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Systematic, well-designed research provides the most effec-
tive approach to the solution of many problems facing high-
way administrators and engineers. Often, highway problems
are of local interest and can best be studied by highway de-
partments individually or in cooperation with their state
universities and others. However, the accelerating growth
of highway transportation develops increasingly complex
problems of wide interest to highway authorities. These
problems are best studied through a coordinated program of
cooperative research.

In recognition of these needs, the highway administrators of
the American Association of State Highway and Transpor-
tation Officials initiated in 1962 an objective national high-
way research program employing modern scientific tech-
niques. This program is supported on a continuing basis by
funds from participating member states of the Association
and it receives the full cooperation and support of the Fed-
eral Highway Administration, United States Department of
Transportation.

The Transportation Research Board of the National Re-
search Council was requested by the Association to admin-
ister the research program because of the Board’s
recognized objectivity and understanding of modern research
practices. The Board is uniquely suited for this purpose as:
it maintains an extensive committee structure from which
authorities on any highway transportation subject may be
drawn; it possesses avenues of communications and cooper-
ation with federal, state, and local governmental agencies,
universities, and industry; its relationship to the National
Research Council is an insurance of objectivity; it maintains
a full-time research correlation staff of specialists in high-
way transportation matters to bring the findings of research
directly to those who are in a position to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway and trans-
portation departments and by committees of AASHTO.
Each year, specific areas of research needs to be included in
the program are proposed to the National Research Council
and the Board by the American Association of State High-
way and Transportation Officials. Research projects to fulfill
these needs are defined by the Board, and qualified research
agencies are selected from those that have submitted pro-
posals. Administration and surveillance of research contracts
are the responsibilities of the National Research Council
and the Transportation Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make signifi-
cant contributions to the solution of highway transportation
problems of mutual concern to many responsible groups.
The program, however, is intended to complement rather
than to substitute for or duplicate other highway research
programs.
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FOREWORD

By Staff
Transportation
Research Board

This report contains the findings of a study that was undertaken to define the
essential elements of a network-level bridge management system. The report defines
the benefits from, and basic engineering concepts for, implementation of a bridge
management system. The contents of this report will be of immediate interest and
use to administrators, managers, and engineers with bridge responsibilities at all levels
within a transportation agency.

About one-half of the approximately 600,000 highway bridges in the United
States were built before 1940. Most of these bridges were designed for less traffic,

. smaller vehicles, slower speeds, and lighter loads than are presently found on the

highway network. In addition, even in newer bridges, deterioration caused by service
conditions and deferred maintenance is a growing problem. Nearly half of these bridges
have been classified as structurally deficient or functionally obsolete by the Federal
Highway Administration. The cost for rehabilitation and replacement of these bridges
has been estimated at more than $50 billion. However, only $2 to $3 billion annually
has been available to address this problem.

It is obvious that available funds will not permit total rehabilitation or replacement
of all deficient bridges. Therefore, the limited funds available must be carefully al-
located to bridges required by the public and transportation industries to provide the
most cost-effective treatment.

This report contains the findings of the first phase of NCHRP Project 12-28(2),
“Bridge Management Systems.” The overall objective of this project is to develop a
model bridge management system at the network level that can be implemented by
small to medium size transportation agencies. The system is intended to ensure the
effective use of available funds and identify the effects of various funding levels on
the bridge network.

The specific objectives of the first phase of NCHRP Project 12-28(2) were to
define the elements required for a model bridge management system (BMS) at the
network level, and to initiate its development and programming. Six major modules
were identified as the minimum required for an effective bridge management system.
These are: the BMS data base module; the network level maintenance, rehabilitation,
and replacement selection module; a maintenance module that will assign maintenance
programs in a rational and continuing way within the system; the historical data
analysis module; a project level interface module; and the reporting module. These
modules can be customized according to the transportation agency’s needs, and ad-
ditional modules can be added and modified as needed.



A second phase of the project was initiated in late 1987 with the objective of
further developing and refining the BMS model reported on here. The second phase
will result in completion of the engineering concept development for a network level
BMS, programming the system on a computer, and validation of the system and
engineering concepts with actual bridge inventory data obtained from several trans-
portation agencies. The second phase should be completed in late 1989.

