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FOREWORD

State departments of transportation (DOTSs) perform or cause to be performed a load rating for
each highway bridge that carries a public road to ensure bridge safety within the State’s borders.
State DOTSs also rely on bridge load rating information in making operational and management
decisions such as bridge load posting or restrictions, overweight permitting, rehabilitation, or
replacement. To meet the requirement for bridge load rating and posting set forth in the National
Bridge Inspection Standards (23 CFR 650 Subpart C), State DOTs have been managing the safe
operation of more than 600,000 bridges across the nation. As such, State DOTs have amassed a
significant amount of safe load carrying capacity data and analytical modeling for these bridges.

The goals of this research were to identify the state of practice and develop a framework that
offers a preview of what bridge load rating may consist of in the future. The framework provides
a scalable and conceptual process in bridge load rating, posting, and overweight permitting and
promotes efficiency and consistency that ultimately will improve safety and mobility through
implementation of advanced technologies.

With additional development and partnerships between government, industry, and academia, |
am excited about the possibilities and look forward to benefiting from the opportunities.

Joseph L. Hartmann, PhD, PE

Director, Office of Bridge and Structures
Office of Infrastructure

Federal Highway Administration
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EXECUTIVE SUMMARY

The importance of the load rating of bridges has been apparent since the establishment of the
National Bridge Inventory (NBI) and the extension of the National Bridge Inspection Standards
(NBIS) to all bridges in 1979. Since then, many updates to the process have been implemented.
Ratings play a role in prioritizing and distributing bridge funds, helping to determine the
allocation of resources for the United States transportation infrastructure.

Further, load rating is critical to ensuring bridge safety by assessing each bridge’s ability to
safely support traffic and other loads. The roles of inspecting and load rating fall largely upon
individual States and local agencies, resulting in a large number of individuals independently
assessing infrastructure.

Bridge load rating, posting, and overweight permitting processes are constantly evolving due to
changes to the dead load, strength of members, and any maintenance or rehabilitation work. The
United States has more than 600,000 bridges, making the process of load rating and posting a
significant effort. Load rating bridges efficiently and accurately is a necessity, particularly in the
use case of permit load routing.

The work summarized in this report addresses the needs via the review of state of practice and
the development of frameworks for next-generation bridge load rating, posting, and permitting.
The specific objectives were as follows:

e Synthesize the state of practice regarding the load rating, posting, and overweight permitting
programs for bridges from State departments of transportation (DOTS)
e Develop a framework for consistent future load rating efforts

Xi






CHAPTER 1. INTRODUCTION
1.1 Background

The importance of the load rating of bridges has always been apparent and gained additional
attention since the establishment of the National Bridge Inventory (NBI) and the extension of the
National Bridge Inspection Standards (NBIS) to all bridges in 1979. Since then, many updates to
the process for load rating of bridges have been implemented, including adaptation to changing
truck configurations, increase in permit loads, and State laws allowing for heavier legal loads.

Ratings play a role in prioritizing and distributing bridge funds, thus helping to determine the
allocation of resources for the United States transportation infrastructure. Load rating also is
critical to ensuring bridge safety by assessing each bridge’s ability to safely support traffic and
other loads. The roles of inspecting and load rating fall largely upon individual States and local
agencies, resulting in a large number of individuals independently assessing infrastructure.

Recently, efforts have continued to ensure uniformity in load rating processes, and particularly
by the Federal Highway Administration (FHWA). Between 2014 and 2019, the FHWA has held
six regional peer exchanges on the topic of bridge load rating. These peer exchanges provided
beneficial opportunities for States to share knowledge, expertise, and practices.

1.2 Problem Statement

Bridge load rating, posting, and overweight permitting processes evolve with respect to the dead
load, strength of members, and any maintenance or rehabilitation work. The United States has
more than 600,000 bridges, making the process of load rating and posting a significant effort.

States indicated through the above mentioned peer exchanges that they are very interested in
modifying their procedures to implement technology and improved means and methods to reduce
the time associated with load rating.

