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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing 
highway administrators and engineers. Often, highway 
problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others. However, the accelerat-
ing 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 Trans-
portation Officials initiated in 1962 an objective national 
highway research program employing modern scientific 
techniques. 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 Federal 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 recog-
nized 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 
cooperation with federal, state, and local governmental 
agencies, universities, and industry; its relationship to its 
parent organization, the National Academy of Sciences, a 
private, nonprofit institution, is an insurance of objectivity; 
it maintains a full-time research correlation staff of special-
ists in highway 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 Academy and the Board 
by theAmerican Association of State Highway and Trans-
portation Officials. Research projects to fulfill these needs 
are defined by the Board, and qualified research agencies 
are selected from those that have submitted proposals. Ad-
ministration and surveillance of research contracts are 
responsibilities of the Academy and its 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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This report contains the findings from an extensive evaluation of common 

	

FOREWO RD 	bridge deficiencies along with repair procedures and replacement systems used to 
correct these deficiencies. These findings, in the form of a manual of recommended 

	

By Stafl 	practice, are immediately applicable and will be of interest to engineers concerned 

	

Transportation 	with the design, construction, and maintenance of bridges, in particular those on 

	

Research Board 	secondary highways and local roads. 

Many bridges on secondary highways and local roads are in need of replace-
ment or major structural repair. Although most are not frequently traversed by 
heavily loaded vehicles, these structures are vital to the efficient movement of agri-
cultural and other commodities and provide an important transportation link for 
rural America's population with centralized educational centers. It has been esti-
mated that more than 110,000 bridges in the'United States are inadequate for heavy 
loads or in need of major repairs and that another 51,000 have narrow widths, poor 
clearances, and dangerous approaches. Furthermore, it has been reported that 
about 150 bridge failures occur in the United States each year. Under the severe 
fiscal constraints that currently exist at the local level, most of these bridges cannot 
be replaced in the foreseeable future. Until recently, considerable effort had been 
devoted to the analysis and design of new structures, but little attention was given 
to problems associated with rehabilitation of older structures on the secondary and 
local road systems. Therefore, local agencies responsible for inspection, mainte-
nance, and repair are required to make decisions without benefit of supporting 
information. Under these conditions, an urgent need exists for research that will 
provide tools for engineers to reach and carry out cost-effective decisions. 

This report contains the findings of NCHRP Project 12-20, "Bridges on Sec-
ondary Highways and Local Roads—Rehabilitation and Replacement," which was 
intended to develop information that local highway agencies can apply immediately 
to the repair, improvement, or replacement of deficient bridges on secondary and 
local road systems. Project 12-20 had four major objectives: (1) to identify the 
common deficiencies found on bridges on secondary highways and local roads 
throughout the United States, (2) to evaluate feasible corrective procedures that 
have been successfully employed for these deficiencies, (3) to evaluate economical 
replacement systems for bridge structures for which repair or rehabilitation is not 
feasible, and (4) to develop a simple procedure to assist engineers in making 
decisions involving repair or replacement. 

The major portion of this report consists of a manual of recommended prac-
tice—comprising 34 procedures for repair, rehabilitation, and retrofit of bridges and 
27 systems that are available for use in replacing bridge components or complete 
structures. The manual is intended to be used by engineers responsible for bridges 
on secondary highways and local roads. In preparing the manual it was recognized 
that many of these engineers are not bridge specialists; therefore, the goal was to 
provide enough information to alert the engineer of his options in dealing with 



certain bridge deficiencies and to direct him to the proper sources for more detailed 
information required for a final design. 

The research agency's complete, unedited final report on this study is included 
in the appendix. Background on the research approach and additional details are 
presented on the findings that led to the development of the manual. 

In the middle of 1980 a follow-up phase of research is expected to be initiated 
with the purpose of expanding the manual to include repair procedures directed at 
problems such as fatigue cracking of steel bridge members, scour, bridge deck 
deterioration, and damage due to accidental impacts. 
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BRIDGES ON SECONDARY HIGHWAYS 
AND LOCAL ROADS 

REHABILITATION AND REPLACEMENT 

SUMMARY 	The primary results of this research project are ( 1 ) the identification of the 
types of structural deficiencies and problems involving functional obsolescence in 
bridges on secondary highways and local roads, (2) the identification of procedures 
that have been successfully used to correct a major portion of these deficiencies and 
problems, (3) the presentation of these corrective procedures in a manual of rec-
ommended practice, and (4) the development of a procedure to assist the engineer 
in making the decision as to whether a structure should be repaired or should be 
replaced. 

Because this research product is more a manual than a report, its organization 
differs from that of the usual NCHRP report. Chapter One commences with com-
mentaries on bridge repair procedures and replacement systems and outlines a 
process for selecting between bridge repair and replacement. The material provided 
in Chapter Two consists of 34 repair procedures that have been successfully used 
in one or more states. The presentation contains a description of the procedure 
(including its limitations) and diagrams showing sufficient detail to allow an evalua-
tion of the use of the procedure. Final plans will require additional engineering. 
Chapter Three includes 27 bridge replacement systems that are available for use in 
the United States. Details and dimensions are provided to show typical applications, 
but a well-qualified engineer must always be responsible for the design and construc-
tion of a specific structure. 

Details of the research effort through which this manual of recommended prac-
tice was developed are published as submitted by the research agency, in the ap-
pendix to this report. The reader is directed to this appendix for an overview of the 
project. 



CHAPTER ONE 

INTRODUCTION 

ORGANIZATION OF MANUAL OF 

RECOMMENDED PRACTICE 

This manual of recommended practice was developed 
under NCHRP Project 12-20, "Bridges on Secondary High-
ways and Local Roads—Rehabilitation and Replacement," 
and is intended to be used particularly by engineers at the 
local level. The material provided in subsequent chapters 
of this manual pertains to a collection of recommended re-
pair procedures (Chapter Two), and descriptions of van- 

-"-ous replacement systems (Chapter Three). In addition, for 
convenience of the user, an index is provided at the begin-
ning of each of these chapters for easily locating and using 
the material contained within. These lists are followed by 
pertinent references and a selected bibliography. Details of 
the research effort through which the manual was devel-
oped are contained in the appendix to this report. 

The commentaries that follow pertain to the 34 repair 
procedures and the 27 replacement systems covered in 
Chapters Two and Three and include, as well, a rational 
process for selecting between repair and replacement of 
deficient bridges. 

Every effort has been made to present proven repair pro-
cedures and replacement systems in a practical format to 
facilitate their use. However, it was not possible to com-
pletely detail the connections and member sizes to meet the 
wide range of span lengths and loadings encountered in the 
field. Sufficient dimensions are provided to enable the en-
gineer to evaluate the applicability of a procedure or sys-
tem to his needs and to weigh its benefits against those of 
alternatives, but additional engineering will be required to 
develop final design and construction plans for any particu-
lar bridge. 

Only U.S. customary units are used in the manual; how-
ever, to obtain values in S.I. units, only the following six 
basic conversions are needed: 

1 foot (ft) = 0.3048 meter (m) 
1 inch (in.) = 25.4 millimeters (mm) 
1 ounce (oz) = 0.2780 Newtons (N) 
1 pound (lb) = 4.448 Newtons (N) 
1 pound per square inch (psi) = 6895 Pascals (Pa) 
1 mil = 0.0254 millimeters (mm) 

COMMENTARY ON REPAIR PROCEDURES 

The 34 repair and rehabilitation procedures included in 
Chapter Two are applicable to common structural and 
functional deficiencies in highway bridges. These proce-
dures were developed by state bridge engineers and used 
on actual structures. The plans in this manual were gen-
eralized to meet the needs of a broad group of bridges and 
are presented in a standardized format. All procedures  

were reviewed by experienced bridge engineers on the 
research team in an effort to assure practicality. 

Often, similar procedures were offered by several states 
as solutions to a common deficiency. In such cases the 
procedure that appeared most practical in the judgment of 
the research team was chosen for inclusion in the manual. 
If warranted, the best features of two or more procedures 
were combined in the interest of developing more refined 
details, and older procedures were modified on occasion to 
reflect current practice. 

All procedures were considered workable by the agen-
cies that submitted them. Several, not included in the 
manual, were eliminated for various reasons. In some cases 
a better technique had been developed in the years since 
the repair was first made. Other procedures were not in-
cluded because the distress to be corrected was judged to 
be a minor or very localized problem. 

The repair procedures included in the manual do not 
cover all of the deficiencies to be found on bridges on sec-
ondary highways and local roads. It is expected that addi-
tional procedures will be developed through future research. 

Each item in this manual includes a description of its use, 
a detailed construction procedure, a description of its limi-
tations, and the resources in labor and equipment required. 
References, including, at least, the agency that developed 
and used the procedure, are listed to provide sources of 
more detailed information if needed. 

For the convenience of the user, the repair procedures 
are indexed according to both the nature of the element or 
characteristic being improved and the type of distress. 
Often a single repair procedure is applicable to more than 
one deficiency. For example, the strengthening of a column 
pier or pile bent through the addition of a supplemental 
transverse "pony" bent (repair procedure F-3) can be use-
ful when the original piles have deteriorated, when settle-
ment has occurred, or when upgrading of the superstruc-
ture has increased the load on the pier beyond its design 
capacity. Conversely, more than one procedure may be 
applicable to a single deficiency, the extent of repair being 
left to the engineer. It is' hoped that, by documenting the 
approaches of other agencies to common problems, the 
manual may lead engineers to devise their own creative 
solutions to problems. 

Although the repair techniques presented in Chapter Two 
have proven successful and have wide applicability, some 
care in their use is advised. The engineer in charge of the 
repair should identify and eliminate the basic cause of the 
distress. For example, the repair of beam ends (repair 
procedures C-i or S-4) might also call for the improve-
ment of the deck expansion joint (C-4) to prevent deck 
drainage from reaching the beam end. The complete re- 



pair of the end of a concrete beam that has cracked because 
of insufficient bearing area should include the enlargement 
of the bearing area through the use of procedures C-2 or 
C-3 to prevent recurrence of the distress. 

Some of the procedures include steps that are expedient 
for field repairs, but do not reflect the best practice possi-
ble. For example, the use of welding in repair procedure 
S-3 simplified the procedure, but recent information re-
flected in current specifications would dictate a more com-
plicated bolted connection to increase fatigue resistance. 
Similarly, although the bridge rails installed on a narrow 
through truss in repair procedure R-1 can be used to im-
prove safety and to protect the truss members from impact, 
they do not meet AASHTO rail requirements, and if there 
is sufficient lateral clearance a more substantial rail system 
should be considered. 

Some of the procedures call for a bituminous overlay on 
top of a concrete deck. It should be pointed out that con-
ventional asphaltic concrete mixes are not impregnable, and 
a waterproofing membrane may be required between the 
overlay and the deck to inhibit intrusion of chloride ions 
that cause deck deterioration because of corrosion of the 
reinforcing steel. Corrosion protection is also essential for 
steel members embedded in soil, as in repair procedures 
F-i and F-4. 

COMMENTARY ON REPLACEMENT SYSTEMS 

The information contained in Chapter Three is on typical 
bridge replacement systems available for use in the United 
States. Each system is briefly described and illustrated; 
prominent features are discussed; and one or more cases in 
which each system has been used are noted. The names and 
addresses of manufacturers who supply the materials used 
in each system are cited, except in a few cases where such 
information was not available. Reference documentation 
for each system is listed in the system description and in 
the references included at the beginning of the chapter. 

To provide some degree of organization, most of the re-
placement systems are grouped according to the material 
used for the primary components of the superstructure. The 
groups are concrete, steel, and timber and are designated 
by prefixes of C, S, and T, respectively. The remaining 
replacement systems, such as substructure systems, para-
pets, and permanent bridge deck forms, were placed in a 
fourth, miscellaneous group designated by the prefix M. 

The systems presented in Chapter Three are conceptual, 
and the designs and dimensions are intended for illustrative 
purposes only. Agencies or individuals cited in the refer-
ences should be contacted for more specific details. A 
qualified engineer should always be consulted and be re-
sponsible for the design and construction of a specific 
structure. 

Certain of the systems are proprietary. These were iden-
tified by manufacturers only for the convenience of the 
user. Inclusion of a proprietary system in this manual does 
not constitute a recommendation by the research team or 
by the Transportation Research Board. 

Many factors must be considered when making a de-
cision as to which system to use for a particular applica-
tion. Significant factors include (1) the cost and avail- 

ability of one material relative to those of another, (2) "the 
cost and availability of forms and equipment for fabricat-
ing and handling one type of bridge component relative to 
those for another, (3) the qualifications and experience of 
the available labor force, and (4) the characteristics de-
sired in the replacement system. 

A replacement system utilizing a member that in the case 
of timber or steel is a stock item, or in the case of concrete 
can be cast in forms that are readily available, will almost 
always have a lower first cost than a system that requires 
nonstandard members or the purchase of special forms. 

Regardless of material type, the cross-sectional properties 
of the bridge components will influence the quantity of 
materials required and the relative ease with which the 
members can be fabricated and assembled, and, conse-
quently, the cost of the bridge. For example, a precast slab 
is one of the easiest precast concrete members to fabricate 
and erect, but, for spans over 30 ft, the slab requires an 
excessive amount of concrete with its attendant dead load. 
For longer spans, box and tee-shaped members are prefer-
able to a precast slab because the additional cost of fabrica-
tion is offset by savings in materials and substructure. Steel 
beams are popular for most span lengths, with the standard 
wide flange sections being used for spans of less than 90 ft 
and plate girders for longer spans. Primary supporting 
members of solid sawn timber are generally used for spans 
of 20 ft or less, but the development of glued laminated 
beams has resulted in the use of timber for much longer 
spans. The use of laminated panel decking allows the 
beams to be spaced further apart than is possible with con-
ventional timber decking. Special consideration should be 
given to the lighter materials, such as timber or steel, when 
the weight of the new superstructure may be a factor as to 
whether or not the substructure will have to be modified or 
replaced. Although the lighter superstructure may be more 
expensive, economy may be realized if the existing sub-
structure can be used. 

The characteristics desired in the completed bridge will 
be a primary concern when choosing between alternative 
systems. A system should be selected that provides the best 
combination of first cost, maintenance cost, and service life. 
For a given system, service life is generally a function of 
the volume of traffic and the severity of the environment 
to which the bridge is subjected. The lower the traffic vol-
ume and the milder the climate, the more the emphasis 
should be on minimizing first cost rather than maintenance 
cost, and the higher the traffic volume and the more severe 
the climate the more the emphasis should be on minimizing 
the maintenance cost. For example, a very economical sys-
tem with respect to first cost might be a steel stringer bridge 
incorporating timber or steel bridge plank and a bituminous 
wearing surface. This type system can usually be assembled 
economically with the use of locally available unskilled 
labor and with light equipment. Maintenance costs will be 
higher than for some other types; but, if the bridge is sub-
jected to a mild environment, the maintenance cost may be 
negligible and the system represents a better use of funds 
than one with a higher first cost. In situations where traffic 
volumes are relatively heavy and the climate is severe, em-
phasis should be placed on bridge systems that provide 
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maximum durability such as those incorporating high qual-
ity, properly air-entrained concrete. 

The range of span lengths for which the replacement 
systems frequently have been used is indicated in the promi-
nent features section for most of the replacement systems 
described in Chapter Three. Because many factors deter-
mine which system is used for a particular span length, 
there is no way to prioritize the systems with respect to 
span length and cost, and there is a lot of overlap in the 
applicable span ranges with many of the systems being used 
for the same span lengths. When choosing between âlterna-
tives the best advice might be to use what is available 
locally. 

DEVELOPMENT OF A SELECTION PROCESS 

In the conduct of their routine day-to-day activities, lo-
cal bridge engineers are regularly faced with the need to 
make a multitude of decisions regarding the maintenance, 
repair, and replacement of bridge structures under their 
jurisdictions. In many cases, these decisions are routine and 
the choice so obvious they may be made almost instinc-
tively. In certain other cases, the decision may be very 
difficult because of the number of complex factors that 
must be considered. 

The selection process is simply a series of steps normally 
followed by bridge engineers in considering a variety of 
factors that may influence the final decision. 

To discuss the details and steps that would enter into a 
decision on bridge repair or replacement, and to provide 
a framework wthin which the selection process can be 
described, it is appropriate to first outline the major phases 
in the decision-making process: 

Phase 1. Prioritization—In this phase of the decision 
process, some procedure for assigning prece-
dence to bridges requiring attention must be 
adopted. 

Phase 2. Repair or Replace—This is clearly the most 
significant phase of the process and directs 
the engineer in one or the other of the dis-
tinctly different paths. 

Phase 3. Choice of Repair Alternative—This is a 
phase in which a single repair procedure is 
selected to remedy the existing deficiency. 

Phase 4. Choice of Replacement Alternative—In this 
phase, a system is chosen to replace the 
existing bridge. 

To further clarify the decision process and to illustrate the 
procedures that might be followed, it is appropriate to dis-
cuss each phase in some detail. 

Phase 1—Prioritization 

In accordance with current practice, the sufficiency rat-
ing is suggested as the method of prioritization in Phase 1. 
Although other methods were considered, the familiar suf-
ficiency rating required of all structures seemed the most 
practical. The Federal Highway Administration (FHWA) 
sufficiency rating is a method of evaluating 19 factors that 
are indicative of a bridge's adequacy to remain in service. 

In its most general form, the sufficiency rating can be 
represented by the equation used in the computer analysis: 

Sufficiency Rating = s1+ S + S3  - S4 	(1) 

where: 

S1  = structural adequacy and safety-55 percent; 
S2  = serviceability and functional obsolescence-30 per-

cent maximum; 
S, = essentiality for public use—iS percent maximum; 

and 
S4  = special reductions (use only when S+ S2  + S3  

50). 

The resulting sufficiency rating is reported as a numeri-
cal value between 1 and 100. Currently, structures with a 
sufficiency rating below 50 are eligible for replacement with 
federal funds. 

The sufficiency rating appears to be an adequate proce-
dure for prioritizing deficient bridges to be repaired or re-
placed, and it is suggested as the method of prioritization 
unless the local engineer has an alternative procedure which 
he prefers. (Complete information on the sufficiency rating 
procedure can be found in the "Recording and Coding 
Guide for the Structure Inventory and Appraisal of the 
Nation's Bridges, January 1979," Dept. of Transportation, 
FHWA, 400 Seventh Street, SW, Wash., D.C. 20590.) 

Phase 2—Repair or Replace 

The most significant decision to be made in the over-all 
selection process is the choice between the alternatives of 
repair and replace. In some situations, it is recognized that 
the decision to repair or replace may be an obvious one that 
will be made initially in any selection process; in other 
cases, the decision may be an extremely difficult one in 
which the proper choice may never be clear. 

The repair or replace decision, then, is the one that will 
usually require the most thought and consideration, and it 
is here that a logical step-by-step process is recommended. 
Although a number of variations and approaches are pos-
sible, the one outlined here is defined in terms of the follow-
ing steps within this phase: 

Step 1. Identify factors and objectives. 
Step 2. Judge how effectively "repair" or "replace" 

meets criteria of step 1. 
Step 3. Estimate cost of "repair" and "replace" al-

ternatives. 
Step 4. Make preliminary decision: (a) repair, (b) 

replace, or (c) decision not clear—conduct 
further study. 

These steps may provide the engineer with sufficient 
guidance to make the necessary decision in the majority of 
cases. Before step 4(c) is considered further, the basic 
concepts within these steps should be reviewed. The funda-
mental objective in this stage of Phase 2 is to examine 
explicitly the parameters that may influence the decision in 
the hope that such a structured consideration will result in 
either the repair or replace option being the clear choice. 

Step 1: Here, the engineer should list the most signifi- 



cant factors that could affect the decision. These factors 
could be selected from the following: 

pair cost is in the proximity of 50 percent of the replace-
ment cost will always be a subjective one. 

Degree or extent of deficiency. 
Functional obsolescence of structure. 
Present and future traffic volumes. 
Time out of service. 
Acceptability of structure if repaired. 
Availability of resources (in-house or contractor). 
Anticipated length of service. 
Permanence of possible repair. 
Local factors (bus routes, funding, political, etc.). 
Essentiality of structure. 
Maintenance costs. 
Environmental consideration. 
Aesthetics. 
Safety consideration. 

This list should be extended by the engineer and his 
staff, and those factors most appropriate for the bridge 
under consideration should be selected for further scrutiny. 

Step 2: In some subjective, arbitrary manner, the en-
gineer should determine the degree to which either "re-
pair" or "replace" would satisfy the criteria or meet the 
objectives implied by the list of factors. This could be done 
purely subjectively and abstractly or could be done by as-
signing weights from 0 to 10 for each factor under each 
alternative. At this stage, the intent is not to provide some 
numerical index on which to base a decision, but rather to 
provide a structured mechanism for clarifying the way in 
which "repair" or "replace" would meet the needs of the 
project. If the decision is made to repair a bridge, due con-
sideration should be given to the ability of the repaired 
structure to meet the minimum standards for geometrics 
and load capacity of the AASHTO Standard Specifications 
for Highway Bridges. 

Step 3: Based on the best information available to the 
engineer and his staff, approximate costs should be assigned 
to the "repair" and "replace" alternatives. These cost fig-
ures could be based on experience within the county or 
local agency or they could be obtained from the state high-
way department. Or, in extreme cases, they could even be 
a "best guess" on the part of the local engineer. Whatever 
the source, they will at least provide another relative mea-
sure on which to base the decision. 

Step 4: At this stage, it is likely that a "repair" or 
"replace" decision that was not obvious before should now 
be. The engineer knows that he has taken the important 
factors into consideration and has even looked at a rough 
cost comparison. Certainly, if the cost of repair is, say, less 
than 30 percent of the replacement cost and if the repaired 
bridge will meet the service requirements, repair would be 
the choice. On the other hand, if bringing the bridge up to 
current standards would cost 70 percent of replacement, 
replace is probably the choice. 

For those structures where the cost of repair is between 
30 percent and 70 percent of replacement, the engineer 
must rely on his best judgment considering the factors tabu-
lated in step 1 and the cost discussed in step 3. The decision 
between repair or replace in the many cases where the re- 

Case Example 

A two-span-deck truss bridge was designed for an HS15 
live loading. Each span is 120 ft in length and has a clear 
roadway width of 24 ft. The bridge is over a river with a 
center pier in good condition as are the two abutments. A 
number of elements of the structure require repair and 
improvement. There is no provision for pedestrian traffic. 
The concrete deck shows signs of deterioration from corro-
sion of the reinforcing steel, and the bearing assemblies on 
the abutments and pier require overhaul or replacement. 
The concrete bearing pedestals on the abutments and piers 
have cracked and spalled from salt-water drainage from 
the deck. There has been loss of section in a number of 
main truss members and floor framing members from cor-
rosion due to exposure to the environment. 

Step 1. Identify factors and objectives. In addition to 
the need for correcting the deteriorated elements of the 
structures described in the foregoing paragraph, the bridge 
must be upgraded to meet the requirements of new indus-
tries interested in locating plants in the immediate vicinity 
of the bridge. The live load capacity of the structure must 
be increased to an HS20 loading. Provision must be made 
for a 4-ft walkway on one side of the structure to accom-
modate greatly increased pedestrian traffic. The 24-ft clear 
roadway width, although narrow, is adequate to accom-
modate the anticipated traffic for the next 20 years. The 
structure's live load capacity is limited by upper and lower 
chords in the two center panels and the compressive diago-
nal at the ends of each truss. 

Step 2. Judge how effectively "repair" or "replace" meets 
criteria of step 1. Repair of deteriorated elements and 
strengthening of the structural members to increase the live 
load capacity to an HS20 loading do not present a particu-
lar problem from the standpoint of capability of personnel 
available, availability of materials, or time out of service of 
the structure. 

The replacement structure, which would be designed on 
anticipated traffic for a 50-year period, would be a 4-lane 
structure with a 54-ft clear roadway width and a 6-ft walk-
way on each side. It typically would be prestressed box 
girders and would require substantial alteration to the 
abutments and pier. 

The replacement structure would accommodate the ve-
hicular and pedestrian traffic in a much more adequate 
manner, would have less annual maintenance, and would 
lessen the number of accidents and fatalities that would 
undoubtedly result from the use of the existing structure. 

Step 3. Estimate cost of "repair" or "replace." Consid-
erable recent experience in repairing bridge structures and 
constructing new box girder bridges allows a reasonably 
approximate estimate of $125,000 for repairing the bridge 
and $432,000 for replacing the superstructure and altering 
the substructure. Annual maintenance costs for the exist-
ing steel deck truss is estimated at $3,000. 

Step 4. Make preliminary decision. A logical decision 
here could be to repair the structure. The initial cost of 
repair is 29 percent of the replacement cost, and the re- 



6 

paired structure has an estimated service life of 20 years. 
Several experienced state bridge engineers regard 50 per-
cent as the threshold figure when replacement becomes 
more cost-effective than repair. 

These engineers make the point that in repairs and al-
terations, unforeseen costs and change orders inevitably de-
velop which typically increase the cost of rehabilitating by 
33 percent. Thus, rehabilitation, which originally was esti-
mated to be 50 percent of the replacement cost, would more 
typically be 60 percent of the replacement cost. 

Obviously, the 50 percent figure is a subjective one. 
However, as previously mentioned, if a structure can be 
placed in adequate condition for less than 30 percent of the 
replacement cost, the decision is more often toward repair. 
On the other hand, if it costs more than 70 percent to re-
pair adequately a structure, the decision is more often to 
replace the structure. 

Phase 3—Choice of Repair Alternative 

Once the decision has been made to repair a deficient 
bridge rather than to replace it, the bridge engineer must 
select a particular bridge repair procedure that will effec-
tively remedy an identified deficiency. A number of repair 
procedures are presented in this manual, which should pro-
vide local bridge engineers with the concepts necessary to 
correct the large majority of common deficiencies in bridges 
on secondary roads. In certain cases, only one repair pro-
cedure may be available for the deficiency. In other cases, 
however, more than one procedure may be available and 
it becomes necessary for the local engineer to select the 
most appropriate one. Numerous considerations may enter 
into the selection process. For example, the skilled trades 
required to perform a repair procedure may not be readily 
available to the repair site or the availability of special 
equipment may be an important influence. Frequently the 
initial cost of the repair is an important consideration, and 
in other cases the annual maintenance costs may be a ma-
jor factor. In some cases, the engineer may simply prefer 
one procedure over another on purely subjective grounds. 

However, the choice of a repair procedure for a particu-
lar deficiency may also be approached from a systematic 
comparative procedure as is illustrated in the following 
hypothetical situation. 

Case Example 

A concrete tee-beam bridge made up of three simple 
spans is located in a remote rural area. The ends of the 
girders have deteriorated badly, with the girder stems hav-
ing cracked from unequal pier settlement. Further, con-
siderable spalling has resulted from chlorides reaching the 
girders from drainage from the roadway slab. 

In the selection of the most appropriate repair for this 
structure, five factors are to be considered; namely, (1) 
first cost, (2) annual maintenance, (3) time out of service, 
(4) equipment required, and (5) availability of necessary 
skilled trades. These factors may be conveniently com-
pared and a repair selected by using the matrix in Table 1 
in the manner described. Each factor is compared with 
each of the other four and possible scores are as follows: 

= marginally more important, 2 = more important, and 
3 = significantly more important. 

In the matrix in column C and row A, the entry is A3, 
because "first cost" (A) is considered significantly more 
important than "time out of service" (C). In column E 
and row B, the entry is El, because "availability of skilled 
trades" (E) is ranked marginally more important than 
"annual maintenance." 

The sums of all scores assigned to a matrix letter are 
listed in the column headed "Total Points." In the case of 
factor B, for example, the scores are 3, 3, and 2, and the 
sum is 8. There are no scores in the matrix for factor C 
and a zero is entered. The total points are summed, a 
decimal proportion of the total is calculated for each fac-
tor, and the proportions are rounded off to percentages and 
used as weight factors. 

The matrix indicates that, in selecting a repair procedure, 
the greatest emphasis should be placed on B, Annual Main-
tenance. Next in importance is A, First Cost; then E, Avail-
ability of Trades; then D, Equipment Required; and, last, 
C, Time Out of Service. 