Appendix C contains information on a BMS demonstration program that was
developed as part of this project. The demonstrator shows the general concepts of
what a computerized BMS can offer. The demonstration program is contained on one
5-in. IBM-PC compatible floppy disk formatted with IBM or MS DOS Version 3.0
or higher, double sided /double density (see Appendix C for requirements to run the
program). A copy of the demonstration program may be obtained by sending one
blank disk to the Transportation Research Board, National Cooperative Highway
Research Program, 2101 Constitution Avenue, NW, Washington, D.C. 20418.
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SUMMARY

BRIDGE MANAGEMENT SYSTEMS

About one-half of the inventoried and classified 574,000 highway bridges in the
United States were built before 1940. Of these, according to the Federal Highway
Administration, over 42 percent (244,000 bridges) are classified as structurally de-
ficient or functionally obsolete and need rehabilitation or replacement, which is es-
timated at more than $50 billion. Each year, bridge inspections indicate that additional
bridges are joining this growing list and, in spite of major expenditures, the problem
is growing faster than it can be solved. Many states and the National Cooperative
Highway Research Program have identified the need for effective bridge management
techniques to help solve this problem. The objective of this project is to develop a
form of effective bridge management at the network level (that is, dealing with a
group of bridges rather than ‘with a single bridge) that will ensure the effective use
of available funds and identify the effects of various funding levels.

Basic Concept

Bridge management is not “business as usual.” It requires a practical, objective,
and systematic consideration of the problem with a set of economic and technical
tools not previously combined to solve the problem. Specifically, a bridge management
system (BMS) is a rational and systematic approach to organizing and carrying out
the activities related to planning, designing, constructing, maintaining, rehabilitating,
and replacing bridges vital to the transportation infrastructure. A BMS should assist
decision-makers to select optimum cost-effective alternatives needed to achieve desired
levels of service within the allocated funds and to identify future funding requirements.
Bridge management is a relatively new concept that was adapted from successful
application of systems concepts to pavement management functions.

A bridge management system provides benefits to administrators, engineers, and
managers at all levels within a transportation agency. The basic concept can be
developed in many ways, but the logical development presented in this report includes
a minimum of six major modules. Others can be added or modified later, but these -
six are essential:

1. Data base module.

Network level major maintenance, rehabilitation, and replacement (MR&R)
selection module.

Maintenance module.

Historical data analysis module.

Project level interface module.

Reporting module.

N
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The Data Base Module contains information essential to the management of an
individual bridge or a set of bridges. Without this information, good bridge manage-
ment is not possible.



The Network MR&R Selection Module provides the analyses necessary for bridge
managers to make more effective programming and budgeting decisions. This module
includes four technical submodules which form a hierarchy of analysis:

1. Ranking.

2. Specific MR&R action selection.
3. Life-cycle costing.

4. Optimization.

At least the first three must be employed to truly have a BMS.

Because it is impossible to completely repair, rehabilitate, or replace all structures,
it is necessary to have a Maintenance Module that can be used to assign maintenance
programs in a rational and continuing way within the system. Maintenance programs
include preventative maintenance as well as demand responsive maintenance.

The Historical Data Analysis Module is essential for tracking past and future actions
and expenditures on the bridge network and for generating improved models for
updating the bridge management system itself. ,

The Project Level Interface Module helps the bridge engineer move from pro-
grammed bridge management activities at the network level to the selection of indi-
. vidual and appropriate actions for a specific bridge under consideration.

The Reporting Module provides a capability for the transportation agency staff to
generate a wide variety of technical and administrative reports and summaries of
bridge conditions, bridge program budgets, and bridge MR&R programs. Additional
modules and submodules are discussed in this report. They will be added as the bridge
management system develops.

The model bridge management system developed in this report can assist in man-
aging the bridge network by providing organized information for use in selecting and
scheduling bridge maintenance, rehabilitation, and replacement (MR&R) projects.
The decision criteria used by the BMS are selected by the users and, if a recommen-
dation produced by the automated BMS is questionable, the user can override the
system. The BMS can use retained historical data to develop better bridge deterioration
and life prediction models. The entire process is cyclic because new data are collected
periodically and the system is rerun. With each cycle, new information is obtained
to make the output more accurate and to improve predictions and MR&R assignments.
The BMS provides a useful and effective tool for managing a bridge network. Bridge
managers, engineers, and administrators, however, exercise final control over the
decisions.