Being able to load rate bridges efficiently and accurately is a necessity, particularly in the use
case of permit load routing. In many instances, the permit office within different agencies
evaluates non-standard loadings that potentially traverse complex structures to avoid negative
impacts to commerce. The considerations that are made by States in the load-rating process may
include the following:

e Implementation of the American Association of State Highway and Transportation Officials’
(AASHTO’s) load rating standards and methodology although the AASHTO standards are
not incorporated by reference into regulations and are not legally binding

e Adaptation to changes in Federal and State truck size and weight regulations

e Management of bridge rating digital assets (i.e., load rating data and models)

e Maintenance (and updates) of bridge load rating data and bridge analysis models



e Load limit signing and communication of safe load limits (or bridge capacity) with truckers
and the public (vehicle to bridge connectivity)

e Use of weigh-in-motion (WIM) devices in load rating and posting enforcement

e Load posting implementation and verification

e Overweight load permitting that ensures bridges are rated prior to issuing permits

e Synchronization and integration of digital bridge assets (load ratings and analysis models) in
overweight permitting

e Collaboration between load rating units and the overweight permitting office

e Quality management (i.e., quality control and quality assurance measures)

e Automation and system integration for efficiency, consistency, collaboration, and
interoperability (e.g., automated rating system, automated permitting system, integrated
infrastructure asset management system)

e Digital asset maintenance, stewardship, and governance (e.g., bridge load rating data,
structural analysis models [and geospatial data, building information modeling (BIM), etc.],
data exchange, automated model update, cloud computing and service, software as a service
[SaaS])

e Application of digital twin concepts in bridge load rating, and bridge reliability and safety
performance management

e Connectivity and communication technology (e.g., internet of things [10T], vehicle to bridge
[V2X], dedicated short range communication [DSRC], radio-frequency identification
[RFID], connected bridges)

e WIM, sensors, and sensing technologies (e.g., intelligent [digital, smart, connected] bridges)

e Intelligent transportation systems (ITS) and technology (e.g., ITS architecture and services,
roadside equipment [RSE], on-board equipment [OBE], electronic digital signing, load and
clearance posting, bridge closure or restriction)

1.3 Objectives and Benefits

This report addresses the future bridge rating needs via the review of the state of practice and the
development of frameworks for next-generation bridge load rating, posting, and permitting. The
specific objectives were as follows:

e Synthesize state of practice regarding load rating, posting, and overweight permitting
programs for bridges from State DOTs
e Develop a framework for future bridge load rating efforts

Due to the vast bridge inventory in the United States, establishing an efficient framework for the
load rating, posting, and overweight permitting of bridges may be of great benefit to State
agencies by providing consistency and by helping to optimize technological advancement
capabilities. Advancements should improve the efficiency of decision-making while taking
advantage of better load rating tools. This also could improve management of rehabilitation and
replacement budgets.



1.4 Report Organization
The following is an overview of the structure of this report:

Chapter 1 contains introductory information.

Chapter 2 is the review and findings from a desk scan and literature research related to States’
processes and procedures for bridge load rating, posting, and overweight load
permitting.

Chapter 3 covers the results of a State DOT survey and findings from a comprehensive review of
select State DOT programs, along with the analysis of NBI data.

Chapter 4 synthesizes the state of practice and develops a framework for next-generation bridge
load rating, posting, and permitting.

Chapter 5 is a summary of findings and final conclusions.



CHAPTER 2. DESK SCAN AND LITERATURE SEARCH

A desk scan and literature search were conducted to collect information about the state of
practice and emerging technologies for bridge load rating, posting, and overweight permitting.
The information collection included published documentation such as relevant State practice
manuals, technical reports, and research papers.

2.1 State Department of Transportation Practice

Relevant, publicly available State DOT manuals and guidance regarding bridge load rating,
posting, and overweight load permitting were reviewed.

2.1.1 State-Published Practices and Procedures

A search for State-specific information was conducted for all States and included Washington
DC and Puerto Rico (pursuant to 23 USC 8§ 101(a)(26)). The documents reviewed for each
included bridge design manuals, bridge inspection manuals, and bridge load rating manuals
electronically published by the respective DOTS, as well as a few memoranda. The research team
found that the load rating-related information for each was primarily documented in one of the
three types of manuals. Table 1 includes the title of the document that contained the load rating
information for each, along with the year for the document.

Table 1. State manuals reviewed

No. ‘ State ‘ Year and Title

1 | Alabama 2017 Bridge Inspection Manual

2 | Alaska 2017 Alaska Bridges and Structures Manual

3 | Arizona ADOT Bridge Load Rating Guidelines (Retrieved 2020)

4 | Arkansas 2019 Lgcal Government Procedures for Compliance with the National Bridge
Inspection Standards

5 | California Not available online

6 | Colorado Bridge Design Manual (Retrieved 2020)

