment, 
and Column Q to Column R for shallow segment).   

The minimum ratings for each individual check are also provided.  For deep segments, cell 
C26 shows the minimum rating for maximum top stress check, cell D26 for minimum top 
stress check, cell E26 for maximum bottom stress check, cell F26 for minimum bottom 
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stress check, cell G26 for maximum moment check, and cell H26 for minimum moment 
check.  For shallow segments, cell M26 shows the minimum rating for maximum top stress 
check, cell N26 for minimum top stress check, cell O26 for maximum bottom stress check, 
cell P26 for minimum bottom stress check, cell Q26 for maximum moment check, and cell 
R26 for minimum moment check.   

Longitudinal rating and top slab rating (transverse) are provided so the user can determine 
which member is critical and where the critical rating is located along the bridge.  

In the “RatingSummary” tab, the minimum rating of the bridge is shown in cell D7.  The 
graphic on right side of worksheet shows transverse positions of wheels for the permit truck 
and adjacent traffic. 

 
 
3.0 DESCRIPTION OF WORKBOOKS and SPREADSHEETS  

3.1  Overview  

This section provides a brief description of the organization of workbooks and the spreadsheet 
structure. As shown in Table 3-1, the workbooks and their spreadsheets are divided into four 
groups. 
 
 USER INPUT 
 CALCULATIONS 
 REFERENCE OR DATA FILE, and  
 RESULTS SUMMARY. 
 
The user needs only work with the USER INPUT and RESULT SUMMARY sheets. After 
specifying the loading and type of rating in the USER INPUT sheet, the user can run the macro 
and then review the results in the RESULT SUMMARY sheets. No other worksheets should be 
modified.  “RatingSummary” tab provides a summary in terms of controlling rating factor, design 
parameters and wheel & axle configuration of the permit truck.  “Long result summary” tab and 
“Trans result summary” tab give detail summary of rating factors for longitudinal direction and 
transverse direction. 
 
All cells in the spreadsheets of workbooks, except for those requiring user input and the result 
output sheets, are locked to protect against any accidental changes or modifications. 
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Table 3-1 Summary of Workbook and Spreadsheet Content 
 

Group Excel Workbook Name Excel Worksheet Name 
User Input Sheet load_rate_control.xls User Input 

Result Summary Sheets load_rate_control.xls 
RatingSummary 

Trans Result Summary 
Long Result Summary 

Calculation Sheets 

load_rate_cal_original.xls 

Ht&WidthDim  
Geometry  
Sect Prop  

LongNegMom  
LongPosMom  

Trans Sect Prop  
TransUltPosResist  
TransUltNegResist  

LongShear  
trans capacity  
long capacity  

load_rate_trans_current.xls 

Ht&WidthDim  
Geometry  
Sect Prop  

LongNegMom  
LongPosMom  

Trans Sect Prop  
TransUltPosResist  
TransUltNegResist  

LongShear  
trans capacity  
long capacity  

Reference or Data File sheets 
(Longitudinal Direction)  

longitudinal_data.xls 

Node coordinates 
EOSb4FWS  
EOS+FWS  
Total PT  

Creep Shrinkage  
Temp uniform 
Temp Gradient 

LL Envelope  
Permit LL Mom  
Permit LL Shear  

Permit LL TopStress  
Permit LL BotStress  

Reference or Data File sheets 
(Transverse Direction - Deep 

Section)  

DLtransDataDeep.xls  

Axial 
ShearY 

MomentZ 
TopStress 
BotStress 

transverseDataDeep.xls 
TransPoint 1 to TransPoint 57 

Stdmax 
Stdmin 

Reference or Data File sheets 
(Transverse Direction - 

Shallow Section)  

DLtransDataShallow.xls 

Axial 
ShearY 

MomentZ 
TopStress 
BotStress 

transverseDataShallow.xls 
TransPoint 1 to TransPoint 57 

Stdmax 
Stdmin 
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3.2 User Input Sheets 

The USER INPUT group consists of only one sheet, “User Input.” Table 3-2 shows an example 
of the “User Input” sheet.  
 
