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Executive Summary

Multimedia technology is an important instrument in the training of graduate engineers. This
multimedia package provides an exclusive background and an in-depth understanding of
technological advances in the evaluation and rating of highway bridges. It gives guidelines and
step-by-step illustrative examples using either hand calculations or Virtis™ software for the
rating of different types of bridges according to the first edition of The Manual for Bridge
Evaluation (2008). One advantage of the package is that it can be conveniently updated and
modified to keep it useful for today’s engineers.

The first edition of the Manual for Bridge Evaluation (MBE) was adopted by the AASHTO
Highway Subcommittee on Bridges and Structures in 2005 and published in 2008. MBE
combines the second edition of the Manual for Condition Evaluation of Bridges and the Guide
Manual for Condition Evaluation and Load and Resistance Factor Rating (LRFR) of Highway
Bridges into a single standard for bridge evaluation and rating. It provides three methods—ASR,
LFR, and LRFR—for bridge rating without preference, and it is consistent with other major
bridge codes adopted or being adopted, such as AASHTO Standard Specifications for Highway
Bridges and AASHTO LRFD Bridge Design Specifications. LRFR incorporates design analysis
and rating methods with different kinds of load factors and resistance factors, which are based on
material properties and the known variability of applied loads.

This multimedia package teaches the basis on which engineers can evaluate highway bridges and
calculate the rating factors. It includes illustrative examples and an overview of the strategic
development of the structural code. This software is intended to be a self-training tool for
inexperienced engineers who are interested in learning about the bridge-evaluation and bridge-
rating procedures. It contains procedures and specifications for each possible situation together
with detailed examples and illustrations. It is a time-saving, user-friendly, reliable way of
learning.

vi



Section 1
Introduction

The main goal of the LRFR multimedia package is to provide a practical introduction and
in-depth understanding of the rating procedures. This package can be used to train engineers,
architects, designers, and personnel who are in charge of the management, evaluation, rating,
maintenance, and reconstruction of bridges. It is a self-training and time-saving tool. The
package includes instructions of procedures of bridge evaluation and rating based on the Manual
for Bridge Evaluation and several examples from which the user can get an overview of the
evaluation and rating process.

Load and Resistance Factor Rating (LRFR) is a rating method providing uniform reliability for
load effects and structure resistances. The Manual for Bridge Evaluation provides not only the
specifications for bridge management and evaluation but also the procedures for three bridge-
rating methods: ASR, LFR, and LRFR. Load and Resistance Factor Design specifications are
fully adopted nationwide as a single design method and procedure, so many states have been
working to implement LRFR, which is the parallel rating method to LRFD.

For new bridges designed by LRFD after October 1, 2010, the operating rating and inventory
rating are to be computed and reported to the NBI as an RF based on LRFR methods using HL-
93 loading. An introduction comparing the three rating procedures (ASR, LFR, and LRFR) is
included on the CD.

The CD package offers a tutorial that employs a wide range of multimedia, including hyperlinks
and high-resolution graphics. To ensure the use of this multimedia package, it will be machine
adaptable and designed to run on different operating systems. It is a self-training and time-
saving tool. One advantage of this package is that it is easily updated.



Section 2
Methodology

An extensive review of the existing literature and information available on bridge rating was
performed. Since LRFR is a new topic, step-by-step rating procedures were included in the
package for better understanding.

The package is divided into four parts. The first part, LRFR Basic Knowledge, has eight
sections. Each section contains specific equations, tables, and diagrams of relevance. The
second part, [llustrative Examples, has five sections. These sections are composed of nine rating
procedure examples using hand calculations. The third part, Virtis™ Rating Examples, consists
of four rating examples using Virtis"™. The fourth part, Search Engine, provides a platform for
users to look up technical definitions related to LRFD and LRFR and to search for a topic
included in the package. To utilize the benefits of a multimedia product to the fullest, hyperlinks
were created in all the sections as well as the design examples to quickly access the required
details. This package was created using Macromedia Dreamweaver MX.

For updates to the multimedia package according to the MBE, including recommendations from
ALDOT (Alabama Department of Transportation), the PI’s contact information is included in the
package.



Section 3
CD-ROM Description

This multimedia package includes a homepage together with section pages and basic theory
concepts. It also provides the user with nine manual-calculation bridge-rating examples, four
Virtis™ rating examples, and several links to helpful bridge-evaluation and -rating resources. It
also includes a search-engine webpage that provides many definitions. The following is a
description of these sections.

3.1 Homepage

The homepage explains the goals and advantages of the software and provides an overview of
the package’s contents. This multimedia package is a self-training tool providing information on
MBE and bridge-rating procedures (see Figure 3-1). In the left column are dropdown lists that
provide links to the package contents.