7 | Connecticut 2018 Bridge Rating Manual

8 | Delaware 2019 Bridge Desigh Manual

9 | Florida 2020 Bridge Load Rating Manual

10 | Georgia Not available online

11 | Hawaii Not available online

12 | Idaho 2014 Idaho Bridge Inspection Coding Guide

13 | Hlinois 2018 Bureau of Local Roads and Streets Manual

14 | Indiana 2017 INDOT Bridge Inspection Manual

15 | lowa 2015 Bridge Rating Manual

16 | Kansas 2013 Bridge Design Manual

17 | Kentucky 2020 Kentucky Bridge Inspection Procedure Manual

18 | Louisiana 2009 The Policies and Guidelines for Bridge Rating and Evaluation




No. ‘ State ‘ Year and Title

19 | Maine 2015 Load Rating Guide

20 | Maryland 2019 Guidelines and Procedures Memorandums: Structure Inspection Section
21 | Massachusetts LRFD Bridge Manual: Part | — Design Guidelines (Retrieved 2020)

22 | Michigan 2009 Bridge Analysis Guide

23 | Minnesota 2018 MnDOT Bridge Load Rating and Evaluation Manual

24 | Mississippi Bridge Safety Inspection Policy and Procedures (Retrieved 2020)

25 | Missouri 1994 Load Rating Steel and Concrete Girder Bridges in Missouri (Barker et al.)
26 | Montana 2018 Bridge Inspection and Rating Manual

27 | Nebraska 2010 Bridge Inspection Program Manual

28 | Nevada 2008 NDOT Structures Manual: Chapter 28 — Nevada Bridge Inspection Program
29 | New Hampshire | 2017 Bridge Inspection Manual

2010 Load Analysis and Rating System (LARS) Specification Analysis Manual

30 | New Jersey (Bentley Systems, Inc.)

31 | New Mexico 2018 Bridge Procedures and Design Guide
32 | New York 2016 Bridge Inspection Manual

33 | North Carolina | Not available online

34 | North Dakota 2019 NDDOT Load Rating Manual

35 | Ohio 2008 Bridge Design Manual

36 | Oklahoma Not available online

37 | Oregon 2018 ODOT Load and Resistance Factor Rating (LRFR) Manual
38 | Pennsylvania 2010 Bride Safety Inspection Manual

39 | Rhode Island 2019 Bridge Load Rating Guidelines

40 | South Carolina | 2019 SCDOT Load Rating Guidance

41

South Dakota

2020 Bridge Desigh Manual

42 | Tennessee Not available online

43 | Texas 2020 Bridge Inspection Manual

44 | Utah 2017 Bridge Management Manual

45 | Vermont 2010 VTrans Structures Design Manual
46 | Virginia 2007 Structure and Bridge Division Instructional and Informational Memoranda
47 | Washington 2017 Bridge Design Manual

48 | West Virginia 2016 Bridge Design Manual

49 | Wisconsin Bridge Manual (Retrieved 2020)

50 | Wyoming Not available online

51 | Puerto Rico Not available online

52 | Washington DC | 2017 Design and Engineering Manual

Publicly available load rating-related information was found for 43 States and Washington, DC.
No published information or guidelines related to load rating could be found for the other seven
States or Puerto Rico (although that does not imply that published information does not exist).
Among those for which information could be found, about half had a standalone bridge load
rating manual, while most of the others had the relevant information as a chapter in either their
bridge design manual or inspection manual.



A review of the State practices and procedures indicated that almost all state that the load rating
procedures must follow the AASHTO MBE. The actual versions of the MBE referenced varied.
Note that the 3rd Edition MBE (2018), including Interim Revisions through 2020, is
incorporated by reference in 23 CFR 650.317(a)(1)—(a)(3).

Most of the DOTSs publish their manuals to include State-specific details in addition to the
information listed in the AASHTO MBE. The information documented in the following sections
of this report focuses on the practices that are included in one or more State manuals but are not
included in the AASHTO MBE.

2.1.2 Load Rating Analysis

The AASHTO MBE states that bridge load rating provides a basis for determining the safe load
carrying capacity of a bridge. A review of the State manuals indicated that States also recognize
that understanding the load carrying capacity of each bridge is critical for (1) determining
whether a structure may need posting or other remedial action, (2) allocating available resources
for rehabilitation or replacement, (3) assisting the overload permit review process, and (4)
providing safety to the traveling public.

Load ratings are typically determined by analytical methods based on information taken from
bridge plans, supplemented by information gathered from field inspections, testing, or both.
Computer software is commonly used to calculate the load rating factor, with various structural
analysis software packages available to provide opportunities for rating engineers to quickly
complete the calculation(s).

Usually, each individual computer software package is effective for one or more particular
structure types, with no one package capable of load rating all bridge types. A common practice
is to use one or more software packages for each type of structure.

Routine load ratings consist of computations made from design plans, as-built drawings, field
measurements, or inspection reports, or some combination of these, and are based on common
analytical methods, such as the girder-line distribution factor analysis method.