 

Table 3-2 User Input Sheet for Load Rating Analysis 
 

 

 
 
 
In this sheet, the user will define loading, loading configuration, impact, any applied future 
wearing surface, rating tasks (whether inventory rating, operating rating or permit evaluation) 
and the total number of lanes to be loaded. For load configuration, the user will input the 
number of axles and the axle spacing. The user can define up to a maximum of 25 axles. The 
maximum distance of the permit vehicle (from the first axle to the last axle) is 250 ft. The user 
will also input the wheel location and wheel load. The maximum number of wheels is eight and 
the maximum vehicle width is 52 feet, which is the distance between the barriers. The distance 
in cell14 from PGL is the distance measured from PGL to the first leftmost wheel when facing 
traffic direction.  Positive values mean the leftmost wheel is at the right side of the PGL while 
negative values mean it is at the left side.  Figure 2-1 shows the definition of the load 
configuration data. The user can specify the load at each wheel. 
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If the user would like to consider rating the bridge for permit truck together with one lane of 
adjacent normal traffic.  The user also needs to input data “Y” in cell C13, which is the 
distance of adjacent wheels between permit truck and adjacent traffic.  The minimum “Y” 
shall be 4 ft per AASHTO Specification.  If “Y” is expected to vary in some degree, the user 
shall consider rating the bridge using different “Y” to insure rating factor exceed 1.0 for all 
possibilities. 

 
3.3  Result Summary Sheets 

The RESULT SUMMARY group consists of three sheets, one (RatingSummary sheet) shows 
minimum rating factor of bridge to allow user quickly know outcome of the rating.  The other two 
(Long_result_summary & Trans_result_summary) provide summary of the rating factor for each 
of the members depending on type of rating specified by the user and under the specified 
loading pattern.  How the structure is rated (i.e. inventory, operating or permit) is also listed in 
summaries. 
 

3.4. Calculations 

The CALCULATIONS group are performed using two excel spreadsheets.  They are  
“load_rate_cal_original.xls” and “load_rate_trans_current.xls”.  Each of these two spreadsheet 
consists of 11 sheets, none of which should be modified by the user.  For example, the 
“geometry” sheet calculates section height, center of gravity, and angle on bottom flange for 
each segment along the entire bridge.  Furthermore, the “Sect Prop” sheet finds the material 
and section properties for each element and then checked against the combined force of dead 
load, superimposed dead load, force due to post-tensioning, force due to uniform temperature 
change, force due to temperature gradient, load due to future wearing surface, if applies, and 
also live load plus impact. The “Trans Sect Prop” sheet provides the calculations of the material 
and section properties of the top slab which is broken into 55 members.  The remainders of the 
sheets in the CALCULATIONS group perform similar operations where the data from this 
CALCULATIONS group is then incorporated into the member capacity check and used to 
determine the rating factor or Margin of safety at each live load step and the controlling 
(minimum) value for each element is summarized in the RESULT SUMMARY group.  The 
calculation spreadsheets shall not be used or modified by any user. 
 

3.5. Reference or Data File Sheets 

The REFERENCE or DATA FILE group consists of a large database divided into two 
subcategories of longitudinal and transverse directions.  In each subcategory, the database is 
further divided into two smaller groups – Permanent Loading and Live Load Loading. 

 
3.5.1 Longitudinal Direction 

The Permanent Load group for longitudinal direction consists of 7 sheets.  Loadings that 
are considered in the permanent load group include the dead load, superimposed dead 
load, load due to creep and shrinkage, post-tensioning load, uniform temperature load, 
load due to temperature gradient, and future wearing surface if application. All of these 
loads are from T-187 models.   The structure is defined such that the X-axis is parallel to 

Page 19 of 84



 
 Project WAR-71-14.20  
 Jeremiah Morrow Bridge 
 
 

2018_Final Draft.docx  4/19/2018 

the longitudinal axis of the deck.  For this group of loadings, each sheet provides the axial 
force, shear in the Y direction, moment, top stress and bottom stresses for each segment 
along the bridge.   