In this example, the selected repair procedure would 
probably be C-i because that procedure would result in low 
annual maintenance costs; have a low first cost; require 
only basic carpentry and welding trades; and require 
readily available equipment, such as jacks, and perhaps 
portable welding gear. Procedure C-i is compared with 
procedures C-2 and C-3. 

Ordinarily, there are only two or three repair procedures 
applicable to a particular deficiency, and a selection of the 
most appropriate repair can be made by a simple inspec-
tion of the column headed Weight in the matrix. 

If there are a large number of possible solutions, cor-
responding "factor" weights should be assigned to each 
possible repair and totals should be listed for comparison. 
This extension of the use of this matrix approach is il-
lustrated next (in Phase 4), where seven replacement 
systems are compared and a "best" system selected. 

Phase 4—Choice of Replacement Alternative 

Various factors may influence the decision to completely 
replace rather than repair a deficient bridge structure. As 
was discussed in Phase 2, cost may be the primary deter-
mining factor in the decision to replace an existing struc-
ture. But, whatever the reason for the replace decision, the 
bridge engineer must decide the type of replacement sys-
tem that will best satisfy the requirements. This manual 
provides 27 replacement systems that have been success-
fully used in various situations. These systems include re-
placement bridges primarily of concrete, steel, and timber. 
This collection of replacement systems has been carefully 
selected and evaluated. Thus, the local bridge engineer will 
likely find adequate guidance and suggestions in the re-
placement systems presented in the manual. Slight varia-
tions of these systems may be advantageous under certain 
circumstances, but the best basic system for a particular 
application can probably be found in the manual. As dis-
cussed earlier, each of the classes of systems has certain 
advantages over the others, and consideration of the par-
ticular requirements of the system will usually indicate not 
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only the class of system to select but also the particular 
configuration best suited for the local requirements. The 
following factors will almost always need to be considered: 

Required structural capacity. 
Traffic volume. 
Anticipated future use. 
Labor required for replacement (in-house or con-

tractor). 
Cost. 

In addition, there are always a number of influencing 
factors that are unique to the particular site and to the local 
region. These include such things as: 

Experience. 
Available contractors. 
Budget constraints. 
Material availability. 
Environmental priorities. 

Although there might be two or more systems that would 
meet the engineering needs of the project, the requirement 
to meet local needs will occasionally identify a single re-
placement system that seems best. And where two or more 
systems seem equally acceptable, the factor of cost can al-
ways be used as the final decision criterion. The choice of 
a replacement system may also be approached from a sys-
tematic comparative procedure similar to that explained in 
Phase 3 and. as illustrated in the following hypothetical 
situation. 

Case Example 

A 40 ft long, one lane, steel stringer timber plank deck  

bridge requires widening to two lanes and strengthening to 
carry an HS20 loading. The bridge is subjected to. about 
90 freeze-thaw cycles per year and approximately 100 ve-
hicles per day (vpd) of primarily lightweight vehicles. A 
Phase 2 analysis indicated that the bridge should be re-
placed rather than repaired. The local jurisdiction, a 
county, has a small bridge crew that is capable of minor 
repairs and limited replacement work. Potential bridge 
contractors and suitable suppliers of ready-mix concrete, 
precast concrete, steel, and timber are located more than 
100 miles from the bridge site. 

In the selection of the most appropriate replacement sys-
tem for this bridge, six factors will be considered; namely, 
(1) first cost, (2) annual maintenance, (3) time out of 
service, (4) special substructure repair, (5) availability of 
labor and equipment, and 6) appearance of the bridge. 
These factors may be subjectively compared using the 
matrix in Table 2. 

In the matrix, the entry in row A, column B is A3, be-
cause first cost is significantly more important than annual 
maintenance. The jurisdiction has a certain amount of 
money appropriated each year for maintenance but has 
difficulty coming up with large sums of money for special 
situations. In row A, colume C, the entry is Al, because 
first cost is marginally more iiportant than time out of 
service, but not significantly more important because ap-
proximately 100 vpd will have to drive a considerable dis-
tance if the bridge is closed. First cost is marginally more 
important (Al) than special substructure repairs, because 
at least one-half of the substructure will have to be newly 
constructed to accommodate the second lane of traffic. 
With similar logic, the remaining factors can be compared 
and the matrix completed. 
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The matrix for this particular county situation indicates 
that first cost should have a weight of 34 percent, avail-
ability of labor and equipment and time out of service 
should have a weight of 22 percent each, special substruc-
ture repairs should have a weight of 13 percent, and annual 
maintenance should have a weight of 9 percent. The ap-
pearance of the bridge is a relatively unimportant factor in 
the decision. 

In this example the most likely concrete replacement sys-
tem would be system C-3, a prestressed double-tee beam 
bridge, because several of the closest precast concrete pro-
ducers have forms for this type member and because the 
double-tee is economical for 40-ft spans. Ready-mix con-
crete is ruled out because the nearest plant is too far away 
and site batching would not be feasible. The most likely  

steel replacement systems would be system S-4, a laminated 
timber deck on steel beams; iystern S-5, timber plank deck 
on steel beams; system S-6, steel grid deck on steel beams; 
and system S-7, bituminous concrete deck on steel bridge 
plank on steel beams. Of the timber systems only system 
T-1, glued laminated timber, is considered practical because 
of the span length involved. System M-6, long span, cor-
rugated metal culvert, is considered a practical candidate 
from the miscellaneous group of systems. 

Possible alternatives have now been narrowed from 27 
systems to 7 systems. These systems can be compared using 
the relative weights of the factors determined from the 
matrix as shown in Table 3. For example, system C-3 is 
expected to have the lowest first cost (factor A) and, there-
fore, is assigned all 34 of the 34 possible points for,  fac- 

TABLE 3 

TABLE OF POINT COMPARISONS 

A B C D E F 
Total 

Points 

C-3 34 9 16 6 10 0 75 

S-A 24 7 20 9 22 0 82 

S-5 27 6 19 9 22 0 83 

S-6 23 8 20 9 22 0 82 

S-7 30 6 18 9 22 0 85 

T-1 20 8 21 12 22 0 83 

M-6 26 9 21 13 15 0 84 
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tor A. However, the county bridge crew does not have a 
crane large enough to handle the double-tee beams but 
could rent one and, therefore, system C-3 is allotted only 
10 of the possible 22 points for factor E, which is the avail-
ability of labor and equipment. On the other hand, system 
T-1 is assigned 20 of the 34 possible points for factor A, 
but gets all 22 points for factor E. After all points are 
assigned and totaled, it appears that system S-7 with a total 
of 85 points is the best system given the relative weights 

assigned for this particular local situation. The choice 
could not have been made easily without the use of the 
matrix because six of the seven systems had a point total 
between 82 and 85. The result obtained with this method 
depends heavily on the judgment and experience of the 
person making the subjective comparisons, but it does pro-
vide a mechanism for choosing between alternatives and 
may be the most useful in situations similar to the one 
described. 

CHAPTER TWO 

RECOMMENDED REPAIR PROCEDURES 

LIST OF REPAIR PROCEDURES 

Page 
C-Series—Repair of Concrete Bridge Elements 	 No. 

C-i 	Repair of Distressed Areas of Concrete Beam Ends.................... 15 
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C-4 Joint Repair ................................................... 21 
C-S 	Repair of Sliding Plate Joints...................................... 22 
C-6 	Repair of Prestressed Concrete Beams ............................... 24 

S-Series—Repair of Steel Bridge Elements 

S-i 	Steel Truss Repair—Diagonal Tensile Member ........................ 26 
S-2 	Steel Truss Repair—Vertical Tensile Member ......................... 29 
S-3 	Repair of Damaged Truss Member ................................. 31 
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S-5 	Replacement of Steel Beam ...................... . ................. 	33 

T-Series—Repair of Timber Bridge Elements 

T-i 	Timber Stringer Replacement ...... 	................................ 	35 
T-2 	Repair of Cracked or Split Timber Stringers .......................... 36 

R-Series—Retro fit Procedures for Bridge Structures 
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Plates ....................................................... 39 
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G-2 Pedestal Installation to Elevate Bridge Profile......................... 53 

G-3 Widening a Concrete Deck Bridge.................................. 56 
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F-Series—Repair of Bridge Substructures 
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Bottom 	Seal 	...................................... 63 
53 	. F-3 Installation of a Crutch Bent........................... 64 
54 F-4 Pile 	Bent 	Strengthening ................................ 65 

55 F-5 Typical Distress Condition at Pier Foundations ............. 66 
56 F-6 Typical Repair of Sheared Concrete Beam Seats........... 67 

57 F-7 Front Elevation Showing Additional Timbers Bolted to Exist- 
ing Timber Bent Cap and Piling....................... 68 

58 F-8 Increasing the Live Load Capacity of an Existing Footing .... 69 
59 F-9 Replacement of Defective Portion of Existing Timber Piling 

Under a Timber Bent............................... 71 
60 F-i 0 Technique for Strengthening a Deteriorated Pier Cap....... 73 

REPAIR PROCEDURES CLASSIFIED BY BRIDGE 
ELEMENTS AND AREAS OF DEFICIENCIES 

1. Concrete Girders 	 Repair Procedure 

 End areas cracked; bearing areas deteriorated ............ C-i, C-2, C-3 
 Prestressed 	girder 	damage...........................C-6 

I!. Steel Trusses 

 Replace damaged or deteriorated members .............. S-i, S-2, S-3 
 Addition of 	bridge 	rails............................. R-1 
 Increase vertical 	clearance ........................... 0-1 

Ill. Steel Girders 

Corroded beam ends ................................ 54 
Replace steel girders ................................ S-S 
Increase load capacity...............................R-2, R-5 
Provide improved distribution of live load to longitudinal 

girders........................................R-6 
Installation of intermediate support....................R-7 

JV. Timber Girders 

Replace timber girder................................T-1 
Repair cracked girder...............................T-2 
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Repair Procedure 

V. Abutment Stability 

Provide relief joint in approach pavement...............R-3 
Anchor abutment with attached concrete blocks .......... F-i 

VI. Concrete Deck 

Deck joints deteriorated.............................C-4, C-S 
Increase capacity of concrete deck by addition of steel 

framing.......................................R-4 

VII. Abutments, Piers, and Piling 

Deteriorated or damaged piling.......................F-2, F-3, F-4, F-9 
Foundations and footings............................ F-5, F-8 
Beam seats and pier caps............................F-6, F-7 
Pier strengthening or widening ........................ F-b 

VIII. Geometric Improvements 

Increase through truss vertical clearance................G-1 
Increase vertical clearance under a steel or concrete girder 

bridge .........................................0-2 
Widening concrete deck bridges ....................... 0-3 
Widening a concrete slab bridge......................G-4 
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REPAIR PROCEDURES 

Thirty-four procedures were found to correct a high 
percentage of the common bridge deficiencies. These re-
pair, rehabilitation, and retrofitting procedures are provided 
in the following pages. 



TITLE: REPAIR NUMBER 

REPAIR OF DISTRESSED AREAS OF CONCRETE BEAM c-i 

ENDS  

PAGE 	1 	OF 	4 

DESCRIPTION: 
This procedure may be used to repair deteriorated ends of concrete 
beams. 	Such deterioration is usually caused by excessive shear forces 
from uneven settlement of the substructure. 	Similar distress may be 
caused by chlorides and/or freezing and thawing or from lack of pro- 
vision for movement from temperature. changes. 
LIMITATIONS: 

Concrete in piers or abutments adjacent to bearing areas should be 
sound and the distress limited to ends of concrete beams. 

CONSTRUCTION PROCEDURE: 

Direct traffic to the far side of the bridge until repairs on a 
beam end are complete. 

Where required, construct temporary bent for supporting jacks and 
blocking. 	See Figures la and lb. 

Place jacks as shown in Figure la and raise entire end of bridge 
fraction of an inch. 	The lift should be only that required to in 
sert a piece of sheet metal (or other thin material) used as a 
bond breaker for the new concrete. 

Place the sheet metal bond breaker referred to in step 3 on the 
beam seat at the pier or abutment. 

Remove the deteriorated concrete, preferably in steps as shown in 
Figure 2 to provide horizontal bearing surfaces between the new 

...and old concrete. 

Place new reinforcing steel and secure to the old reinforcing 
steel by welding as shown in Figure 2. 	If weldability of the two 
steels is questionable, use low hydrogen electrodes and preheat 
the reinforcing bars. 	As an alternate to welding, the new rein- 
forcement can be lapped with the old steel the amount of the 
development length. 

Apply epoxy bonding compound to prepare the surfaces of sheared 
beam end. 

After forming, place the new concrete. 	A non-shrink additive 
should be used in the new concrete. 

IITLE: REPAIR NUMBER 

REPAIR OF DISTRESSED AREAS OF CONCRETE C-i 

BEAM ENDS 
Page 	2 	OF 	Lt 

ONSTRUCTION PROCEDURE (continued): 

After the concrete has reached sufficient strength, jack all 
beams simultaneously to sufficient height to allow placement of 
elastomeric bearing pads. 

Uniformly lower the entire end of the bridge. 	Check for possible 
distress in the repaired area. 

NOTE: 	Where the distress in the ends of the concrete beams is 
not extensive and consists only of moderate cracking, 
an effective repair can be made by the injection of a 
solid epoxy adhesive. 

ESOURCE REQUIREMENTS: 

Shoring and heavy jacking equipment. 	Pneumatic chipping hammer.. 
Qualified welder. 	Form carpenter(s). 

.tFRENCES: 

Virginia Department of. Highways and Transportation (Reference 1) 
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TITLE: REPAIR NUMBER 

PIER SADDLES FOR DISTRESSED CONCRETE BEAM C-2 

BEARING AREAS (TECHNIQUE A) 
'AGE 	1 	0F4 

DESCRIPTION: 

Relief of distressed beam ends by relocation of bearing areas using 
steel saddles. 

LIMITATIONS: 

This technique is appropriate where repair of concrete beam 	ends woul 
be inadequate or inadvisable. 	While this procedure has been used pri- 
marily for concrete beams, it could be adapted to steel beam bridges. 
The dead load beam reactions from adjacent spans should be approxi- 
mately equal and the live load shear should be small to prevent rock- 
ing of the saddle assembly. 

CONSTRUCTION PROCEDURE: 

Design the saddle components shown in Figures 3, 4a and 4b to 
support the maximum beam reactions. 	If the traffic volume is 
high, specialattention should be given to weldment details to 
prevent fatigue cracks. 

Apply red lead paint to the pier cap bearing area that will 
support the channel sections. 

Place three layers of duck (12-14 oz. typical) over the bearing 
area. 	Each layer should be thoroughly swabbed with red lead 
paint. 

Prefabricate the channel sections, box beams and other saddle 
components as shown in Figures 3 and 4a. 

Place the channel sections over the pier cap and attach the 
supporting box beams with hanger straps and draw-up bolts. 

Place elastomeric bearing pads on the box beams under the concrete 
girders and draw these beams up by using bolts passed through the 
lugs provided on the channels and saddle beam hanger straps. 

After the beams are drawn up tight, weld the channels to the hange 
straps and remove draw-up bolts. 	Bolts could be left in place and 
these welds eliminated. 

RESOURCE REQUIREMENTS: 

Qualified field welding crew. 	Rigging capability and availability of 
a crane or other lifting equipment. 

TITLE: 	 IREPAIR NUMBER 

PIER SADDLES FOR DISTRESSED CONCRETE 	C-2 

BEAM BEARING AREAS (TECHNIQUE A) 	I- 
PAGE 2 OF 4 

REFERENCES: 

Colorado State Department of Highways (Reference 2) 
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TITLE: REPAIR NUMBER 

PIER SADDLES FOR DISTRESSED CONCRETE BEAM C-3 

BEARING AREAS (TECHNIQUE B) 
AGE 1 	OF 

DESCRIPTION: 

Relief of distressed beam ends by extending the bearing areas using 
steel saddles. 

LIMITATEONS: 

This technique is appropriate where repair of concrete beam ends would 
be inadequate or inadvisable. 	While this procedure has been used 
primarily for concrete beams, it could be adapted to steel beam 
bridges. 	The dead load beam reactions from adjacent spans should be 
approximately equal and the live load shear should be small to prevent 
rocking of the saddle assembly. 

CONSTRUCTION PROCEDURE: 

1.. 	Design the saddlecomponents shown in Figures 5and 6, Section PA. 

Apply red lead paint to the bearing area that will support the 
double angle sections. 

Place three layers of duck (12-14 oz. typical) over the bearing 
area. 	Each layer should be thoroughly swabbed with red lead 
paint. 

Place the angle assemblies over the pier cap and attach the sup- 
porting wide flange beams with the hanger straps. 

Place and weld the field shim plates to the hanger plates such tha 
a snug fit with the pier cap is obtained as shown in Figure 5. 

Place formwork over the ends of the assembly to contain non- 
shrinking grout. 

Place the non-shrinking grout. 

After the grout has achieved final set, place the concrete between 
the angles and beams as shown in Figures 5 and 6. 

Remove the forms. 

NOTE: 	This is an alternate to the pier saddle installation 
described in Repair Nimiber C-2. 	This procedure does 
not remove the existing dead load bearing forces from 
the pier cap. 

TITLE: REPAIR NUMBER 

PIER SADDLES FOR DISTRESSED CONCRETE BEAM C-3 

BEARING AREAS (TECHNIQUEB) - 
PAGE 	2 	OF 	4 

RESOURCE REQUIREMENTS: 

Qualified field weldiig crew. 	Rigging capability and availability of 
a crane or other light lifting equipment. 

REFERENCES: 

Louisiana Department of Highways (Reference 3) 
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TITLE: REPAIR NUMBER 

JOINT REPAIR C-4 

PAGE 	1 	OF.2 

DESCRIPTION: 

!Reconstruction and modification of existing expansion joints can be 
accomplished by using one of a number of proprietary joint systems 
that are available. 

LIMITATIONS: 

A bituminous concrete or other type of overlay system is required. 

CONSTRUCTION PROCEDURE: 

Determine the size and type of system that will be required to 
accommodate the existing joint. 

Prepare the surface of the existing deck on each side of the joint 
by removing any uneven areas. 

Drill the anchor bolt holes at the required intervals and to the 
required depth on each side of the joint (Fig. 7). 

Apply sealant to the surface of the deck that will serve as bear- 
ing area for the. joint. 

Install the joint sections and drive the anchor bolts in place. 

Tighten down the joint to the torque recommended by the joint 
specifications. 

Apply the overlay system. 

RESOURCE REQUIREMENTS: 

oncrete drill and bits, wrenches, miscellaneous hand tools. 

REFERENCES: 

NCHRP Report 204 (Reference 4) 	 - 
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TITLE: REPAIR NUNBER 

C-5 
REPAIR OF SLIDING PLATE JOINTS  

PAGE 1 OF 3 

DESCRIPTION: 

Method of sealing sliding plate expansion joints. 

LIMITATIONS: 
Limited to joints that have sufficient cpening to accommodate the de- 
tails shown in Figure 9.. 	The existing concrete should provide a Sound 
anchorage for the existing joint. 	This repair can only be used where 
the revised joint opening will be adequate for the anticipated expan- 
sion. Where this is not feasible, repair C-4 could be used. 

CONSTRUCTION PROCEDURE: 
Determine the size of the compression seal and dam plates to be 
used. 	See Figure 9. 

Fabricate the dam plates and the supporting strut plates in appro- 
priate lengths to allow for the repair to be completed under 
traffic if necessary.. 	Note: 	The compression seal retaining bar 
should be shop welded. 

Cut the existing sliding plate to clear the weld at the heel of 
the angle. 

Install and weld the dam plate assembly across the full width of 
the roadway (or traffic lane if traffic is to be maintained). 

Install the preformed compression seal. 

Complete the repair with the addition of a bituminous concrete 
overlay. 

RESOURCE REQUIREMENTS: 

Torch or other steel cutting and field welding equipment; small hand 
tools. 

REFERENCES: 

Virginia Department of Highways and Transportation (Reference 1) 
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Figure 9. Typical Sliding PlateJoint Repair 	
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TITLE: REPAIR NUMBER 

REPAIR OF PRESTRESSED CONCRETE BEAMS C-6 

PAGE 	OF 

DESCRIPTION: 
Prestressed beams with damaged tendons can be strengthened by adding 
new tendons along the lower flange. 	This repair recommendation is 
based on the State of Washington plan SR-5 overcrossing No. 12/221, 
Prestressed Beam Repair, Lewis County. September 16, 1977. 

LIMITATIONS: 

The added tendons are used to strengthen existing beams with severed 
or damaged tendons. 	The procedure is not normally used to strengthen 
undamage beams. 	Existing diaphragms must be structurally adequate to 
support the end anchorages. 

CONSTRUCTION PROCEDURE: 

Remove all loose concrete from the damaged area (Figure*lOa and 1], 
Section AA). and clean all areas where new concrete will be bonded. 
A high pressure water jet for thorough cleaning is recommended. 
All cracks should be chipped to a 1/2 in. deep V-shaped groove. 

Restrict traffic to low speed and to one lane of the bridge. 

Place an axle load over the damaged area of the beam. 	The amount 
and placement location of the load should be determined by an 
engineer. 

Install any formwork necessary to replace the concrete. 	The beam 

is to be re:built to its original cross section. 

Seal all cracks in the existing beam with epoxy. 	Coat the contact 
surfaces of the existing concrete with an epoxy resin of approxi- 
mately a 10-15 mil thickness. 

Place the new concrete while the epoxy resin is still tacky. 	The 
axle load should remain in place on the beam until the concrete 
has attained a strength of 3500 psi. 

Remove the axle load from the damaged beam. 

Remove the diaphragm concrete where shown in Figure lOb to allow 
for passage of the new posttensioning tendons. 	Chip shear keys 
(Section BB) in the existing beam at 18 in. on center along the 
length of the beam that will house the new tendons. 

TITLE: tEPAIR NUMBER 

REPAIR OF PRESTRESSED CONCRETE BEAMS C-6 

'AGE 	2OF 	4 

CONSTRUCTION PROCEDURE (continued): 

Drill 1-1/2 in. diameter holes through the web as shown in Figure  
lOb and Section BB 	to accommodate reinforcing steel to tie the 
new concrete together. 	These reinforcing bars are to be placed 
and grouted into the holes. 	Care must be exercised to avoid 
drilling through tendons or reinforcing bars. 

Roughen and clean the surface of the concrete beams where the 
new concrete is to be bonded. - 

Install the posttensioning ducts, reinforcing steel and the 
forming for the new concrete. 

Coat the contact surfaces with an epoxy resin and place the new 
concrete while the epoxy is still tacky. 

After the concrete has attained design strength, tension the 
strands to the specified load. 	The strands should be tensioned 
in a sequence to balance the load on each side of the flange. 

Fill the posttensioning ducts with grout. 

NOTE: 	The added tendons could extend over greater length 
than that shown in Figure 10. 	It may be practical 
to posttension between the end diaphragms rather than 
the intermediate stiffeners as shown. 

RESOURCE REQUIREMENTS: 

Concrete breaking and drilling equipment, posttensioning jacks, 
loading equipment, epoxy and concreting materials. 

REFERENCES: 

Washington Department of Transportation (Reference 3) 
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—Existing Beam 
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Deteriorated 
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SECTION A A 

l½Dla Holes Drilled In 
Existing Web18"ctrs. 

3/4 Deep Shear Keys Chopped 
Anchorage Plate Into Existing Beam on 18"ctrs. 
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Added Concrete 	
SECTION B B 

Existing Beam 

FIGURE11. SECTIONS SHOWING DAMAGED AREA(A.A) 

AND ADDED TENDONS TO STRENGTHEN 

THE BEAM(B B). 	 - 



TITLE: REPAIR NUMBER 

STEEL TRUSS REPAIR - DIAGONAL TENSILE 
Sl 

MEMBER 
PAGE1 	OF 	5 

DESCRIPTION: 

Replacement of damaged or deteriorated diagonal tensile member on 
trusses having riveted or bolted connections. 	Replacement details for 
a pinned end diagonal are also suggested. 

LIMITATIONS: 	The procedures described are limited to tensile members 
±th riveted or bolted truss connections only. 	No more than one half of 
the member shall be removed and replaced at a time. 	The new diagonal is 

Ito 	have a capacity equal to that of the member being replaced. 	Care 

Iust 	be taken to avoid damage to the members to be reused. 

CONSTRUCTION PROCEDURE: 

Design the new diagonal section and connections. 

R-trict traffic to one lane on the opposite side of the bridge. 

Cut and install the necessary wood blocking as shown in Figure 12. 

Install a cable having the capacity to carry the full dead load in 
the diagonal plus the live load distributed from the restricted 
traffic. 

Tighten the cable system. 

If the member to be replaced is composed of angles, as shown in 
Section AA, Figure 13, it should be repaired by first removing and 
replacing two of the angles; then removing and replacing the last 
two angles. 	The two angles removed first should be the weaker one 

nal member. 	If the member to be replaced is similar to that shown 
in Section BB, Figure 13, first one channel is removed and re- 
placed, then the other. 	High strength bolts are, used for connec- 
ting-the new diagonal members. 	(See Figure 14 for suggested 
connection of pinned end diagonal.) 

Install the batten plates or lacing bars at the required intervals 

or as otherwise determined by the existing condition of the diago-- 

along the diagonal. 	Tighten the high strength bolts at all con- 
nections. 

Remove cable slings and other temporary components and restore the 
bridge to normal traffic conditions. 

Note: 	A number of bridge design offices in the United States have 
developed satisfactory procedures for replacing damaged or 
deteriorated steel truss members. 	Substantial savings are 

TITLE: REPAIR NUMBER 

STEEL TRUSS REPAIR - DIAGONAL TENSILE S-1 

MEMBER 
PAGE 2. OF 	5 

CONSTRUCTION PROCEDURE (continued): 

effected when an entire structure can be salvaged by the 
replacement 'of only the subpar elements. 	This type of 
operation requires great care and a high level of engi- 
neering expertise. 	A particular instance that should be 
noted is in the Commonwealth of Massachusetts where, under 
the supervision of Mr. J. J. Aherne, Bridge Engineer, a 
unique procedure was developed to replace the entire lover 
chords of two 110 ft. four panel trusses comprising a deck 
truss bridge over the Deerfield River at Monroe, Massa. 
chusetts. 	A detailed description and plans for this repair 
are ayailable from the Massachusetts Department of Public 
Works, 100 Nashua Street, Boston, Massachusetts. 

RESOURCE REQUIREMENTS: 	 . 

Cable sling with turnbuckles; prefabricated steel replacement compo- 
nents, torch and/or other cutting tools. 

REFERENCES: 

Virginia Department of Highways and Transportation (Reference 1) 
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PAGE 3 OF 5 

Cable: 
4 Wraps Mm. 

See Section AA OrBB 

1 Loop Cable 
-_--J 1 Turnbuckle 

Note: Cable FOr Wraps To Be 
Same Size As Main Cable. 

Blocking. For Cable To Clear 
Flange Of Floorbeam 

Cable: 4 Wraps Mm. - 

Burn Holes In Lateral Plate For Cable 

Round Wood Block 

Cable: 4 Wraps Mm. 

FIGURE 12. TRUSS DIAGONAL REPLACEMENT FOR 
RIVETED OR BOLTED CONNECTIONS 

REPAIR NUMBER Si 

PAGE 4 OF 5 

SECTION AA 

Existing member composed of four angles with batten plates can be 
replaced using angles or ST Sections with batten plates. 

SECTION BB 

Existing member composed of two channels with batten plates or 
lace bars (usually found where diagonal may be required to sustain 
compressive and tensile forces) can sometimes be replaced with W 
or HP sections where conditions permit. 

Figure 13. 



REPAIR NUMBER Si 

PAGE 5 OF 5 

NOTE: Deteriorated diagonal tension members consisting of two eye bars can be replaced by using 
rods-as shown with U-bolt end connections. With no traffic on the structure, one of the 
deteriorated eyebars at a time can usually be removed and replaced with the rod illustrated 
without the use of cables as shown on page 3 of 5. 

00 

New Diagonal Member  

nut. (Two nuts) 
Upset threaded end. 

Cut Slot in Cover Plate To 
Allow Placing of U-Bolt. 
Weld Plate Over Slot After 
New Members Are In Place. 