Implementation

Continued design, enhancement, and implementation are essential for this model
Bridge Management System to develop and reach its full potential. First an operational
and generic BMS must be designed, programmed, and thoroughly tested. This is
anticipated in a second phase of this NCHRP project. An implementation phase may
then be possible in which one or more transportation agencies would be selected for
trail implementation of the NCHRP program. The details of the modules and the
concepts presented herein, in the form of the operational BMS, will be expanded and ~
adapted directly to the specific characteristics of the selected agency(s). Although it
is possible to demonstrate and apply all the concepts in cooperation with a single
agency, it is desirable to use at least two agencies because the adaptation to two
agencies provides more generality for future broader applications within AASHTO.



It is important now to apply the necessary work and resources to add details to
the conceptual BMS in order to make it operational and then to implement it. There
are no other reasonable alternatives because of the obvious need for good bridge
management practices and the large effort that has been expended to develop the
conceptual system presented in this report. Chapter Four of the report presents a
long-term plan to fully design, develop, program, and implement an operational BMS.
It takes full advantage of the momentum that has been gained in this study and allows
for the most efficient and complete means of obtaining a working BMS.

Benefits

The specific benefits from implementation of a BMS are as follows:

. Improved organized knowledge of the condition of bridges in a network.
. Structured comparisons of bridge condition across the network.

. Prioritized or optimized lists of bridges needing MR&R actions.

. Life-cycle cost estimates associated with projected MR&R activities.

. Mechanisms for improving historical predictions.

. Projections of bridge performance and deterioration (improved models).
. Data to quantify the effectiveness of MR&R strategies.

. Better scheduling of minor bridge maintenance.

. More rational programming of limited funds.

O 00 2O WV bW N

In summary, a bridge management system provides legislators, administrators, and
technical personnel with improved information and methods for managing the critical
bridge infrastructure of the transportation system. The consequences of not adopting
some form of good bridge management could be catastrophic. Past methods of making
decisions regarding the expenditure of available MR&R funds have left one with a
large number of deficient bridges. It is logical to assume that to continue to operate
as has been done in the past will only serve to worsen the problems. Effective bridge
management, on the other hand, can begin to alleviate the problems by helping to
make rational decisions regarding the most efficient ways to spend available funds.

This report details the results of a two-year project which formulates the detailed
concepts of a model BMS and presents a plan for developing an operational BMS
and for future implementation of the system in two transportation organizations. All
phases of the bridge management process are covered, ranging from required data
input to desirable outputs and improvements. Chapter One of the report provides a
review of the background, objectives, and accomplishments of the project and is
suggested as further reading for the executive or administrator.



CHAPTER ONE

INTRODUCTION

Federal, state, county, and city bridges are critical links in
the national transportation system. The enormous public in-
vestment in these structures demands that they be properly
managed and that they receive both timely and cost-effective
maintenance, rehabilitation, and replacement. Bridges are es-
sential for providing and maintaining the quality of life as it is
known today. The historical significance and beauty of many
of these structures is an invaluable part of one’s heritage. The
need for complete, consistent, and accurate bridge management
practices becomes increasingly evident as the current status of
these vital links in the transportation infrastructure is consid-
ered.

MAGNITUDE OF THE BRIDGE PROBLEM

Since 1978, the inventory and condition of the nation’s bridges
has been documented in reports to Congress and elsewhere (J,
2, 3,). Despite $13 billion in federal aid for bridge repair and
replacement authorized by Congress since 1970, the average
condition of bridges continues to decline.

In setting up this project, the National Cooperative Highway
Research Program clearly cited the magnitude of bridge needs:

About one-half of the approximately 600,000 highway bridges
in the United States were built before 1940. Most were designed
for less traffic, smaller vehicles, slower speeds, and lighter loads.
In addition, even in newer bridges, deterioration caused by ser-
vice conditions and deferred maintenance is a growing problem.
Almost 40 percent of the nation’s bridges are classified, according
to the Federal Highway Administration’s (FHWA) criteria, as
deficient and in need of rehabilitation or replacement. More than
100,000 of these are judged to be structurally deficient because
of deterioration or distress, and another 100,000 are considered
functionally obsolete or inadequate for current requirements. In
recent years, the Federal Highway Bridge Replacement and Re-
habilitation Program has provided about $1 billion annually
(scheduled to increase to $2 billion in FY ’86) to cover the 80
percent federal aid share of the cost of work on deficient bridges.
However, in 1983, the FHWA estimated the program’s needs at
almost $50 billion, and this estimate did not include future in-
flation or the cost of additional needs that will develop while
the presently identified, deficient bridges are being eliminated
from the list.

It is obvious that available funds will not permit local rehabil-
itation or replacement of all deficient bridges, and the funds
available must be carefully and correctly directed to bridges
required by the public, industry, and emergency services to pro-
vide the most cost effective treatment in each case.