Introduction Terminology Reliability General Contact Us

AAAAALA
—
LRFR Easic Knowledge
j Swclivns = = o
Tlustrative Examples
- sections > > >
Virtis Rating Cxamples
B-sections > > > _ Welcome!
Search Engine - - The goal cf this package is to provide a practical introducton and
B 8 P, sea Multimedia package for LRFR an in-dapth understanding of the new technoogical advances n
e kbl i % the rating as well as procedures of evaluation of concrete, steel
Brldge Rati ng and timber highway bridges. The new AASHTO manual for bridge
evaluation offers many advantages as they are based on sound
Here you will find information about the basis of the Load and prindples and logical approaches.
Resistance Factor Rating (LRFR), illustrative examples of bridge _
ratng as well as sections about bridge evaluation based on the This is a comprzhensive and self-training tool with ntentions to
#ASIITO The Manual for 3ridge Cwvaluation [MBC). A kst of be user frendly and time caving for those who are interested n
terminologies is provided. Clck on the links on the top and left to learning  ahout  imrlementation of IRFR  procedures.  The
browse through all this information. Information provided here is useful for evaluating and rating
bridges.

Departmeant of Civil and Envronmental Engineering
University of Alabama in | luntsvile
version 1.0

Figure 3-1. The homepage



3.2 Introduction

The introduction page provides brief information about bridge rating and LRFR. This page
answers several questions about bridge rating: what are specifications and codes about load
rating? what is load rating for highway bridges? and so on. It introduces the user to general
knowledge about bridge rating (see Figure 3-2).

Resistance Faﬁtarjf

LRFR Basic Knowledge

B Secliuns 3= 2

Ilustrative Examples

B }
‘sections > > >

= ]

JVirtis Rating Cxamples
B sections > > >

Search Engine
E
I ‘Searchin > > >

Terminolagy Reliability General Contact Us
AAAAAALA

Introduction

1. Spedfications and codes about Load Rating.

The Manual for Bridge Evaluation (MBE), First Edition/2008 was adopted by the AASHTO Highways Subcommittee
on Bridges and Structures in 2005. The MBE combinas the Manual for Condition Evaluation cof Bridges, Second
Edition/2000 and its 2001 and 2003 Interim Revisions with the Guide Manual for Condition Evaluation and Load and
Resistance factor Rating (LRFR) of highway Bridges, First Edition and its 2005 Interim Revisicns. Revisions based on
appreved agenda items from annual Subcommittee meetings in 2007 and 2008 are also incorporated into the MBE.

Furthermare, thls manual 's Incorporated wlth the AASHTO Bridge Design Speciflcations which Include 1) AASHTO
Stendard Specification for Highway Bridge 177 Edition, 2002, 2) AASHTO Load and Resistance factor Design Bridae
Design Specification 45" Edition, 2007.

?. What is I nad Rating for highway hridges?

Load Rating, permtting and posting are three scparate procedures. The load rating process is @ compenent of the
inspeclion process and consisls of delermining il specilic leygal or overweighl vehicles can safely cross the biidye and
determining if a bridge needs to be restricted and the level of posting required. Load Rating is usually expressed as a
factor called rating factor (RF) of a defined vehicle or as a gross tonnage for a defined vehicle axle configuration.

3. Why do we need the load rating for highway bridges?

The purpcse of bridge retings is to provide a measure of a bridge's ability to carry a specific live load in terms of a
simple factor which is refered to as the rating factor (RI"). These specific lcad ratings could be used by bridge owners
to aid in decisions about the need for load posting, bridge strengthening, overweight load allowances as well as
bridge closures. Load ratings are routinely reported to the NBI (National Bridge Invertory) for national bridge
administretion and are also used in local bridge management systems.

4 What is the hagis of the lnad ratina?

Figure 3-2. The Introduction page answers FAQs



3.3 Terminology

The terminology page provides basic definitions about bridge rating and LRFR (see Figure 3-3).
(More comprehensive terminologies and definitions about bridge design and rating are found in
Section 4, Search Engine.)

=3

- Load and %.w‘gt-ance Factor ]

Home Introduction _Ierminology
A A AAAAA

Definitions and Terminology

Sutiuns = 2 2

llustrative Examples
sections > > >

AASIITO - American Assoc ation cf State Ilighway and Transportation Officials, 444 North Capitol Strest, NW, Suite
249, Washington, DC 20001.

irtis Rating Cxamples
- sections > > >

As-Built Flans - Plans that show the state of the bridge at the end of construction; usually prepared by the
Contractor or the resident Engineer.

earch Engine
~'$earch in > > >

ASR - Allowable Stress Rating.
Bias - The ratio of mean to nominal value of a random variable.

Bridgs A structure including supports erected over a depression or an obstruction such as water, highway, or
rallway; having a track or passageway for carrying traffic or other moving Ioads; and having an opening measured
along the center of the roedway of more than 20 ft between undercopings of aoutments or spring lines of arches, or
extreme ends of openings for multiple boxes. It may also include multiple pipes, where the clear d stance between
openings Is less than half of the smaller contiguous opening.

Bridga Management System (BMS) - A system designed to optimize the use of available resources for the inspection,
maintenance, rehabilitat'on, and replacement of bridges.

Calibration - A process of adjusting the paramezers n a new standard to achieve approximately the same reliabilicy
as exists in a current standard or specification or to ach eve a target reliability indax.

Coefficient of Variation - The ratic of the standard deviation to the mean of a random variable.