Figure 14. Truss Diagonal Replacement For Pinned End Connections 



TJTLE: REPAIR NUMBER 

STEEL TRUSS REPAIR - VERTICAL TENSILE MEMBER S-2 

>AGE1 	OF 	4 

DESCRIPTION: 

Replacement of damaged or deteriorated vertical tensile member on 
trusses having riveted or bolted connections. 

LIMITATIONS: 

Limited to tensile members on riveted or bolted truss connections. 
The new member is to have a capacity equal to that of the member being 
replaced. 	Traffic should be restricted to one lane during the repair. 

CONSTRUCTION PROCEDURE: 

Design the new vertical section and connections. 

Restrict traffic to one lane on opposite side of the bridge. 

Install the wood blocking and WF beam as shown in Figures 15 and 
16, Section AA. 

Install a cable having the capacity to carry the maximum load in 
the vertical member being repaired. 	See Figure 15. 

Tighten the cable system to eliminate the dead load tensile force 
in the member being replaced. 

If the member to be replaced is composed of angles, as shown in 
Section CC, Figure 16, it can be repaired by first removing and 
replacing two of the angles, then removing and replacing the last 
two angles. 	The two angles removed first should be the weaker one 
or as otherwise determined by .the existing condition of the verti- 
cal member. 	If the member to be replaced is similar to that shown 
in Section BB, Figure 16, first one channel is removed and replad, 
then the other. 	If the entire member can be safely removed, it ca 
be replaced with other type sections of equal strength. 	High 
strength bolts are used for connecting the new vertical members. 

Install the batten plates or lacing bars at the required intervals 
along the vertical. 	Tighten the high strength bolts at all con- 
nections. 

Remove cable slings and other temporary components and restore the 
bridge to normal traffic conditions. 

TITLE: REPAIR NUMBER 

- 	 -. S-2 

STEEL TRUSS REPAIR - VERTICAL TENSILE MEMBER 
PAGE 	2 	OF 	4 

ESOURCE REQUIREMENTS: 

able sling with turnbuckles; prefabricated steel replacement compo-
tents, torch and/or other cutting tàols. 

EFERENCES: 

Virginia Department of Highways and Transportation (Reference 1) 
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Cut Holes in Lateral 
Plates for Cable 

REPAIR NUMBERS2 	 Round Wood Block 
,/Covered With Plate 

PAGE 4 OF 4 
- 	 ! Temporary _____ if 	WF Beam 

Top Chord 	I L Cables 

Section AA 

2 Loops Cable 

—See Section B-B OrC-C 

Turnbuckle each Loop 

Back to Back Channels -I. 
Section B B 

Floor Beam 

11111 III 	p 	Cut Holes In Lateral 
Plates for Cable 

Round Wood Block Covered 
with Plate 

Vertical Tensile Member Replacement for 
Riveted or Bolted Connections. 

FIgure 15. 

Existing members are fre- 
quently composed of 
angles or channels with 
batten plates or lace 
bars and may be replaced  
with the same section or 
ST sections with suitable 
batten plates or lace bars. 

Section CC 

FIgure 16. Typical Sections of a Vertical Tensile Truss Member 



TITLE: 	 S  EPAIR NUMBER 

* S-3 

REPAIR OF DAMAGED TRUSS MEMBER 
'ACE 	1 	OF 	2 

DESCRIPTION: 

Splice plates are used to repair damage or deterioration in one 
channel of a two-channel bridge member. Procedure could be used for 
other built-up members as well. 

LIMITATIONS: 

The repair technique can be used only on built-up members which have 
only one of their components damaged. 

CONSTRUCTION PROCEDURE: 

Bolt a side splice plate to the damaged member as shown in Figure 
17. Remove any rivet heads which would interfere with the splice 
plate if the repair is near a connection. 

If necessary, remove old tie plates (or lacing bars) from the two 
channels in the area of the crack to allow placement of the bottom 
tie plate. 	Some temporary lateral bracing may be required prior 
to completing the repair. 

Bolt the bottom tie plate to the member as indicated in Figure 17. 

NOTE: 	Splice.plates have been successfully attached using 
weldments but fatigue problems could result from welds 
where the structure experiences a high traffic volume. 
A bolted connection for the splice plate is preferable. 

RESOURCE REQUIREMENTS: 

Torch and/or other cutting tools. 	Power drills. 	Alternatively, weld- 
ing equipment and a certified welder. 

REFERENCES: 
Texas State Department of Highways and Public Transportation 
(Reference 6) 
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Existing Connection Plate 

Remove Old Rivets where 
Necessary and Replace with 

Old Tie Plate Removed where 
Necessary 

One Channel of Lower Chord-
Damaged or Deteriorated 

New Bottom Tie Plate 

New Bottom Tie Plate 

/ 

Splice Plate_I1  

Section A A 

Repair of Typical Truss Member where Complete 

Removal is Not Required 

Figure 17. 	 . 	S 
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TITLE: REPAIR NUMBER 

S-4 

REPAIR OF CORRODED STEEL BEAM ENDS  
DAGE 	i. 	OF 	2 

DESCRIPTION: 

The corroded ends of steel beams are replaced by cutting out the 
damaged portion and replacing it with a new WT section or built-up 
plate section. 

LIMITATIONS: 
Suitable only for simply supported spans. 	The top flange and a part of  

the web must- be sound. 	The steel must be weldable. 	All stringers 
must be lifted simultaneously whether they are to be repaired or not. 

CONSTRUCTION -PROCEDURE: 

Relieve the load at the. bearigg by jacking under the sound portion 
of the beams. 

Cut Out the corroded area as marked by the dashed lines in Figure 

18. 	Bearing stiffeners, if present, must be removed. 

Weld the nw section into place using full penetration welds. 	The 

new section may be either a suitable WT or be shop fabricated from 
other suitable shapes. 	Replace the bearing stiffeners where 
required. 

Lower the span to bear; check for distress. 

Remove jacking equipment and other temporary supports. 	- 

RESOURCE REQUIREMENTS: 

Qualified welding personnel, light lifting equipment, hydraulic. jacks, 
clamps and hand tools. 

REFERENCES:  
Louisiana Highway Department (Reference 3). 	 . 

REPAIR NUMBER S4 

PAGE 2 OF 2 

Repair of Corroded Steel Beam. Ends 	- - 

Figure 18. 



TITLE: REPAIR NUMBER 

REPLACEMENT OF STEEL BEAMS S-5 

AGE 	1 	OF 	3 

DESCRIPTION: 

For either composite or non-composite construction where a beam has 
been damaged by collision or corrosion. 

LIMITATIONS: 

The top flange must be in sOund concrete and in good condition. 

CONSTRUCTION PROCEDURE: 

Limit traffic to light vehicles and direct to far side of bridge 
roadway until completion of repair. 

Jack the bridge so that the damaged beam is clear of the bearing 
surface. 

If necessary, provide temporary support adjacent to the beam to be 
removed. 

Remove the damaged portion of the steel beam from the bridge slab 
by cutting through the web directly below the top flange. 	The top 
flange must remain in the concrete slab. 	See Figure 19a. 

Grind bottom face of top flange smooth. 

Select or fabricate a replacement beam having a top flange width 
smaller than that of the original beam to allow for welding.. 	See 
Figure 19b. 

Weld the new steel beam in place with continuous fillet welds. See 
Figure 19b. 

Remove temporary supports if used. 

Seat the new beam and remove the jacking equipment. 

NOTE: 	A cover plate may be advisable on the new beam to lower the 
neutral axis and thereby reduce the lower flange flexural 
stress. 

TITLE: REPAIR NUMBE 

S-5 
REPLACEMENT OF STEEL BEAM  

PAGE 	2 	OF 3 

RESOURCE REQUIREMENTS: 

Jacking equipment, steel cutting equipment such as an acetylene torch, 
qualified welding crew, a crane or other' suitable lifting equipment. 

REFERENCES: 

Washington Department of Transportation (Reference 5) 	. 
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Burn to Remove 
Lower Portion of Beam and 

• 

Grind Smooth 

Damaged or Deteriorated 
Figure l9LaL Steel Beam Stringer 

HI _ 

• 	Figure 191103. 

_ 

Optional Cover Plate 

Replacement Of A Steel Beam 



TITLE: REPAIR NUMBER 

T-1 
TIMBER STRINGER REPLACEMENT  

PAGE1OF2 

DESCRIPTION: 

Replacement of cracked or deteriorated weoden stringer with new member. 

LIMITATIONS: 

For use ubere iridge deck and pier caps do not require replacement. 
Deteriorated stringer must be strong enough to serve as a nailing 
strip for new stringer. 

CONSTRUCTION PROCEDURE: 

Cut the new stringer to the required length and taper the ends as 
shown in Figure 20(a). 

Lift the new stringer into position as shown in Figure 20(b). 	Clip 
- the ends of the beam as required to facilitate the placement oper- 

ation. 

Drive wedges under the new stringer until the deck bears against 
it. 

Secure the wedges with nails as shown in Figure 20(c).. 

Secure the old stringer to new stringer at 2 ft. to 3 ft. inter- 
vals by using 3/ 4  in. 	bolts placed at mid-depth. 	See Figure 
20(c) 

NOTE: 	In some instances, it may be more convenient to install the 
replacement stringer in the flat position and then rotate 900 
to the vertical position. 	This procedure could lessen trim- 
ming of the ends of the stringer but result in a more awk- 
ward wedging operation. 

RESOURCE REQUIREMENTS: 

Light lifting equipment and hand tools; power saw. 

REFERENCES: 

Wyoming Highway Department 	(Reference  7 
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TITLE: REPAIR NUMBER 

T -2 

REPAIR OF CRACKED OR SPLIT TII1BER STRINGERS 

PAGE 1 OF 2 

DESCRIPTION: 

Steel plates and bolts are used to prevent further deterioration of 
cracked timber stringers. 	 - 

LIMITATIONS: 
Repair is limited to situations where it is not desirable to remove the 
deck planks. 	Deck planks should be in good condition. 	Repair .hardware 

will have to be removed if deck is replaced. 

CONSTRUCTION PROCEDURE: 

Close bridge to traffic during the repair period. 

Calüate the load that would be necessary to jack at a location 
near the cracked position in the stringer to eliminate the dead 
load moment. 	Calculate the corresponding deflection this load 
would produce. 	The stringer to be repaired should be raised 
exactly that amount. 

Remove the asphalt overlay 	in the area 	ere the holes are to be 

drilled. 

Drill holes for draw-up bolts. 	See Figure 21. 

Place the retaining and support plates as shown in Section AA and 
tighten the draw-up bolts. 

Replace the wearing surface. 

RESOURCE REQUIREMENTS: 

Hand tools and access to underside 	of structure. 

REFERENCES: 

Wyoming Highwoy Department 	(Reference 7) 
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TITLE: REPAIR NUMBER 

ADDITION OF BRIDGE RAILS TO THROUGH TRUSS 
R-1 

PAGE 	1 	OF 	3 

DESCRIPTION: 
Bridge rails are added to existing through truss bridge in such a 
manner as to (1) prevent collision with truss members, (2) essentially 
maintain original roadway width, and (3) be independent of main 
structural elements of truss. 

LIMITATIONS: 

Bridge and supporting frame are designed for through truss with a 
floor system composed of floor beams, stringers, and transverse timber 
floor planking. 	Could be adapted for a concrete roadway slab by plac- 
ing the transverse channels on top of slab and adding an asphalt or 
concrete overlay equal to the vertical legs (about 2 in.) of the 
channels. 	The bridge rails do not meet AASRTO Specifications. 	On 
very light trusses the added dead weight of the rails and the support- 
Ing frames may be a limitation to its use. 

CONSTRUCTION PROCEDURE: 
Select the bridge rail post positions 6 to 12 ft. on center and 
between the floor beam locations. 	See Figure 22. 

Remove the deck timbers at the locations of the bridge rail posts 
and replacethem with steel channels (C6x8.2) 1 ft. longer than 
the existing deck width. 	See Figure 23. 

If the stringers have wood nailing strips (as shown), attach the 
channels with lag bolts. 	If nailing strips are not used, tack 
weld the channels to the stringers, or use high strength bolts. 
See Figures 23 and 24. 

Attach bridge rail posts to channels with MS bolts through 6 x 6 
angle welded to post. See Figure 24. 

Slide lower transverse member of frame (W6xl5.5) into place and 
attach to posts. A suggested fabrication is indicated in Figure 
24. 

Fill the space over the channels in the timber deck with asphalt. 
See Figure 23. 

ESOURCE REQUIREMENTS: 

Staging and rigging to suit the site. 	Light lifting equipment is re- 
quired to lift transverse steel member under roadway. 

TITLE: 	 [EPAIR NUMBER 

ADDITION OF BRIDGE RAILS TO THROUGH TRUSS 	
R-1 

2 OF 

REFERE!'CE5: 

North Carolina Dept. of Transportation (Reference 8) "Upgrading Safety 
Performance in Retrofitting Traffic Railing Systems." FHWA Report. 
(Reference 9 ) 
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TITLE; REPAIR NUMBER 

INCREASE FLEXURE CAPACITY OF STEEL BEAM R-2 

STRINGERS BY ADDITION OF COVER PLATES 
AGE 	1 	OF 	4 

DESCRIPTION: 

Cover plates can be added to existing non-composite simple steel beam 
spans to increase the load carrying capacity. 

LIMITATIONS: 

The existing steel beam flanges must be weldable. 

CONSTRUCTION PROCEDURE: 

Design the cover plates to achieve the desired capacity. 	Check the 
stresses in the modified section to assure adequacy of the existing 
beam. 

Close the bridge to traffic while it is being supported by jacks. 

Prepare the surface of the existing beam flanges for welding of the 
flange plates. 

Clamp the cover plates on the bottom flange of the stringers. 
Plates may also be added to the underside of the top flange. 

Calculate the load that would be necessary to jack the center of 
the span to eliminate the dead load deflection. 	The beams should 
be raised by exactly that amount at midspan. 

Place temporary supports similar to that shown in Figures 25 and 21 
and jack all beams simultaneously. 

Weld the cover plates to the beams. 	The welding of a cover plate 
should be completed within a period of a working day. 

Remove jacking equipment and other temporary supports. 

NOTE: 	Replacement System S-3 shows an alternate procedure 
for increasing the flexure capacity of steel beam 
stringer bridges by removing the existing concrete 
deck slab and adding shear connectors. 	Precast deck 
panels are then placed which have openiigs to accommodate 
the shear connectors. 

TITLE: REPAIR NUMBER 

INCREASE FLEXURE CAPACITY OF STEEL BEAM R-2 

STRINGERS BY ADDITION OF COVER PLATES  
'AGE 	2 	OF'4 

RESOURCE REQUIREMENTS: 

Excavating equipment, qualified welding personnel, light lifting 
equipment, hydraulic jacks, clamps and hand tools. 

REFERENCES: 

Virginia Highway and Transportation Department (Reference 1) 
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TITLE: REPAIR NUMBER 

INSTALLATION OF PRESSURE RELIEF JOINT IN R-3 

CONCRETE APPROACH PAVEMENT 

PAGE'i 	0F2 

DESCRIPTION: 

Joint to be installed in approach roadway to relieve expansion pressure 
on backwall of bridge abutment. 

LIMITATIONS: 

The design is for those situations uhere the expansion of the concrete 
approach pavement has been confirmed as the source of pressure on the 
abutment backwall. 

CONSTRUCTION PROCEDURE: 

Direct traffic to opposite side of roadway while pavement joint 
is being installed. 

Position pressure relief joint beyond bridge as required by pavement  
conditions. 

Remove existing concrete pavement as required. 

Cast reinforced concrete slab as shown in Figure 27. 	Cast in sec- 
.tions as required using longitudinal joint key between pours. 

Place two layers of building paper over entire top surface of 
concrete slab. 

Place asphaltic concrete as shown in Figure 27. 

Place bituminous top course. 

Open to traffic only after concrete has cured. 	High early strength 
concrete can be used to minimize curing time. 

RESOURCE REQUIREMENTS: 

Pavement breaker, 	excavating equipment, 	concrete finishing tools, 
bituminous paving equipment. 

REFERENCES: 

Virginia Department of Highways and Transportation (Reference 1) 

C. Pressure Relief Joint 

:.__i•i-•,• 	 ______________________________ 

Posltlonof Pressure Relief Joint 

_________ 	1'-8 Each Side(Typ 
I 	(-Must be Free to Slide) 

Maximum 	 High Early Strength Concrete 

g 	:':1 1I I i 	
Bituminous Top Course 	 ,/l'12  

L9 tmP5uao 

Concrete 

 ; .I/I' 

---------------------------r _ 

2'x 2'x &-d'Longltudlnai Joint Key Between 
Pours 

- 	4 Spaces at L-10½to 76 
8-o'• 	 - 

Reinforced Concrete Slab 

BarB 
i L-7--6] (#5) 

Detail of Pressure Relief Joint 	REPAIR NUMBER R3 
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TITLE: REPAIR NUMBER 

R-4 

CONCRETE DECK STRENGTHENING PROCEDURE  
PAGE 	1 	OF 	3 

DESCRIPTION: 

A concrete deck supported on longitudinal stringers may be strengthened 
by adding new transverse floor beams and additional stringers. 

LIMITATIONS: 

Concrete floor slab must be capable of resisting negative moments 
induced at the new support locations. 

CONSTRUCTION PROCEDURE: 

Weld the new connection plates to the web of the existing longi- 
tudinal beams. 	See Figure 28. 

Tack weld shim plates to the top of the new transverse floor beams 

Place epoxy grout on top of the new transverse floor beams in- 
cluding the shim plates. 

Install the jack support beam and the jacks (see transverse 
section). 

Jack the beams against the slab and use clamps to secure the beam 
to the connection plates. 	(Jacks could remain in place until 
permanent welds are provided.) 

After the new transverse floor beams are placed, install addi- 
tional longitudinal stringers. 	Shim plates and epoxy grout are 
used on the top flange of the new stringer to provide contact 
with the deck slab. 	The longitudinal stringers are jacked into 
place by jacking at the center of the jack support beam. 

Weld or bolt the new transverse floor beams to the connection 
plates on the existing stringers and the new longitudinal 
stringers to the connection angles on the new transverse floor 
beams. 

Remove jacks, jack support beams, and excess grout. 

TITLE: 

CONCRETE DECK STRENGTHENING PROCEDURE 

REPAIR NUMBE] 

R-4 

PAGE 	2 	OF 	3 

RESOURCE REQUIREMENTS: 

Jacking equipment, blocking and support beams, welding equipment 	-. 
and/or wrenches and small hand tools. 

REFERENCES: 

Texas State Department of Highways and Transportation (Reference 6) 
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TITLE: REPAIR NUMBER 

KING-POST TRUSS FOR INCREASING BEAM CAPACITY 
R-5 

AGE 	OF 

DESCRIPTION: 	High strength steel rods may be used to increase the 
load carrying capacity of a steel beam (easily adaptable for wood beams 
also). 	Two techniques may be used, namely: 	(A) Providing vertical 
supports at one or two positions along the beam and (B) prestressing 
the lower flange with a small vertical force at the king-post. 

LIMITATIONS: 	Attachments of the steel rod at the ends of the steel 
beam must be carefully designed to transfer the tensile forces in the 
rods to the steel beam. 	Clearance under structure is lessened by depth 
of king-post. 	Consideration must be given to induced local stresses in 
the beam by the intermediate support. 	Corrosion protection should be 
rovided for the rods. 

CONSTRUCTION PROCEDURE: 
Technique A. 	The rods are placed with as much slope as feasible and 
attached to the ends of the beam at mid-height. 	The mid-span support 
should be. as deep as practical for the site. 	See Figures 29 and 30. 

l• 	Bolt end anchors to the beam web in the desired position. 	The end 
anchors must project far enough out from the web to provide clear- 
ance between the lower flange and rods. 	.See Figures 29 and 31. 

Attach the king-post support. 

Place and tension the rods to the desired level of stress. 

Technique B. 	The high strength rods are placed parallel (or nearly so) 
to the bottom flange (see Figure 29). 	These rods are then tensioned 
so as to place a compressive prestress in the lower flange of the 
beams. 

ing forces. 

Bolt the end anchors for the high strength rods to the lower 
flange of the steel beam. 	A short center support may be used to 
provide a small veftical force at mid-span. 	See Figure 30. 

Place the high strength rods through the anchors and tension to 

1. 	Design the rods and attachments to carry the intended post-tension-- 

the desired stress level. 

RESOURCE REQUIREMENTS:. 

Jacking equipment for post tensioning, lifting equipment; welding 
equipment. 

TLE: 
	 REPAIR 

KING-POST TRUSS FOR INCREASING BEAM CAPACITY 	
R-5 

PAGE 2 OF 5 

"Extending the Service Life of Existing Bridges" FH%A Report 
(Reference 10.)  
Connecticut Department of Transportation (Reference 11) 
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of Beam Web 

fl 
Partial Plan 

- 'd' should not exceed the minimum distance 
required for the tensioning rods to clear the flange. 

Note: A built up section may sometimes be required. 

Partial Elevation 

Typical Rod Connection Detail at Ends of Beam 
Provide Corrosion Protection To Rods 
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Figure 31. 



TITLE: REPAIR NUMBER 

INSTALLATION OF DISTRIBUTION BEAM R-6 

PAGE 	1 	OF 	4 

DESCRIPTION: 
For existing multi-stringer spans. 	By using an under-mounted trans- 
verse distribution beam, the normal live load stringer distribution re- 
quirements of the AAS}ITO Specifications can be liberalized, thereby 
equalizing the live load distribution to stringers and consequently 
allowing a higher live load rating. 

LIMITATIONS: 	(1) Should be considered an expedient measure and not 
a permanent solution. 	(2) For use with steel beam spans with timber 
decks and closely spaced stringers. 	(3) The technique is best adapted 
to 'bridges having all I or WF beams of equal size with at least a 10 in 
depth. 

CONSTRUCTION PROCEDURE: 

1., Provide necessary underbridge scaffolding for workers. 

Drill holes at mid-depth of the web of all existing stringers. The 
holes shall be of sufficient diameter to accommodate the hangers 
shown in Figures 32 and 33. 

Weld the web shear reinforcement as shown in Figure 32. 

Insert all hangers without yokes, saddles or nuts in the web holes. 
See Figure 32. 

Position the distribution beam directly under the hanger rods; in- 
stall the yoke plates on all rods and temporarily wire or wedge 
them in place. 	Lift the distribution beam,up into the hangers far 
enough,  that the yoke plate wedges can be removed. 

Raise both ends of the distribution beam to the final location; 
install saddles and tighten all nuts just enough to. take up all 
slack. 

As an alternate procedure, the upper flange of the distribution 
beam can- be bolted to the lower flanges of the main stringers. 
See Figure 33. 	The flexural capacity of the stringer is, of course 
reduced when bolt holes are drilled through the lower flanges and 
the engineer is cautioned to check the resulting live load capacit' 
when this type connection is used. 

Remove scaffolding. 

TITLE: REPAIR NUMBER 

INSTALLATION OF DISTRIBUTION BEAM 
R-6 

PAGE 	2 	OF 	4 

RESOURCE REQUIREMENTS: 

Come-alongs', chains, acetylene torch, electric welding machine, small 
:ools, fabricated materials, scaffolding materials. 	Installation can 
e done by small bridge maintenance crew. 

REFERENCES: 

Virginia Department of Highways and Transportation (Reference 1) 
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Note: Hanger connection shown. 
Alternative bolted connection 
is shown in Figure 33. - 
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TITLE: REPAIR NUMBER 

THE INSTALLATION OF AN INTERIIEDIATE SUPPORT R-7 

FOR STEEL GIRDER BRIDGES  

PAGE1 	OF 5 

DESCRIPTION: 

A steel and concrete pier is erected at or near midspan to convert a 
single simply supported span into two shorter continuous spans. 	The 
sutporting pile groups are driven to the sides of the existing bridge 
so interruption of traffic is kept to a minimum. 

LIMITATIONS: 
The main flexural members of the existing structure must be capable 
of resisting the negative moment over the new support. 	If used on a 
truss a detailed analysis should be carried Out to ensure that the 
truss members are not subject to stress reversals or overstress. 

CONSTRUCTION PROCEDURE: 

Design the new transverse beam and pile cap to support the load to 
be imposed. 

Drive piles at the desired locations outboard of the bridge rails. 
See Figure 	34. 

Cast the concrete pile caps on top of the pile groups. 	See 
Figure 	35. 

After the concrete has reached sufficient strength, place and jack 
the new support beam snug against existing stringers. 	See Figure 
36. 	Shim plates are used as required. 

Place a non-shrink epoxy grout between the beam and the concrete 
pile caps. 	See Figure 37. 

After the grout has set, drill holes in the concrete pier cap 
andplacethe dowels as shown in Figure 37. 

Remove the jacks. 

RESOURCE REQUIREMENTS: 

Jacking equipment, crane, oils driving equipment, concrete drilling 
equipment. 

REFERENCES Illinois Dept. of Trans. 	(Reference 13) 	Note: Illinois 
uses this pcocedure to replace deteriorated intermediate supports on 
continuous spans. 	The description here is for adding or replacing. 
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TITLE: REPAIR NUMBER 

INCREASING VERTICAL CLEARANCE OF THROUGH G-1 

TRUSS BRIDGES BY MODIFYING THE PORTAL BRACING 

PAGE 1 	0F2 

DESCRIPTION: 
Clearance on through truss bridges can be increased by rearranging 
the portal bracing. 

LIMITATIONS: 
Stresses in all members of the portal bracing should be checked for the 
new configuration. 	If existing connections are riveted, bolting is 
recommended for the new connections, 	since weldability is uncertain on 
many old trusses. Traffic should be limited to light loads at low 
speeds while the portal bracing is being modified. 

CONSTRUCTION PROCEDURE: 

Technique A. 	See Figure 38. 

1) 	Remove all portal bracing.and install replacement members, which 
must be fabricated to fit between end posts. 

Technique B. 	See Figure 39. 

Remove lower horizontal member and cut diagonals to new length. 

Replace horizontal member in new position and add new.diagonals. 

Technique C. 	See Figure 40. 

1) 	Remove knee braces. 

Note: 	Thethree 	procedures briefly described above present portal 
bracing modifications that have been successfully used. 	The 
new arrangements of the structural members will result in dif- 
ferent loads in the members from the external lateral forces. 
The altered designs must be checked by a qualified structural 
engineer in each case. 

RESOURCE REQUIREMENTS: 
Metal cutting equipment, light lifting equipment, torque wrenches 
and small hand tools. 

REFERENCES: 	Virginia Highway and Transportation Department (Ref- 
erence 1) 	Louisiana Department of Highways (Reference 3) 

Missouri State Highway Department (Referencel3.) 



TITLE: REPAIR NUMBER 

PEDESTAL INSTALLATION TO ELEVATE BRIDGE 	- G-2 

PROFILE  

PAGE 	1 	OF 	6 

DESCRIPTION: 

Typical details of technique that can be used to increase the vertical 
clearance under steel or prestressed concrete girder bridges. 

LIMITATIONS: 

This technique has been used to increase the vertical clearance under 
bridges byapproximately 3 ft. 	Structural members that are jacked 
against to raise the structure must be checked to ensure that they can 
resist stresses induced by the jacking operation. 	Traffic must be 
detoured during the repair. 	Vertical alignment of approach roads 
leading to raised structure must be adjusted. 	Stability of abutments 
and wing walls must be checked for the additional horizontal force re- 
sulting from the revised design of the substructure. 

CONSTRUCTION PROCEDURE: 

Design the steel pedestals to support the given beam loading. Some 
typicl details that can be used are shown in Figures 41 and 42 
for steel girder bridges and Figures 43 and 44 for prestressed 
concrete girder bridges. 

Prefabricate 	the pedestals. 

Calculate the total reaction due to the dead load of the span to 
be elevated by the jacking operation. 

Estimate the number of jacks required to support the load in a 
uniform fashion across the width of the bridge. 

Select the bridge members to.be  jacked against. 

Check the loading on the selected members to determine if modifi- 
cations are required to resist the jacking forces. 	(When jacking 
against diaphragms, for example, stiffeners, additional welding 
at the connections, or other similar procedures may be required to 
ensure that the member can resist the load to be imposed.) 

If it is necessary to jack against a footing or other substructure 
member, excavate and install cribbing and blocking to support the 
jacks. 

Raise the span by jacking. 	Pressure gages should be used to keep 
all jacks lifting the span as evenly as possible. 