As summarized in the Annual Reports of the Secretary of
Transportation to the Congress of the United States, this bridge
problem is growing (see Table 1).

Table 1. Status of the nation’s bridges (J,2,4).

Annual HBRRP Repurls Lu Cungress
Fifth Annual Sixth Annual Seventh Annual

Dec. 1983 Dec. 1984 Dec. 1985

Number of bridges inventoried 571,246 574,045 574,729
& classified

Number of structurally deficient 136,347 140,808 135,736
bridges* (includes closed bridges)

Number of functionally obsolete 123,959 119,367 108,181
bridges*

Number of bridges that are load 90,028 98,356 112,522
posted

Additional bridges that should 66,528 49,505 33,851
be load posted

Total bridges that are or should 156,556 147,861 146,373
be load posted

Number of bridges closed to all 3,653 4,494 4,899

ctraffic (these bridges may be
closed temporarily for repairs
or closed permanently)

Total number of bridges funded
under the bridge programs - SBRP 1,606 1,596 1,579

- HBRRP 13,577 18,246 21,398
TOTAL 15,183 19,842 22,977
Number of replaced or rehabilitated 6,061 8,358 11,266
bridges now open to traffic
(SBRP & HBRRP) .
Bridges under construction and/or 9,122 11,484 11,711

design (SBRP & HBRRP)

*

A structurally deficient bridge, as defined by FHWA, is one that (1) has
been restricted to light vehicles only, (2) is closed, or (3) requires
immediate rehabilitation to remain open; a functionally obsolete bridge is
one on which the deck geometry, load carrying capacity, clearance, or
approach roadway alignment no longer meet the usual criteria for the overall

system.

BACKGROUND

Project Objectives

Recognizing that a bridge management system (BMS) was a
high priority of many states, the National Cooperative Highway
Research Program (NCHRP) allocated research funds for the
development of a model BMS. The specific objectives of NCHRP
Project 12-28(2) were to develop a form of effective network
level bridge management that included the following:

« Engineering methods to assess present and future needs of
existing bridges (inventory, inspection, capacity, maintenance,
rehabilitation, replacement, and funding).

o Guidelines for determining cost-effective alternatives both
with and without financial constraints. ‘
e Priority treatment of needs through the use of generalized
work activities (from posting and preventive maintenance

through replacement).

o Flexibility to accommodate a variety of policy approaches.

o Flexibility to accommodate future expansion to the project
level.



e Methods to ascertain standards of data reliability.

The final model Bridge Management System must compare
the agency and public costs of gradual structural deterioration
and functional obsolescence against the costs and benefits of
routine maintenance, interim repairs, partial rehabilitation, and /
or major reconstruction for each structure. The BMS must
evaluate all structures in the network for multiple years in order
to:

o Compare different funding levels.

o Compare different spending policies (Capital Improvement
versus Maintenance).

o Compare different maintenance, rehabilitation, and replace-
ment (MR&R) actions.

o Compare different project options (Bridge A versus Bridge
B).

o Compare different timing alternatives (MR&R action now
or later).

e Predict the consequences of different scenarios.

Project Scope

The questions raised regarding bridges arose years ago in the
pavement field, and the response was the development of pave-
ment management systems. The overall scope of NCHRP Proj-
ect 12-28(2) was to adapt similar technology, including
economics, engineering, systems engineering, planning tech-
niques, and optimization to the management of bridge resources.

The project scope was focused on developing a model BMS
to meet the needs of medium to small size states, counties, and
cities and to include the following:

o All structural types.
o All bridge sizes including culverts.
- o Different bridge construction materials.
e Network level considerations.
o Life-cycle costing models.
e Prioritization /optimization procedures.
« Maintenance, rehabilitation, and replacement alternatives.
e Automation considerations.

Project Activities and Accomplishments

The model BMS modules, flow, and implementation plan

" presented in this report reflect multiple activities of Project 12-

28(2) that include, among others, visits to six state DOT’s, an
extensive literature search and review, a survey of current bridge
management practices, and coordination with other on-going
bridge research activities. The information obtained from these
sources was evaluated to produce a BMS framework. The frame-
work (described in Appendix B) developed the intricacies of
the flows of information related to managing a bridge network.
The details of the framework provided an insight into the re-
quirements for data collection, decision-making, and reporting
to administration. The accomplishments of these project activ-
ities are described in detail throughout this report. In order to
show the benefits of the BMS, a prototype demonstration pro-
gram was developed for bridge managers and DOT adminis-
trators. The demonstrator is discussed in Appendix C.