Collanse — A mainr channe in the nenmetry nf the hridae renderinn it unfit for nise
Figure 3-3. Definitions and terminologies




3.4 Theory

On the theory page, the general theory behind three rating methods—Allowable Stress Rating,
Load Factor Rating, and Load and Resistance Rating—is discussed (see Figure 3-4).

Home Introduction Terminology I n Contact Us

LRFR Easic Knowledge

Swilivns = =

Tllustrative Examples
- ‘sections > > >

LRFR Bridge Rating

1. Introduction

There are three load-rating procedures that are consistent with the load and resistance factor philcsophy for the
load capacity evaluation of in-service bridges:

« Design load rating (first level evaluation)

« Legar lcad rating (sacond level evaluation)

« Permit load rating (third level evaluaticn)

Each procedure is geared to a specific live load model with specially calibrated lozd factors aimed at maintaining a
uniform and acceptabla level of reliability in all evaluations.

The Inad rating is generally expressed as a rating factor for & particular live load model, using the general Inad-
rating equation as follows.

- ‘sections > > >

Search Engine
~'Searchin > > >

2. General Load-Rating Equation
Ihe fol'lowing general expression shall be used in determining the load rating of each component and connection
subjected to a single force effect (i.e., axial force, flexure, or shear):
i DB 0y XEWE ()P
O LT B

For the Strength Limit States:

C=p.ao8hy

Where the following lower lImit shall apply:
Fops 2085

Enor the Sorvice | imit Statog:

Figure 3-4. Basic theory behind rating methods




3.5 Reliability

The reliability page provides history behind bridge evaluations and the relation between
reliability theory and LRFR ratings (see Figure 3-5).

[ Suctions = e >

Tllustrative Examples &
- sections > > >
|]Virtis Rating Cxamples
f-'Sections > > >

Search Engine
-
- ‘Searchin > > >

L

F_.‘?_El—'ar

Terminology Theory Contact Us

Reliability

Dackground:

On December 15, 1967, the Silver Bridge, carrying U.S. 35 between Point pleasant, WV, and Gallipolis, OH, Collapsed,
killing 46 people and injuring @ whan 31 of the vehides cn the bridge either fell into the Ohic River or onto its
shoreline.

Investigations later revealed that a cracked eyebar created undue stress on the other bridge members, lezding to the
collapse.

The incident prompted national concern about bridge conditions and laed to the establishment of the National Bridge
Inspection Stondords (NBIS) in the early 1370s. Since then, the Federa! Highway Administrotion (FHWA), the
American Assoclation of State Highway and Transportation Officlals (AASHTO), and others have worked to Improve
standards for mantaining and inspecting existing bridges. The latest major effort in this arez Is the development of
the load and resistance factor rating (LRFR) method.

LRFR and Reliability:

The evaluation of load carring capacity of an existing bridge is subjected to many uncertainties due to environmental
factors, increase in design traffic load, change in material properties, system response, gecmetrical characteristics
and analysis procedure.

For Alowable Stress Rating (ASR) and Load Factor Rating (LFR},
in the rating calculaticns, member has cross section properties such as area and moment of inertia while the material

Figure 3-5. LRFR ratings and reliability theory




3.6 General

This page presents the introduction of bridge ratings and several rating methods (see Figure 3-6).

& Loqd qnd gesfst-ance Factor ﬁ '
5 ¥ " i I e d v
Home Introduction Terminology Reliability Contact Us

[ YYYYVYYY

General

= Suclions = = >

[lustrative Examples &
sections > > >

Dackground:

Wirtis Rating Cxamples
The Amerlcan Assoclation of State and Highway Transportation Officlals (AASHTO) and the Federal Highway
Administration (FHWA) have set a transition date of October 15%, 2007 after which all new bridges shall be designed
in accordance with the AASHTO LRFD Bridge Design Specifications. FHWA memorandum dated October 30, 2006 on
suhject - "Bridge | oad Rating For The National Bridge inventory (NBT)" emphasis on following policies:

Search Engine
<*Searchin > = >

1. For bridges and total replacemen: bridges designed by LRFD Specifications using HL-93 loading, prior tc October 1%, 2010, Items 63, A
64, 65 and 66/ are to be computed and reported to the NBI as cither @ Rating Factor (RF) or in mctric tons. Rating factors shall be
based cn LRFR metheds using HL-93 loading or LFR methods using MS18 loading. Metric ton rating values chall be reported in terms
of MS18 (32.4 metric tons) loading derived from a RF calculated using LRFR methods and HL-93 loading, or LFR methods using MS18
loading.

2. For bridges and total replacemen: bridges designed by LRFD Specifications using HL-93, zfter October 15%, 2010 Items 63, 64, 65
and 66011 are to be computed and reported to the NBI as a RF basad on LRFR methods using HL-93 loading.

Bridge Engineer’s rigorous transition to design of bridges using LRFD Specifications, tends to convert their practice of
rating bridges using new Load and Resistance Factor Rating (LRFR) methodoloay. To assist the oridge design
engineer's in a succassful transiticn to LRFR, this package is presented here

note:

[1]Recording ard Coding Guide for the Structure Invertory and Aporaisal of the Nation's Bridges, Report No. FHWA-PD-95-001
Itam &3 means "Method Used to Detemine Operating Rating™. Item &4 maeans "Operatirg Rating’. ltem 65 means "Mathod Used to Determine 4
Inventary Rating”. Item 66 means "Irventory Rating'

Comparison Study:

Figure 3-6. Background and comparisons



3.7 Description of Parts
3.7.1 LRFR Basic Knowledge

The following eight sections and their contents are from the first edition of the Manual for
Bridge Evaluation (2008).