Jack, block, and rejack until sufficient clearance is obtained to 
install the prefabricated pedestal. 

TITLE: REPAIR NUMBER 

PEDESTAL INSTALLATION TO ELEVATE BRIDGE G-2 

PROFILE 	 - 
PAGE 	2 	OF, 	6 

CONSTRUCTION PROCEDURE (continued): 

Remove any temporary blocking, install 1/4 in. preformed fabric pai 
on the bearing surface, and place the permanent pedestals in posi- 
tion. 	(The fabric pad-and bearing surface should be swabbed with 
red lead paint.) 

Install cross bracing or other type bracing; field weld or bolt as 
required and make any necessary adjustments;, anchor the pedestal 
to the pier or abutment. 

Reposition the beam bearing assemblies on top of the pedestals. 

Lower the span to bear evenly on the pedestal bearings. 

Complete all field welding and/or make other final adjustments; 
tighten all anchor bolts. 

Remove jacking equipment, cribbing, etc. 

Excavate behind the abutment backwalls andwingwalls to a depth 
sufficient to facilitate the removalof concrete as required to 
ensure bond to the existing reinforcing steel. 

Construct back and wingwalls to the new elevation as required. 

Backfill abutment and wingwalls; reconstruct bridge approaches as 
required. 

NOTES: 	1. 	A similar procedure is available for prestressed con- 
crete spans.. 	See Figures 43 and 44. 

2. 	The description given herewith is for raising a 
single simple span. 	However, the Texas Highway De- 
partment has used a similar procedure to raise by 2.75 
ft. a 4-span continuous bridge (60 ft.-75 ft.-75 ft.- 
60ft.) on a 30°  skew. 

RESOURCE REQUIREMENTS.: 

Excavating equipment, hydraulic jacking system, welding equipment, 
small crane or other suitable lifting equipment, and miscellaneous 
hand tools. 

REFERENCES: 

Texas Department of Highways and Public Transportation (Reference 6 
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TITLE: REPAIR NUMBER 

WIDENING A CONCRETE DECK BRIDGE G-3 

DAGE 	1 	OF 	3 

DESCRIPTION: 

This procedure describes a method for increasing the width of the road 
way on concrete deck bridges. 	Suggestions for widening another type 

concrete slab bridge are given in Repair C-4. 

LIMITATIONS: 

The substructure must be widened to accommodate the widened super- 
structure. 	The order of ranking of the structure types that present 
the fewest widening problems are: 	stIel, precast, prestressed con- 
crete, concrete "T" girders, and conventionally reinforced and cast- 
in-place prestressed concrete box girders. 	Method "A' 	requires a time 

delay between the widening concrete placement and the closure pour as 
described below. 

It is preferable to use steel or precast prestressed concrete girders 
for the widened portion of the structure. 

CONSTRUCTION PROCEDURE: 

Method "A' 	(Preferred Procedure) 

Widen the piers and abutments as necessary. 

Design, fabricate and erect the new girders for the-widening. 

Form and place the reinforcing steel and concrete for the initial 
widening- pour as shown in Figure 45, Method "A". 

Remove the concrete from the old deck areas as indicated in 
Figure 45, Method "A" to expose the reinforcing steel to provide 
the length necessary to lap with the new steel. 

Install adequate lateral bracing between the old exterior girder 
and the new adjacent girder. 

Attach the new reinforcing steel to the original by lapping both 
the top and bottom transverse deck steel. 

If the bridge is widened using steel or precast, prestressed con- 
crete girders, a period of 3 to 15 days should be allowed before 
the closure concrete shown in Figure 45 "A" is placed. 	If the 

bridge is widened with cast-in-place girders, considerable 
plastic deformation may occur after removal of the falsework, and 

- 	waiting periods on the order of 60 days may be advisable. 

Eliminate traffic from at least the lane nearest the widening 
before the closure concrete is placed. 

TITLE: REPAIR NUMBEF 

WIDENING A CONCRETE DECK BRIDGE G-3 

PAGE 	
2 	OF 

CONSTRUCTION PROCEDURE (continued) 

Place the closure concrete. 

Remove falsework and restore the bridge to traffic after- the last 
concrete pour has attained design strength. 

Method "B" 	 - 

Widen the piers and abutments as necessary.. 

Design, fabricate and erect the new girders for the widening. 

3-. 	Remove the concrete from the old. deck area as indicated in Figure 
45 "B" to expose the reinforcing steel to-the length required to 
provide necessary development length. 	-. 

Place adequate lateral bracing between the old exterior girder 

and the new adjacent girder. 	- 

Form the new deck area and attach the new reinforcing steel to 
the original by lapping both the top 'and bottom transverse deck 
steel. 	 - 

Place the concrete for the widening. 

RESOURCE REQUIREMENTS: 

Form carpenters, qualified welding personnel, shoring, crane and/or 
other lifting equipment. 

REFERENCES: 	 - 

California Department of Transportation. 	"Effectiveness of Attached 	- 

Widening," Final Report, July 1974. 	(Reference 14). 
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TITLE: REPAIR NUMBE1 

G-4 

WIDENING A CONCRETE SLAB BRIDGE . 	3 PAGE 	OF 

DESCRIPTION: 

This procedure provides a method for increasing the width of the road- 
way of a concrete slab bridge. 	The example illustrated has a concrete 
parapet placed integrally with the concrete deck slab. 

LIMITATIONS: 

The substructure must be widened to accommodate the widened slab. 
Shoring must be provided for the formwork for the widened slab. 

CONSTRUCTION PROCEDURE: 

Additional piling may be necessary. 	Drilling into the ends of 
existing pier caps and abutments and grouting the new reinforcing 
steel are recommended. 	This procedure can provide adequate connec 
tion ties with the existing pier cap and abutments. 	Widen the 
piers and abutments to the new width. 	See Figure 46. 

Direct traffic to the opposite side of the bridge roadway during 
the slab widening construction. 

Support the existing slab with shoring prior to removing the edge 
parapet or curb. 	See Figure 47. 

Remove the existing parapet concrete and approximately 12 in. of 
the existing concrete slab to expose the old transverse reinforc- 
ing steel. 

The reinforcing steel in the new section of roadway slab is lapped 
with the bent down steel from the removed parapet and with the 
straight transverse steel in the existing roadway slab. 

Provide an edge beam for the widened slab by (1) placing extra re- 
inforcement and a new parapet integral with the slab similar to 
that rernoved; or by (2) strengthening, the -edge-with an increased 
depth of slab (as shown in Figure 47.)., 	Place the concrete for the 
new slab. 

Remove'theshor.ing and, falsework after: the concrete. has.at-tained 
the desired.strgngth.. 

Place a suitable bituminous overlay across the entire new deck 
surface to provide a crown to the roadway and a smoother riding 
surface. 

TITLE: 

WIDENING A CONCRETE SLAB BRIDGE 

REPAIR NUNBE] 

G-4 

'PAGE 	2 	OF 	3 

RESOURCE REQUIREMENTS: 

Form carpenters, shoring, light lifting equipment. 

REFERENCES:  

Texas Department of Highways and Public Transportation (Reference 6) 
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TITLE: REPAIR NUMBER 

INSTALLATION OF DEADMAN ANCHORAGES F-i 

PAGE 	1 	OF 	4 

DESCRIPTION: 

Placement of a heavy mass attached to a bridge abutment to anchor the 
abutment and resist overturning. 	Bridge abutments are anchored via 
steel rods to large concrete blocks to prevent overturning. 	The con- 
crete blocks are referred to as deadmen. 

LIMITATIONS: 

The concrete deadmen should be placed in undisturbed earth or cast 
around the exposed tops of piling to provide lateral resistance to 
movement. 

CONSTRUCTION PROCEDURE: 

Excavate the area where the deadmen are to be placed and provide 
a trench for the restraining rods. 	See Figures 48 and 49. 

Drive piles for the deadmen. 	If soil is sufficiently firm, the 
piles may be eliminated. 

Place formwork and concrete for the deadmen. 	Note that the side 
of the deadmen facing the abutment should be cast without forms. 
See Figure 50. 

Drill throughthe wing walls and place the restraining-rods. 	Wrap 
and cast with tar or provide other means to protect rods from 
corrosion. 

Bolt the restraining rods at the deadmen. 	See Figures 49 and 50. 

Place the waler beams and tighten the rods. 	See Figures 49 and 50.  

Back fill. 

RESOURCE REQUIREMENTS: 

Excavation equipment, light iifting equipment for waler beams, and 
concrete, drills, miscellaneous hand tools. 

REFERENCES: 
North Carolina Department of Transportation (Reference 8) 
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TITLE: 	 - REPAIR NUMBER 

REPAIR OF DETERIORATED TIMBER OR CONCRETE F-2 

PILES AND PIER COLUMNS  
PAGE 	1 	OF 	4 

DESCRIPTION: 

Repair of deteriorated timber or concrete piles and pier columns by 
encasement in concrete using a permanent fiberglass form. 	This pro- 
cedure may be used for piling immersed or Out of water. 

LIMITATIONS: 

Can be used where much of pile cross section has been lost. 	Qualified 
divers may be required. 	Some of the repair systems are proprietary. 

CONSTRUCTION PROCEDURE: 

Scrape surface of the pile clean,' removing deteriorated concrete 
or wood. 

Sandblasting may be used to clean the exposed reinforcement in con- 
crete piles (above water line). 	Splice with new reinforcement if 
-required. 	Install steel mesh reinforcing cage around timber pile 
(Figure 51a) or concrete pile (Figure 51b). 	Use spacers to keep 
the forming in proper position. 	- 

Place the forming jacket around pile and seal the bottom of form 
against pile surface. 	(Figure 52) 

Pump suitable concrete into form through opening at the top. 
Sulfate resistant concrete should be used in salt water locations. 

Finish top portion of repaired area. 

NOTES: 	 - 

Form should reach from above the splash zone down to sound 
wood or concrete. 

Steel piles can be protected by coatings that prevent the 
dissolved oxygen in the water from contacting the steel. 
Epoxy coating systems and polyvinyl chloride barriers have 
been used. 

ESOURCE REQUIREMENTS: - 

Underwater survey and repairs will require qualified divers. 	Form 
jackets must be purchased or fabricated. 	Concrete pump required. 

TITLE: 

REPAIR OF DETERIORATED TIMBER OR CONCRETE 
PILES AND PIER COLUMNS 

I REFERENCES: 

Florida Department of Transportation (Reference 15.) 
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TITLE: REPAIR NUMBER 

HELPER OR CRUTCH FOR BENT REPAIR OR F-3 

STRENGTHENING 

PAGE 1 	OF 2 

DESCRIPTION: 

Helper bents are installed under sound pier caps to provide support 
after existing piles have deteriorated or settled Out of position. 
See Figure 53. 	Repair R-7 describes a procedure for adding a new 
pier if an existing pier has deteriorated beyond feasible repair. 

LIMITATIONS: 

Existing pier cap must be in sound structural condition. 	Requires 
piles to be driven through deck slab. 	Bridge must be able to support 
the weight of pile driving equipment. Dry land or floating pile 
driving rig could be used. 

CONSTRUCTION PROCEDURE: 

1. 	Restrict traffic to one lane of the bridge or close bridge if 
necessary. 

Cut openings in existing bridge deck of sufficient size to allow 
driving of the new piles. 	Use temporary deck hole covers to 
maintain traffic during the repair. 

Drive the new piles. 	Do not cut off the piles. 

Place cap support snug against pier cap and mark piles for cut 
- 	off. 

Cut off new piles. 

Wedge cap support in to position atop the new piles and fix by any 
suitable method. 

Remove the temporary deck hole covers and close. 

RESOURCE REQUIREMENTS: Pile driving, jacking and lifting equip- 
ment: 	Scaffolding may be required to gain access to underside of 
bridge deck. 	Pavement breaking and concrete sawing equipment may be 
required for use on concrete decks. 	 - 

REFERENCES: Wyoming. (Reference 7), North Carolina (Reference 8), 
and Florida (Reference 15) all use systems similar to the one 
described but varying in details and complexity. 
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TITLE: REPAIR NUER 

F-4 

ADDITION OF SUPPLEMENTAL PILES  

PAGE' 1 	OF 2 

DESCRIPTION:° 

Strengthening of weak or settled pile bent through use of supplementary 
steel H piles and steel beam subcaps. 	See Figure 	54. 

LIMITATIONS: 

Traffic must be restricted to one lane or bridge closed to traffic as 
necessary. 	Piles are driven through holes in the deck. 	The bridge must 
be able to support the weight of pile driving equipment. 	Dry land or 
floating pile driving rig could be used. 

CONSTRUCTION PROCEDURE: 
Restrict traffic flow as required to facilitate the repair. 

Cut holes in the deck large enough to accommodate piles battered as 
necessary. 	The holes in the deck should be as close to the end 

diaphragm as possible to minimize length of the subcap. 

Drive piles and cut off at levei sufficiently below pier cap to 
accommodate the subcap support beams. 

Weld subcap support beams to the piles. 	Piles may be bent to a 
slight degree to match the subcap. 

Shim 'cap for fit to the existing pier cap. 

Close deck holes ; 	restore traffic. 

RESOURCE REQUIREMENTS: 	Pile driver and cutting equipment required. 
Steel members should be designed, detailed and shop fapricated. 	Pave- 
ment breaking and concrete sawing equipment may be required for use on 
concrete decks. 

REFERENCES: 
North Carolina Department of Transportation, (Reference 8)  Louisiana, 
(Reference 3) and others. 
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TITLE: REPAIR NUMBEI 

REPAIR OF ERODED AREAS AT PIER FOUNDATIONS F-5 

PAGE 	OF 	2 

DESCRIPTION: 

Prevent further erosion and deterioration by encasing existing footings 
and piling in tremie concrete. 	See Figures 55(a) and 55(b). 

LIMITATIONS: 
Pier or abutment must not have shifted position and must have adequate 
anchorage support on firm material or on piling. 	Additional loading 
on the piling and underlying soil from the added concrete must be 
considered. 

CONSTRUCTION PROCEDURE: 

Clean all exposed concrete surfaces of marine growth and of loose 
or deteriorated concrete. 

Place welded wiremesh around footing as shown in Figure 55(c). 

Set forms and pour tremie concrete to height shown in Figure 55(c). 

Metal forms to remain in place. 

RESOURCE REQUIREMENTSP. 

Pile driving equipment for cofferdains, if required; pumping and tremie 
concreting equipment; crane or other light lifting equipment. 

REFERENCES: 
Virginia Highway and Transportation Department (Reference 1) 	- 
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TITLE: REPAIR NUMBER 

REPAIR OF SHEARED CONCRETE BEAM SEATS  
F-6 

PAGE1 OF 2 

DE5CRIP.TION: 

Repair deteriorated concrete beam seats by removing spalled concrete 
and replacing with new concrete using an epoxy bonding compound. 

LIMITATIONS: 

Area of deteriorated concrete should not be extensive. 	The cause of the 
deterioration should be determined and corrected. 	For example, deteri- 
orated bearings should be corrected or replaced and high edge loads on 
beam seats relieved by properly designed bearings. 

CONSTRUCTION PROCEDURE: 

Restrict traffic to the lane furthermost from the repair area 
until repairs are complete. 

Construct temporary bent for supporting jacks and blocking if jack- 
ing from abutment or pier elements cannot be accomplished. 

Place jacks and lift beam until bearing pressure is completely 
relieved. 

Remove deteriorated concrete to horizontal and vertical planes as 
shown in Figure 56 and Section.AA. 

Add new reinforcing steel where required as shown in Figure 56. 

Apply epoxy bonding compound to prepared surface of sheared beam 
seats. 

Form as required and cast new concrete. 

After concrete has reached required strength, remove forming, 
blocking, jacks and temporary supports. 

RESOURCE REQUIREMENTS: 
Jacking equipment, tools to remove deteriorated concrete as necessary. 
Form carpenter and necessary staging. 

REFERENCES: 

Virginia Department of Highways and Transportation (Reference 1 
C.' 



TITLE: REPAIR NUMBER 

STRENGTHENING EXISTING TINBER PIER CAP 
F-7 

PAGE I OF 2 

DESCRIPTION: 

Additional timbers are bolted to an existing bent or pier to provide 
required capacity. 

LIMITATIONS: 

Original timber cap should be in good structural condition and not sus- 
ceptible to abnormal deterioration. 

CONSTRUCTION PROCEDURE: 

Construct scaffolding as required around existing bent. 

Notch existing piles or columns in order to accommodate new timber 
cap members. 

Place new members snug against existing cap and stringers; tempor- 
arily clamp in place. 	See Figure 57 and Section AA. 

3. 	Drill 13/16" 4> holes for 3/4" 0 bolts. 

Place bolts, tighten, and remove clamps. 

Remove scaffolding, if used. 	 - 

RESOURCE REQUIREMENTS: 

Access to pile cap; heavy duty drilling and light lifting equipment. 
Small hand tools; wrenches. 

REFERENCES: 

Louisiana Department of Transportation 	(Reference 	3) 
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TITLE: EPAIR NUMBER 

INCREASING LIVE LOAD CAPACITY OF EXISTING F-8 
FOOTING  

'AGE 	1 	OF 	2 

DESCRIPTION: 

Incorporation of additional piles into a concrete footing and increas- 
ing the thickness (height) of the footing to provide greater capacity 
for carrying live load. 

LIMITATIONS: 

Footing must be fully excavated and there must be sufficient headroom 
under the bridge for pile driving equipment. 

CONSTRUCTION PROCEDURE: 

Excavate around the footing. 

Chip concrete to expose edges of lower mat of reinforcing steel as 
shown in Figure 58. 	Generally the footing depth must be increased 
to adequately support the increased live load. 	Additional rein- 
forcing steel would generally be required in the added top concrete  
as well as lapped with the 	reinforcement in the existing bottom 
mat. 	Clean the old concrete tYat will be in contact with the new 
concrete. 	 -. 

Drive all additional new piles. 

Form the new extended footing. 

Lap the new reinforcement to old bars and construct reinforcement 
cage. 	If lapping is not feasible, new reinforcement would have 
to be connected to existing footing by drilling and grouting. 

Place and cure the concrete in the extended footing. 

Backfill over the footing. 

RESOURCE REQUIREMENTS: 	Excavation and pile driving equipment is 
required. 	Material requirements include concrete, reinforcing steel, 
splice sleeves, formwork, and bearing or displacement piles. 

REFERENCES: 	Report II FHWA-TS-79-217 "Seismic Retrofit Measures for 
Highway Bridges", Volume 2 Design Manual. 	(Reference 16) 
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0 TITLE: REPAIR NUMBER 

REPLACEMENT OF DEFECTIVE TIMBER PILING 
F-9 

'AGE 	1 	OF 	3 

DESCRIPTION: 

Defective portion of existing piles are removed and replaced with 
steel piles. 	See Figure 59. 	The base,s of the old piles are left in 
place and used to support concrete footings to which the new columns 
are bolted. 

LIMITATIONS: 

Piling below, the surface must be in good condition and have sufficient 
capacity to' support the new concrete footing. 	Further, the existing 

cap must be in good condition. 	If abutment piling is repaired by this 
method, it would be necessary to limit the fill height behind the 
abutment and give special consideration to the resistance of the 
lateral earth pressure. 

CONSTRUCTION PROCEDURE: 

Determine all cutoff points on the existing piles and the column 
length needed for the repair. 

Construct temporary support for the superstructure before be- 
ginning the repair. 

Construct cofferdam, if necessary, and dewater. 

Excavate if required and cut existing piles off below the 
ground line such that the top of the footing will be approxi- 
mately 9 in. below this level. 	See Figure 59. 

Separate the old sections of piling from the pier cap. 

Form and pour concrete footings over the existing pile stubs. The 
pile stubs should project at least 12 in. into the new footing. 

Place the anchor bolts in the footing concrete prior to initial 
set. 

Cut the steel columns to the proper length and weld on the base 
plates shown in Section AA. 

After concrete has reached required strength, attach new steel 
columns to footings with nuts and washers. 

Attach the top of the new columns to the existing pier caps with 
lag screws. 

Remove all temporary supports, backfill where necessary, and 
remove the cofferdam if one was used. 

TITLE: REPAIR NUMBER 

REPLACEMENT OF DEFECTIVE TIMBER PILING F-9 

PAGE 	2 	OF 3 

CONSTRUCTION PROCEDURE (continued) 

NOTE: 	This procedure eliminates the requirements for driving 
new piles. 	Care should be taken to achieve good connec- 
tions of the column to the footing and the cap. 

RESOURCE REQUIREMENTS: 

rood cutting tools, welding and steel cutting equipment,'light lifting 
quipment, wrenches and other small hand tools necessary for steel and 
concrete construction. 	Pile driving equipment may. be  required if a 

cofferdam is necessary. 

REFERENCES:, 

Illinois Department of. Transportation (Reference 12) 



Note: All dimensions and sizes shown are suggested minimums Only. 
Sizes of footing and reinforcing steel should be designed to 
accomodate the particular structure being repaired. 
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TITLE: REPAIR NUMBEI 

PIER STRENGTHENING OR WIDENING F-jO 

PAGE 	1 	OF 3 

DESCRIPTION: 

This method may be used for existing spans where it has been determined 
that the present pier columns and/or pier caps are no longer struc- 
turally adequate due to distress or upgraded bridge loadings. 	This 
rocedure provides a convenient method for widening the existing 
roadway as well as strengthening the existing pier cap. 

LIMITATIONS: 

The beam seats on the existing pier cap must be in good condition or be  
repairable, 	when the new pier capt.. is used only to supplement the 
capacity of the existing pier cap which remains in place. 	The replace. 
sent of the bearing assemblies could also be 'a part of this rehabilita. 
tion procedure. 

CONSTRUCTION PROCEDURE: 

Locate the new pier columns in line with the existing pier cap. 

Erect scaffolding around old columns. 

If the existing columns are piles having concrete encased H piles,' 
remove the encasement from the piling in the area where it will be  
embedded in the new pier. cap. 	See Figure 60. 	If the existing 
columns are reinforced concrete, prepare the surface of the columi 
which will be embedded in such a manner as to ensure adequate bon 
to the new pier cap. 	(Chip the concrete to expose the reinforcing  
steel such that the new concrete can bond to total surface area of  

the steel.) 

Excavate for footings for new columns. 

Form and place concrete for new footings. 

Drill through the existing columns or piles to provide holes for 
the new cap's reinforcing bars. 	The main horizontal reinforcing 
steel in the new pier cap should be uninterrupted. 	This requires 
that holes be drilled through the existing pier columns. 

Place the formwork and the required reinforcing steel and cast 
the new pier columns. 

B. 	Remove the column forming; form and place the concrete for the 
new pier cap. 

TITLE: REPAIR NUMBEF 

PIER STRENGTHENING OR WIDENING F-b 

PAGE 	2 	OF 3 

CONSTRUCTION PROCEDURE (continued) 

9. 	When concrete has achieved the required strength, remove the cap 
formwork and remove the existing columns in the region extending 
from the new cap to below the original ground line if necessary. 
In many'ëases the old columns can remain in place to provide addi 
tional capacity. 

10 	Complete removal of all scaffolding; backfill where required. 

RESOURCE REQUIREMENTS: 

Concrete breaking and drilling equipment, light lifting equipment. 

REFERENCES: 	 . 

Texas Department of Highways and Transportation (Reference 6) 
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CHAPTER THREE 

RECOMMENDED REPLACEMENT SYSTEMS 

LIST OF REPLACEMENT SYSTEMS 

Page 
C-Series—Concrete Structures 	 . 	No. 

C-i Precast 	Concrete 	Slab ........ . ..................................... 78 
C-2 Precast 	Box 	Beam ............................................... 79 
C-3 Double-Tee 	and 	Channel 	Beam .................................... 80 
C-4 Inverted 	Channel Beam ............................................. .81 
C-S Multistemmed Beam 	............................................. 82 
C-6 Prestressed 	Single 	Tee ............................................ 83 
C-7 Prestressed 	Bulb-Tee 	.............................................. 84 
C-8 Prestressed 	I-Beam 	................................................. 85 

S-Series—Steel Structures 

S-i Prefabricated 	Steel 	Bridges........................................ 86 
Prefabricated Steel Tee-Shaped Units.. ..... . ...................... 86 
Prefabricated Steel Rectangular Units ............................ 86 
Steel Bridge Plank on Plate Girders .............................. 86 
Treated Timber Deck on Steel Stringers ............... ............ 	86 

S-2 Temporary 	Bridges 	.............................................. 89 
S-3 Precast Deck Slabs on Steel Beams ............... . ................... 90 
S-4 Laminated Timber Deck on Steel Beams ............................. 92 
S-S Timber Plank Deck on Steel Beams................................. 93 
S-6 Steel Grid 	Deck on 	Steel Beams.................................... 94 
S-7 Bituminous Concrete Deck on Steel Planks ........................... 95 

S-8 Orthotropic Steel Plate Deck ................... . 	................... 96 

S-9 Site-Cast Deck on Steel 	Beams ..................................... 97 

T-Series—Timber Structures 

T-1 Glued 	Laminated 	Timber.......................................... 98 
T-2 Nail 	Laminated 	Timber ........................................... 100 
T-3 Solid Sawn Timber Beams......................................... 101 
T-4 Plywood 	Deck Surface ............................................. 102 

M-Series—Miscelianeous Bridge Elenents 

M-1 	Precast Abutment and Wingwall.................................... 103 
M-2 	Pile 	Substructures 	............................................... 104 
M-3 	Span 	Shortening 	Substructures ....................................... 106 
M-4 	Permanent Bridge Deck Forms..................................... 107 

M-S 	Parapet 	and 	Rail 	Systems ....... 	.................................. 109 
M-6 	Long Span, Corrugated Metal, Buried Conduits ......................... 111 

LIST OF FIGURES FOR REPLACEMENT SYSTEMS 

Figure 	System Page 

Number 	Number 	 Figure Title No. 

1 	C-i. 	Precast Concrete Slab ...................... 	........... 78 

2 	C-2 	Precast 	Box 	Beam ................................... 79 

3 	C-3 	Double-Tee and Channel Beam.......................... 80 

4 	. 	C-4 	Inverted Channel 	Beam ............................... 81 

5 	C-5 	Multistemmed Beam 	................................. 82. 

/ 



75 

Figure System Page 
Number Number Figure Title No. 

6 C-6 Prestressed 	Single 	Tee ...................... ............. 83 
7 C-7 Prestressed 	Bulb-Tee 	................................. 84 
8 C-8 Prestressed 	I-Beam 	.................................. 85 
9 S-i Prefabricated Steel Tee-Shaped Units ..................... 87 

10 S-i Prefabricated Steel Rectangular Units ..................... 87 
11 S-i Steel Bridge Plank on Plate Girders ...................... 88 
12 S-i Treated Timber Deck on Steel Stringers ................... 88 
13 S-2 Temporary 	Bridge 	.................................... 89 
14 S-3 Precast Concrete Panels Placed Longitudinally .............. 90 
15 S-3 Precast Panels Placed Transversely (Non-Composite Connec- 

tion) 	........................................... 91 
16 S-3 Precast Concrete Panels Placed Transversely (Composite Con- 

nection) 	.......................................... 91 
17 S-4 	. Laminated Timber Deck on Steel Stringers................ 92 
18 S-s Timber Plank Deck on Steel Beams...................... 93 
19 S-6 Steel Grid Deck on Steel Beams........................ 94 
20 S-7 Bituminous Wearing Surface and Steel Bridge Plank on Steel 
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21 S-8 Orthotropic Steel Plate Deck on Steel Beams.............. 96 
22 S-9 Site Cast Concrete Deck on Steel Beams.................. 97 
23 T-1 Glulam Superstructure with Dowel Connections........... 98 
24 T-1 Glulam Superstructure with Bracket Connections.......... 99 
25 T-i Dowel Connection 	Details.............................. 99 
26 T-1 Bracket Connection Detail ............................... 99 
27 T-2 Nail Laminated Timber Superstructure ................... 100 
28 T-3 Solid Sawn Timber Beams............................. 101 
29 T-4 Plywood Deck Surface................................ 102 
30 M-i Precast Abutment and Wingwall ........................ 103 
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REPLACEMENT SYSTEMS 

Twenty-seven bridge replacement systems were identi-
fied. With the exception of two of the four prefabricated 
steel bridges in System Number S-i, all have been used 
successfully in the United States. The two exceptions noted 
have been used in Western Europe and are available in the 
United States. 