A load rating engineer reviews the original design plans as the first source of information for
specific material properties. If the material strengths are not explicitly stated on the design plans,
construction and material specifications applicable at the time of bridge construction are
commonly reviewed.

The AASHTO MBE also provides data on older bridge types and materials that allow for the
evaluation of existing bridges when the original design specifications are not available.

More refined load ratings consist of routine computations adjusted for actual material properties
as determined from field sampling and tests of the materials. These load ratings may also use
refined methods of analysis such as two-dimensional (2D) grillage models or three-dimensional



(3D) finite element models (FEMs). Refined methods of analysis are commonly justified where
needed to avoid load posting or to ease restrictions on the flow of permitted overweight trucks.
Some of the newer, more complex structures were designed using sophisticated analysis
methods, and therefore a sophisticated level of analysis may also be needed to properly rate these
structures.

The load rating of a bridge could also be accomplished by conducting a load test, since the actual
performance may be more favorable than conventional theory predicts. The safe load capacity
for a structure can be determined from nondestructive field load tests, which may be desirable to
establish a higher safe load carrying capacity than that calculated by a more conservative
traditional analysis.

2.1.3 Truck Type

A review of the State load rating requirements indicates that most States generally use the
AASHTO MBE truck types. All structures are to have an inventory and an operating rating value
in terms of HS20-44 or HL-93 loading. A structure’s capacity will be assessed by those legal
trucks as defined by the AASHTO MBE at the operating or legal load evaluation level.

Some States have additional trucks used during the legal load level evaluation based on the local
traffic needs as governed by State regulations and laws. Examples include the following:

S220, S335, S437, T330, T435, and T540 (Delaware)

LA Type 3, LA Type 3-S2, LA Type 6, and LA Type 8 (Louisiana)

Maine Legal Load Configurations 1 through 5 and 7 and 8 (Maine)

H-15, Type 3, Type 4, HS-20, and 3S2 (Maryland)

Ohio Legal Loads 2F1, 3F1, 4F1, and 5C1 (Ohio)

SC-SHV1A (65k), SC-SHV1B (70k), SC-SHV3A (85k), SC-SHV3B (90k), SC School Bus,
and SC-SU2 (40k) (South Carolina)

e Fixing America’s Surface Transportation (FAST) Act emergency vehicles (EVs) (as codified
under 23 U.S.C. 8 127(r)): EV2 and EV3 (all States)

With respect to the issuance of permit trucks, Mlynarski et al. (2011) indicated that a wide range
of truck loads are being used to rate bridges for “typical” permit vehicles throughout the United
States. Furthermore, the AASHTO MBE does not list the truck types for evaluating permit loads.

Mlynarski et al. (2011) narrowed down the large number of trucks in four regions across the
country, resulting in a total of eight trucks that are somewhat representative of the standard
permit trucks in each region: WA-02 and OR-06 for the northwest region, NM-04 and TX-04 for
the southwest region, IL-01 and DE-07 for the northeast region, and FL-04 and NC-21 for the
southeast region. The trucks identified by Mlynarksi et al. represent an “average truck” and a
“heavy truck” for each region.

Examples of trucks listed in various State manuals include the following:



California permit vehicles P13, P11, P9, P7, and P5 (California and Nevada)
AC2, AC3, AC4, and AC5 (Delaware)

90 kip six-axle vehicle (Kentucky)

136 kip (A) seven-axle truck with triple-axle configuration (Kentucky)

136 kip (B) seven-axle truck with quad-axle configuration (Kentucky)

156 kip eight-axle truck with a quad-axle (Kentucky)

UT-P6, UT-P7, UTP8, UT-P9a, and UT-P9b (Utah)

OL1 and OL2 (Washington)

2.1.4 Management of Load Rating Data

Each year, States submit bridge design level inventory and operating load ratings to the FHWA
along with whether specific bridges are posted as part of their NBI annual submittal. After load
rating work is completed, a common practice at the State level is to have the rating engineer
submit the necessary documents to the State DOT. These documents are used to update the NBI
record and are stored for future use in the DOT database. These documents usually include the

following:

e Date of recent inspection

e Load rating summary sheet

e Load rating report

e Electronic model of the rated structure

The summary sheet is used for quick access to the bridge’s basic information and load rating
results, and some States post these sheets on the DOT website. A summary sheet typically
includes the following information:

Bridge ID

Name of engineer(s) responsible for the rating and the individual responsible for review
Rating date

Software and version used

Superstructure type

Year built

Bridge length

Number of spans

Span length

Wearing surface type and thickness

Facility carried

Average daily truck traffic (ADTT)

Rating factor and tons for load rating vehicle
Major assumptions used in the analysis