3.7.1.1 Introduction Section 1 introduces four topics: 1) the purpose of bridge evaluation and
rating, 2) the scope of bridge evaluation and rating to give users a general introduction for the
contents in the package, 3) applicability to inform users which kind of highway bridge is
considered in this package, and 4) quality measures to emphasize the importance of quality
control during bridge evaluation (see Figure 3-7).

.l' i o 3 *’.

s L? nd Vesistance Faﬁtar?’

Home Introduction Terminolagy i Contact Us

LRFR Basic Knowledge

§ ' seutiuns e

Section 1
INTRODUCTION

1. Introduction

2. Bridge Files

ke Quick Links
‘, 3. Bridye Maridyernel 1.1 Purpose
B Systons -
1.2 Scope
8 4. Inspection 1.3 Apolicability

2.4 Quality measures
&. Materials Testing

B &. Load Rating Hg T

The Manual for Bridge Evaluation (MBE), First Edition/2008 serves as a standard and provides uniformity in the —
precedures and policies for determining the physical condition, maintenance needs, and load capacity cf the nation’s
highway bridges.

The goal of this package is to provide a practical introduction of MEE and in-depth understanding of new
technological advances in the rating as well as procedures of evaluaticn of concrete, steel and timber highway
bridges.

i 7. Fatigue Evzluation of
Steel Bridges

[ 2. Nondestructive Load
Testirg

MIllustrative Examples

Virtis Rating Examples §§
~Sections = > >

1.2 SCOPE

The contents of this package have been divided into eight sections, with each secticn representing a distinct
phase of an overall bridge inspection and evaluation program.

Sectlon 1 contans Introductory and background Information on the malntenance Inspection of bridges. Key
components of a comprehensive bridge file are defined 'n Section 2. The record of each bridge in the file provides the
foundation &gainst which changes in physical condition can be measured. Changes in condition are determined by
field inspections. A bridge management system is an effective tool in allocating limited rescurces to bridge related
activities. An overview of bridge management systems is ncluded in Section 3. The types and frequency of field
Inspectlons are discussed In Sectlon 4, as are specific Inspecticn technlques and requirements. Condltions at a bridge

@Search Engine
[4< Searchin > > >

Figure 3-7. Introduction page for Section 1



3.7.1.2 Bridge Files This section describes bridge files, inventory data, inspection data, and
data collected for bridge load rating (see Figure 3-8).

The data required for condition rating and load-rating procedure are:

1. Bridge Condition Rating. Document the results of the bridge-condition inspection,
including observed conditions and recommended maintenance operations or restrictions
regarding the deck, superstructure, substructure, and channel.

2. Load Rating. A record should be kept of the calculations to determine the safe load
capacity of a bridge and, where necessary, the load limits for posting. A general statement
of the results of the analysis with notes of which members were found to be weak, and any
other modifying factors that were assumed in the analysis, should be given. See Section 6
for the load-rating procedures.
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3.7.1.3 Bridge Management Systems Section 3 provides information about bridge
management systems (BMSs): 1) the objectives of BMS, 2) the components of a bridge
management system, and 3) national bridge management systems (see Figure 3-9).
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Section 3
BRIDGE MANAGEMENT SYSTEMS

1. Introduction

2. Bridge Files

Quick Links
3.1 INTRODUCTION
3.2 OBIECTIVES OF BRIDGE MANAGEMENT SYSTEMS
3.3 COMPOMNEZNTS OF A BRIDGE MANAGEMENT SYSTEM
3.3.1 Database
3.3.2 Data Analysis
o 3.3.3 Dedsion Supporl
i ErakoadiRating ] 3.4 NATIONAL ERIDGE MANAGEMENT SYST=EMS

LY & B RS e i

d 4. Inspection

5. Materials Testing

| 7. Fatigue Evzluation of
Steel Bridges

3.1 INTRODUCTION
Transportation agencies must balance limited resources against increasing bridge needs of an aging highway
system. The best action for each bridge, considered alone, is not necessarily the best action for the bridge system
A W0 when fared with funding constraints. The hest action to take on a hridge cannot he determined without first
£ determining the implications from a systemwide perspective. Bridge engineers, administrators, and public officials
Virtis Rating Examples § have acknuowledyed Lthe need fur new analylical melthods and procedures Lo assess Lhe wunent and fulure condilions
:'Sectinns e : of bridges and to determine the best possible allocation of funds within a system of bridges among various types of
bridge maintenance, repair, rehabiltaticn, and replacement choices. The advent of Bridge Management Systems
(BMS) is a response to this need.
SR e Bridge Management Systems require the data and results from condition evaluation. The aim of this Saction is to

W 8. Nondestructive Load
Testirg

A A hAA

MIllustrative Examples

@Search Engine

provide an overview of BMS and discuss their essential features.