DEVELOPMENT OF A BMS

Definition of a BMS

A bridge management system (BMS) is a rational and sys-
tematic approach to organizing and carrying out all the activities
related to providing programs for bridges vital to the transpor-
tation infrastructure. The activities include: (1) predicting
bridge needs, (2) defining bridge conditions, (3) allocating funds
for construction, replacement, rehabilitation, and maintenance
actions, (4) identifying and prioritizing bridges for MR&R ac-
tions, (5) identifying bridges for posting, (6) finding cost-effec-
tive alternatives for each bridge, (7) recommending MR&R
actions, (8) accounting of MR&R actions, (9) scheduling and
performing minor maintenance, (10) monitoring and rating
bridges, and (11) maintaining an appropriate data base of in-
formation. A BMS should assist decision-makers at all bridge
management levels to select optimum solutions from an array
of cost-effective alternatives for every action needed to achieve
the desired levels of service within the funds allocated and to
identify future funding requirements.

Basic Modules

A BMS model must include, as a minimum, the following
modules (described in Chapter Two): data base module, net-
work level MR&R selection module, maintenance module, his-
torical data analysis module, project level interface module, and
reporting module.

Benefits

A BMS provides benefits to engineers and managers at all
levels within an agency as follows:

Level
Administrative

BMS Benefits / Outputs
Summarizes bridge structural conditions
Summarizes bridge functional conditions
Addresses fund allocation questions
Establishes needs '
Assists with statewide budget estimates
Assists in developing annual work plans
Reports NBIS data to the federal government

Executive Prioritizes candidate projects

‘Analyzes cost effectiveness of various pro-
grams '

Identifies bridges for posting

Prioritizes bridge MR&R program

Assists in bridge maintenance scheduling
.Tracks and schedules MR&R actions

Technical Makes information readily available
Allows easy input and editing of condition
data

Provides details for project level design
Provides current costs

Provides a history for each bridge

Gives effectiveness data for particular
MR&R actions

Allows easy special sorting and reporting



Gives easy access to planning and program-
ming data o
Is overall source for NBIS data

Project Level versus Network Level

At the network level, the entire bridge population is dealt
with globally. This level of management must consider such
concerns as the number of deficient bridges on a particular route
rather than the condition of a span in a specific location. The
Network Level is concerned with obtaining the appropriate level
of funding to maintain the performance of the bridge network
to a desirable level. Once funds have been made available, it is
then necessary to properly distribute resources to each bridge
or district and ensure that they are used effectively at the proper
level. '

The Project Level treats each bridge on an individual basis
for inspection, maintenance, repair, and / or rehabilitation needs.
Once network level decisions are made on priorities and funding,
then a detailed evaluation of each selected bridge must follow
at the project level. ‘

Detailed structural analysis must be used in selecting the most
cost-effective rehabilitation or replacement action for a specific
bridge. The option selected can be a function of several criteria,
including: :

o Detailed structural engineering analyses.

o Distress type, extent, and severity of critical component.
o Estimated remaining life.

¢ Rate of deterioration.

Condition of the secondary components.

Cost and design life of alternative MR&R treatments.
Availability of funds.

Essentiality of the bridge to the public.

Impact of repairs on traffic flow.

Related bridge or highway work nearby.

Type and size of bridge.

¢ Load carrying capacity of the bridge.

¢ Projected future use of the bridge.

« Historical significance of the bridge.

The most traditional and important project level implemen-
tation activity is the detailed structural engineering analysis of
various alternatives. The calculation of stresses, strains, and
moments for each option is required to determine its structural
feasibility. A survey of AASHTO software (5) revealed more
than 250 software programs of different sizes and complexities
for analyzing different structural components. These programs
are readily available and can be used in conjunction with the
BMS. The Bridge Analysis and Rating System (BARS) and
Bridge Rating and Analysis Structural System (BRASS) (6,7),
supported by AASHTO and used by many states, are principal
candidates to link with the network level BMS, although it
should be recognized that this is a complex and detailed task
that would only be applied to a selected set of bridges.

Currently, the state of the art in network level bridge man-
agement lags project level developments.

The BMS presented in this report is a network level engi-
neering tool with emphasis on the broader decisions. The ac-
tivities associated with network level planning and programming
include the following: -

o Automate data entry, editing, storage, and management.

o Summarize global network structural and functional con-
ditions.

o Establish candidate project lists.

o Prioritize and select among the various MR&R actions for
all candidate bridges in the system and identify resource re-
quirements.