The load rating report is signed, sealed, and dated by a State-licensed professional engineer. The
load rating report generally includes the following items:

e Title sheet

e Geometric and material summary of the bridge

e Changes in live load or truck configurations that increase truck force effects on bridge
elements

Load rating method or program(s) used

Assumptions

Analysis levels

Limit states

List of references used in the load rating analysis

Load rating computations

Controlling member and location

Sketches of section losses incorporated into the load rating analysis

Rating factors and load capacity for each applicable legal and routine permit vehicle
Safe posting load, as necessary, for each applicable legal and routine permit vehicle
Discussion, sketches, and photos of deterioration

Summary of bridge rating

Bridge rating details

Supplementary photos, documents, and relevant information

The electronic model of the rated structure usually refers to the models created utilizing
structural analysis software. If a bridge structure is rated using a spreadsheet or the rating
analysis is supplemented by spreadsheets or hand calculations, a copy of the spreadsheets and the
digitized hand calculations are to be stored.

Some State DOTSs also store (1) the plan sheets used to perform the analysis; (2) inputs,
intermediate calculations, and summarized outputs; (3) the results from a comprehensive check
after initial load rating; and (4) the inspection report showing the inspection date and the
condition that generated the need for re-rating.

Most States require documented load rating results to be submitted as a standalone report or as
part of an inspection. Some State DOTSs have built online database systems to facilitate storing,
accessing, and updating the data with the data stored in the cloud or on a central server.

2.1.5 Update of Load Rating Data

The AASHTO MBE (incorporated by reference at 23 CFR 650.317(a)(1)) provides three load
rating methods in Section 6: the load and resistance factor rating (LRFR) method in Section 6A
and the allowable stress rating (ASR) and load factor rating (LFR) methods in Section 6B. The
review of State DOT manuals found that LRFR has been used for the load rating of bridges in
many States. However, in many cases LFR is used. In States that predominantly use LRFR, an
alternative method such as ASR or LFR is permissible but subject to State DOT approval (like



the practice of the Rhode Island DOT). Note that States use ASR primarily for timber and
masonry structures.

Farrar et al. (2014) conducted a desk scan on State DOT superload permit processes and
practices to identify best practices from 18 surveyed States. The results from Farrar et al.
indicated that 44 percent predominantly or exclusively use LFR, while 28 percent also used other
methods, such as LRFR and ASR.

For existing structures, a prior load rating has already been stored on file. These load ratings
reflect the condition of the bridge at the time of load rating. Structures need to be re-rated when
it is determined that a change has occurred in the condition of the structure or when the load
ratings on file are not consistent with current structural condition. Reviewing and, if necessary,
updating load ratings is also needed when there is an increase to the legal weight limit of trucks
using the structure (23 CFR 650.313(k)). In general, a revised load rating may be necessary if
any of the following conditions have occurred:

Deterioration of structural components

Changes in configuration (due to widening of the bridge, bridges made continuous, etc.)
Changes in dead loads (due to overlay application, barrier changes, utility attachments, etc.)
Changes in live loads (due to upgraded roadway classification, overweight vehicles, etc.)
Changes in rating or posting policy

A change in the primary member condition rating

Cracking in primary members

Losses at critical connections

Changes in traffic volume, lane striping

Specification changes

Issuance of overweight permits

Soil and substructure settlement and slope stability changes

Bridge rehabilitation that affects structural components, structural or non-structural weight
A change in State or Federal laws regulating truck weights

Structural damage resulting from a bridge hit, ice damage, flood damage, fire damage, or
another cause

Rotated or displaced beams

Steel section loss

Broken welds or missing bolts

Exposed reinforcing or prestressing steel in the critical locations

Splitting, cracking, or rot of timber members

Note that the above list is not all inclusive and an item may overlap with others.

Updating of the load rating may be performed on the stored digital assets including electronic
files, computer models, etc. The detailed procedures for updating load ratings are not
documented in State design or load-rating manuals, but most organizations have a standard
operating procedure.
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2.1.6 Posting Procedures and Communication

It is the bridge owner’s responsibility to keep a bridge posted (23 CFR 650.313(1)). After the
load rating is completed, the posting limits are documented in the load rating report. Bridge
owners must install signs in accordance with the Manual on Uniform Traffic Control Devices for
Streets and Highways (MUTCD) (FHWA 2009) showing the maximum safe load-carrying
capacity of posted bridges (23 CFR 650.313(c) and 655.603(a)). Typically, a bridge management
individual from the State DOT will confirm that the proper signs have been installed within a
certain number of days of the distribution of the load posting documents (Hearn 2014).