3.2 OBJECTIVES OF BRIDGE MANAGEMENT SYSTEMS
The goal of BMS is to determine and implement an infrastructure preservation and improvement strategy that best
intearates capital and maintenance activities so as to maximize the net benefit to socie BMS he enaine and

Figure 3-9. Bridge management systems
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3.7.1.4 Inspection Section 4 introduces several aspects of bridge inspection: types of
inspection, frequency of inspection, inspection safety, inspection procedures, and so on.
Subsection 3 also provides inspection requirements for fatigue-prone members and
fracture-critical members (see Figure 3-10).

In inspection-procedure specifications, the members of bridges are grouped into three types:
substructure, superstructure, and decks. The MBE gives detailed procedures for inspecting each
type of bridge member.
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3.7.1.5 Material Testing Section 5 provides knowledge related to material testing. It
introduces field-test methods for concrete, steel, and timber bridges. It also describes
field-sampling requirements and laboratory testing (see Figure 3-11).
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stress resulting from the repair.

5
To supplement field tests and observations, there are many laboratory tests which have been standardized and
used routinely in the evaluation of materials used in bridges. Tables 5.4-1, 5.5-1, and 5.5-2 list the ASTM and
AASHTO standards goveming the laboratory testing o concrete, steel, and timber components, respectively.
Laboratory tests should be conducted by testing laboratories familiar with the AASHTO, ASTM, and Bridge Owner
standards to be employed.

Table 5.4-1—Standard ASTM and AASHT O Test Methods
for Concrete for Use in the Laboratory
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of Cylnddcal Concrele Spedtmnens
CaITT23. | Method of Capping Cyladrical Concrcte
Sperimenz
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Absorption, aad Voids in Hardened
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CE66/T16. | Test Method Sor Resistance of Cancrete 1o
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C 356 Roecoremended Pract:ce Jor Petrographic
Emmination of Eardened Concete
T250 Method o Test for Resmaq:e of Concrete w

Figure 3-11. Material testing
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3.7.1.6 Load Rating This section provides the requirements and procedures of three rating
methods: Allowable Stress Rating (ASR), Load Factor Rating (LFR), and Load and Resistance
Factor Rating (LRFR) (see Figure 3-12).

Part 6A covers LRFR and Part 6B covers ASR/LFR. These two subsections detail requirements
and procedures for all three methods.
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6.1 SCOPE
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6A.1 INTRODUCTION
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6.1 SCOPE

Figure 3-12. Load rating
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3.7.1.7 Fatigue of Steel Bridges This section covers a special topic: fatigue of steel bridges. It
provides the inspection requirements for steel bridges and introduces a method to estimate finite
fatigue life (see Figure 3-13).
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7.2.7.2 Recalculate the Fatigus Life
7.2.7.3 Retrofit the Eridge
7.3 DISTORTION-INDUCED FATIGUE EVALUATION
7.4 FRACTURE- CONTEROL FCR OLDER BRIDGES

7.1 LOAD-INDUCED VERSUS DISTORTION-INDUCED FATIGUE

Fatigne damage has heen traditionally categeorized as either due to lnad-induced or distortion-induced fatigue
damagc.

Load-induced fatigue is that due to the in-plane stresses n the steel plates that comprise bridge member cross-
sections. These in-plane stresses are those typically calcu ated by designers during bridge design or evaluation.

Distortion-induced fatigue is that due to secondary stresses in the steel plates that comprise bridge member cross-
sections. These stresses can only be calculated with very refined methods of analysis, far beyond the scope of a
typical bridge design ar evaluation. These secondary stresses are mnimized through propear detailing.

7.2 LOAD-INDUCED FATIGUE-DAMAGE EVALUATION
7.2.1 Application

Articla 7.2 Includes two levels of fatlgue evaluation: the Infinite-life check of Articdle 7.2.4 and the fInite-life
calculations of Article 7.2.5. Only bridge details which fail the infinite-life check are subject to the mcre complex
finite-life Tatigue evaluation.

Cumulative fatigune damage of unrracked memhers subject to load-indured stresses shall he assessed according to
the provisions of Article 7.2. Except for the case of riveted connections specified below, the list of detail categories
lo be wnsidered for load-induced laligue-damaye evalualion, and illusbalive examples of lhese walegories ae
shown in LRFD Design Table 6.6.1.2.3-1 and Figure 6.6.1.2.3-1.

Figure 3-13. Fatigue of steel bridges
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3.7.1.8 Nondestructive Load Testing This section contains provisions for nondestructive load
testing. Load testing is the observation and measurement of the response of a bridge subjected to
controlled and predetermined loadings without causing changes in the elastic response of the
structure. Load tests can be used to verify both component and system performance under a
known live load and provide an alternative evaluation method to analytically computing the load
rating of a bridge (see Figure 3-14).
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8.1 INTRODUCTION

2. Bridge Files

‘, 3. Bridye Maridyernel 8.1.1 General

| Systems
Load testing s the observation and measurement of the response of a bridge subjected to contrclled and

& 4. Inspection
o predetermined loadings without causing changes in the elastic response of the structure. Load tests can be used to

verify both component and system performance under a known live load and provide an alternative evaluation
methodology to analytically computing the load rating of a bridge.