¢ Develop life-cycle cost estimates.

o Optimize the various alternatives.

o Evaluate funds and resource allocation alternatives.

o Develop outputs specifically related to bridge posting and
load permit routing.

o Develop MR&R action schedules and cost data.

o Ensure that standards of optimal safe maintenance levels
are followed.

» Ensure uniform reporting of Inventory and Inspection in-
formation.

» Report historical expenditures for different types of work
(dollars, manpower, materials).

» Report historical changes to condition of plant and inven-
tory as well as predicting effectiveness of global maintenance
strategies.

Existing Problems To Be Resolved by a BMS
State-of-the-Art Review

State visits and a comprehensive state-of-the-art review of
bridge management practices (detailed in Appendix D and cov-
ering the following topics: inventory, inspection, and appraisal
practices; definitions of bridge components, maintenance, re-
habilitation, and replacement; bridge deck types and MR&R
techniques; bridge substructure elements and MR&R tech-
niques; bridge superstructure elements and MR&R techniques;
other bridge components, such as sidewalks, curbs, railing, signs,
and bridge approaches; timber bridges; prioritization methods;
load rating and posting issues; and review of states’ experiences)
contributed much information to the BMS development and
ideas for future direction. The results of interviews conducted
in the six states visited and subsequent correspondence are sum-
marized in Table 2.

A survey of bridge maintenance and rehabilitation work in
39 states, which was made by the Pennsylvania Transportation
Institute in late 1982 (8), revealed that 26 of the 39 states had
a statewide bridge maintenance policy. The survey indicated
that, in general, maintenance and rehabilitation of bridges by
state forces consisted of minor routine work on small projects
that could be done quickly. Major work on large projects that
required special equipment, materials, or manpower and long
completion time was normally done by contract (8).

There are about 575,000 bridges on the nation’s federal-aid
and other highway systems, 75 percent of which were built
before 1935. Paralleling the federal government’s commitment
to the bridge repair / replacement program has been an increased
awareness among historians and preservationists that bridges
are legitimate objects for preservation. NCHRP Synthesis 101
(9) examined possible decision-making criteria for historic
bridges.

The survey of bridge-management-related activities showed
that several states have refined or developed models for iden-
tifying bridges eligible for replacement or rehabilitation. Engi-



Table 2. Summary of state’s responses.

Questions PA CA TX NC KS NY

How many years of Since 1972 Up to 50 years 2 years From 1980 forward Since 1931 6 years
data are available?

How are the data stored? Computer Computer/typed  Computer/ Computer Computer Computer

. reports files {since 1971)
Construction history? Yes, (for Yes, (in most Yes (in Yes Yes Yes
some bridges) cases) most cases)

Maintenance/rehabil - Yes, (for Yes (recent Yes (in some Yes Yes (contract 7 years
itation history? some bridges) history) cases) work) {maintenance)

Design load data Yes, (for Yes Yes (in most Yes (for primary Yes Yes (when
available? specific bridges) cases) system) known)

Fatigue considered in Yes Yes Yes Yes Yes Yes
the design procedure?

Inventory rating (IR) Yes Yes Yes Yes Yes Yes
used?

Operating rating Yes Yes Yes Yes Yes Yes
(OR) used?

Load posting criterion? IR/OR OR IR OR Between IR IR/OR

and OR

Construction/rehabil- Yes Yes (back to Yes Yes Yes Yes
itation cost data a reasonable date)
available?

Maintenance/rehabil- Maintenance Maintenance cost Yes Yes Maintenance Yes
itation cost data (limited) (partially) cost
available per year?

User delay costs Yes No Yes (in No No Yes
considered? special cases)

Microcomputer used in No No No No No No

field data collection?

neering judgment and empirical models form the basis of most
procedures used in these states. A summary of BMS-related
activities is included in Table 3. State responses concerning
bridge management needs are summarized in Table 4 and reflect
the deficiencies in the current bridge management practices.

Deficiencies with current bridge management activities that
were identified during the state-of-the-art review are:

o Federal SI&A (structure inventory and appraisal) data de-
ficiencies.

o Inability of most highway maintenance management sys-
tems (MMS) to provide good bridge maintenance data.

¢ Unavailable or poor expenditure and effectiveness records
for bridge maintenance, replacement, and rehabilitation
(MR&R), and construction activities for developing deterio-
ration models.

o Little-to-no use of life cycle cost methods.

o Little attention to long-range network effects.

o Lack of consistent /systematic methods for prioritizing can-
didate bridges for MR&R activities.