The NBIS requires posting of load limits if the maximum legal load or unrestricted routine
permit vehicle produces stresses in excess of the operating stress level permitted under the
operating rating (23 CFR 650.313(l)). The actual criteria for posting a bridge are quite different
from State to State. These criteria primarily change with posting vehicle types, bridge types, etc.

The MUTCD has a note within the section for load posting signs that states advanced warning
signs should also be placed at locations or road intersections where prohibited vehicles can either
detour or turn around (FHWA 2009). Bridge owners should also consider this in load posting by
determining where to install advanced warning signs, especially in urban areas.

Common practice for posting a bridge is to erect bridge weight limit signs at each end of the
bridge and install advance signs to alert truck drivers to a posted bridge ahead. Posting signs
restrict vehicles from using the bridge if the vehicle exceeds the posted weight limit.

Signs R12-1 to R12-5 are the primary load posting signs used by State DOTSs. Sign R12-4 can be
used to combine the information contained on signs R12-1 and R12-2. Sign R12-5 is the most
common bridge load posting sign.

In Nebraska, for the R12-5 sign, the top line showing the tonnage for single unit (SU) vehicles
displays the lowest of the following vehicles: Nebraska Type 3, SU4, SU5, SU6, or SU7. In
addition, some States have their own signs. For example, South Carolina uses R12-6-48 as a
primary sign. For bridges with additional axle weight restrictions to account for any potential
shear failures that could occur from an individual axle loading, sign R12-7-60 is placed below
sign R12-6-48 to show three-axle configurations and their associated weight limits. The
Kentucky Transportation Cabinet (KYTC) maintains an online list of posted bridges that is
available to the public with the following information: bridge 1D, county, route, mile point,
crossing, and posting tonnages.

2.1.7 Overload Permit Procedures

When the load of a truck is greater than the legal load, an overload permit may be used to allow
the truck to use the bridge under certain, limited conditions. Farrar et al. (2014) conducted a desk
scan on the State DOT superload permit processes and practices to identify best practices in the
superload permitting processes. The desk scan was conducted on 18 selected States. The results
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indicated that 78 percent of the surveyed States were in the process of adopting new changes in
their permit processing, especially toward automated permitting and paperless processing.

Schaefer and Todd (2018) conducted a research study on State oversize-permitting and
overweight-permitting practices, including automated vehicle routing and escort driver
certification and identified the areas of best practices. The researchers found that, by 2018, 30
States were using automated permit systems.

For the current project, the research team reviewed State manuals to identify the way overload
permitting procedures are recorded. Examples included the following:

In Colorado, structures on the State highway system are given an Overload Color Code
rating, which defines their capacity for loads heavier than the maximum legal loads in terms
of the Colorado Modified Tandem Vehicle or the Colorado Permit Vehicle. The Overload
Color Code ratings are used to determine the maximum group axle weights of the permit
vehicles that will be allowed to travel on Colorado bridges and the routes these vehicles can
follow.

The Delaware DOT’s (DelDOT’s) Bridge Management Section reviews permit applications
for superloads, which the agency defines as a gross vehicle weight (GVW) exceeding
120,000 Ibs or any individual axle weight exceeding 25,000 Ibs. A Policy Directive allows
for Oversize/Overweight Blanket Permits (Annual Crane Permit). These permits allow
unrestricted movement of cranes that exceed the legal load limits.

The lowa DOT conducts overweight/over-dimensional (OW/OD) checks for superload
permits. The Division of Motor Carriers’ OW/OD Branch screens the permit for roadway
restrictions and then sends the permit to the load rating engineer to check the bridges on the
route for weight capacity and vertical and horizontal clearance. Possible restrictions for
superloads are as follows:

The vehicle cannot stop or park on the bridge

The vehicle must travel at a reduced speed (which reduces the dynamic impact)
No other vehicles can be on the bridge when the load crosses it (exclusivity)
The vehicle’s axles are extended to spread the load transversely (crabbing)

The vehicle must exit off, then back onto, a road to avoid a bridge (avoidance)

0 O O O O

The Louisiana Department of Transportation and Development (LaDOTD) uses single trip
permits and annual permits to control the access of over-load trucks. Single trip permits are
used for one-way or round-trip movement of overweight vehicles. These permits are valid
only for the specific date, time, vehicle, and route designated in the permit. Annual permits
are issued for the movement of overweight vehicles over a specified route or within a
restricted area. Annual permits are usually valid for unlimited trips over a period not to
exceed one year. The permit vehicle may mix in the traffic stream and move at normal
speeds without any restrictions. Annual permit analysis is performed using distribution
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factors for two or more lanes of loading. A similar method is also used by the Wisconsin
DOT (WisDOT).