 
The live loads are also from T-187 models.  4 lanes of traffics using standard HS are used 
for inventory rating while only 3 lanes of traffics using standard HS are used for operating 
rating.   For this group of loadings, envelope (maximum and minimum values) of the axial 
force, shear in the Y direction, moment, top stress and bottom stresses are provided for 
each segment along the bridge.   
 
The live loads for permit vehicle rating with and without current traffic are handled 
differently and the live load generation takes place in two steps. First, influence matrices 
are generated from T-187 models. Then the spreadsheet takes the user-defined load 
configuration and moves it across the bridge in the specified increments. Each incremental 
movement causes a live load case to be generated. This live load case consists of a set of 
concentrated point loads acting at the grid points on the live load influence surface. These 
loads are then multiplied by the live load influence surface coefficients to get the final live 
load for each structural element considered.  The INFLUENCE MATRIX group for 
longitudinal direction consists of 4 sheets. The INFLUENCE MATRIX group sheets are the 
live load influence surfaces created from the 100-kip unit load.  The “Permit LL Mom” 
sheet contains the moment influence surface for each segment along the bridge.  
Likewise, the “Permit LL Shear” sheet contains the shear influence surface in the Y 
direction for each segment along the bridge. The “Permit LL Top Stress” sheet contains 
the top stress influence surface for each segment along the bridge, and so forth. These 
sheets in the INFLUENCE MATRIX group contain the results from the T-187 model and 
should not to be modified.    

 
3.5.2 Transverse Direction 

Section near the pier (deep) and at the midspan (shallow) are considered when performing 
the transverse analysis on models using T-187 and 3D LARSA.   
 
The results due to the permanent loading applied to each segment are separated into two 
workbooks where each workbook consists of 5 sheets.  The “axial” sheet contains the 
axial force due to the permanent loading group.  The “Shear Y” sheet contains the shear in 
the Y direction due to the permanent loading group and so forth.  The loadings that are 
considered in the permanent load group include the dead load, superimposed dead load, 
post-tensioning load, and future wearing surface if applies. All of these loads are from T-
187 two dimensional frame models.  The X-axis is transverse to the bridge deck and Y-
axis is in the vertical direction.  
 
The live loads for inventory and operating rating using standard HS loading are from 
LARSA models. The transverse position of the vehicle is not defined in the excel 
spreadsheet for these two ratings.  Instead, a set of calculations has been conducted to 
generate the envelope by varying vehicle positions in the transverse direction.  For this 
group of loadings, the envelope (maximum and minimum values) of the moment is 
provided at each segment along the top slab.  The X-axis is parallel to the longitudinal axis 
of the deck, Y-axis is set transverse to the bridge deck and the Z-axis is in the vertical 
direction. 
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The live loads for permit vehicle rating with or without concurrent traffic are handled 
differently and the live load generation takes place in two steps. First, influence matrices 
are generated along the top slab from 3D LARSA model. On the other hand, the 
spreadsheet takes the user-defined load configuration and converts into the grid points 
that were used in the influence matrix. This live load case consists of a set of concentrated 
point loads acting at the grid points on the live load influence surface. These loads are 
then multiplied by the live load influence surface coefficients to get the final live load for 
each structural element considered.  The INFLUENCE MATRIX group for transverse 
direction consists of two workbooks (one for deep section while another for shallow 
section) where each workbook consists of 57 sheets. The INFLUENCE MATRIX group 
sheets are the live load influence surfaces created from the 1 kip unit load.  Each 
worksheet represents the live load influence surface along a point of the top slab.  These 
sheets in the INFLUENCE MATRIX group contain the results from the 3D LARSA model 
and they should not be modified by the user.  
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4.0 LOAD RATING PROCEDURES 

4.1  Overview  

The Load Rating utility is capable of performing an inventory rating on standard HS 
loading, an operating rating on standard HS loading, and a permit rating on user defined 
vehicles with or without one lane of adjacent normal traffic.   
 