&. Materials Testing
B &. Load Rating

i 7. Fatigue Evzluation of

Steel Bridges Literally thousands of bridges have been load tested over the last 50 years in varicus countries. [n some countries,

load tests are used to verify the performance of new bridges compared to design predictions. The aim of this Section
is to emphasize the use of load testing as part of bridge load rating procedures.

8.1.2 Classification of Load Tests

Basically, two types of load tests are available for bridge evaluation: diagnostic tests and proof tests. Diagnostic
tests are performad tc determine certa'n response characteristics of the bridge, its response to loads, the distribution
of 'oads; or to validate anzlytical nprocedures or mathematical mode's. Proof tests are used o establish the maximum
safe load capacity of & bridge, where the bridge behavior is within the linear-elastic range.

Virtis Rating Examples §§
~Sections = > >

@Search Engine

jgmetarehir Sk Load testing may be further classified as static load tests and dynamic load tests. A static load test is conducted

using stationary 'o&gds to evcld bridge vibrations. The Intensity and posltion of the load may be changed durlng the
test. A dynamic load test is ronducted with time-varying loads or moving loads that excite vibrations in the bridgea.
Dynamic tests may be performed to measure mades of vibration, frequencies, dynamic load a lowance, and to obtain
load history and stress ranges for fatigue svaluation. Diagnostic load tests may be either static or dynamic tests.
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Figure 3-14. Nondestructive load testing
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3.7.2 Illustrative Examples

The following five parts illustrate bridge rating using manual calculations.

3.7.2.1 Introduction and General Information In this section several aspects about rating
procedure are detailed, such as background knowledge and loads used in load rating (see Figure
3-15).
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1.1 BACKGROUND KNOWLEDGE

On December 15, 1967, the Silvaer Bridge, carrying U.S. 35 between Point pleasant, WV, and Gallipolis, OH, Collapsed,
killing 46 people and Injuring 9 whan 31 of the vehicles on the bridge elther fell Into the Onhlc River or onto Iis
shoreline.

Investigations later revealed that a cracked eyebar created undue stress on the other bridge members, leading to the
collapse.

The incident prompted national concern about bridge conditions and laed to the establishment of the National Bridge
Inspection Standards (NBIS) in the early 1970s. Since then, the Federal Highway Administration (FHWA), the

Figure 3-15. Introduction and general information about bridge rating
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3.7.2.2 Reinforced-Concrete Bridge-Rating Examples This section contains two typical
concrete superstructure bridge-rating examples. The first is a reinforced concrete T-beam bridge.
The interior beam is rated with ASR, LFR, and LRFR respectively (see Figure 16). The second
example is a general outline of the procedure (see Figure 17). The second example intended to
be a generic overview of the rating process.

1. Bridge Data
Span:

Year Bullt:
Materials:

Concrefe:
Reinforcing Stee':
Conditicn:
Riding Surtace:
ADTT (cne direction)

Skew:

LARERI]

DETAIL *A*

AL DVERLAY
MEASTRED 1N FIFLIY

o

_ALL BARS J
** SO IARF . L '

26 ft

1925

fL' = 3 ksi

Unknown f\"

Minor deteroration has been observed, but no secticn loss. NBI [tem 59 = 6
Field veritied and documented: Smooth approach and deck

1,850

00

ROADWAY

_ CL SYMMETRY

Figure 3-16. Reinforced-concrete bridge-rating example #1
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1. Bridge Data
Span:

Year Bullt:
Materials:

Concrefe:

Reinforcing Stee':

Conditicn:
Riding Surtace:
ADTT (cne drrection)

Skew:

21.5 ft (simple span)

1963

f'=3ksi

f‘f =10 ksi

No deterloration. NBI Item 59 Code = 6
Not field verified and documented

Unknown

CROSS SECTION

MAIN REINFORCEMENT
#E AT 6" CC

Figure 3-17. Reinforced-concrete bridge-rating example #2
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3.7.2.3 Prestressed Concrete Bridge Rating Examples This section uses two
prestressed-concrete bridges as rating examples. The first is a simple span prestressed-concrete
I-girder bridge (see Figures 3-18). The second is a prestressed-concrete adjacent box-beam
bridge (see Figures 3-19).

B i PE— 2r-o” = - e
[ 2 TRAFFIC LANES i
1| 2l 8'2 sLAB [
L ;ASPIL-\LT ]
\‘\i.'(. o '."_'?.’."'.'Z'.I_'.'_', T S R R !' P A AT AN LB B .'_-:_-._‘.;'”_‘._’_L/_;‘l_
1 - -
= = :
S ) l N ; [ \ . 5
‘ [ 1" HAUNCH | | : \ l TYPE4 | ‘
e GIRDER ‘
N 7 A B (TYP.)
e | L L ‘
i
1 26" | 3 SPA. AT 8'-6"=25"6" 26|
. SINGLE SPAN P/S I-GIRDER BRIDGE
EXAMPLE 3.1

Figure 3-18a. Prestressed-concrete bridge-rating example #1 cross section
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| A S Lt
26"
TYPE 4 GIRDER EXAMPLE 3.1