¢ Unanswered network level policy questions.

Data Deficiencies

The Federal SI&A data are based on a few features and are

of limited use relative to effective bridge maintenance manage-
ment. Significant limitations of the SI&A data are:

o Lack of distress extent and type data.

o No flagging mechanism for urgent actions.

o Ratings do. not reflect maintenance needs (type and quan-
tity), for example, a deteriorated deck condition may be a costly
major maintenance item, but it has little influence on the struc-
tural condition severity ratings.

e Low precision and reliability of the ratings and their as-
sociated definitions, especially in grey areas of intermediate con-
dition ratings (it is difficult to differentiate between needs for
minor maintenance, major maintenance, and minor rehabilita-
tion).

¢ Lack of objective instrumentation that is reliable and mea-
sures valid parameters.

o Lack of maintenance items on SI&A forms (for example,
painting is not considered in the inspection).

o Field inspection is geared to rehabilitation and replacement
(structural, adequacy, safety considerations), and not to minor
or preventive maintenance.

Inadequate Bridge Maintenance Data

A majority of the states have adopted highway maintenance



Table 3. BMS related activities in various states.

Table 4. Questions states want a BMS to answer.

State Activities CALIFORNIA
Pennsylvania Data Base: 1) Enhanced SIRS data base While still relying in large part on professional expertise and judgement
2) Structure cost data inventory file a BMS could remove some of the subjectivity from the Repair/Replace/
3) Structural details data base (future enhancement) Rehabilitation decisions.
OQutputs: 1) Prioritization for replacement/rehabilitation
(present and future needs). It will use NEW YORK
deficiency rating (based on the Federal
Sufficiency Rating and Level-of-Service deficiency 1) State of the bridge system at any time, current or future

approach), cost information, and other
factors.
2) Present and future needs for maintenance.
3) Bridge load capacity rating.(future enhancement)

projection.
2) Evaluate program effects on bridge system.
3) Evaluate needs.
4) Cost-effectiveness of
replacement activities.

maintenance, rehabilitation, and

N. Carolina

Priority ranking of bridges for replacement/rehabilitation
based on level-of-service deficiency approach.

5) Identification of individual bridges for work.

NORTH CAROLINA

California Priority ranking is mostly based on engineering judgement.
1) The Bridge Maintenance Engineer determines the priority 1) All of the following items:
need of work to be done by state maintenance force. Life-cycle cost prediction
2) The Bridge Maintenance Engineer determines the fiscal Maintenance/rehabilitation effects on condition/performance
year and urgency factor for contract work (including Paint life
major rehabilitation and replacement). Chloride concentration/penetration (FHWA Bridge evaluation
These are fed to a formula to determine the technical ranking. procedures)
Overall condition predictions
Kansas The current KDOT system selects the scope of work and makes a Failure prediction
priority ranking for each bridge. Prediction of environmental effects
Prediction of loading effects
Texas The Federal Sufficiency Rating is used for priority ranking on Level of Service System - Prioritization
the federally aided bridge rehabilitation/replacement program. 2) Optimization of the use of bridge maintenance funds
3) Effects of less than optimal use of funds for maintenance,
New York Priority ranking is based on a condition rating (7 to 1) scale. rehabilitation, and replacement.

New Mexico

A computer program analyzes SI&A data and picks out all the
bridges which do not meet the equivalent load criteria.

-
It
=
73

Wisconsin

A computer model has
of bridge repair and replacement work for up to 25,000 bridges.
The results are used to formulate a six-year highway invest-
ment program and its biennial budget proposal for bridge repair
and replacement.

1) Bridge Division’s response:

been developed to determine a least cost mix

(a)
(b)

What are the current overall field and obsolescent
conditions of the bridges on the State Highway System?
What, where and how many bridges currently require routine
and/or major maintenance/repair, and how much is this going
to cost?

Maryland

Priority ranking for
based on the Federal
Rating.

replacement/rehabilitation projects is
Sufficiéncy Rating and the Deck Sufficiency

(c)
(d)

Priority listing for those structures in (b) above?
What, where and how many bridges should be posted for load
limic?

Minnesota

Priority ranking for replacement/rehabilitation is based on
the Federal Sufficiency Rating (FSR) and its own Replacement
Priority Calculation (RPC). RPC is a modification of the
FSR formula.