When performing a permit rating, the input is a combination of wheel loads and axle 
spacing associated with the vehicle to be evaluated.  Furthermore, the user is able to re-
evaluate the overload vehicle by limiting the speed of the vehicle and therefore reducing 
transverse impact of the vehicle or re-position it by relocating transversely. 
 

4.2  Procedures for Permit Evaluation (a user-defined vehicle) 

 Step 1 -  Open “Load_rate_control.xls” workbook 
 
 Step 2 -  Navigate to the “User Input” tab 
 
 Step 3a -  Enter the PGL offset value of the reference wheel line in cell C14.  The 

distance from PGL is identified on Figure 2-1 and in the cross sections 
showing the traffic patterns in Section 1 of this manual.  The reference 
wheel line is wheel line “A” in the spreadsheet which is described on row 
18 

 
 Step 3b -  Enter the “Y” value in cell C13 if the user would like to include one lane of 

adjacent normal traffic together with permit truck.  “Y” is the distance 
between transverse position of the vehicle’s wheel between normal traffic 
(HS25 truck) and the permit truck defined in Step 3a. Wheel load pattern 
and the configurations on the bridge can be seen from two graphics in 
“User Input” tab. 

 
 Step 4 -  Enter the wheel loads in cells C18…AA25.  Axles are in columns.  

Transverse wheel lines on each axle are in rows.  
  
 Step 5 -  Put the axle distances from the reference wheel in D16…AA16.  The axle 

distances represent the total distance to the reference wheel; not the 
distance to the adjacent axle. 

 
Step 6 -  Put the wheel line offsets from the reference wheel in A19…A25.  Similar 

to the axle distances, the wheel line offsets are the total distance to the 
reference wheel, not the distances to the adjacent wheel line. 

 
Step 7 -  If applicable, enter the future wearing surface load or any other additional 

superimposed dead load in cell E36. 
 
Step 8 - Specify a ‘3’ in cell E39 for rating type as Permit Rating. 
 Specify the impact factor for longitudinal direction in cell E34 and for 

transverse direction in cell E35.   
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Step 9a -  Specify a “1” in cell E42 as the number of lanes loaded for Permit Rating. 
 
Step 9b -  Specify a “0” in cell E45 if the bridge is rated only with the permit truck. 
 
Step 9b -  Specify a “1” in cell E45 if the bridge is rated with permit truck 

concurrently with one lane of adjacent normal traffic. 
 

Step 10 -  The macro can be executed by “Run Load Rating Evaluation”.   
 
Step 11- It takes a few minutes for the macro to process the data and spit out the 

outputs for permit truck without adjacent normal traffic.  But for permit 
truck with adjacent normal traffic will take much longer time than without 
it.  The more axles the permit truck has, the more time is needed to run 
the Macro in the rating spreadsheet.  When the macro was completed, a 
message box will pop out informing the program is finished processing 
the results.   When it completes, click on the “Long result summary” tab to 
check on the rating factor on the longitudinal analysis.  For the rating 
factor on the transverse analysis, click on the “Trans result summary” tab.  
For controlling rating factor, see “RatingSummary” tab. 

 
Step 12 -  A rating factor less than 1.0 indicates that this vehicle cannot safely pass 

over the bridge with the defined conditions (such as the transverse 
position of the vehicle’s wheels or the impact factor). The user can further 
try to shift the vehicle in the transverse direction of the bridge to reduce 
the impact if transverse rating is controlling. Also, by specifying a lower 
travel speed with police escort, a lower impact factor can be used.  

 
 
4.3. Procedures for Inventory Rating (Standard HS Loading) 

Step 1 -  Open “Load_rate_control.xls” workbook 
 
Step 2 -  Navigate to the “User Input” tab 
 
Step 3 -  If applicable, input the future wearing surface load or any other additional 

superimposed dead load in cell E36.  
 
Step 4 -  Specify a ‘1’ in cell E39 for rating type to indicate inventory rating for 

standard HS loading. 
 
Step 5 -  Specify a “4” in cell E42 as the number of lanes loaded for inventory 

rating. On standard HS loading. 
 
Step 6 -  The macro can be executed by hitting the button that said, “Run Load 

Rating Evaluation”. 
 