Each system meets one or more of the criteria of ease of 
construction, inexpensive construction, relatively short con-
struction time, or long, useful life expectancy. These re-
placement systems are provided in the following pages. 
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NAME OF SYSTEM: SYSTEM NUMBER 

PRECAST CONCRETE SLAB 
Cl 

PAGE 	1 OF 	2 

DESCRIPTION 

Precast and/or prestressed slabs. 	Solid or with voids. 

PROMINENT FEATURES: 
Slabs are modular and therefore precast in various lengths and widths 
to accommodate a range of spans and roadway widths. 	Solid slabs are 

frequently used for spans up to 30 ft. but prestressed or voided 
slabs are commonly used for longer spans. 	Slabs are very easy to 

transport and erect. 	Shear transfer between slabs is usually provided 
by a grouted keyway, weld plates, or tie rods placed in the trans- 
verse direction. 	See Figure 1. 	A wearing surface may be used. 

Special consideration should be given to the connection details 
since premature cracking in the wearing surface and early failures of 
the system have been attributed to keyway and weld plate failures. 

CASE EXAMPLES: 

Widely used for short spans. 	Case examples can be found in many 
states including Arkansas, Louisiana, Mississippi, Virginia, West 
Virginia. and South Carolina. 
MANUFACTURERS: 
Most,precast concrete plants should be properly equipped for 

production. 

REFERENCES: 

Prestressed Concrete Institute (Reference 1) 
Louisiana Department of Highways (Reference 2) 
Federal Highway Administration (Reference 3) 
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NAME OF SYSTEM: SYSTEM NUMBER 

PRECAST BOX BEAM c-2 

PAGE 1 OF 2 

DESCRIPTION: 
Precast, pretensioned or posttensioned box beams with or without 

wearing surface. 

PROMINENT FEATURES: 
Boxes are modular and therefor.e may be precast in various lengths and 
widths to accommodate a range of spans and roadway widths. 	Box beams 

are generally used for spans of approximately 50 to 100 ft. 	Except 

for the longer spans, the boxes are very easy to transport and erect. 
Box beams which are placed adjacent to each other are usually connected 
in the same way slabs are connected. 	See System Number C-i. 	Box beams 

which are spaced apart (spread boxes) are tied together with diaphragms 
and a cast-in-place concrete overlay is. added. 	A wearing surface may 

be used with the box beams. 	See Figure 2. 

CASE EXAMPLES: 

Widely used. 

MANUFACTURERS: 
Most prestressed concrete plants should be properly equipped for produc- 

tion. 

REFERENCES: 
Prestressed Concrete Institute (Reference 1) 
Federal Highway Administration (Reference 3) 
Virginia Prestressed Concrete 4ssociation (Reference 4) 
Public Works (Reference 5) 
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0 NAME OF SYSTEM: SYSTEM NUMBER 

DOUBLE-TEE AND CHANNEL BEAM C-3 

PAGE 1 	OF 2 

DESCRIPTION: 

Precast, prestressed or posttensioned double-tee and channel beams. 

PROMINENT FEATURES: 

Forms are usually available at most prestress plants in several stand- 
ard sizes to allow the production of beams for a range of span lengths. 
However, forms may not be available which are suitable for the fabrica 
tion of members which are heavy enough for bridge loadings. 	Post- 
tensioned beams may be fabricated at the bridge site or at a pre- 
casting plant. 	Channels are usually fabricated in double-tee forms by 
blocking off a portion of the exterior flanges. 	Both the channel and 
double tee may be fabricated for use with or without a topping. 	Both 
members are among the easiest to transport and erect. 	The members are 
typically used for spans of 20 ft. to 60 ft. 	Shear transfer between 
the beams may be achieved through the use of grouted keyways, trans- 
verse tie rods or weld plates. 

CASE EXAMPLES: 

Bouble tees have been used in California, Nebraska, Colorado, Washing- 
ton, Idaho, Montana and several other states. 	Channel beams have been 
used in Mississippi, Arkansas, North Carolina, Kentucky, and several 
other states. 

MANUFACTURERS: 

If forms are available, most prestressed concrete plants shou.ld be 
capable of producing the members. 

REFERENCES: 

Virginia Prestressed Concrete Association (Reference 4) 
Prestressed Concrete of Colorado (Reference 6) 
Choctaw, Inc. 	(Reference 7) 
Central Premix (Reference 8) 
Mississippi Highway Department (Reference 9) 
Kentucky Department of Transportation (Reference 10) 
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NAME OF SYSTEM: SYSTEM NUMBER 

INVERTED CHANNEL BEAM 
C-4 

PAGE 	OF 2 

DESCRIPTION: 

Prestressed, inverted channel beams with cast-in-place concrete deck. 

PROMINENT FEATURES: 

Prestressed channel members may be precast in conventional or inverted 
position and in various lengths and depths to accommodate a range of 
spans between 30 and 80 ft. 	If precast in conventional position, the 
beams must be turned over before they are erected at the bridge site. 
A voided box beam is achieved by arching corrugated steel forms be- 
tween the upright legs of the channel. 	The channels are tied together 
and the superstructure is completed with the installation of the 
cast-in-place concrete deck. 	 - 

A precast trapezoidal beam which is reported to be economical for 
spans of 100 to 150 ft. has been developed in Ontario. 	The trapezoidal  
beam bridge is similar to the inverted channel beam bridge with the 
exception that the legs of the trapezoidal beam are slanted rather 
than vertical and the beams are much heavier than channel beams. 

CASE EXAMPLES: 

Several prototype inverted channel structures have been constructed in 
Missouri and trapezoidal beam bridges have been constructed in Canada. 

MANUFACTURERS: 

Ontario Precast Concrete Manufacturers Association 
Local precast, prestressed concrete producers 

REFERENCES: 

Salmons, John R. 	(Reference 11) 
Salmons, John R. 	(Reference 12) 
Nairn, R. D. 	(Reference 13) 
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NAME OF SYSTEM: SYSTEM NUMBER 

MULTISTEMMED BEAM C-5 

PAGE 	10F2 

DESCRIPTION: 

Precast, prestressed multistemmed beams. 

PROM INENT FEATURES: 

Multistemmed beams are modular and therefore easilyprecist in various 
lengths and increments of width to accommodate a range of spans and 
roadway widths. 	The members are most suitable for spans of 25 ft. to 
50 ft. 	The shape is particularly suited for low depth-to-span ratio 
installations. 	Shear transfer between the modular units is usually 
achieved with a grouted keyway and weld plates. 

CASE EXAMPLES: 

Several bridges have been constructed in the northwestern states. 

MANUFACTURERS: 

Central Premix Concrete Company of Spokane, Washington. 	If forms are 
available, most prestressed concrete producers should be capable of 
nroducing the msmher. 
REFERENCES: 

Prestressed Concrete Institute (Reference 1) 
"Instant Bridges' (Reference B) 
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NAME OF SYSTEM: SYSTEM NUMBER 

C-6 

PRESTRESSED SINGLE-TEE 
PAGE 1 	OF 2 

DESCRIPTION: 

Precast, prestressed single-tee beam. 

PROMINENT FEATURES: 

Single-tee beams are modular and therefore easily precast in various 
lengths, widths and depths to accommodate a range of spans and roadway 
widths. 	Single-tee beams are customarily used for spans between 30 ft. 
to 80 ft.; however, spans up to 130 ft. have been constructed. 	Trans- 
portation and erection difficulties may occur with longer spans. 
Temporary bracing is required during transportation and erection be- 
cause of the unstable nature'of the beam. 	Single-tee beams may be 
connected in several ways, but shear transfer between the tee beams is 
usually achieved through' the use of grouted keyways and transverse tie 
rods or weld plates. 	End diaphragms and a cast-in-place concrete 
topping are also generally used in single-tee construction. 	When the 
full deck thickness is included in the tee flange, a bituminous sur- 
face is usually used as a leveling course. 

CASE EXAMPLES: 

Single-tee beams have been used in Washington, Connecticut, Virginia, 
West Virginia, Idaho, Montana and a number of other states. 

MANUFACTURERS: 

If forms are available, most prestressed concrete plants should be 
capable of producing the members. 

REFERENCES: 

Prestressed Concrete Institute (Reference 1) 
Prestressed Concrete of Colorado (Reference 6) 
"Instant Bridges" (Reference 8) 
Virginia Department of Highways & Transportation (Reference 14) 	- 
Curtis, Robert B. 	(Reference 15) 
Sprinkel, Michael M. 	(Reference 16) 
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NAME OF SYSTEM: SYSTEM NUMBER 

C-7 

PRESTRESSED BULB-TEE 
PAGE 1 0F2 

DESCRIPTION: 

Precast, prestressed bulb-tee beams. 

PROMINENT FEATURES: 

Bulb-tee beams have a high section modulus-to-weight ratio and therefore 
are economical for longer spans and for precasting the deck on the beams. 
A curb is often precast on the exterior beam. 	The bulb tee is popular 

in the Northwest United States 	where it is commonly used for spans of 

60 ft. to 80 ft. 	However, spans of up to 160 ft. have been reported in 
the literature. 	Special consideration must be given to transporting and 
erecting the larger beams. 	The beams are usually connected with weld 
plates and grouted keyways. 	As indicated by 	Figure 7 , the 	- 

depth of the web and the width of the flange may be varied to provide 
the most economical beam for a given span. 	 - 

CASE EX.AILES: 

Many bridges have been constructed in Idaho, Washington and Mgntana. 

MANUFACTURERS: 

Concrete Technology, Central Premix, Ready-to-Pour Concrete, and other 
plants in the Northwest United States. 

REFERENCES: 	Prestressed Concrete Institute (Reference 1) 
"Instant Bridges" (Reference 8) 
Anderson, Arthur R. 	(Reference 17) 
"RTP Markets Instant Brid8es" (Reference 18) 
Prestressed Concrete Institute (Reference 19) 
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NAME OF SYSTEM: SYSTEM NUMBER 

C-8 
PRESTRESSED I-BEAM  

PAGEIOF 2 

DESCRIPTION: 
Precast, prestressed I-beams with cast-in-place concrete deck. 

PROMINENT FEATURES: 
The precast, prestressed I-beam is widely used since forms for precast- 
ing the member are readily available. 	The beams are usually used for 
spans of 40 ft. to 100 ft., but spans up to 140 ft. are reported in the 
literature. 	Because of the shape of the beam a cast-in-place concrete 
deck must be used. 	Although most decks are constructed with removable 
forms, the current trend is toward the use of permanent steel or pre- 
stressed concrete forms. 	See System M-4. 	Construction time and 
safety are improved through the use of permanent forms. 	Because of 
the large amount of cast-in-place concrete required, other systems 
better lend themselves to rapid bridge replacement. 

CASE EXAMPLES: 

Numerous examples can be found throughout the United States. 

MANUFACTURERS: 

Most producers of prestressed concrete. 

REFERENCES: 	Federal Highway Administration (Reference 3) 
Virginia Prestressed Concrete Association (Reference 4) 
Anderson, Arthur R. 	(Reference 17) 
Engineering News-Record (Reference 20) 
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SYSTEM NUMBER 

PREFABRICATED STEEL BRIDGES 	 I 	s-i 

PAGE lOF6 

DESCRIPTION: 

Standard prefabricated steel superstructure components are connected 
and topped with wearing surface to provide a fast-assembly bridge. 

INENT FEATURES: 

Typically an orthotropic deck is prefabricated as an integral part of a 
standard steel superstructure component. The standard superstructure 
components are transported to the bridge site, connected together and 
covered with a wearing surface to provide a fast-assembly bridge. 
Several types of systems are available. 

One system consists of prefabricated T-shaped units which are bolted 
together at the site. The units are 80 ft. long and 6 ft. wide and are 
suitable for multiple span situations requiring spans of 50 to 110 ft. 
See Figure 9.(21) 

Another system consists of prefabricated rectangular units which are 
usually bolted together at the site. Four standard units are available 
which are interchangeable so that many site conditions can be accommo-
dated. Two of the units are shown in Figure 10. One is a two-web main 
girder unit, and the other is a one-web unit which can be bolted to 
either side of a main girder unit or to another one-web unit to provide 
a range of roadway widths. The other two standard units are identical 
to the ones shown in Figure 10 with the exception that their length is 
only 19'-8" and their webs are tapered from a depth of 39-1/2" at one 
end to 19-3/4 at the other end. (22) 

A third system is made up of prefabricated units which consist of sev-
eral plate girders or rolled sections which are topped with steel 
bridge plank. The modular units with the plate girders can be used for 
spans up to 100 ft. and the units with the rolled sections are suited 
for spans up to 50 ft. See Figure ll.(23) 

A fourth system consists of steel girders and a treated timber deck. 
Each prefabricated unit supports one line of wheels and the units are 
connected with diaphragms which are bolted to the units. The Struc-
tures are presently designed for off-highway logging loadings and the 
typical span range is 30 to 80 feet. See Figure 12.(24) 

Manufacturers who are known to have supplied these steel bridges are 
indicated below but it is likely that in most instances a local steel 
fabricator could supply comparable prefabricated units. 

NAME OF SYSTEM: SYSTEM NUMBER 

PREFABRICATED STEEL BRIDGES S-1 

PAGE 2 	OF 6 

CASE EXAMPLES: 

Tee-shaped units fabricated by Nobels-Kline have been used in South 
America and Europe and are available in the United States. 	Rectangu- 
lar units fabricated by Krupp Company have been used in Germany. 	Units 
consisting of bridge plank and plate girders are popular in the North- 
west United States, and the units with the rolled sections are popular 
in the Midwest United States. 	The units with the treated timber deck 
are popular in the logging territories of Alaska. 

MANUFACTURERS: 

Nobels-Kline, Ltd., Columbia, South Carolina 
Krupp Company, Rheinhausen, Germany 
Spokane Culvert Company, Spokane, Washington 
Armco Steel Company, Middletown, Ohio 
Hamilton Construction Company, Springfield, Oregon 

REFERENCES: 

'Nobels-Kline, Ltd." (Reference 21) 
Kroger, Elmer (Reference 22) 
Godfrey, K. A., Jr. 	(Reference 23) 
Muchmore, F. W. 	(Reference 24) 
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SYSTEM NUMBER S 1 

PAGE 4 OF 6 

One Web/ 
Add-On Unit 

Structural Tee 

Transverse Roadway 

Steel Plate (Covered Wun /4 
thick modified asphalt wearing surface.) 

SYSTEM NUMBER S 1 

PAGE 3 OF 6 

Wearing Surface (8mm thick shop 
applied epoxy or 50-75mm thick 
field applied modified asphalt) 

Longitudinal Rib 
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Web Plate 
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FIGURE 9. PREFABRICATED STEEL TEE-SHAPED UNITS 

FIGURE 10. PREFABRICATED STEEL RECTANGULAR UNITS 



88 

SYSTEM NUM Bituminous Wearing Surface (3" mm. thickness) 
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FIGURE 11. STEEL BRIDGE PLANK ON PLATE GIRDERS 
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TEMPORARY BRIDGES S-2 

PAGE 1 	OF 	2 

DESCRIPTION 

Steel truss bridges which are quickly assembled at the site from 
standard preassembled components. 

PROMINENT FEATURES: 
Standard preassembled steel components are easily assembled at the site 
by unskilled labor. 	The truss bridges come In a range of widths and 
can accommodate spans up to 300 ft. 	The standard components of the 
bridge are stocked by the manufacturers and can be easily transported to 
the site. 	Some of the bridges can be launched into place from one end. 
The bridges are over designed for most installations but are extremely 
versatile as they can be disassembled and used at other sites. 	Also, 
the bridges can be leased or purchased. 

CASE EXAMPLES: 

Bridges can be found all over the United States and other parts of the 
world. 

MANUFACTURERS: 
BaileyBridges, Inc., San Luis Obispo, California 
Acrow Corporation of America, Carlstadt, New Jersey 

REFERENCES: 

Acrow Panel Bridge,(Reference 25) 
"Acrow Panel Bridge Replaces Two Spans Destroyed by Flood", ENR 
(Reference 26) 
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NAME OF SYSTEM: SYSTEM NUMBER 

S-3 

PRECAST DECK SLABS ON STEEL BEAMS  

PAGE 1 OF 4 

DESCRIPTION: 

Precast concrete panels are placed transversely or. longitudinally on 
steel stringers. 

PROMINENT FEATURES: 

Precast concrete panels are placed transversely or longitudinally on 
steel stringers. 	Transverse panels may be prestressed in the transverse 
direction and are usually connected by a cast-in-place concrete joint, 
but examples are also cited in the literature where the panels are post- 
tensioned parallel to the direction of traffic or are connected with 
grouted keyways. 	Longitudinal panels are 'usually connected by a cast-in- 
place concrete joint which. runs parallel to traffic. 	Composite action 
may be easily achieved with the longitudinal system if the deck panels 
are precast integrally with the stringers (Figure 14). 	Composite action 
is not usually achieved with the systems in which the panels are attached 
to the stringers at the site (Figure 15), but examples are cited in the 
literature where composite action was achieved through the use of studs 
or bolts and epoxy mortar (Figure 16). 	The systems eliminate most of the 
on-site formwork and concreting typically required for a steel stringer- 
concrete deck bridge. 

CASE EXAMPLES: 

New York, Alabama, Indiana, Pennsylvania 

MANUFACTURERS: 
Components can be secured from local precast concrete producers and 
steel fabricators. 

REFERENCES:"Short-Span Steel Bridges, U. S. 	Steel Corp. 	(Reference 27) 
Biswas, Mrinmay and others (Reference 28) 
"Low-Cost, No-Care Bridge, Better Roads, 	(Reference 29) 
NCHRP (Reference 30) 
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NAMB OF SYSTEM: SYSTEM NUMBER 

S-4 
LAflINATED TIIIBER DECK ON STEEL BEA1S 

PAGE 1 OF 2 

DESCRIPTION: 

Laminated timber deck is placed on steel stringers. 	- 

PROMINENT FEATURES: 

The timber laminations may be connected with glue or nails. 	When the 

laminations are glued together (glulam) the deck is assembled from panels 
which are fabricated at a plant. 	Dowels are usually used to provide for 

load transfer between panels. 	When the laminations are nailed together,  

the deck is usually constructed at the site, in which case dowels are 
not used, however, panels could be nail laminated at a plant and assembled 
at the site. 	The deck is usually connected to a timber bolster with lag 
bolts as shown in Figure 17 or connected directly to the flange of the 
stringers with bolts and clips as shown in Figure 18. 	A. surfacing 

material is generally used on the deck for increased resistance to 
skidding and weathering. 

CASE ELUPLES: 

Virginia, Alaska and a number of other states. 

MANUFACTURERS: 

Supplies can be obtained from distributors located throughout the country 

REFERENCES: 
U. S. Steel Corporation (Reference 31) 
"Steel Beams with Glulam Flooring", VDHT (Reference 32) 
Sprinkel, M. M. 	(Reference 33) 
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iIANE OF SYSTEM SYSTEM NUMBER 

TIMBER PLANK DECK ON STEEL BEAMS S-5 

PAGE 1 	OF 	2 

DESCRIPTION: 

Solid sawn timber planks are placed on steel stringers. 

PROMINENT FEATURES: 

Solid sawn timber planks are placed individually in the transverse 
direction and are secured to the steel stringers. 	Bolts and clips are 
commonly used to connect the planks to the stringers. 	The super- 
structure is easily assembled with light equipment and with relatively 
unskilled labor. 	Planks are easily replaced when damaged. 	A bitu- 
minous wearing surface is usually placed on the planks to protect the 
timber and to provide skid resistance. 	The system requires periodic 
maintenance because the planks tend to work loose and the wearing 
surface tends to spall. 	Because of the close stringer spacing, a 
relatively large quantity of structural steel is required for the 
system. 

CASE EXAMPLES: 

Numerous examples in Virginia and elsewhere. 

MANUFACTURERS: 

Materials are obtainable from local suppliers. 

REFERENCES: 

"Standard Steel Beam Bridges", VDHT (Reference 34) 



NAME OF SYSTEM: SYSTEM NUMBER 

STEEL GRID DECK ON STEEL BEAMS 
S-6 

PAGE 1 	OF 	2 

DESCRIPTION: 

Modular steel grid units are placed on steel stringers. 

PROMINENT FEATURES: 

The system consists of steel stringers and modular open steel grids. 
The grids may or may not be filled with concrete. 	A variety of sizes 
and grid styles are available to suit the needs of a particular site. 
Typically the individual grids are 5 in. x 5 in. x 4 in. deep. 	The 
panels are usually prefabricated to meet the needs of a bridge. 	The 
grids are relatively light and modular and therefore lend themselves 
to rapid deck construction or replacement. 	The grids are unique in 
that they provide a relatively light and shallow deck system. 	Skid 
resistance characteristics can be improved by adding steel studs or 
roughening the top surface by other means. 	Filling the grid with 
concrete also improves the skid resistance. 

CASE EXAMPLES: 

Kansas, Pennsylvania and Virginia 

MANUFACTURERS: 

Greulich, Inc., specializes in grids. 	Other steel companies should 
be able to fabricate the grids. 

REFERENCES: 

Greulich, Inc. 	(Reference 35) 
"Pittsburgh's Troubled Bridges: 	What To Do About Them?" (Ref. 36) 



NAME OF SYSTEM: SYSTEM NUMBER 

S-7 

BITUFUNOUS CONCRETE DECK ON STEEL PLMKS  

PAGE iOF_ 

DESCRIPTION: 
Steel stringers support corrugated steel plank vhich supports bituminous 
concrete wearing surface. 

PROMINENT FEATURES: 

Standard steel stringers are spaced approximately 	2, ft. on center. 
Stringer spacing and size of beams are, of course, a function of the 
bridge span and live loading. 	Steel bridge plank is used on the stringers 
and connected by belting or welding. 	Some authorities recommend bolting 
rather than welding on structures 	there the traffic Count is high. 	A 
bituminous concrete wearing surface thich is usually compacted to a 
thickness of about 3 inches is placed on the bridge plank. 	The system 
lends itself to rapid construction because of the aFsence of portland 
cement concrete. 	See Figure 20. 

CASE EXAMPLES: 

'Used in Ohio, Colorado and Virginia. 

MANUFACTURERS: 
Materials and labor are usually available locally. 	Bridge plank may be 
obtained from Armco, Bethlehem and others. 

REFERENCES: 	' 
Schukraft, Bernard (Reference 37) 
Colorado Department of Highways (Reference 38) 
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NAME OF SYSTEM: SYSTEM NUMBER 

ORTHOTROPIC STEEL PLATE DECK S-8 

PAGE 1 	OF 	2 

DESCRIPTION: 

Steel I-beams support standard orthotropic steel plate bridge floor 
units. 

PROMINENT FEATURES: 

The system' consists of steel stringers and standard orthotropic steel 
plate floor units as shown in Figure 21. 	The orthotropic plates may 
be placed parallel to the stringers in which case floor beams must 
support the plate. 	The orthotropic plate deck is available in a 
variety of sizes and shapes to accommodate a range of stringer or floor 
beam spacings typically between 7 to 20 ft. 	The top plate is typical- 
ly 3/8 to 3/4" thick and the depth of the ribs is typically 8.0 to 
14.0". 

Although orthotropic steel plate decking has been used primarily_on 
long span bridges to minimize the weight of the superstructure, the 
decking has seen occasional use on short span bridges where the major 
concern was to provide a bridge which could be installed in a very 
short time. 	Because the orthotropic plate decking is relatively light 
and easily handled, it is particularly suited for rapid deck construc- 
tion and replacement. 	An epoxy grit or modified asphalt wearing sur- 
face is generally used to provide adequate skid resistance and to 
protect the steel from water and salt. 

CASE EXAMPLES: 	An experimental bridge built by the Bethlehem Steel 
Corporation at its Sparrows Point, Nd., plant in 1964. 	The bridge was 
uilt to explore the use of prefabricated, all-steel modular units for 

the construction of highway. bridges in the span range of 20 to 100 ft. 

IANUFACTURER5: 
eth1ehein Steel Corporation and Reliance Steel Company. 	Other steel 
fabricators should be able to fabricate the orthotropic plate decks. - 
EFERENCE5: 

Orthotropic PlateDesjgn for Steel Bridees (Reference 39) 
Design Aid for Orthotropic Bridge Decks (Reference 40) 
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NAME OF SYSTEM: SYSTEM NUMBER 

SITE-CAST DECK ON STEEL BEAMS s-9 

PAGE 1 	OF 	2 

DESCRIPTION: 

Steel I-beams or welded plate girders support composite or non- 
composite cast-in-place concrete decks. 

PROMINENT FEATURES: 

This is a very common type ofbridge. 	A wide range of standard wide- 
flange and I-beam shapes are available. 	The size and spacing of the 
beams may be adjusted from site to site to optimize the use of mate- 
-rials. 	The standard rolled shapes are typically used for spans which 
are less than 90 ft. 	Welded plate girders are commonly used for spans 
of 90 to 240 ft. and are usually custom fabricated for each site. 
Welded plate girder bridges usually require heavier equipment and 
more expertise than bridges utilizing standard rolled shapes. 	The 
cast-in-place concrete deck is traditionally formed with removable 
forms. 	However, permanent steel or prestressed concrete forms have 
become popular in recent years. 	See System M-4. 	Studs are generally 
used to achieve composite action except for very short spans where it 
may be economical to omit the studs. 	The system does not lend itself 
to rapid construction because of the cast-in-place concrete required 
for the deck. 

CASE EXAMPLES: 

This bridge system is widely used all over the world. 

MANUFACTURERS: 

Bridge materials may be purchased from local concrete and steel 
suppliers. 

REFERENCES: 

Engineering News Record (Reference 20) 
U. S. Department of Transportation (Reference 41) 
U. 	S. Steel Corporation (Reference 42) 
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NAME OF SYSTEM: SYSTEM NUMBER 

T-1 
GLUED LAIIINATED TIMBER 

PAGE 1OF 4 

DESCRIPTION: 

Glued laminated timber "Glulam" beams and deck panels. 

PROMINENT FEATURES: 

Modular beams and deck panels are plant manufactured by gluing together 
standard size lumber. 	Standard wood treating techniques are used to 
provide a long service life. 	The panels and beams may be erected and 
connected with relatively light equipment and carpentry oriented labor. 
Two connection details are commonly used. 	One consists of dowels which 
provide for shear transfer between panels and lag bolts which tie the 
panels to the beams. 	See Figures 22 and 24. 	The other detail requires 
patented deck brackets which connect the panels to the stringers and 
eliminate the need for the dowels between panels. 	See Figures 23 and 25. 
A bituminous wearing surface must be placed on the panels to protect the 
timber from wear and to provide skid resistance. 

CASE EXA?LES: 	 . 
Case examples can be found in Virginia, Oregon, Washington, Alaska, New 
York, Colorado, and many other states. 	The bridges are most common in 
areas where timber is abundant. 

MANUFACTURERS: 
Contact AITC for a list of fabricators, which are located throughout the 
United States. 

REFERENCES: 	Bruesch, L. D. 	(Reference 43) 
Virginia Department of Highways & Transportation (Reference 44) 
Weyerhauser (Reference 45 and 46) 
AITC (Reference 47), VDHT (Reference 48) 
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SYSTEM NUMBER T 1 
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Steel Dowel 11/2  Diameter x 1— 7 1/2  

(Predrill Hole for Tight Fit) 7 

Typical 
1/2  Diameter x 81/2 

nd Washer 

num Alloy Bracket 
1 fIrdAr 

Figure 24. 
Glulam Superstructure with 

Bracket Connections SYSTEM NUMBER 1 1 Bracket Connection Detail 
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Figure 25. 

Dowel Connection Detail 

Figure 26. 



NAME OF SYSTEM: SYSTEM NUMBER 

NAIL LAMINATED TIMBER T-2 

PAGE 1 OF2 

DESCRIPTION: 

Treated lumber is nail laminated and topped with a wearing surface. 

PROMINENT FEATURES: 
The deck is easily constructed at the job site by carpentry oriented 
labor. 	Treated lumber is placed in the longitudinal direction and 
nailed to adjacent pieces and alternate pieces are toenailed to the 
pile cap. 	The deck is usually covered with a bituminous wearing 
surface. 	However, concrete may be placed on the timbers to provide a 
composite concrete-timber deck and in this case the laminations are of 
two or more depths to result in a corrugated effect. 	Both systems are 

suitable for spans of approximately 20 ft. 