In Nevada, very heavy and large transporter vehicles are allowed to travel over the State’s
highways by an over-dimensional permit. Nevada allows double-wide vehicles operating
with these permits to carry double the load allowed for an 8 ft wide vehicle. Nevada uses the
same single-trip permit methodology as California and Arizona. Bridges are load rated for
California DOT (Caltrans) P5, P7, P9, P11, and P13 permit vehicles as permit loads, and a
database of these ratings is maintained by the Nevada DOT’s (NDOT’s) Structures Division.
A transporter truck is classified by its axle weights and axle spacing in terms of loading
intensity and number of axles. The highest loading intensity allowed is called Purple
Loading. Bridges on a proposed route are checked for adequacy based on the load rating for a
P truck with the same number of axles as the transporter. Additional load is allowed for
vehicles with extra width and more than two wheel-lines per axle. A single-wide transporter
at Purple Loading produces stresses in a bridge up to those produced by a P truck with the
same number of axles. Similarly, a double-wide transporter with Purple Loading is
equivalent to up to two P trucks side by side, each with the same number of axles as the
transporter. Bridges listed as having a P13 permit truck design are expected to carry a
double-wide transporter equivalent to two P13 trucks side by side.

In New Hampshire, the specific axle weight criteria used to identify vehicles for a bridge
review are identified. Bridge reviews conducted as part of an overweight (OW) permit
application are handled using the Bridge Overweight Permit Review (BOPR) software
created in-house. Using BOPR and a bridge map, a list of bridges to be crossed on an
applicant’s proposed route of travel is assembled. The BOPR software identifies bridges in
the list for which the applied load effects of the permit vehicle exceed the safe live load
capacity of the structure. The software accomplishes this task by computing the load effects
produced by the permit vehicle on each span length and comparing this information to a
database of Bridge Capacity Summary sheets kept on file for all bridges in the inventory.
Final determination for approving or denying permits and stipulating controlled crossing
conditions for specific bridges is made by the engineer processing the bridge review.

2.1.8 Quality Management

Quality management is one key to ensuring the accuracy of load rating results. The AASHTO
MBE provides a general description for quality control (QC) and quality assurance (QA) as
related to bridge load rating and evaluation. A similar statement of quality management is
usually included in State bridge load rating procedures as well. A review of the details of these
management procedures indicates that most States created their rules based on the AASHTO
MBE. If detailed responsibilities could be found from individual State bridge load rating
procedures, they are summarized in this section.

Usually, the bridge load rating is accomplished through the cooperation of multiple engineers
with different responsibilities. These personnel include a load rater and a checker for QC and a
checker for QA. Some DOTs assign a bridge management engineer or chief load rating engineer
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to oversee the QA activities, assist with the QC process, and be responsible for load posting
bridges. Any load rating that results in a recommended bridge load restriction posting might be
reviewed and approved by the bridge management engineer; however, not all States have this
position.

The load rater is the individual meeting the qualifications outlined in the individual State’s
requirements who is assigned to perform the load rating of a specific bridge. The rater usually
ensures that the most up-to-date rating summary sheet, computer program manuals, and any
other materials to perform bridge ratings are used.

The checker is the person responsible for verifying that the rating is accurate, the rating process
follows established procedures, and the rating package is complete. If the checker finds any
inaccuracies or omissions, the checker returns the rating package to the rater for corrections.
Usually, one of the load rating engineers, including the rater and checker, is a State-licensed
professional engineer and will stamp the load rating results. Typically, two checkers are assigned
for a load rating project: one for QC and one for QA.

The person responsible for QC is an independent reviewer of the load rating package. A process
of applying systematic procedures to ensure accuracy and consistency during bridge load rating
analyses and their documentation is desired. QC is applied to all stages of the bridge load rating
analysis. The person performing the load rating is not the QC reviewer. Typical QC procedures
include the use of checklists to ensure uniformity and completeness, the review of reports and
computations by a person other than the originating individual, and periodic field review of the
inspection teams and their work. Examples of the work performed by the QC checker, as defined
by some States, include the following:

Perform detailed checking of design calculation procedures

Use provided templates and report formats to maintain consistency

List all assumptions considered for the load rating

Include the results of each live load and applicable limit state

Check computer program input procedures

Check completeness and accuracy

Provide additional calculations as necessary to support computer program input
Document the load rating report in a file separate from the load rating report

Verify the appropriate equations and calculations for load rating

Verify that the summary of the load capacity information accurately reflects the analysis
Verify the accuracy and suitability of the computer program

Assist the load rater in documenting and resolving any discrepancies found by the load rating
checker

The objective of QA is the continual improvement of the total delivery process to enhance
quality and productivity. The person responsible for QA is an independent reviewer of the QC
process and the load rater, which ensures that the load rating package is consistent with the State
requirements. QA procedures consist of reviewing a sample of load rating reports annually to

14



verify the quality level of the load rating program and the adequacy of the QC procedures to
meet or exceed the standards established by the agency or the consultant performing the load
ratings.