Step 7 -  It takes a few minutes for the macro to process the data and spit out the 

outputs.  When the macro was completed, a massage box will pop out 
informing the program is finished processing the results.  When it 
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completes, click on the “Long result summary” tab to check on the results 
on longitudinal analysis and the “Trans result summary” tab to check on 
the results on transverse analysis.  For controlling rating, see 
“RatingSummary” tab. 

 
Step 8 -  The rating factor are multiplied internally in the macro by the tonnage of 

the vehicle or the HS loading used to generate the L+I forces to arrive at 
the HS rating and the tonnage ratings.  Noted that the impact due to HS 
loading for the longitudinal analysis is set as the same as original design 
and transverse analysis is 0.3. 

 
4.4. Procedures for Operating Rating (Standard HS Loading) 

Step 1 -  Open “Load_rate_control.xls” workbook 
 
Step 2 -  Navigate to the “User Input” tab 
 
Step 3 -  If applicable, input the future wearing surface load or any other additional 

superimposed dead load in cell E36. 
 
Step 4 -  Specify a “2” in cell E39 for rating type to indicate operating rating for 

standard HS loading. 
 
Step 5 -  Specify a “3” in cell E42 as the number of lanes loaded for operating 

rating on standard HS loading.  
  
Step 6 -  The macro can be executed by hitting the button that said, “Run Load 

Rating Evaluation”. 
 
Step 7 -  It takes a few minutes for the macro to process the data and provide the 

results.  When the macro was completed, a massage box will pop out 
informing the program is finished processing the results.  When it 
completes, click on the “Long result summary” tab to check on the results 
on longitudinal analysis and the “Trans result summary” tab to check on 
the results on the transverse analysis.  For controlling rating, see 
“RatingSummary” tab. 

 
Step 8 -  The rating factor are multiplied internally in the macro by the tonnage of 

the vehicle or the HS loading used to generate the L+I forces to arrive at 
the HS rating and the tonnage ratings.  Noted that the impact due to HS 
loading for the longitudinal analysis is set as the same as original design 
and transverse analysis is 0.3. 

 
Note:   This spreadsheet will activate with the “Run Load Rating Evaluation” 

button. 
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5.0 INTERPRETATION OF RESULTS AND WORKED EXAMPLES 

 
For permit evaluation, the Summary Tables found in the “Result Summary” sheets list all of the 
critical members, and the different type of rating factors for each member being checked. The 
lowest rating factor of bridge can be found at cell D7 in the ”RatingSummary” tab.  If the rating 
factor is less than 1.0, which is a “Not Adequate” rating, it indicates that the structure cannot 
safely carry the proposed loading. 
 
If a “Not Adequate” rating is found for the structure, measures can be taken to increase the 
Margin of Safety. One such measure would be to shift the vehicle transversely if the bridge is 
controlled by transverse rating.  The second option would be to reduce the permit truck impact 
factor by lowering the permit vehicle speed.  A third option would be to use a different vehicle to 
carry the load. By distributing the load with more axles, it may be possible to carry the same 
proposed load. 
 

 
5.1 Example 1 - Permit Evaluation for a User-Defined Vehicle without Adjacent 

Normal Traffic 

 
This example is for the permit evaluation of a user-defined vehicle without adjacent normal 
traffic.  The permit vehicle weighted 550 kips consists of 8 axles with 5 wheels per axle. Refer to 
Figure 5-1 for the wheel load pattern and the vehicle’s transverse position on the bridge. The 
travel speed of the vehicle is at their normal speed, which means the impact factor on the 
transverse direction is 0.30. The future wearing surface has not been placed yet (0.0 kip/ft2 for 
future wearing surface load).  The “User Input” sheet can be found in Table 5-1.  Two graphics 
in “User Input” sheet shows patterns and configuration of vehicle’s wheels on the bridge deck.  It 
helps user to visualize wheel positions of the trucks on the bridge.  
 