CASE EXAMPLES: 

One example in Virginia. 

MANUFACTURERS: 

May be constructed with locally available materials. 

REFERENCES: 
Federal Highway Administration (Reference 49) 
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NAME OF SYSTEM: SYSTEM NUMBER 

SOLID SAWN TIMBER BEAMS T-3 

PAGE 1 	OF 2 

DESCRIPTION: 

Solid sawn timber beams support various types of decking material. 

PROMINENT FEATURES: 

The system consists of treated timber stringers approximately 6 in. 
x 18 in. deep and spaced approximately 2 to 4 ft. apart to accommo- 
date spans of approximately 20 ft. 	The stringers may be covered with 
a timber and bituminous deck or a concrete deck. 	A timber deck 
is nailed to the stringers and a concrete deck is cast around the top 
edge of the stringers. 

CASE EXAMPLES: 

Several examples in rural Virginia 

MANUFACTURERS: 

Locally available materials and labor. 

REFERENCES: 

Federal Highway Administration (Reference 49) 
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NAME OF SYSTEM: SYSTEM NUMBER 

T-4 

PLYWOOD DECK SURFACE 

PAGE 	1 OF 2 

DESCRIPTION: 
Polyurethane-resin-coated plywood serves as deck surface. 

PROMINENT FEATURES: 

Plywood sheets are supported by subflooring and stringers. 	The ply- 

wood sheets are usually 4 ft. x 8 ft. and are coated in the shop with 
polyurethane resin. 	The plywood sheets are secured to the subflooring 

with glue and spikes. 	The sheets are typically used to upgrade the 
wearing surface of a plank deck bridge so that the planks do not have 
to be replaced. 	This system should be considered for structures on 

low volume roads only. 

CASE EXAMPLES: 

New Hampshire 

MANUFACTURERS: 

Contact American Plywood Association 

REFERENCES: 	 - 

American Plywood Association (Reference 50) 
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Figure 30. Precast Abutment and 'Wingwall 	 C 

NAME: !OF . SYSTEM: 	, 	'• SYSTEM NUMBER 

PRECAST ABUTMENT AND WINGWALL M-1 

PAGE1 	OF 	2 

'DESCIPTION': 

precast concrete abutment and wingwàll panels 

PROMINENT FEATURES: 

Panels are modular and therefore easily precast in various lengths and 
widths to accommodate a range of abutment heights and roadway widths. 
Panels are set on cast-in-place concrete pads, and temporarily sup-. 
ported and then connected with weld plates and cast-in-place concrete 
footing (see Figure 30). 	Several other systems (both proprietary and 
non-proprietary) which utilize modular precast concrete units could be 
used to obtain a comparable abutment. 

CASE EXAMPLES: 

A prototype structure has been constructed in Garfield County, 
Washington, and proposed in Oklahoma. 

MANUFACTURERS: 
Central Pre-Mix Concrete Company, Spokane, Washington. 	Atlantic Pipe 
Corporation, Plainville; Conn. Most 'precast concrete plants should be 
properly equipped for production. 	 - 

REFERENCES: 

Prestressedf Concrete Institute (Reference 1) 
"Instant Bridges" (Reference 8) 
Thompson, Pat (Reference 51) 	mel, K. Dean (Reference 52) 
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NAME OF SYSTEM: SYSTEM NUMBER 

PILE SUBSTRUCTURES M-2 

PAGE1 	OF 	3 

DESCRIPTION: 

Prestressed concrete or steel H-piling with concrete or steel cap. 

PROMINENT FEAflJRES: 

Prestressed concrete or steel H-piles are driven to the required depth 
and Cut to the required height. 	See Figures 31 and 32. 	The piles are 
Capped with site-Cast or precast concrete and the steel H-piles are 
sometimes capped with a steel section. 	Connections between the pile 
cap and piles are usually achieved with site-cast concrete or welds. 
See Figure 33. 	Steel angles are connected to the H-piles to stabilize 
the bent. 	For water crossings the H-piling is frequently jacketed in 
concrete or protected in an equivalent manner at the water line to 
inhibit corrosion. 	For abutments the piling may be backed with pre- 
cast concrete plank, steel sheet piling, cold formed steel sections, 
steel bridge plank, or horizontal heavy timber planking. 	As an 
alternative concrete, steel or timber cribing may be used to retain 
the soil or rip rap can be used for slope.protection. 

CASE EXAMPLES: 

Steel H-pile bridges have been constructed in Alabama, Georgia. and 
North Carolina, and proposed in Oklahoma. 

MANUFACTURERS: 
Materials should be readily available. 

REFERENCES:. 
U. S. Steel Corporation (Reference 27) 
mel, K. Dean (Reference 52) 
Engineering News-Record (Reference 53) 
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NAME OF SYSTEM: SYSTEM NUMBER 

SPAN SHORTENING SUBSTRUCTURES M-3. 

PAGE 	10F2 

DESCRIPTION: 

Slanted leg piers serve as supporting members.  

PROMINENT FEATURES: 	 - 

Several slanted leg substructure systems are available which increase 
the clear span that can be achieved with conventional superstructure 
members. 	These are the inverted A-frame center pier, the cantilevered 
center girder and the slanted leg bridge. 	The legs may be steel or 

precast concrete. 	In most cases the legs must be temporarily supporiB 
during erection. 	Relatively short on-site time should be expected 
since the substructure components are prefabricated. 	See Figure 34. 

CASE EXAMPLES: 
Several bridges with. precast concrete legs have been constructed in 
Alberta, Canada, and Washington. 	Steel slanted leg bridges can be 
found in Virginia. 

MANUFACTURERS: 

Local precast concrete producers or steel fabricators. 

REFERENCES: 

"Ardrossan Bridge Employs Precast, Prestressed Components" (Ref. 54) 
Jacques, F. J. 	(Reference 55) 
Casad, D. D. and H. W. Birkeland (Reference 56) 
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Top Flange of Beam 
Beam Web 

NOTE: Vertical leg downward allows 
for higher form support elevations. 
Vertical leg upward allows for lower 
form support elevations. 

SYSTEM NUMBER •M4 

Figure 36. Steel Form Connection Detail 	PAGE 2 OF 	3 
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NANE OF SYSTEM: SYSTEM NUMBER 

M-4 

PERrANENT BRIDGE DECK FOR1S  

PAGE1OF3 

DESCRIPTION: 

Permanent steel forming or prestressed concrete subdeck panels support 
site-cast concrete deck. 

PROMINENT FEATURES: 

The ready-mix concrete required for site-cast concrete bridge decks must 
be formed with temporary or permanent bridge deck forum. 	In recent years 
permanent deck forum of steel or subdeck panels of prestressed concrete 
have become popular because the high cost of the form removal is elimi- 
nated. 	Prestressed concretp subdecks provide an added advantage in that 
less concrete and reinforcing steel must be placed at the bridge Site 
since the form becomes an integral part of the deck. 

CASE EXAMPLES: 

Case examples can be found throughout the United States. 

MANUFACTURERS: 

Local steel fabricators and prestress concrete producers. 

REFERENCES: 

Engineering News—Record (Reference 20) 
Hilton, Marvin H. 	(Reference 57 and 58) 
Transportation Research Circular 181 (Reference 59) 
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NAME OF SYSTEM: SYSTEM NUMBER 

M-5 
PARAPET AND RA:I L SYSTEMS  

PAGE 	1 0F 

DESCRIPTION: 

Typical parapet and rail systems suitable for use with most concrete, 
steel or timber replacement systems. 

'ROMINENT FEATURES: 

A parapet or rail is generally designed to meet Section 1.2.11 of the 
.AASHTO Standard Specifications for Highway Bridges. 	The post sizes 
and gauge of bridge rails shown in the following figures are typical. 
The parapet or rail is in most cases constructed from concrete, steel 
or timber or some combination of these materials. 	Aesthetics usually 
play a role in -the choice of materials and the design. 

A concrete parapet is generally constructed on a bridge having a con- 
crete deck. 	The parapet is usually formed and constructed with ready- 
mix concrete at the site but precast parapets have begun to see 
limited use in recent years. 	Steel reinforcement is typically used to 
anchor the parapet to the concrete deck. 	See Figures 38 and 39. 

Steel and/or timber rails and posts are generally used with bridges 
having a timber deck. 	The rail posts may be anchored to the exterior 
stringer, to the deck, or to both. 	See Figures 40,41, and 42. 

CASE EXAMPLES: 

Examples can be found throughout the United States. 

MANUFACTURERS: 

Materials are usually available locally. 

REFERENCES: 

Virginia Department of Highways and Transportation (Reference 32) 
Weyerhaeuser Company (Reference 43) 
American Institute of Timber Construction (Reference 45) 
Virginia Department of Highways and Transportation (Reference 60) 
FHWA Report No. RD-77-40 (Reference 61) 
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NAME OF SYSTEM: 	 SYSTEM NUMBER 

LONG SPAN, CORRUGATED-METAL, BURIED 	 M-6 

CONDUITS 	. 	 PAGE 1 OF 

DESCRIPTION: 

Structures are made of corrugat'ed-metal structural plate sections, 
field assembled in various closed or arch configurations to serve as 
large culverts or'grade separation structures. 

PROMINENT FEATURES: 	 2 

Long span structural plate culverts or grade separation structures 
made of s(eel or aluminum are frequently suitable alternatives for 
small bridges. Maximum span lengths available from the various manu-
facturers currently range from just under 40 to just over 50 ft., and 
multiple lines have been used where great waterway openings have been 
required. These buried structures are covered in Sections 1.9.10 and 
2.23 of the current (1977) AASHTO Standard Specifications for Highway 
Bridges, and an excellent, comprehensive report on them has been 
published by the FHWA (referenced below). No design capability is 
usually required of the purchaser beyond the determination of the 
waterway opening, as the manufacturers commonly check standard designs 
or design critical structures. Similarly, the presence of a repre-
sentative of the manufacturer is usually required during construction. 
Experience on the part of the contractor or agency forces is desirable 
but not mandatory, as only normal earth moving and compaction proce-
dures and equipment are used. 

The AASHTO Specifications require certain minimum geometric and sec-
tional properties and the use of special features such as thrust beams 
or compaction wings along the edge of the top arch section, soil bins 
on top of the structure, or transverse ribs. These special features, 
which are included in the designs of the six major fabricators, aid 
in compaction during construction and prevent unwanted distortion of 
the structure. 	- 

As is the case with all large, flexible, buried structures proper con-
struction procedures must be followed. Compaction during backfilling 
is most important in attaining the desired load carrying capacity, and 
the configuration of the barrel must be held within specified limits. 

Assuming that a site will accept a culvert configuration with at least 
the minimum required cover and that acceptable backfill material is 
available nearby, considerable economy may be realized. Among the 
advantages cited by manufacturers are relative ease of delivery in 
rural areas, savings when the bearing capacity of the subgrade is too 
poor for economical 'bridge foundations, and the elimination of deck 
distress from deicing salts. 

NAME OF.SYSTEM: 	 . SYSTEM NUMBER 

LONG SPAi, CORRUGATED-METAL, BURIED M-6. 

CONDUITS  
PAGE 	.2 OF 	2 

CASE EXAMPLES:  

Over 600 long span, corrugated-metal, buried' structures have been, 
built in the United States and 'Canada since '1960... 

MANUFACTURERS: 	S 	 S 	•, 

Armco SteeLCorporation, Kaiser A1uinurn Company, Republic Steel 
Corporation, Syro Steel Company, U. S. 	SteeI' Corporation, Westeel- 
Rosco, Ltd. 	(Canada)  

REFERENCES:  
Federal Highway Administration Report FHWA-RD-77-131 (Reference 62). 
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APPENDIX 

DESCRIPTION OF RESEARCH EFFORT 
CHAPTER ONE 

INTRODUCTION 

PROBLPI STATENT 

- 	Since the collapse of the Silver Bridge at Point Pleasant, West 

Virginia. in 1967, considerable attention has been given to bridges on 

the federal-aid system. Current federal regulations require periodic 

inspections and ratings of each bridge, and federal and state funding 

in available for rehabilitation and replacement. Although much work 

remains to be done and many problems remain, the bridges on the federal-

aid system are receiving the attention necessary for maintaining safety 

and serviceability. 

With major emphasis being placed on bridges on the major highways, 

especially those on the interstate system, and new construction in re-

cent years, bridges on secondary highways and local roads have frequently 

been neglected; they have been given irregular -inspections, inadequate 

maintenance, and infrequent load capacity ratings. A large number of 

these bridges are in serious need of structural repair, or, as is the 

case in many instances, their load carrying capacity is so inpaired 

that total replacement is necessary. In addition to the number of 

bridges that have structural deficiencies, there are many other struc-

tures classified as fuctionslly obsolete. A structurally deficient 

bridge is defined as one that, because of damage or deterioration, 

has been restricted to carrying light traffic only or has been closed. 

A functionally obsolete bridge is one whose deck geometry, load carrying 

capacity, clearance, or approach roadway aliginnent can no longer safely 

service the system of which it isa part. 
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It has been estimated that more than iOO,OO bridges in this coun-

try are inadequate for heavy loads or in need of major repairs. Further, 

It has been estimated that over 50.000 bridges are functionally obsolete 

because of such geometric constraints as narrow width, poor clearances, 

and dangerous approaches. Thousands of additional bridges fall into one 

of these categories each year. 

Major structural failures of rural bridges with resulting loss of 

life and significant riquirements for structural replacement in terms 

of cost are not infrequent occurrences. It has been reported that or 

proximately 150 bridge failures occur is the United States each year. 

This unsatisfactory condition of thousands of rural bridges, accom-

panied by periodic failures and potential disasters in terms of loss of 

life and damage, simply cannot be tolerated much longer. 

- 	Under the severe fiscal constraints that exist at the local, state 

and federal levels, however, most of these bridges cannot be totally re-

placed in the foreseeable future. In fact, the cost of replacement, 

estimated to be in excess of 6r23 billion,*ia so excessive as to preclude 

any serious considerition. Nevertheless, these bridges must remain in 

service to prevent disruption of a major United Stétea transportation 

system. 

Until recestly, little attention had been given to the problems 

associated with the maintenance and rehabilitation of older structures 

on the secondary highways and local road systems. Hawevcr, the re-

habilitation of bridges which are deficient from either a structural 

or a functional point of view is as essential alternative to total 

replacement. Also, because of the lack of attention previously given 

"0ne in Six U. S. Highway Bridges is Deficient, Engineering News-Record, 
March 10, 1977, p.  18. 
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to rehabilitation and repair, local agencies responsible for inspection. 

maintenance, and repair are currently required to make decisions without 

benefit of very much supporting information. If judgements are to be 

made, and it is likely that this is the path that will be followed, it 

in essential that guidelines be provided for specific rehabilitation 

procedures for certain types of deficiencies. 

Thus, under the conditions described above, there in a clear and 

mediate need for research that will identify the needs of bridge re-

habilitation and replacement on rural and secondary roads and that will 

provide guidelines and methodologies to enable local engineers to reach 

rational, cost-effective decisions regarding rehabilitation and replace-

ment. Such research should address the need for economical and feasible 

rehabilitation and replacement procedures so that inadequate bridge 

structures can be rendered fully serviceable and safe. 

RESEARCH OBJECTIVES 

The overall goal of this research investigation was to identify and 

develop procedures for the repair or replacement of bridges on secondary 

highways and local roads. 

To attain such a broad objective, it was necessary to ad-

dress a number of more specific goal.. For example, it was necessary to, 

identify the types of deficiencies experienced by rural bridges, and to 

Identify corresponding repair procedures and evaluate their cont and 

effectiveness. In many instances, the deterioration of a bridge is so 

severe as to preclude any rehabilitative approach other than replacement. 

In this event, the replacement operation can be made efficient and eco-

nomical if proper consideration is gives to standard types of 
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construction techniques and modular elnoente for the bridge. 

It is desirable that the repair and replacement procedures de-

veloped be both cost-effective and ?easible, and that same type of 

simple selection process be devised to. enable engineera to select. 

from several alternatives tncluding replacement, the best procedure 

for a specific job. 

In sary, the overall objecti'e of this program was achieved 

by a plan of attack that addressed the follswing specific objectives: 

Identify con structural and functional bridge 

deficiencies. 	 - 

Categorize these deficiencies with regard to their 

seriousness and frequency of occurrence, 

Identify existing repair and replacement procedures. 

Evaluate these procedures with regard to their effective- 

ness and cost. 

Relate the deficiencies and remedies to specific bridge 

types. 	 - 

Synthesize state-of-the-art technology in the use of stand-

ardised modular components and construction concepts. 

• Develop a simpleprocedure for-the cost-effective selection 

between alternative strategied for repair. 

Document the significant  results of this study in a Manual 

of Recomnen4ed Practice. 

The end product is directed toward the primary user; namely,the 

engineer diroctly concerned with the repair of older bridges on local 
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roads. The results of this project should become of considerably greater 

value to engineers responsible for secondary highway bridges because of 

passage of the 1978 Surface Transportation Act, which provides federal 

funds for repair and replacement of Off-system bridges. 

SCOPE 

The problem of repairing various components of highway bridges and 

of constructing new bridges as replacements for those deteriorated be-

yond repair is not a now one. Studies relating to this problem have 

bean under way for a number of years. Thus, in undertaking the study 

of procedures for the rehabilitation and replacement of bridges on 

secondoky highways and local roads, it was particularly desirable that 

the study be structured to make maximum use of previous related work 

and. to avoid unnecessary and costly duplication. Accordingly, the inves-

tigation carried out under this project was subject to certain specific 

limitations and a vary well-defined focus. 

The study was directed exclusively at bridges on secondary highways 

and local roads. Thus, in identifying deficiencies, developing repair 

procedures, and developing replacement concepts, such techniques and pro-

cedures were restricted to those that could be realistically applied by 

local agencies to those types of bridges occurring on highways under 

their cogninance. For example, no effort was directed toward identifyi4j 

and correcting deficiencies that occur on long span bridges carrying 

large volumes of traffic. Further, in developing procedures for choosing 

between various alternatives in a cost-effective manner, it was kept in 

mind that these procedures would be utilined by local engineers who 

generally would not have access to sophisticated computers and software 
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that might otherwise be utilized in such a selection process. 

Initial efforts in this investigation were concerned with a re-

view of previous work related to bridge repair, rehabilitation, and re-

placement. Of particular interest was a recent study sponsored by the 

VIVA and entitled "Extending the Service Life of Existing Bridges by-. 

Increaaing Their Load Carrying Capacity'. (4) Although both studies had 

baaically the mane overall objective, Che FHWA study was directed o-

ward bridges on primary highways (and thus newer bridges), whereas the 

current investigation was directed toward bridges on secondary and rural 

roads, primarily off-system bridges that were likely older and in worse 

condition. A major effort is the FHWA study was visiting various states, 

inspecting a large number of bridges, and cataloging and identifying de-

ficiencies. Accordingly, emphasis is this investigation was nodif ted to 

reflect the results of the FHWA work. 

The VIVA study was primarily concerned with increasing the load 

iarrying capacity of bridges whose capacity was not adequate for current 

service loads. Accordingly, this project was largely United to repair 

and rehabilitation procedures directed apecifically toward returning the 

deteriorated bridge to Its original state, whatever the capacity night 

have been. This limitation was not a real restriction becaane conversa-

tions with local bridge engineers indicated that their bridge repairs 

rarely involved increasing the load iarrying capacity. A few retro-

fitting procedures are included which can be used for upgrading undar-

designed structures as well as for increasing the capacity of a deteri-

orated structure. Examplea are procedures El, 12. R4, and R5. 

A number of ether studies sponsored by the FHWA or NCHRP have been 

conceroed with bridge.repaire. Recent projects have been concerned with 

repair techniques for accidentally damaged oteel bridge members ()) or, 

the repair of fatigue damage in atoel bridge members (,&, bridge rail-

ings (), and deficiencies and repairs associated with bridge decks. (,7,8,9) 

Accordingly, these arean were largely omitted from consideration. Excep-

tions are repair procedures RI. and R4. The principal areas excluded from 

this study are discussed in Chapter Three where related work is described. 

A number of findings were a direct result of a questionnaire dis-

tributed to the SO state highway departments and of site visits to state 

and local officials in 1.0 staten. Certain limitations are inherent in 

these survey procedures;. the questionnaire necessarily could not include 

all information that would be desired or useful, and time and funding 

restricted the visits to only 10 states. During the visits, a major 

portion of the time was spent talking to bridge engineers in the state 

highway departments and only limited discussions were held with county 

engineers. Accordingly, a number of the results of this study, includ-

ing deficiencies identified and repair procedures selected, were to a 

large extent the result of information gained from states rather than 

local jurisdictions. 

As a final part of this section, it is desirable to establish some 

basic definitions of terms related to the repair of bridges which will be 

adhered to throughout. These definitions are not suggested as the best 

or only meanings for the terms listed, but rather reproaent the opinions 

of the investigators, and they provide the meanings of the terms as they 

are used in this report. 
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The definitions are as followo: 

Maintenance - The work required to continue a bridge in 

its present condition and to control future deterioration. 

Repair - Action taken to correct damage or deterioration 

on a structure or element to return the structure to its 

original capacity. 

Upgrade - To raise a.structare'a capacity to a level above 

that of the original design. 

Retrofit - To add a new element to an- existing structure 

to correct or prevent diitreno or,  toupgrade. 

Rehabilitate - To carry out in extensive repair procedure. 

Restore - To return a structure or element to its original 

condition (often used in coinection with historical struc-

tures). 

Replacement - To install a new structure at the site of a 

previously exiating structure. 	 - 

BACKGROUND 

On December 15, 1961, the Silver Bridge over the Ohio River at Point 

Pleasant, West Virginia, collapsed, plunging 24 cars into the Ohio River.and 

7 on the Ohio ahore, causing the death of 46 people. This catastrophe pre-

cipitated a sudden awareness in both the public and the Congreao of the po-

tential danger of unoafe bridges on the nation's highways and the serious-

ness of the deficiencies in these bridges. This tragedy proved to be the 

catalyst that produced a concerted effort by federal and state agencies to 

identify and repair highway bridges with serious deficiencies. 

The initial program arising from these efforts began when Congress 
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added a section to the Federal-Aid Highway Act of-1968 that required the 

Secretary of Transportation to establish national bridge inspection 

standards and to develop a program to train inapectors. This addendum 

to the 1968 Highway Act was naturally directed only to those bridged on 

the federal-aid system of highways. The reasons for this restriction 

were reasonable and obvious at the time. Federal-aid system highways, 

particularly the interstate roads, were the most heavily travelled and 

the most visible, and deficient bridges on this system naturally were 

assigned first priority for repair and replacement. Further, data re-

garding these bridges, such as number and condition, could be easily ob-

tained from state highway departments. 

The PHWA'o "Eighth Annual Report to Congress on the Special Bridge 

Replacement Program' showed a total of 242.000 bridges on the federal-aid 

system. Of these, a total of 40.700 were.classified as deficient, i.e., 

either structurally deficient or functionally obsolete. The data provided 

by the .PHWA are developed from the inventory of bridges on the federal-

aid system tabulated by each state as required by the 1978 Highway Act. 

The serious condition of the highway bridges in the United States 

may be attributed to a number of very valid reasons. These include the 

following: 

1. Over 752 of the bridges were designed and built prior 

to 1935. 

2. Prioent allowable vehicle loads are far in excess of 

those considered inthe design of these early bridges. 	-, 

3. There has been a natural deterioration from weather and 

old age. 
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4. There have been insufficient funds for proper mainte-

nance and, with available funds, maintenance is fre-

quently given low priority. 

5. There has been no regular inspection and rating program. 

Although the addendum to the Highway Act of 1968 dId much to focus 

attention on bridges on the federal-aid system and resulted ins de-

tailed inspection system and an awareness of the needs for repair and 

replacement, those bridges not on the federal-aid system or off-system 

bridges) continued to be ignored, at least on a national level. Again, 

the reasons for this neglect seemed logical. The najority of off-system 

bridges were typically on secondary and rural roads and thus had lower 

traffic volume and lower visibility than did the on-system bridges. In 

addition, most of these off-system rural and secondary bridges were the 

responsibility of a variety of local agencies and obtaining information 

on these bridges was difficult at best. 

Because off-system bridges were not covered by the Highway Act of 

1968, there were few available data concerning the number and con-

dition of these bridges until very recently. However, in 1978 the Na-

tional Association of Counties (NAC0) conducted a survey of all counties 

in 38 staten in which counties have primary responsibility for local 

highways and bridges. This survey requested data on off-system bridges 

20 ft (6.1 n) or longer that were under direct county supervision. Al-

though the number of responses from the counties was modest, several 

statistical approaches to the data indicated 'a total of 233,800 

off-system bridges under countyjuriediction, of which 77,900 

are structurally deficient and 88,900 are functionally obsolete. 
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Another source (10) states that recent FHWA reports emphaizing the -. 

urgent need for bridge construction qsoted' the following figures. There 

are more than 331,000 bridges on county, secondary, municipal, and rural 

roads outside of the federal-aid system. Of these, only 42 are maintained 

by staten and 902 (297.000 bridges) are more than 40 years old. It has 

also been estimated that more than 502, or about 170.000, of the bridges 

on the county and:  local systems are in need of inmediate replacement. 

Yet another source (li) noted that approsimateiy 842 of the natio  

roads are classified by the PHWA as rural, and that about one-third of 

these roads need repair and improvements to make them safe formotorists. 

Clearly, the same statistics could be eopected to apply to rural bridges. 

Although the numbers cited are conflicting to some degree, one fact 

is clear. Regardless of which statistics are the most accur'ate, there are 

at least as many off-system bridges an there are bridges on the federal-

aid system. Purther, the majority of these off-system bridges are either 

structurally deficient or functionally obsolete and desperately in need 

of repair or replacement. These figurea clearly indicate that the notion's 

bridges on rural and secondary highways and local roads are in a deplorable 

condition, even if the reported data are only roughlyaccurate. 

The impressive statistics briefly cited in the foregoing were brought 

to the attention of the 95th Congress by the PHWA, the NACo, and many con-

cerned local governments. This Congress was influenced to hold its own inves-

tigation and extehsive hearings on this serious nationwide situation. The 

result was new leginlatids that included the Highway Bridge Replacement 

and Rehabilitation Program of the Surface Traasportatioo Assistance Act 

A-23 	 - 

of 1978, signed into law by the President on November 6, 1978. This legis-

lation has been hailed as introducing a new era in surface transportation. 

The Highway Replacement and Rehabilitation Program includes the following 

features. 	 - 

A total of $4.2 billion are to be spent in the neat 

four fiscal yearn;. $0.9 billion for FY 1979, $1.1 billion 

for F? 1980,. $1.3 billion for FT 1981, and $0.9 billion 

for PY 1982. 	 . 

The federal-state matching ratio for bridge funding 

has been increaaed from. 75/25 to 80/20. 

No state can receive more than 82 of the total and, no 

state can receive less than 0.252 of the total. 

Each state is required. to use not lena than .152 and not. 

more than 352 for off.aystem..bridges.. 

To expedite the availability of the bridge funds, the 

FT 1979 bridge money comes out of the Highway Trust Fund 

and is available for obligation iomediutely. . 

Allowance for funds for rehabilitation of highway bridges 

as well as bridge replacement. 

There are several requirements that locp), governments must meet in 

order to qualify for these funds. The principal requirements include 

(a) an inventory and classification of all off-system bridges on the 

basis of serviceability, safety, and essentiality for public use prior 

to December 31, 1980, and (b) a priority ranking system to determine 

which bridges should be repaired or replaced first. However, the FNWA 

recognizes the intent of Congress that the off-system program nhould get 
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moving quickly and has developed an arrangement by which federal funding 

can be provided immediately for a bridge that is plainly unsafe without 

waiting for the complete inventory. 
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CHAPTER NO 	 bridge failures is presented is Chapter Four. 

RESEARCH APPROACH 	 Task 2: Identification and Evaluation of Existing Methods of Rehabilita- 

TASK DESCRIPTIONS 

The research approach adopted for this investigation is most con-

veniently described in terms of a number of separate tasks. Specifically, 

the following tasks were defined and undertaken. 