(e) Which of those structures in (d) above could be left
unposted and instead frequently inspected?

(f) What, where and how many bridges require rehabilitation or
replacement and how much is this going to cost?

(g) Priority listing for those structures in (f) above?

management systems (MMS). Limitations of MMS programs
identified relative to bridges include:

¢ An insufficient number of codes for bridge activities.
o Cost breakdowns are generally not available.
e Data are lumped and cannot be reported for individual

bridges.

o Performance standards (how to do the work, required man-
power, equipment, and material) and unit cost data for various
bridge maintenance activities are generally not available.

Lack of Cost-Effectiveness Data and Life-Cycle
Cost Analyses

In existing bridge practice, there is a lack of data on the
effectiveness of maintenance treatments or replacement/reha-
bilitation alternatives and associated costs. There is almost no
current use made of life-cycle cost models; thus, no information
is available on cost effectiveness. Cost and effectiveness data for
maintenance, rehabilitation, replacement, and construction ac-
tivities are essential for the comprehensive deterioration models
and life-cycle cost analyses of bridge strategies in a BMS.

(h) What and where are the bridges that should not carry any
special permit loads?

2) Maintenance Division’s response:
(a) Which bridges are eligible for replacement?
(b) When bridges are eligible for rehabilitation?
(¢) Which steel bridges are not weathering steel?
(d) Which bridges contain fracture critical members?
(e) Which bridges need underwater inspection?
(f) Which bridges have serious problems?
(g) Which bridges need emergency work?
(h) Can a given overweight vehicle cross a given bridge?

Lack of Prioritization Methods

The literature review in this project revealed that there is poor
or no established rationale for estimating the extent and priority
ranking of overall bridge maintenance needs. In addition, there
is inadequate knowledge of trade-offs and network priorities.
Most states only have the standard Sufficiency Index for setting
priorities. Most states would like to have the flexibility to develop
alternative and more sensitive indices.

Unanswered Network Level Policy Questions

Bridge engineers have difficulty in assessing network level
alternatives and policy questions, such as: What should the split
be between maintenance and capital improvement budgets?
What are the impacts of selecting different MR&R policies or
procedures? What are the overall needs for bridge MR&R ac-
tions today and what will they be as a result of different funding
levels?



REPORT ORGANIZATION

The findings and a proposed implementation plan are pre-
sented in five chapters. Background information is provided in
four appendixes. Chapter One introduces the bridge manage-
ment problem and outlines the report. Chapter Two defines
model bridge management system components or modules and
the different levels of analyses that can occur in the system.
Chapter Three describes the details of each module of the model
BMS and could be the basis for a useful operational BMS com-

puter program. Chapter Four presents a development and im--

plementation plan for establishing a working BMS. Chapter Five
concludes the main text of the report with a summary of the
findings of this research project and presents recommendations
for the future. Appendix A describes the variables that may be
considered for use in the model BMS. Appendix B provides
graphical representation of the idealized bridge management
system. Appendix C describes a prototype demonstrator BMS
software package, which illustrates BMS activities. Appendix D
presents a state-of-the-art review of BMS activities in several
state DOT’s. The final appendix (E) includes other useful pub-
lications that were not cited in the text of this report.

CHAPTER TWO

OVERVIEW OF THE MODEL BMS

This chapter presents a brief description of each module con-
tained in the model BMS. More specific details of operation are
provided in Chapter Three.

ESSENTIAL BMS MODULES

The BMS process can be divided into many types of modules
and subsystems. Each person involved in the development of a
BMS, however, seems to have a different viewpoint on the need
for the specific modules and functions. Significant effort was
spent in reviewing the proper division and selection of modules

that must be included in a BMS. This effort consisted of state’

site visits, conferences, advisory committee and panel meetings,
and numerous phone calls and letters. A consensus resulted that
six minimum basic modules are essential to a functional BMS.
These six modules and associated submodules are:

1. Data base module.
2. Network level MR&R selection module.
a. Ranking submodule.
b. Specific MR&R action selection submodule.
c. Life-cycle costing submodule.
d. Optimization submodule.
3. Maintenance module.
4. Historical data analysis module.
5. Project level interface module.
6. Reporting module.

The data base is the core module of the system. The other
modules and submodules, which operate on the data to perform
the functions of bridge management, all utilize the core, as
shown in Figure 1.

Data Base Module

Information is essential to management; therefore, an essential
module of a bridge management system involves the collection
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Figure 1. Modules and submodules comprising the model BMS.












































































































































































