 
 

Figure 5-1 Permit (User Defined) Wheel Configurations for Example 1 
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Table 5-1 User Input Sheet for Permit Vehicle Rating for Example 1 

(w/o adjacent normal traffic) 
 
 

 
 
 
 
In this example, the controlling rating factor is 1.45 shown in Table 5-2.  The longitudinal and 
transverse “Result Summary” sheets can be found in Tables 5-3 and 5-4, respectively.  The 
minimum Rating Factor in the longitudinal direction is 1.75 for serviceability, based on principal 
tensile stress in the webs.  The minimum Rating Factor in the transverse direction is 1.92 for the 
shallow section, and 1.45 for the deep section, both based on top slab minimum stress.  The 
bridge is safe for the passing of this vehicle. 
 
 
 
 
 

Page 26 of 84



 
 Project WAR-71-14.20  
 Jeremiah Morrow Bridge 
 
 

2018_Final Draft.docx  4/19/2018 

Table 5-2 Summary Results for Permit Vehicle Rating for Example 1 
(w/o Adjacent Normal Traffic) 
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Table 5-3 Longitudinal Results for Permit Vehicle Rating for Example 1 
(w/o Adjacent Normal Traffic) 
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Continuous Table 5-3 Longitudinal Results for Permit Vehicle Rating for Example 1 
(w/o Adjacent Normal Traffic) 
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Continuous Table 5-3 Longitudinal Results for Permit Vehicle Rating for Example 1 
(w/o Adjacent Normal Traffic) 
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Continuous Table 5-3 Longitudinal Results for Permit Vehicle Rating for Example 1 
(w/o Adjacent Normal Traffic) 
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Continuous Table 5-3 Longitudinal Results for Permit Vehicle Rating for Example 1 
(w/o Adjacent Normal Traffic) 

 

 

Page 32 of 84



 
 Project WAR-71-14.20  
 Jeremiah Morrow Bridge 
 
 

2018_Final Draft.docx  4/19/2018 

Continuous Table 5-3 Longitudinal Results for Permit Vehicle Rating for Example 1 
(w/o Adjacent Normal Traffic) 
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Table 5-4 Transverse Results for Permit Vehicle Rating for Example 1 
(w/o Adjacent Normal Traffic) 
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5.2 Example 2 - Permit Evaluation for a User-Defined Vehicle with One Lane of    
Adjacent Normal Traffic 

 
This example is the same as Example except including current normal traffic with permit truck 
as shown in Figure 5-2.  Therefore, all input data are the same except the following two cells in 
“user Input” Tab.  
 

 Cell C13 = “6.00 ft”.   
It is the distance from the first Left most wheel load of current traffic to last right most 
wheel load of permit truck. 

 
 Cell E45 = “1” 

 It indicates one lane of current traffic is considered together with permit truck.  This 
 load rating tool can only accommodate one lane of current traffic.  

 
The “User Input” sheet can be found in Table 5-5.  Two graphics in “User Input” sheet shows 
configurations and position of vehicle’s wheels on the bridge deck.  It helps user to visualize 
wheel positions of the trucks on the bridge.  
 
In this example, the controlling rating factor is 1.20 shown in Table 5-6.  The longitudinal and 
transverse “Result Summary” sheets can be found in Tables 5-7 and 5-8, respectively.  The 
minimum Rating Factor in the longitudinal direction is 1.20 for serviceability, based on principal 
tensile stress in the webs.  The minimum Rating Factor in the transverse direction is 1.50 for the 
shallow section, and 1.28 for the deep section, both based on top slab minimum stress.  The 
bridge is safe for the passing of this vehicle. 
 