Task 1: Identification and Categorization of Common Bridge Deficiencies 

and Failures 	 - 

Task 2: -Identification and Evaluation of Existing Methods of Rehabilita-

tion 

Task 3: Identification and Evaluation of Concepts for Economical Re-

placement Systems 

Task 4: Synthesis of Bridge Deficiencies and Repair Procedures Identi-

fied in Tasks 1 and 2. 

Task 5: Development of a Methodology for Selecting Among Alternative 

Strategies. 

Task 6: Preparation of Final Report and a Manual of Recommended Practice. 

A brief dscription of the approach used in each of these tasks is 

presented in the following sedtionn. The first three tasks essen-

tially consisted of collecting information on completed work by both state 

highway departments and other agencies, and on any pertinent work in 

progress. The latter three tasks were concerned with synthesizing and 

documenting this collected information and providing rational procedures 

for the optimum utilization of such data. 
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Task 1: Identification and Categorization of Common Bridge Deficiencies 

and Failures 

The primary components of this task were to ideütify and-categorize 

common types of bridge deficiencies, both structural and functional, and 

to establish some kind of rank ordering in terms of their significance - 

and/or in terms of their relative frequency of occurrence. 

To effectively accomplish this tank, the following steps were under- 

taken. 

An initial list of def icietcies was established based on 

experience and knowledge within the.research team and through 

cunvernationa with bridge engineers in the Virginia Depart-

ment of Highways ama Transportation. 

An initial ranking of these deficiencies was established in 

terms of a subjective decision on their relative importance. 

A questionnaire was prepared and distributed to all state 

highway departments and to certain local agencies requesting 

additional information on bridge deficiencies and their 

relative degrees of importance. . 

Based on the initial tabulation, results of the questioncaire, 

and information obimined through subnequent visits to selected 

highway departments and county agencies, the final tabulation 

of common bridge deficiencies by categories was established. 

The identification and categorization of bridge failures, althsugh 

pursued at the beginning of this investigation, was found to produce only 

limited results and little effort beyond the questionnaire was devoted to 

this phase of Task 1. The limited amount of information obtained on 

tion 	 - 

Specific details of rehabilitation and repair procedures were oh-. 

tamed from a number of sources. A primary source of information on re-

pair procedures was a literature review which was accomplished using the 

traditional sources of information and periodicals relating primarily to 

county and local roads and bridges, in addition to appropriate TRR and 

FUWA publications. Other sources of information were responses to the 

questionnaire and visits with selected state and local officials. - 

These repair procedures are described and illustrated with sketches 

prepared by experienced structural draftsmen in the Manual 

of Recommended Practice. 

Task 3: Identification and Evaluation of Concepts for Economical Replace-

mfht Systems 

Task 3 was devoted to the discovery of practical and readily Ample-

mentable bridge replacement systems. Included was a consideration of 

prefabricated nodular elements on which information was obtained through 

a review of the literature and contacts with engineers and fabricators. 

Steel, concrete, and timber systems were considered in this task. 

The many bridge systems available were studied and evaluated against 

alternatives such as structural plate, long span arch culverts. Those 

methods found to be practical and cost-effective in various bridge-re, 

placement situations on secondary and local highways were selected and 

are described in the Manual of Recommended Practice. 
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Task 4: Dynthesis of Bridge Deficiencies and Repair Procedures Identi-

fied in Tasks 1 and 2 

This task, althugh it required limited effort, was a logical step 

in the overall program. Under this task the objective was simply to re-

late the deficiencies identified with the corresponding repair and re-

habilitation techniques. Efforts included the identification of one or 

more feasible repair procedures appropriate for application to each cate-

gory of deficiency. 

Task 5: The Development of a Methodology for Selection Among Alternative 

Strategies 

The goal of this task was to develop a simplified but rational pro-

cedure to assist local engineers in making cost-effective selections be' 

tween alternative repair and replacement procedures and between the basic 

alternative of repair or replace. 

A list of factors to be used in evaluating various alternatives was 

compiled and . a procedure for weighting these factors as a means of ranking 

alternatives is described in Chapter Five of this report. 

Task 6: Preparation of Final Report and a Manual of Recommended Practice 

The final task was the preparation of this Manual of Recommended 

Practice Including this Appendim describing the research performed. 

The Manual is organiced in a format for use b 
1. 

 y local engineers. This 

user oriented Manual provides a practical guide for engineers facing 

the responsibility of rehabilitating or replacing bridges on secondary 
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highwaya and local roads. It .enphasines the most practical re-

pair technquea and replacement systems, which are briefly described. 

with drawings as required. 

Questionnaire Development and Utiliiation 

A major portion of the efforts of Tasks 1, 2, and 3 was expended in 

the collection and synthesis of information relating to deficiencies, re-

pair procedures, and replacement systems. To ensure that representative 

information was obtained, it was decided to develop and diatribute a 

questionnaire to all states and selected local jurisdtctions to solicit 

information relating to bridge deficiencies and repairs. 

The initial draft of the questionnaire was prepared by the research 

team and auhoitted to the Virginia Department of Highways and Transporta-

tion and the NCHBI Project Panel C12-20 for comment. As a result of 

suggestions and recoisnendetiona made during this review process, a final 

questionnaire was developed which specifically requested information re-

garding record keeping related to bridges, bridge inventories, bridge 

repairs, and the oeverity and frequency for particular types of defi-

ciencies. Formal replies to the questionnaire were received f ron all 50 

states, and a a,mmary of the results of the questionnaire. io provided in 

Chapter Pour of this report. A copy of the final questionnaire as dis-

tributed Is attached. (See pages A-81 through A-88.) 

Site Visits 

Although the returns f ron the questionnaire provided a considerable 

amount of information, it was felt ensential to make visits to represent-

ative states to talk directly with state and county bridge engineers and 

to conduct on-sits inspections of bridge deficiencies, bridge repairs, 
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and recently constructed replacements. 

Based on the experience of the research team, as well as that of 

bridge engineers within the Virginia Department of Highways and Trans-

portation and the PItH?., a prelininary list of states having a reputation 

for innovative repair work was prepared. This list of states was re-

fined to ensure that a reasonable geographical distribution would be 

obtained. It was also desired to visit orme states who have responsi-

bility for all rural bridges as well as those on primary highways and 

some states that have well-organised county bridge departments. Further 

refinement of the list of states to be visited was sought f rem the ad-

visory panel, and the final list consisted of 10 states, including Vir-

ginia. Table 1 presents a sary of the organidations and personnel 

visited, other than the Virginia Department of Highways and Transporta-

tion and P11W?. offices in Washington. S. C. and.I.angley, Virginia. 

Threa county engineers contacted during the visit, to Washington 

are also included in Table 1. Visita to various sites within the state 

of Virginia and diacuoniona with bridge engineers in Virginia were also 

made periodically throughout the study. Discussions with bridge depart-

ment personnel f rem the state of Mipsouri were conducted at the TRB 

Bridge Enginserisg Conference held in St. Louis in September 1978. 

Specific visits were made to the bridge departments'of the other states. 

It was found that the mast effective and efficient use of time dur-

ing the visits was to meet briefly with various bridge engineers in ibeir 

offices to discuss the organisattôn of bridge maintenance and repair 

within the state and county jurisdictions and to review specific plans 

and procedures. The remaining time was spent on brief site visits to 

bridges to obtain firsthand knowledge of the repair and replacement 

techniquss used. 
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Table 1 

Visits to State and Local transpertation Officials 

Organication Visited 	 Persona Contacted 

Colorado Department of 	Paul Chuvarsky, Bridge Engr. 

Highways 	 H. I.. Best, Bridge Inspection Engr. 

Florida Department of 	 Jack Roberts, Engr. of Structures and 

Transportation 	 Facilities MainE. 

Lorry Davis, Bridge MainE. Planning 

Engr. 

Georgia Department of 	. J. I. Krstner, Bridge Engr. for 

Transportation 	. 	 Design 

Vernon Smith, Aant. Maint. Engr. 

Illinois Department of 	 Billy C. Wade, Local Reeds Bridge. 

Engr.. 

J. J. Aherno, Jr. • Bridge Engr. 

Janl.e Sue, Bridge Design Engr. 

W. Dale Carasy. Div. Engr., Bridges 

D. J. Gragasie. Asat. Div. Engr., 

Bridge Planning 

J. A. Moberly, Structural Design Engr, 

Jimmy D. Leo, Bridge Haint. Unit Head 

Sam Unry, Bridge Inspect. 6 AnaLysis 

Engr. 

C. T. Phillips, Asat. Head. Bridge 

faint. Operations 

Had Perry, Area Bridge faint.' Supt. 
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During the visits it became apparent that most of the problems and 

deficiencies that had been identified were common to 'a majority of the 

states and that 'the repair procedures were generally similar. In addi-

tion, it became clear that few states have any kind of atsndard model for 

deciding between alternate repairs or between repatr and replacement in a 

given situation. It is doubtful that visits to states beyond the ten 

initially chosen would have yielded much new information. 

Hovertheloss. the visits and site inspections by the research team 

were a significant ingredient in the research program. These personal 

concocts provided detailed information on bridge repair procedures across 

the country and, in-the case of the visit to the Washington County Read. 

Administration Board, an insight into the problems and needs of county 

engineers. 

Transportation 

Massachusetts Department of 

Public Works 

Missuri State Highway 

Commission 

North Carolina Department 

of Transportation 

Texas State Department of 

Highways and Public 

Transportation 

Washington Department of 

Transportation 

Washington County Road 

Administration Board 

R. L. Reed, Engr. of Bridge Design 

R. H. later, Bridge Operations Engr. 

3. R. Hageness, Bridge Condition Engr.,  

Don Peterson, County Engr., Pierce Co. 

Jim Stein, County Engr.. Thurston Co. 

C. H. Uogsr, Asst. County Engr., 

Callum Co. 

Ernest Geisaler, Director, County 

Roads Administration Board 
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CHAPTER THREE 

RELATED WORK 

As was noted in Chapter One,exteneive research relating to the re-

pair and rehabilitation of highway bridges has been conducted by other 

investigators. Much of thiS work accomplished to date had been spon-

sored either by the FHWA or by AASHTO through the HCHHP. The purpose 

of this chapter is to briefly review some of these major national 

studies to the extent necessary to aive coapletemesa to this report. 

REPAIR OF FATIGUE DAMAGE 

The major effort in the study of fatigue damage in highway bridges. 

which was carried out at Lehigh University under the direction of Dr. 

John H. Fisher, was directed coward designing sgainet fatigue damage, 

limiting damage once fatigue cracks develop, and repairing extensive 

fatigue damage. The most recent portions of this work were sponsored 

under NCHRP Project 12-15.(24) Under Phase 1, the principal objectives 

were to review existing methods of nondestructive inspection for fatigue, 

to review and evaluate existing welded bridge details with regard to 

their susceptibility to fatigue, and to review and evaluate methods for 

improving fatigue life and arre.tiig the progress of fatigue damage in 

welded highway bridges. 

Phase 2 of the project included three tasks. Task 1 consisted of 

inspecting and retrofitting a highway bridge which had sustained fatigue 

damage. In Task 2, 13 full-eioe cover-plated bridge beams were tested 

to determine their fatigue strength and to assess the merits of retro-

fitting fatigue-damaged details by various techniques. Teak 3 was to 

define the behavior of web gaps at the and of transverse stiffaners 
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when subjected to out-of-plane displacements. 

In Phase 1, the evaluation of Oethods for improving fatigue life and 

arresting the progress of fatigue damage was conducted using three pro-

cedures that appeared, based on experience, to be the most likely to be 

sucteseful. Those included (1) grinding the weld tee toreduce the 

stress concentration, (2) sir hameer peening the weld toe to introduce 

compressive residual stresses, and (3) remelting the weld toe using the 

gas tungsten arc process. 

The three repair improvement procedures were found to be effective 

to varying degrees is extending the fatigue life of cover-plated beams. 

In general,grinding was not very effective since It resulted in the re-

nov51 of only those diecontinutcies near the surface. Peening was more 

effective than grinding and can be applied with good results to both us-

cracked welded details and details with surface cracks having depths up 

to about 1/8 in. (3 me). The remelt method was the moot effective of 

the three and showed the least amount of oininum-stress-dep.adency; 

Crack initiation in repaired beams generally resulted from defects 

introduced by the repair method itself. Some increaee in fatigue life 

was usually eoperienced, and additional inci'easea in fatigue life could 

be obtained when the repairs ware made with great care. 

Weld details eubject to cyclic loads can be repaired or improved 

providing the cracks have not penetrated more than shout 1/8 in. (3 mm) 

into the flange. Retrofitting such details by either peening or the 

remelt procedure will provide a detail that equals or exceeds the orig-

inal condition. For deeper fatigue cracks, repair can be accampliehed 

most effectively by the application of bolted splice platen which 
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tranaf or the stress around the crack. 

The results from Phase 2 of this same study may be Summarized as 

followo. The two repair or retrofitting methoda (peening and the remelt 

process) were again found to be affective in extending the fatigue life 

of cover-plated beams. Fatigue-damaged bridge details which have cracks 

at the and of the stiffener or along the web-flange fillet weld resulting 

from out-of-plane displacements can be satisfactorily retrofitted by dcli-

ing holes at the ends of the fatigue cracks. It was also found that in 

those cases where structural members intersect such that the flange of one 

pierces the web of the other the fatigue resistance was so low that the 

bridge structures with this detail eventually experienced fatigue cracks. 

It was recommended that consideration be given to retrofitting these and 

any similar details as soon as poseible. 

REagIR TECHNIQUES FOR DAMAGED BRIDGE MERS 

A major thrust of this effort was performed under NCHRP project 

12-17 by the Columbus Laboratories of the Bottelle Memorial Institute. (j) 

The objective was to provide guidance for the assesament of occidental 

damage to steel bridge members and to identify and develop a variety of 

repair techaiques and evaluate their effectiveness. Information re-

lacing to specific types of collision damage and the remedies employed 

by various states was obtained from questionnaires distributed and 

through visits to representative state highway departments. 

Also according to the responses, no state has written procedures or 

specifications that relate to decisions regarding the method of repair 

or whether the damaged member should be repaired, replaced or left as is. 

This is consistent with the findings regarding the decision-making 
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processes for general repair and rehabilitation procedures. There are, 

In aoae cages, procedures designated by the state for the repair of the 

specific damaged bridge. In all the states, the decisions regarding re-

pair are made by people in the office of the bridge engineer. The 

decisions are bREed on various combinations of (1) experience. (2) tech-

nical or analytical analyses, (3) the cost-effectiveness of repair vs. 

replacement (a subjective decetminotion), (4) the lengths of time re-

quired for the procedures being conoidered, and (5) the degree to which 

tvaffic must be interrupted. 

With regard to flame straightening as a procedure for repairing 

collision damaged members, four states were found to have conducted ooms 

type of analytical or experimental studies that could support decision 

making. Howevec, nose of the states had results that were available for 

the survey conducted under the project.. 

Your processes were found to be most canoonly used for repairing 

collision damage. These were welding, cold mechanical straightening, hot 

mechanical straightening, and flame straightening. It was also found 

that decisions on the need for repair, the selection of a particular 

process to be used, and the details of the process used were boned almost 

entirely on the experience of the people responsible for repairing the 

damage. There were no guidelines or specifications for these decisions 

In any of the states surveyed. 

Based on the data collected through these surveys and visits, it was 

determined, during the post 5 years, that the total number of bridges 

damaged was 815 and that 767 of these were repaired. Those damaged and 

not repaired were either replaced or left in service in their damaged 
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state. Damage had been inflicted primarily by vehicles carrying loads in-

excess of the bridge clearance heights. Some damage also had been in-

flicted by vehicles that were overweight, overwidth, or out of control, 

but the incidence of damage by these vehicles was relatively small. In 

all of the state responses, almost 702 of the instances of collision 

damage were reported to have involved vehicles that exceeded the height 

clearance. The instances were almost evenly divided between girder and 

truss bridges. 

Welding repair was used by nearly all of the states responding. 

There were two categories of welding repair: (1) weldingdiocrete de-

fects such as cracks and (2) cutting out and replacing portions of 

damaged bridge members. In replacing members, flame cutting was the con-

ventional method for preparing the weld joint. 

Two-thirds of the states surveyed used mechanical straightening for 

repairs. Several states have certain limitations on the use of this 

procedure such as restricting its use to members with only gradual bends. 

Mechanical straightening was reported to be done either cold or hot, • al-

though most of the respondents indicated that the former was preferred. 

The use of flame straightening was widespread throughout the country. 

This process was used to some degree by the majority of states and by 

mast contractors retained by the states to conduct repairs. The heating 

is always done with gas torches. Very little information was available 

on specifications or procedures for flame straightening, although most 

states indicated that they had some general procedure applicable to a 

certain repair concept. Over half of the states that :used flame straight-

ening had established maximam limits on, the temperature to which the 
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steel could be heated. 

Additional details concerning the repair of damaged members may 

be found in the Bibliography on repair procedures in the Manual. 

INCREASING THE LOAD CARRYING CAPACITY OF EXISTING BRIDGES 

A recent study supported by the FHWA and titled "Extending the Ser-

vice Life of Existing Bridges by Increasing Their' Load Carrying Capacity" 

was conducted by Byrd, Tallamy, McDonald, and Lewis under contract No. 

DOT-Fll-11-9214. Theatudy was initiated in 1977 and the final report 

was issued in June 1978(1) Among the objectives of the study, which 

very closely paralleled those of the present investigation, were to 

identify and evaluate the effectiveness of existing 'rehabilitation tech-

niques and to,,develop new techniques for making bridge repairs, improving 

geometries, increasing load carrying capacity, and correcting mechanical 

and other minor deficiencies. Additional objectives included defining 

and cataloging cosmos bridge deficiencies and types 'of structures. 

The objectives were accomplishedusing athree-phsne plan. Phase 1 

included a field inspection of representative deficient bridges to de-

velop the catalog of bridge types and bridge 'deficiencies. P)ase 2 con-

sisted of a review of selected rehabilitative procedures in use by state 

bridge departments and a literature search to assemble 'a comprehensive 

data file on bridge rehabilitation techniques. Finally, Phase 3 con-

sisted of a demonstration of the techniques judged to be most iffeciive 

by developing specific plans for rehabilitating five selected structures. 

In considering bridge deficiencies, it was congluded that the zost 

important contributor was the level of maintenance employed. Based on 
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the data collected from the states, the causes of deficiencies were 

categorized into two broad areas; namely, those which result from the 

design of the facility - i.e. • inherent deficieccies -' and those which 

result from the use of the facility - i.e. • the result f wear or age. 

A cotalog of bridge deficiencies was developed which included the delin-

eation of opAcific del iciencies'categsrimed under the major headings of 

superstructure and substructure and further subdivided under eaciiof ,  

these as primary support system or deck system, and, finally, subdivided 

as to type of material, i.e. • steel, concrete, or timber. Typical de-

ficiencies listed included such items as paint deterioration, inoperable 

bearings, corrosion, collision damage, spalling, and delamination. 

With regard to rehabilitation techniques, the study utilimed data 

from a literature search and from manufacturdrn, trade associations, and 

transportation agencies. A listing of therehabilitation techniques 

submitted by the otats is provided is the appendix to the report; A 

review of the rehabilitation procedures indicated that the major con-

cepts intended to extend the service life of defective bridges could be 

classified according to three general -objectives: (1) to increase the 

live load capacity to a level greater than the original design level, 

(2) to improve geometries, and (3) to correct mechanical deficiencies. 

(In contrast, the present study has emphasized repairing deficiencies to 

restore the bridge to its original capacity.) 

The study identified and developed two concepts 'to be used in 

arriving it decisions as to how a bridge should be rehabilitated. These 

concepts were the "improvement factor" and "cost-effectiveness factor". 

The improvement factor is defined as the percentage of improvement in 

I lexaral capacity provided by a particular rehabilitation technique over 
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the service level provided by the conventional design. The cost-eff cc-

tiveness factor was determined by dividing the improvement factor by the 

estimated unit cost. Thus the higher the' value of this factor, the 

greater the cost-cf fectiveness for a given technique.' 

Major contributions from the study were details, piano and specif i-

cations to demonstrate rehabilitation techniques on a concrete' T-beam 

simple span, two steel multiple-beam simple spans, a tiioher multiple-

beam simple span, and a steel through-truss simple'span. 

The recomendationa for additional research included the following, 

which have some bearing on the 'current isvestigatioh." (1) DvClsp new 

techniques for strengthening deficient bridges, (2) develop p'aameters 

for prioritizing bridge repairs, sd (3)'estsblish guidelines snd pro-

cedures for deciding between rehabilitation and rplacement. These 

particular areas were directly addressed in the preseI,t investigation. 

BRIDGE DECK REPAIRS 

The spelling of concrete bridgedecha, caused primarily by corrosion 

of the top mat of reinforcing steel,hsn emerged as a major problem over 

much of the United States in recent years. Accordiiigly, various state 

agencies, the FBWA, and the NCHRP have focused on factors affecting the 

incidence of'spalling, the proper ripair of the distress, and preventa-

tive measures. This intensive research effort has produced a relatively 

sophisticated series of procedures encompassing the determination of the 

extent of necessary'repairs, selection of the proper repair methods and'  

materials, and the elimination of further corrosion and resultant 

spelling. While there is some variation in the procedures used, there 

is a general consensus that has resulted in a reasonably consistent set 
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of guidelines. 

Most experienced field engineers can recall having Been apalling 

adjacent to earlier patches, and it is generally agreed that the aitua-

tion results from a failure to remove enough chloride contamidated con-

crete during the original repairs. Replacement of only the loosened 

concrete in seldom sufficient, and guidelines for determining the extent 

of repairs have been published by the FHWA.(6) Generally, three factors, 

diocuosed below, are evaluated. 

The extent of.-the delaoinuted, or loosened, deck surface 

is determined by sounding the deck with a homer or chain 

drag. These areas would, of rouroe, be replaced. 

The extent of active corrosion of the reinforcing oteel is 

determined by measuring the half-cell potentials relative 

to a copper-copper sulfate'.refereoce electrode, a measure 

of galvanic corrosion, at points on the bridge deCk. The 

equipment required to perform this test is available at a 

reasonable price. Since the areas of active corrosion and 

the deluminsted areas,  located ,  in item 1 above are not 

necessarily coincident, both surveys are required. 

The final factor in the determination of the chloride con-

tent of the undelaminated concrete around the apulled areas. 

If chloride contaminated concrete remains after repairs, 

corrosion of the reinforcing mat with subsequent apulling 

can continue. A laboratory procedure for the determination 

of the chloride content of powdered concrete samples ob-

tained by drilling the deck to the level of the oteel has 

- 
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been eotablished.() 

A general overview of the bridge deck, problem and its solutions is 

also provided by NCHRP Synthesis of Highway Practice 57(8) 	Included 

are an aaae050ent of the extent of the problem, and descriptions of 

techniques for evaluating the condition of decks and repair and construct 

tion techniques and materials. 	reference to source reports will be 

required to apply the procedurea, the comprehensive scope of the synthe-

sis and its complete list of references make it a useful document for 

the bridge engineer. 

The effects of available techniques and materials used in deck re-

pairs were studied is NCHRP Project 12-16 "Influence of Bridge Deck Re-

pairs on the Corrosion of Reinforcing Steel by the Battelle-Colembus 

Laboratories. (2).. 

BRIDCE RAILINGS 

Only a brief acquaintance with secondary highway and local road 

bridges is required to demonstrate the inadequacy of the harrier railings 

on many of these structures. With few exceptions, rail designs were not 

considered in the current study because several significant efforts had 

been funded by. the FHWA and NCHRP. It was also recognized that these 

earlier atudies and others by various state highway, departments had 

utilized crash teotisg to determine the adequacy of barrier systems. 

A most helpful reference for an engineer seeking to upgrade bridge 

rail systems is provided by the report entitled "Upgrading Safety Per- - 

formance is Retrofitting Traffic Railing Systems" and prepared by the 

Southwest Research Institute for the PHWA.2) In addition to extensive 

information on the type of bridge rails.in  use across the country and 
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extensive supporting data on the craoh testing of ca'ndidae systems, the 

report contains an excellent section on the implementation of retrofit 

designs. 

Several detailed designs are suggested for casea in which an inade-

quate railing is to be replaced and those in which an existing harrier is 

to be modified. Is additios to the railing designs, which utilize both 

concrete and steel, the report contains an equally important deaign for 

an approach barrier incorporating a breakaway cable terminal developed 

under the earlier NCHRP 22-2. (j) Information applicable to the staged 

upgrading of bridges throughout a county or local jurisdiction- is pre-

sented as are a step-by-step implementation procedulte and guidelines for 

screening installations. 

While the report contains designs that are detailed for use with 

concrete decks only, this Manual of Recommended Practice contains a tech-

nique for installing some of the rails ontimber decked bridges. The 

reader is cautioned, however, that considerable background work beyond 

structural analysis is required to ascertain the real safety of a proposed 

bridge railing system. 

OTHER RELATED WORII 

Both the Americas Concrete Institute (Ad) and tiC American Society 

of Civil Engineers (ASCE) have reports under preparation that will direct-

ly relate to the subjects considered in the present study. The following 

brief descriptions are essentially topical outlines of the contents of 

the reports, neither of which is in final form. 

Cuide to the Repair of Concrete Bridges (ACI Comittee 546, Repair of 

Concrete), 

Committee 546 has been working for some time on a guide to the re- 
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pair of 'bridge superstructures, including piercapa'. The primary empha-

sis will be on the proper use of several materials, including normal 

portland cement and latex modified portland cement concretes and mortars 

and epoxy resin and nethyl methacrolate polymer concretes • in repairing 

several types of distress. The guidelines will cover the surface prepa-

ration, specification of component materials, any precautions to be ob-

served in applying the techniques, and proper curing of the repaired 

areas. Among the techniques described are patching, overlays, ahotcrete, 

and crack injection. Additional information on the use of shntcrete is 

available in the ACI's "Recommended Practice for Shotcreting" ()) and 

crack injection is described in an article entitled Use of Epoxy Com-

pounds with Concrete". (lj) 

State of the Art Report - Strength of Old Truss Bridges (ASCE Task Coo-

mittee on Strength of Old Truss Bridges) 

Included in this report (15), which concentrates on truss bridges 

built before 1920, are general descriptions of common types of trusses 

and their components, inspection and rating procedures, and methods for 

strengthening and widening the structures. 'Sections of the report con-

centrate on the means of obtaining data, such as information on the 

properties of materials and members required for analysis, and de-

scribe suitable amalytical procedurea, including available computer pro-

grams. While the application of the broadly described methods to any of 

the wide variety of individual trusses will require additional engineer-

ing, experienced engineers on the task committee have stressed a prarti- 

cal and workable approach in their report. 
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CHAPTER POUR 

FINDINGS - STATUS OP BRIDGES 

The development of the Manual of Recomended Practice for this proj-

ect required the documentation of information on the types and condition 

of bridges on secondary highways and local roads, and the way in which 

repairs were being effected. This was accomplished through the use of 

the questionnaire on pages A-81 through A-88, and by personal con-

tacts with selected engineers in state and local goverenents also 

described in the earlier chapter. 

The questionnaire responses received from the 50 state transporta-

tiOn agencies are discussed in this chapter. While some of the re-

sponses were incomplete, the data are believed to represent the status 

of secondary road bridges. Establishing contact with county engineers 

is difficult and the number of local agencies overwhelming. Thus, most 

of the information obtained from the county and local engineers was 

through personal contact. Some of the county engineers interviewed felt 

that the questionnaire reflected the situation of state rather than local 

agencies because of the advanced degree of deterioration of local road 

bridges. While there is definitely a greater need for the replacement 

than for the rehabilitation of local bridges, the problems faced by thh 

state and local agencies differ primarily in degree rather than in na-

ture. It is believed that the Manual of Recomended Practice will be 

useful in varying degrees to agencies throughout the transportation 

field. 

TYPES AND CLASSIFICATION OF BRIDGES 	 - 

Question 8 of the questionnaire requested a list of the type of 
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structures on secondary road systems in order of frequency of occurrence 

and the number of bridges of each type, if that figure was available. 

Although very few states provided numerical data, the estimates of fre-

quency of occurrence by 47 states are s,arized in Table 2. 