Figure 18b. Prestressed-concrete bridge-rating example #1 I-girder
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1. Bridge Data

Span: 80 ft (Total Length = 81 ft)
Year Built: 1985
Materials:
Concrefe: . = 4 ksi (Deck)
f.' — 5 ksi (P/S Beam)
f.i' — 4 ksi (P/5 Beam at transfer)
Prestressing Steel: Y in. diameter, 270 ks/, Low-Relaxation Strands
A, =0.153 in.2 per strand
32 prestressing strands; ten are debonded over the last 12 ft on each end
Stirrups: #4 at 9 in. over end 20 ft
#3 at 12 in. over canter 40 ft
Compression Steel: six #6 Grade 60
Cconditicn: No Deterioration, NBI Item 59 Code=6
Riding Surtace: Mincr surface devigtions (Field verified and documented)
ADTT (cne drection) 5,000
Skew: 0°
Effective Flange Width b, LRFD Design 4.6.2.6.1
Minimum of:
0] L)

B3

Figure 18c. Page for prestressed-concrete bridge-rating example #1

50'-0" (OU
|"."- 6'-0" §'-0" 12-0"
- | - - =
'G!}.?!_'W'.‘\:.K.‘-II('IIIII]:Ii LANE
C.L. BRID'GE
2le 4 ept -
172" ASPHALT
[OVERLAY
| 2
. B %, - =
= s L |, '| | - T J'- = ]._ T —
| ~ | | | L | . | | |
kol | A= e A== —J
12" DIA GAS MAIN
12 11 -48"233"P.C. BOX BEAMS 440" 12"
48"%x
CHANNEL BEAM .
48
p— -
C.l =
1
1 — v v L] { |

= | 5 C.L. BEAM
rd
4 STRANDS

|16 STRANDS

BOX BEAM SECTION

Figure 19a. Prestressed-concrete bridge-rating example #2 cross section
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[xample 3.2

P/S CONCRETE ADJACENT BOX-BEAM BRIDGE: DESIGN LOAD AND PERMIT LOAD RATING OF AN INTERIOR BEAM

Quick Links
1 Bridge Data
1.1 Section Properties
2 Dead Load Analysis—Interior Becam
2.1 Comporents znd Attackments, DC
2.2 Wearing Surface anc Utllities, DIV
3 Live Load Analysis—Interior Girder
3.1 Computs Live Load Distribution Factors for an Interior Beam (LRFD Design Takle 4.6.2.2.2b-1)
3.1.1—Distribution Factor for Moment
3.2 Maximum Lve Load (HL-23) Moment at Midspan
4 Compute Nominal Flexural Resistance
5 Maximum Reinforcement (C6A.5.6)
€ Minimum Rcinforcement (6A.5.7)
6.1 Datermine =ffective Prestress Force, P,
6.1.1—Loss Due to Elastic Snortening, af__; (LRFD Design 59.5.2.3a)

6.1.2—Approxinatza Lump Sum Estimzte of Time-Dependent Losses, Af

foLT (LRFD Dzsign 5.9.5.3)

6...3—Total Prestress Lesses, ;.‘p,

7 General Load-Rating Equation (6A.4.2)

Figure 19b. Page for prestressed-concrete bridge-rating example #2
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3.7.2.4 Examples for Rating Steel Bridges This section contains rating examples for four
typical steel bridges. The first is a simple span composite-steel stringer bridge (see Figure 3-20).
The second is a four-span continuous straight welded plate girder bridge (see Figure 3-21). The

third is a through Pratt truss bridge (see Figure 3-22). The fourth is a two-girder steel bridge (see
Figure 3-23).

¥ MARAEM

|rL = 3hsi
Condition: Mo deterioration (NBI Item 59 = 7}

Member is in good condition
Riding Surface: Minor suface deviations (Field verified and documented)
ADTT {one direction): 1000
Skew o
Additional Information: Diaphragms spaced at 16 ft 3 In

Cross section figure ks as follows:

COMPOSITE STEEL STRINGER BRIDGI

Figure 3-20. Example #1 for rating steel bridges

crd 5 1 Bridge Data
LRFR Basic Knowledy

hatham 2 > Span Lengths: 112M1--140ft--140ft-- 1400 — 1128
Jlllustrative Examples Year Bullt 1965(H520 Design Load]
sactions > 5 5

Honcomposite construction  LRFD Design C6.10.1.6

Tap Fange s considerad to he ontinucosly braced by ancaseman® in eonerete haunches

1. Intradustian and
Frnarsd infrematien

2, Rsinfarced Concrete 1al: =
e Material F, = 3ksi
f' — 3ksi
3. Prestrassed Congoata
Bridges
Condition: No detarioration (NBI Item 59 = 7)
S SLIELBIIgES
5. Tinbee Bridgas Ricing Surtace: Net tield veritied and documented
Virtis Rating Examples ADTT (one direction): 5500
Sactions > > >
F Skew: 0°
h Engine
M o M
4 @ 0.3k
— | | | -
L™ Spak 2 Spar, 1 Span 4 Al |.|—
ey Pier | Fier Pier 3 ;
= —l
BRIDGE ELEVATION SKETCH WITH RATING LOCATIONS