 

 
 

Figure 5-2 Permit (User Defined) Wheel Configurations for Example 2 
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Table 5-5 User Input Sheet for Permit Vehicle Rating for Example 2 
(with Adjacent Normal Traffic) 
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Table 5-6 Summary Results for Permit Vehicle Rating for Example 2 
(with Adjacent Normal Traffic) 
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Table 5-7 Longitudinal Results for Permit Vehicle Rating for Example 2 
(with Adjacent Normal Traffic) 
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Continuous Table 5-7 Longitudinal Results for Permit Vehicle Rating for Example 2 
(with Adjacent Normal Traffic) 
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Continuous Table 5-7 Longitudinal Results for Permit Vehicle Rating for Example 2 
(with Adjacent Normal Traffic) 
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Continuous Table 5-7 Longitudinal Results for Permit Vehicle Rating for Example 2 
(with Adjacent Normal Traffic) 
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Continuous Table 5-7 Longitudinal Results for Permit Vehicle Rating for Example 2 
(with Adjacent Normal Traffic) 
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Continuous Table 5-7 Longitudinal Results for Permit Vehicle Rating for Example 2 

(with Adjacent Normal Traffic) 
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Table 5-8 Transverse Results for Permit Vehicle Rating for Example 2 
(with Adjacent Normal Traffic) 
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5.3 Example 3 - Inventory Rating 

In this is example, an inventory rating is conducted using standard HS loading with a 0.0 kip/ft2 
future wearing surface load.  The “User Input” sheet can be found in Tables 5-9.   The 
longitudinal and transverse “Result Summary” sheets can be found in Tables 5-11 and 5-12, 
respectively.  
 
In this example, the controlling Inventory load rating is 30 tons shown in Table 5-10.   
 
In Table 5-11, the minimum load rating in the longitudinal direction is 30 tons based on principal 
tensile stress in the webs. 
 
The minimum load rating for the shallow section is 33 tons in Table 5-12, controlled by bottom of 
slab stresses, and 30 tons for the deep section, based on bottom of slab stresses.   
 
 

Table 5-9 User Input Sheet for Inventory Rating (Standard HS) for Example 3 
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Table 5-10 Summary Results for Inventory Rating (Standard HS) for Example 3 
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Table 5-11 Longitudinal Results for Inventory Rating (Standard HS) for Example 3 
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Continuous Table 5-11 Longitudinal Results for Inventory Rating 
(Standard HS) for Example 3 

 

 
 

Page 48 of 84



 
 Project WAR-71-14.20  
 Jeremiah Morrow Bridge 
 
 

2018_Final Draft.docx  4/19/2018 

Continuous Table 5-11 Longitudinal Results for Inventory Rating  
(Standard HS) for Example 3 
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Continuous Table 5-11 Longitudinal Results for Inventory Rating 
(Standard HS) for Example 3 
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Continuous Table 5-11 Longitudinal Results for Inventory Rating 
(Standard HS) for Example 3 
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Continuous Table 5-11 Longitudinal Results for Inventory Rating 
(Standard HS) for Example 3 
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Table 5-12 Transverse Results for Inventory Rating (Standard HS) for Example 3 
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5.4.  Example 4 - Operating Rating 

In this is example, an operating rating is conducted using standard HS loading with a 0.0 kip/ft2 
future wearing surface load.  The “User Input” sheet can be found in Tables 5-13.   The 
longitudinal and transverse “Result Summary” sheets can be found in Tables 5-15 and 5-16, 
respectively.  
 
In this example, the controlling operating load rating is 41 tons shown in Table 5-14.   
 
In Table 5-15, the minimum load rating in the longitudinal direction is 45 tons based on the web 
shear. 
 
The minimum load rating for the shallow section is 47 tons in Table 5-17, controlled by bottom of 
slab stresses, and 41 tons for the deep section, based on bottom of slab stresses.   
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Table 5-13 User Input Sheet for Operating Rating (Standard HS) for Example 4 
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Table 5-14 Summary Results for Operating Rating (Standard HS) for Example 4 
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Table 5-15 Longitudinal Results for Operating Rating 
(Standard HS) for Example 4 
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Continuous Table 5-15 Longitudinal Results for Operating Rating 
(Standard HS) for Example 4 
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Continuous Table 5-15 Longitudinal Results for Operating Rating 
(Standard HS) for Example 4 
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Continuous Table 5-15 Longitudinal Results for Operating Rating 
(Standard HS) for Example 4 
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Continuous Table 5-15 Longitudinal Results for Operating Rating 
(Standard HS) for Example 4 
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Continuous Table 5-15 Longitudinal Results for Operating Rating 
(Standard HS) for Example 4 
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Table 5-16 Transverse Results for Operating Rating (Standard HS) for Example 4 
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6.0 LOAD RATING 
 
6.1 Load Rating Assumptions and Summary 

The following load rating results for this bridge is based on the contract design drawings. Other 
assumptions in the ratings are as follows. 
 