2.2 Review of Peer Exchange Meeting Content

From August 2014 through August 2019, the FHWA Office of Bridges and Structures and
Resource Center facilitated six peer exchanges attended by State DOT and FHWA Division
office representatives. Table 2 shows the State attendees for each regional meeting.

Table 2. Regional State load rating peer exchanges

Exchange | Participating States

Northeast CT, MA, ME, NH, NJ, NY, PA, RI, and VT
Southeast AL, FL, GA, KY, LA, MS, NC, SC, and TN
Mid-Atlantic | AR, DC, DE, KS, MD, PR, VA, and WV
Midwest IA, IL, IN, MI, MN, MO, OH, and WI
Southwest AZ, CA, HI, MN, NV, OR, and TX
Northwest CO, ID, MT, ND, NE, SD, UT, WA, and WY

The presentations from the regional bridge load rating peer exchanges were reviewed by the
research team. The following is a list of major topics discussed at the peer exchanges and
expanded upon in the subsequent sections:

Accommodating deterioration in load rating

Rating of gusset plates

Re-rating triggers and follow-up

Rating of concrete box culverts

QA/QC procedures for load rating

Responsibilities for load rating and posting of locally owned bridges
Rating of FAST Act emergency vehicles

Load posting procedures and signage

2.2.1 Accommodating Deterioration

The accommaodation of deterioration in the load rating process was discussed by the
representatives from two State DOTSs. One re-rates a bridge when defects occur or extend at the
critical location in a shear or moment zone. These defects include: (1) bottom flange and web
section losses on a steel girder; (2) spalling or delamination along the bottom, tension steel, and
stirrups with corrosion, often near construction joints on reinforced concrete beams; (3)
prestressing strands corroded or broken in prestressed concrete beam; and (4) decayed timber,
corroded steel, and increased unbraced length or scour for piles.
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The other State DOT mainly used commercial software to calculate the rating factor for most
bridge structures. A few tips were introduced to account for deterioration in the calculation of the
load factor. For example, for a steel beam bridge, the section loss of the tension/compression
flange and web could be accounted for by inputting the loss of thickness in the software. A study
from van de Lindt and Ahlborn (2005) describes the relationship between web loss and residual
capacity for W-beams.

In general, for reinforced concrete beams and slabs, the loss of capacity due to spalling of the
reinforced section could be accounted for by reducing the area of reinforcement based on the

section, and the concrete deterioration in the compression zone could be modeled by reducing
the compressive strength of concrete. The reduced compressive strength could be obtained by
conducting material testing on the field-obtained samples or using condition reduction factors
from the AASHTO MBE.

For prestressed concrete beams, the effect of exposed strands could be considered by simply
removing the visible and adjacent strands. Top flange concrete deterioration could be modeled
by reducing the compressive strength of concrete using commercial software.

For trusses, the loss in the tension or compression member section could be modeled by inputting
reduced capacity in the commercial software. Gusset plate deterioration could be modeled by
calculating the capacity reduction and then inputting the reduced capacity in the software.

A common practice was to use design codes or the AASHTO MBE and analytical methods for
natural deterioration. However, how to appropriately accommodate deterioration in the load
rating process lacked codified guidance in statutes or regulations. Additional research is needed
in this area to evaluate the effect of different types of deterioration on the load rating.

2.2.2 Rating of Gusset Plates

One State DOT had 25 truss bridges in its system, all of which were rated for HS20-44 loading
for the floor system. Some of the bridges were rated for truss members, and none had been rated
for gusset plates at the time of the peer exchange. It was pointed out that there was no guidance
for load rating gusset plates when the State DOT started the work. The State DOT had developed
procedures and gusset plate check spreadsheets. The agency assumed a section loss of 5 percent
for upper members and gusset plates and 15 percent for lower members and joints.

After the Minneapolis I-35W bridge collapse on August 1, 2007, the FHWA issued Technical
Advisory 5140.29, Load-Carrying Capacity Considerations of Gusset Plates in Non-Load-Path-
Redundant Steel Truss Bridges (FHWA 2008). The FHWA also updated bridge inspection and
training courses to address proper inspection and load rating for gusset and other connection
plates.

16


https://www.fhwa.dot.gov/bridge/t514029.cfm
https://www.fhwa.dot.gov/bridge/t514029.cfm
https://www.fhwa.dot.gov/b