Figure 3-21. Example #2 for rating steel bridges
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Noncomposite construction
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Material:
(nominzl yield by testing)

Condition:

Riding Surface:

175ft (single span, pin-connected truss)
1909
LRIC Design C6.10.1.6
Steel Fy = 32ksi
F,, = 65.4ksi (nominal ultimate by testing)

No deterioration. NBI Item 59 Code = 7

Nct field verifiad and documented

ADTT (one direction): Unknown
Skew: e
2 Member Properties
Member Section A.in” | r.in
Top Chord TC4 Ruveted | Buwlt-up Scetion 553 2.1
2 Web Pl 21 = '
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Top Cover Plate 27 = T
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Figuré 3:22. E;ami)le #3 f(;r rating steel bridges
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Figure 3-23. Example #4 for rating steel bridges
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3.7.2.5 An Example for Rating Timber Bridges This section contains an example for rating a
timber bridge with ASR/LFR and LRFR methods (see Figure 3-24). The rating process is
presented procedurally. The outline and summary of the rating procedure is also shown in the
example. The users of this section may get a thorough and clear understanding of the rating
process for timber bridges.

LRFR Basic Knowledge]
- 'Sections > > >

Tllustrative Examples
¥ sections > > >

i 1. Introduction and
¥ General Informaticn
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Figure 3-24. Example for rating a timber bridge
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3.7.3 Virtis™ Rating Examples

This part contains four sections. The first section is introduction to Virtis'™. The other three are
Virtis™ bridge-rating examples.

3.7.3.1 Introduction to Virtis™ An introduction to AASHTO’s Virtis™ software for bridge
rating is presented in this section (see Figure 3-25). This section describes several features of
this rating software.

: [EEYY YTy
LRFR Basic Knowledge
§ - Sections > = >

Section 1
Illustrative Examples
g

'Sections > > > ' Introduction tc Virtis

||virtis Rating Examples

0 - Secti 5>
roet Quick Links
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1. Introduction to Virtls
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Bridges 1.1 Bridge Configurations and Capabilities
% 5. Prestressed Concete d
Bridyes i 1.2 Load Rating “ectures

@ 4 Stzel Bridges 1.3 Bridge Load 2ating and Permit Vehcle Analysis Using the BRIDGEWare Database

Search Engine
2 'Searchin > > >

1.4 Grephical Features and Customizable Libraries
1.5 Import ard Rating Featurss
1.6 Architectural Suppert for Third-Party Customization and Add-ons

2. References

%ll

Figure 3-25. Introduction to Virtis' "
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3.7.3.2 Virtis™ Reinforced Concrete Bridge Rating Example This section includes one
rating example for a typical reinforced-concrete bridge using Virtis™ (see Figure 3-26). The
rating process is presented procedurally with detailed pictures of Virtis™™ operations. The
outline and summary of the rating procedure is also shown. The users of this section may get a
general understanding of the rating process for reinforced-concrete bridges using Virtis .
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Reinforcing Steel:
Condition:
Riding Surface:
ADTT (cne drection)
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Figure 3-26. Partial pages for the Virtis' " reinforced-concrete bridge-rating example
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3.7.3.3 Virtis™ Rating Example for Prestressed-Concrete Bridge This section contains a
rating example for a typical prestressed-concrete bridge using Virtis™ (see Figure

3-27).
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Figure 3-27. Partial pages for the Virtis™ prestressed-concrete bridge-rating example
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3.7.3.4 Virtis" Rating Example for a Steel Bridge This section presents a rating example for
a typical steel-girder bridge using Virtis™ (see Figure 3-28). Key pictures show the step-by-step
process in Virtis'™. The users of this section may get a general understanding of the rating
procedure for steel bridges using Virtis"™.
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Figure 3-28. Partial pages for Virtis™ rating example for a steel bridge
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3.8 Search Options
A search engine is included for conveniently looking up definitions related to bridge design and
bridge rating and for locating keywords in the package. Figures 3-29 and 3-30 show examples of

a keyword search in the dictionary and in the package respectively.

3.8.1 Search

LRFR Basic Knowledge
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load -S:nu.lu
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3.8.2 Package Search
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Figure 3-30. Page showing results for a keyword search 1ﬁ the software package
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3.9 Contact Page

This page provides contact information for the PI (see Figure 3-31).

' esistance Factor |
—— i}

Introduction Terminology
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Figure 3-31. Page shoing Dr. Toutanji contact information
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3.10 Conclusion

The purpose of this project was to create a user-friendly, aesthetically pleasing software package
that teaches Virtis™ software and rating methods and procedures. Users can use the software to
get acquainted with LRFR rating procedures and operations. This multimedia package can be
updated at any time to reflect today’s technology and theory.

Multimedia technology provides many advantages: step-by-step details are presented using
diagrams, equations, examples, tables, definitions, and theories. This multimedia package can be
used like a reference tool for people trying to learn the specifications, methods, and procedures
of bridge evaluation and bridge load rating. Another advantage is that the information can be
modified whenever desired, including changing requisites and including more examples.

This complete package is available in the Department of Civil and Environmental Engineering at
the University of Alabama in Huntsville.
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