 AASHTO HS load (both truck load and lane load have been checked) are placed, four 

lanes for inventory rating and three lanes for operating rating.   
 The maximum impact factor, 0.30, was used for transverse design.  The impact factor for 

longitudinal design follows the guideline in AASHTO chapter 3. 
 The bridge is rated assuming 30 years in service (long term effect) and in conjunction with 

a 0.0 kip/ft2 future wearing surface load.   
 The AASHTO multi-lane load reduction factor (AASHTO 3.12) has been used.  
 
A re-evaluation of the inventory rating is required when the loading or the structure changes. A 
possible loading change would be the addition of an overlay. A structural change could result 
with damage, repair, or deterioration of a structural member. 
 

 
INVENTORY RATING 
LOAD CASE RATING OF THE 

STRUCTURE 
Longitudinal 30
Transverse 30
Controlling 30 

 
   

OPERATING RATING 
LOAD CASE RATING OF THE 

STRUCTURE 
Longitudinal 45
Transverse 41
Controlling 41 

 

6.2 Load Rating Observations 

The load rating results on permit vehicle (user defined) indicate that the bridge has plenty of 
capacity in the longitudinal direction if permit truck passes the bridge without adjacent normal 
traffic.  The controlling for load rating is in transverse direction.   This matches with experience 
that for a long span concrete bridge, such as Jeremiah Morrow Bridge.  Since the majority of the 
load in longitudinal direction are from dead load, therefore, live load rating of permit truck in the 
longitudinal direction may not control.  On the other hand, live load contributes to the majority of 
loads in transverse direction and will be the controlling case.  However, transverse rating is not 
necessary controlling if the permit truck is with adjacent normal traffic because of increasing live 
loads. 
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In the transverse direction, the controlling load case typically happens at local level, meaning 
controlled by a wheel load or a set of closely placed wheel loads.  Also, the deck bending is very 
sensitive to the load location.   
 
The above observations are important for load permitting process.   Attention shall be paid 
to avoid (or carefully check) large concentrated loads.   Also, modifying the vehicle path 
(offset from the PGL) and distance “Y” between permit truck and adjacent traffic can 
significantly reduce the deck moment.  

It is recommended that user shall use the load rating spreadsheets to run the actual rating if 
the vehicle is different from HS25 with a wheel heavier than 19 kips.  The reason is because 
deck bending is very sensitive to the load location and its concentrated loading.  After the 
user has determined the wheel position, one shall use the load rating spreadsheet to run 
the actual rating.   
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APPENDIX A –  DESCRIPTION of the BRIDGE (Figures 1-1 through 1-13) 
    AND LOAD CONFIGURATION OF USER DEFINED VEHICLE 
     

 
Figure 1-1  Plan and Elevation 
Figure 1-2  Cross Section2 
Figure 1-3  Top Slab Tendon 1 
Figure 1-4 Top Slab Tendon 2  
Figure 1-5  Top Slab Tendon 3 
Figure 1-6 Bottom Slab Tendon 1 
Figure 1-7  Bottom Slab Tendon 2 
Figure 1-8  Bottom Slab Tendon 3 
Figure 1-9 Bottom Slab Tendon 4 
Figure 1-10 External Tendon 1 
Figure 1-11 External Tendon 2 
Figure 1-12  Transverse Tendon Profile 
Figure 1-13   16’ Typical Segment Reinforcement 
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APPENDIX B –  LOAD CONFIGURATION OF USER DEFINED VEHICLE 
 
 
Figure 2-1  Definition of Load Configurations (User-Defined Vehicle) 
Figure 5-1  Permit (User Defined) Wheel Configurations for Example 1 
Figure 5-2 Permit (User Defined) Wheel Configurations for Example 2 
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