The high number of citations among the first four superstructure 

categories probably reflects the large number of short span structures, 

although the steel beam category can include a large range of span 

lengths. There are still a significant number of steel trusses in the 

secondary highway Systems in spite of the fact that these bridges are 

often programmed for replacement as rapidly as funding permits because 

of their limited horizontal and vertical clearances. Replacement of 

steel trusses assumes a greater importance when the incidence of failure, 

discussed later, is considered. 

As would be expected, recently developed components such as.pre-

stressed concrete beams and bos beams are relatively rare on low class 

highway systems. Other portions of the questionnaire indicated few 

problems with designs utilising these components. 

Table 2 does not include all of the bridge types mentioned in the 

survey, but only those most frequently noted. The other types mentioned 

included atone, brick and masonry arches; timber, iron and concrete 

trusses; steel arch, frame, suspension and movable bridges; and concrete 

rigid f runes. Some of the prized wooden covered bridges were mentioned, 

while others were probably onitted as atypical structures or included in 

the general timber category. 
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Tabie2 	- 

Frequency of. Types of Bridges on 

Secondary Highways in the U.S. 

Type of Structure Number of Times Ranked 	 Totals 

Pirat Second Third Fourth 	(ranked 1 through 4) 

 Steel Beam 18 	14 	8 	6 	 46 

 Timber Beam 15 	7 	5 	7 	 34 

 Concrete Beam 5 	12 	8 	9 	 34 

 Concrete Slab 7 	10 	12 	4 	 33 

 Steel Truss 1 	2 	10 	13 	 26 

 Preatrsssed Concrete 1 	2 	2 	5 	 10 

 Concrete Arch 0 	0 	2 	1 	 3 

8.BoxBeam 0 	0 	0 	1 	 0 

TOTALS 47 	47 	.47 	46 	 187 

NOTE: 	The above rankings do not reflect the total number of bridges 

of each type throughout thecountry, but are the rankings of 

the most common types of bridges by the responding states, 

regardless of the number of bridges under their purview. 
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NATURE AND FREQUENCY OP DEFICIENCIES EXPERIENCEb 

The original list of deficiencies in Part II of the questionnaire 

was compiled based on the experience of the Virginia Department of Nigh-

ways and Transportation, assuming that its experience would reflect the 

situation elsewhere. The validity of this assumption was borne out by 

the responses of the other state tronnrtatioo agencies.. Although 

space was provided, few additiono to the list of deficiencies were made by 

the responders to Part II of the questionnaire. 

Judgoments of the severity and frequency of occurrence of each type 

of deficiency were requested. Each respondent was asked to rats these 

deficiencies using a scale of 0 to 3 according to the guidelines shown 

below. 

Severity 	 Frequency 	Rating 	Normaliaed Rating 

not severe 	 not observed 	 o 	. 	o 

ninor importance . seldom observed 	 1 	 3.3 

moderately severe 	occasionally observed 	2 	 6.7 

severe 	 frequently observed 	. 3 	 10.0 

The numerical evaluations, normalized on a 0-10 scale, are eurrm.-

rized in Tables 3, 4 and 5. Table 3 presents structural deficiencies of 

bridge superstructures, Table 4 contains rstir,ga of functional deficien-

cies, and Table 5 concerno deficiencies of substructure elements regard-

less of the type of supsrstructure. The right-heed column indicates the 

number of states that had developed a repair procedure for the listed 

deficiency. On the normalized scale, a rating of 6.7 indicates a "moder-

ately aevere" condition, or one that is, at leant, °occaaionafly ob-

served'. Since the ratings represent the average of values given by 
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Table 3 

Severity and Frequency of Occurrence of Structural Defidiencies 

SUPERSUCRE ELMMM  _________ 	
TIPE (IF 	PAN No. Repair 

Steel Steel Concrete Concrete Deck or Prestress. 
Procedur es 

NAflJRE OF IFICICY * Truss T-Bam S) .b Beam Concrete Of er 

STJCI1JRAL 

Present Loads 

 

1) Origmal Desigu 
Inadequate for 

rFrr 

a) Main lrbers or 
Truss 7 7 7 74 4 4 8 8 2 1 3 

b)Deck 55 6 64 4 4 4 7 7 3 2 3 

c) Joints or Other 
Details 4 5 5 6 Li 4 3 3 4• 4 3 3 1 

1) Fatigue  
Cracking 5 2 5 3 2 

3) Deck Spalling 
(Corrosion 6 7 5 6 6 4 6 6 3 5 11 
Induced)  

45 Spalling of Deck at 
Joints(Stress 4 5 4 5 4 5 3 5 4 5 4 
Induced)  

5) Structural 
Cracking 5 5 1 4 4 14 5 4 5 5 4 L 4 
of Deck  

6) Cracking lit :::::::::: ::::::::: ::::::::: 
Concrete 
Be 

4 5 4 2 3 

Concrete 5 
7)Spalllngof  

5 14 2 3 
Beams - - __________________________  

8) Loss of section 
Deeto 7 7 7 8 2 
Corrosion - - ::::::::: :::::::: ::;:::: ::.:::::: ::::::::: ::.:::::: 

9) Deterwration of 
Tiither Deck or 
Beams ::::::: ::::: 

7 - 7 

--  

:.::::" 
8 6 

10) Inoperative 
Bearings 5 7 6 8 5 52 3 2 3 3 3 2 

ll)Inoperative Expan- 
sion Joints, Inclu e6 8 6 7 5 6 4 6 3 5 5 6 3 
Leaking  

12) Deteriorated 
Railsor 5 6 6 6 5 65 6 7 3 4 4 1 
Barriers - 

13) Dislocation or 
- 

"Creep",ofSpams 3 3 3 3 3 3 3 2 3 3 3 2 2 
Under Traffic 

14) Inadequate Deck 
Drainage 14 5 14 5 4 5 4 

- 
5 Li 4 4 4 1 

15) Collision DamagE 
6 4 5 Li 4 4 Li 5 

*According to FHWA terminology, a structure whose load carrying capacity 
can no longer safely service the system of which it is a part is classi-
f led as functionally obsolescent. For purposes of this study, struc-
tural deficiencies are separated from geometric type deficiencies. 
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Table 

Severity and Frequency of Occurrence of Functional DeficiencIes 

9JPSTRIflJRE  
OF 	1' No. Repair 

Tinker Procedures  
Steel Steel Cce.crete Cuserete Deck or Prestreso. 0 	er ed 

NAileR OF DFYICIanC6 Be— Truss T-Raen Slab Sean Cuscrete .' ByStatea 

7 7 8 9 6 7 6 7 7 9 4 4 1 
17) Racrua 

18) Unsafe Rail Con- 
figurationorweak 7 8 7 9 6 7 6 7 8 9 4 4 2 
Desigu 

19) Unsafe Approach. 
Aligrsrent 6 7 7 7 6 6 5 6 7 7 4 4 - 

20) Deposed Rail - - - - - - 
Termthal,s 7 8 7 8 7 8 7 8 7 8 5 6 2 

21) Truss 1thers ii 271 
Eaposedto 9 9 - 
Inpact  

22) Slippery Deck 
Surface 4 8 5 5 8 4 4 4 6 5 4 4 2 

23) Inadequate Ver- 
ticalClearance  
(cm Bridge) 

24) Inadequate Ucnier- 
clearances 5 5 4 3 5 4 4 

— 
3 4 3 4 4 1 

25) Inadequate Water-, 
way (Scour& 5 5 5 5 '5 5 5 5 6 6 4 4 - 
ErosfmofSlnpes) -- - - 

Table 5 

Severity and Frequency' of Occurrence of 
Deficiencies of Substructure Elements 

Lj 

srNJJCIIJPE ELEMERM No. Repair 
Procedures 

NAUIPE OF DEF1CC1 	 . 	' . sgvop.riy FFBWDM, 
Offered 

28) Original design of piers and other elonanits presently inadequate. 5 	. 44  

29) DeterioratIon, due to salt e3q,osla-e, of piers, bents, or piles. 6 6 3 

30) 	SpallIng of beam seats. 	 . 	 6 	 6 	" 	' 	:'. :6 
31) Shoving of abutments or cracking of badoaalls. 	 6 	 - 7 	. 	3 
32) Settlusnt of substructure elusents.. 	 . 	 6 	 5  
33) 	Lateral Pveeent of Substnzcture Elasents. 	 ' 	: 	5 	' 	' 	. 
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those states that responded to Part II of the questionnaire, values of 6 

and above may be regarded as significant in either oeverity or frequeocy. 

- 	 Structural Deficiencies 

Inadequate strength of the nain structural members due to a light 

original design was identified as a frequent and severe problem is the 

case of steel beam, steel truss, and timber spans. This problem may be 

largely attributed to increases in allowable traffic loads subsequent to 

the construction of.the old structures. Structural deficiency was only 

on occasional problem in the case of cast-in-place concrete superstruc-

tures, which usually exhibit significant reserves of strength, and there 

were no problems indicated with the sever preatresned concrete super-

structures. 

Limitations is carrying capacity due to the strength of the deck, 

item 1(b), was a more severe problem in the timber and steel truss cate-

gories than for the other types, due in large measure to deterioration. 

The responses to item 9 would seem to confirm that deterioration may be 

more of a problem than inadeqaste strength. 

Structural cracking and spalling of superstructures were cited as 

only minor to moderate problems in the overall survey. Fatigue cracking, 

while a subject of national concern in,major highway bridges, does not 

appear to be a serious problem in secondary road structures. Corrosion-

induced bridge deck distress, which was not covered in the study, is a 

more severe and more frequent problem. 

Corrosion of superstructure.elements, reflected in the related 

items 8, 10.and11,.conntituten a significant problem on steel beam and 

steel truss bridges. Corrosion of beams and bearings is asually a result  

bridge itself, it is one that is difficult to handle. Right-of-way acqui-

sition and changes in road ge500trico away from the structure can present 

extraordinary problem. 

Functional obsolescence appears to be much less of a problem in the 

case of prestresued concrete uuperstrsctaros because these are among the 

nSest bridges on secondary highways. The most serious problems lie in 

areas such as deck spalling, poor performance of the expansion joints, 

and unsafe rail terminals, none of which are directly related to the type 

of structural member. 

Deficiencies of Substructure Elements 

The distress of substructure elements is not related to the type of 

superstructure in most instances, nor is it unique to bridges on the low 

class highways. The most cumon reported deficiency associated with sub-

structure elements was shoving of the abutments or cracking of the hack-

walls. Distress of this sort has been noted for yearn on all classes of 

highways. 

The strength of piers and other substructure elements appears to be 

generally adequate. gowever, the deterioration of these structures is a 

couon problem. Spalling of the upper concrete surfaces due to exposuro 

to deck drainage and of piles and columns near the waterline is wide-

spread. Settlement of the substructure elements, while less conoton, is 

also a problem. 

Frequency and Causes of Failures 

Question 13 was on attempt to obtain data on the number of bridge 

failures experienced on secondary roads including information on the type 

of structures involved and the causes. It was recognized from the outset 
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of poor handling of the deck drainage and of leaking expansion joints. 

The latter factor in generally rated highly regardless of the type of 

superstructure. 

Deterioration of guardraiis was rated a significant problem on per-

haps all but the newer bridges, and, under functional deficiencies, un-

safe rail configurations were rated similarly. As discussed is Chapter 

Three,attention has been directed toward this haoardous nituation through 

other, ongoing studies. 

Collision damage to steel beam and concrete T-bean bridges emerges 

as a frequent problem, as Indicated by both the ratings and the number 

of repair procedures available. This problem has also received extensive 

attention elsewhere, as noted in Chapter Three. The remaining items 

shown under structural deficiencies are relatively minor problemo 

nationally. 

Functional Deficiencies 

Functional deficiencies related to the geometries of the structures, 

reflected in responses to items 17-21, are seen as the greatest chal-

lenges facing engineers involved with secondary road bridges. The diffi-

culties associated with steel truss bridges are particularly significant, 

especially in terms of limitations on roadway clearances posed by the 

structures themselves. The problems of narrow roadway and exposure of 

the truss members to impact are rated the most serious of any on the 

questionnaire, while inadequate vertical clearance is a significant 

though less severe deficiency. 

Unsafe alignment of the approach roadway was considered a signifi-

cant problem but, with a scope that extends beyond the repair of the 
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that only a rough estimate could be provided • but it was felt that the 

information would be useful to bridge engineers. 

The estimates of the number of failures varied widely between 

states, as shown in Table 6. Including those structures damaged to such 

an extent as to be unusable, the number of failures was estimated to be 

588 over the last 5 years by the respondents to the questionnaire. It is 

likely that this number is low as it does not include data from many 

local agencies that keep their own records or from 9 states that did not 

have the information available. 

Table 7 skews the number of tines that responding agencies ranked 

each type of structure either first, second, or third is terms of fre-

quency of failure. The steel truss was considered by the responding 

agencies to be the structure most prone to failure, followed by the timber 

bridge. These two types of structures elsa were judged to be the most 

critical in terms of the adequacy of the original design to carry present. 

loads (see Table 3). In addition, the truss in particularly prone to 

failure under impact. Field visits showed these two types of structures 

generally to be is poor condition. 

Only the most general information was provided on the causes of 

failures. 	One state estimated that 802 of appronimately 200 failures 

were caused by collision. Other states considered overloading to be a 

greater problem. However, both overloading and collision were considered 

mare critical than deterioration. It is possible, however, that failure 

of a bridge that had a low pouted capacity due to deterioration would be 

described as being caused by overloading. The seriousness of deteriora-

tion, and the importance of timely maintenance on potential failures, 

should not be underestimated. 

A-57 



124 

Table 6 

Number of Reported Failures in 5-Year Period 

No. of Failures 	 No. of States 

O. 5 	 20 

6-10 	 9 

11-15 	 4 

16-25 	 4 

26- 50 	 2 

50-100 

over 100 

No estimated provided 	 9 

TOTAL 	50 
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Table 7 

Structures Involved in Failures 

Type of Structure No. of States Ranking Total 

lot 2nd 	3rd 

1. 	Steel Truss 22 3 	3 28 

2. 	Timber 9 4 	5 18 

3. 	Steel Seam 2 5 	2 9 

4. 	Preatressed Concrete 0 4 	0 4 

5. 	Stone Arch 1 1 	0 2 

6. 	Concrete Beam 0 0 	1 

7. 	Other 1 3 	0 4 

TOTALS 35 20 	11 66 
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THE REPAIR OF DEFICIENT BRIDGES 

The state of the art in the repair of bridges varies between agencies 

at any level of government and, often to a great degree, between levels 

of government. All of the 50 state highway departments have bridge of-

fices adequately staffed with competent engineers, while the qaulif its-

ti005 and size 'of county engineering staffs differ from placeto place. 

Some local governments require trained engineers, who are often regis-

tered; others do not. Because of these factors the degree of Attention 

devoted to the maintenance and repair of bridges varies widely. 

It is generally agreed that both the federal-aid secondaries and the 

roads not included in the system encompass the same types of bridges with 

aimilar deficiencies, although the off-aystem group may include more 

timber bridges and old trusses. It also seas, however, that inspection 

and maintenance of the off-system bridges have been mare sporadic. Many 

of the repairs seen is the field were admittedly of a stop-gap nature, 

so-called "band-aid' repairs that slow the worsening of the distress 

without addressing the cause of the problem. From the county perspective, 

the high coot of repairs, coupled with major structural and geometric in-

adequacies, makes replacement rather than rehabilitation the primary 

concern. 

Considerable repair work is being undertaken by the state agencies. 

As indicated darlier is Tables 3 through 5. repair schemes were avail-

able from at least one state for most of the deficiencies listed in the 

questionnaire. Generally, the corrective procedures attempt to restore 

the strength of the bridge and to elimioate the cause of the distress. 
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Plama are developed to meet the needs of a specific structure, and few of 

them are considered standard procedures. Of the- 50 state highway depart-

ments, only 10 replied affirmatively when asked if they had standard re-

pairs or procedures to correct the con farina of distress. Some re-

plied that there was no such thing as a standard repair. While some 

unique deaigning for the specific structure under repair inalways re-

quired, the basic procedures are essentially standard. 

Some states. Illinois and Florida,for example, are compiling manuals 

giving procedures for standard repairs along with supplementary informs- - 

tion on materials and accessories and with opdratiomal guidelines. Since 

these documents wereprépared by individual agencies for their owm use, 

more detail is being provided than was feasible to include in the MAnual 

accompanying this report. 

As mentioned earlier, contacts with county engineers and, to a 

lesser degree, with engineers is state highway departments served to em-

phasize the importance of thA survey of replacement systems. There are a 

variety of systems in use which differ between locales, being sensitive 

to the capabilities of local, fabricators. Limited funding has given rise 

to an admirable level of ingenuity is certain cases. For example, old 

flatbed railroad cars purchased at scrap prices have been adopted to 

serve as bridges on very low volume roads in rural Washington. 

Some ecomomy night be realised by the ètandardioation of members, due 

to the advantages of marbet aggregation, but present economics vary be-

tween small areas. Is natty cases the least expensive bridge that can 

be built requires a reasonably simple conventismal design rather than a 

systems approach. Certainly, the alteruativeof conventional construction 

with easily constructed, cost-effective details should not be ignored. 

A-6l 

CRAPTEN FIVE 

DEVELOPMENT OP MANUAL OP RECOSOhENDEN PRACTICE 

The principal product of Project 12-20 is the accompanying Manual of 

Recommended -Practice. All of the inforinatios reported earlier is sec-

ondary- to that in the Manual, The development of the Manual involved 

several tasks: 

Develop a list of deficiencies which by virtue of their 	- 

severity and frequency of occurrence warrant inclusion is 

the Mamual. 

Provide descriptions and sketches of standard repair 

techniques for correcting these deficiencies. 

Survey bridge replacement systems and present a number of 

- 	systems sUitable for use on- secondary hLghvays and.: local 

roads. 

This chapter will delineate the steps in the development of the Man- 

ual and define the philosophy that guided its formation. 	 - 	- 

DEFICIENCIES TO BE ADDRESSEN 	 - 

Tables 3 through 5 in the preceding chapter presented the ratings 

of the severity and frequency of each of several deficiencies as deter-

mined from the questionnaire. These data were reviewed by the research 

team and the deficiencies diacuased with state and county engineers ducing 

subsequent visits. Priority was initially given to those deficiencies 

that had received high severity or frequency ratings by agencies complet-

ing the questionnaire, and the list to be addressed was expanded to 

include those problems for which extraordinarily practical solutions were 

later found. Particular efforts were made to meet the expressed needs of 

the county engineers who were interviewed. 
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Certain deficiencies, as diocussed in Chapter Three, were not ad-

dreaoed because they were the subjects of other major research efforts. 

Other deficiencies were omitted when they proved to be either relatively 

unimportant or were judged to-be beyond the scope of the study. Among 

these were the dislocation, or creep, of spans under traffic (a minor 

problem, often ignored); slippery deck surface (primarily seen an a 

problem on timber bridges); lateral movement of substructure elements and 

inadequate waterway opening causing scour (both difficult problems with 

no simple solution); and unsafe approach slignnent (considered beyond the 

scope of bridge repair). 

After final deliberations, significant deficiencies were addressed in 

the Manual of Recommended Practice and correlated with the appropriate re-

pair procedures. (See pages 35 and 36 of this Report.) 

DEVELOPMENT OF REPAIR TECHNIQUES 

Fortunately, a review of the questionnaire responses indicated that 

plans covering virtually all of the listed deficiencies were available 

from numerous agencies. Other procedures were obtained during visits by 

the research teen and from a review of the literature. The plans were 

requested and reviewed and, where beneficial, the best features of two 

or more similar procedures were combined. 

Every effort was made to obtain rehabilitation procedures that had 

been succeonfully applied in the field. Included is the supporting data 

provided in the Manual are limitations to the use of the procedures, an 

assessment of the equipment or other resources required, and the nAmes 

of using agencies. To ensure the practicality of the schemes, each 

was reviewed in detail by the bridge engineers on the research teen after 

prelininary review by the other members. 
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Most of the repair procedures in the Manual were adopted from plans 

developed by state highway organizations to meet the needs of specific 

structures. After review, the individual plans were generalized to meet 

the needs of a brood group of bridges. The standard repairs presented 

in the Manual are essentially step-by-step procedural guidelines appli-

cable to commonly encountered feficiencies. Sufficient dimensions are 

provided to enable the engineer to evaluate the applicability of a 

procedure to his needs and to weigh its benefits against those of alter-

mate schemes or complete replacement of the structure. In the general-

ized standard procedures presented in the Manual, it was impossible to 

completely detail the connections and member sizes to meet the wide 

variety of span lengths and loadings encountered in the field. In the 

preparation of final plans for a particular bridge after the appropriate 

procedure has been selected, the services of a coopetest engineer will be 

required to establish the design. 

- 	Some of the repair techniques are applicable to more than one def i- 

ciency. For example, the strengthening of a column pier or pile bent 

through the addition of a supplemental transverse posy bent is useful 

when the original piles have deteriorated, when settlement has occurred, 

or when upgrading of the superstructure has increased the load on the 

pier beyond its capacity. In contrast, more than one procedure may be 

applicable to a single deficiency, the degree of repair being left to the 

jndgement of the engineer. While the Manual documents successful proce-

dures, it is also hoped that it may lead the engineer to devise his own 

creative solution to his problem. 

After intensive selection and review, a. totalof 34 repair procedures 

were fishy chosen for inclusion in the Manual. 
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SELECTED REPIACHNENT SYSTENS 

A second major part of the Manual was a survey of state-of-the-srt 

technology is the use of standardized construction and modular components 

to meet the need for economical and serviceable replacement structures. 

For many bridge structures, replacement is the most attractive and, 

often, the only cost-effective alternative. This is particularly true 

for old bridges that were designed to carry light loads on narrow road-

ways and have often been improperly maintained. 

Infornation on replacement systems was gathered from several sources: 

These included recognized authorities in the field, the FHWA and state 

agencies, technical associations, and fabricators. Systems from through-

out the United States and Europe were included in the survey. Eventually. 

27 systems were selected for inclusion in the Manual. 

The systems presented cover a wide spectrum of bridges, although not 

all of then are suitable or attractive for use on every site. They range 

from log bridges that night offer an economical solution. on extremely 

low volume roads to extremely sophisticated European systems suitable for 

use as demoustable bridges in urban settings. Regardless of the level of 

sophistication, every effort was made to present proven systena rather 

than unproved concepts. Each description inclndes a source of informa-

tion on the system, if available, and a list of the agencies using the 

system. 

As in the case of repair procedures, sufficient dimensions and 
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details are presented to allow an evaluation of the utility of the system 

against possible alternatives. Additional engineering design will be 

required in the preparation of final plans for any system chosen for use 

in the field. 

An often economical alternative to conventional bridge construction 

is the use of long span structural plate culverts of either steel or 

aluminum. Bridge construction can also be facilitated and savings real-

ized through the use of portions of the systems presented. 

DEVELOPMENT OF A SELECTION PROCESS 

A large number of repair procedures are presented in the Manual. 

These should provide local bridge engineers with the concepts necessary 

to remedy the large majority of common deficiencies in bridges on 

secondary roads. For those cases is which total replacement is necessary, 

a number of replacement systems have also been presented from which the 

local engineer can select the one most appropriate for the particular 

demands of the situation. 

In certain cases, only one repair procedure may be available for a 

given deficiency. In other cases, however, more than one procedure any 

be available and it becomes necessary for the local engineer to select, 

from among two or more, the most appropriate one for a particular bridge. 

When a bridge is to be replaced, a similar selection most be made from 

among the feasible replacement systems. And, at some point, some re-

sponsible individual must decide whether a bridge should be repaired at 

all, or whether total replacement is the more cost-effective alternative. 

It would be desirable, therefore, for local bridge engineers to 

have available a simple and feasible procedure which would assist them is 
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their selection tasks. One task of this project was to develop such a 

procedure and the philosophy and results of this task are described in 

this section. 

The state bridge officials responding to the questionnaire indicated 

that a number of factors were taken into consideration in deciding be-

tween repair or replace alternatives, but only one state had formalized 

the process in any way. Further; there was no evidenceof any standard 

procedure for decision making being used by county or local agencies. - 

This finding is consistent with that from an earlier HCHRP study con-

cerned with the repair of collision damage to bridges.(a) That investi-

tion reported that no state had any procedures or specifications re-

lating to making decisions regarding the method of repair, or whether the 

damaged number should be repaired, replaced, or left in its damaged state. 

Decisions regarding the method of repair to use for collision damage were 

based almost entirely no the experience of the people responsible. 

Characteristics of Procedure 	 - 

Initial efforts were directed toward the-review of a number of pro-

posed decision models for use with bridge prioritization and decisions on 

repair or replacement. It was the original intent of this task to modify 

an existing algorithm or to combine elements from different procedures 

to form a simple decision model that would anoint in the selection 

process. Daring the study, and after discussions with state and local 

bridge engineers, it was decided that a sophisticated, computer-based 

methodology would not be appropriate to achieve the objectives of this 

task. 

Considerable work relating to decision models applied to various 

bridge and highway problems is under way. Selected related work includes 
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that undertaken to determini priorities among bridges that have particu-

larly narrow roadways and to which repairs must be made.(16) Minnesota 

has also various models and procedures for assigning priorities for 

both bridge deck repairs and for bridge replacement.(17.18) At the 1979 

TRB Bridge Engineering Conference in St. Louis, papers were presented 

describing decision-making procedures for bridge rehabilitation and re-

placement and priority planning for bridge replacement. (19.20) More 

recently, work concerned with the development of a more sophisticated 

model for the selection and staging of bridge replacements in rural road 

networks has been undertaken at the University of Illinois.(21) 

A selection process developed by Kepner and Tregoe(22) and adopted by 

Maryland is a rational one is which the alternatives are judged by 

their abilities to fulfill desirable objectives. In simple terms, the 

decision maker first compiles a list of 'must" objectives, those that 

must be met, and "want" objectives, those for which fulfillment is de-

sirable but not essential. Weighting factors are then assigned to the 

"want" objectives in the order of their importance. The various alter-

natives are then compared by their ability to meet the "must" objectives 

and those failing are eliminated from consideration. The remaining 

alternatives are then rated with regard to meeting the "want" objectives 

using a yes/no or percentage fulfillment criterion. Pinally, the 

weighting factorsfor the "yes" (net) objectives are totalled. The 

alternative having the highest score is tentatively selected. 

In spite of the progress made in the development of decision models 

applied to various aspects of bridge repair and replacement, few of these  

procedures have been used in field situations and most require data that 

would be difficult to accurately prescribe at the coumty level. Accord-

ingly, in an effort to develop a selection procedure that would be both 

reasonable and easy to use, it was deiided to structure a methodology 

similar in concept to the rationsi, common sense; subjective approach - 

currently used by essentially all state and local bridge engineers in 

making selections. 	 - 	- 

The selection processes proposed in this Mansal are simple in appli-

cation and inv,lve no complex formilao or sophisticated computer alonithms. 

It is felt, however, that the information these procedures can provide to 

the enjineer will significantly fscilitdte the decisions that must be made 

when a bridge in to be repaired or replaced. 

The decision-making processes most frequently encountred by local 

bridge engineers are divided into four major phases and were briefly dis-

cussed is the Introduction of this Manual. Recomendations for implementa-

tion are offered in each of the four categories. In oary, these are: 

the FHWA sufficiency rating procedure isrecomended 

for prioriticing bridges for attentio within a clans 

of structures. 	 - 	- 

- the decision between repair or replace is generally 

based on the relative costs and the final decision is 	- 

always a subjective one. However, in addition to cost, 

other signif icant factors are suggested for consideration 

in a step-by-step procedure. 
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the choice between repair procedures to correct a 

particular deficiency is frequently a simple comon-

sense decision. However, an approach to this selec-

tion process utilizing a matrix formulation for 

comparison of a number of factors is explained and 

illustrated. 

The same matris formalation is illustrated as an 

aid in selecting between replacement structures 

when there is no clear choice. 
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CHAPTER SIX 

RECOMMENDATIONS FOR RESEARCH 

This investigation relating to the repair, rehabilitation and re-

placement of bridges on rural and secondary roads achieved several 

distinct objectives. These included a survey of state bridge depart-

ments and personal contacts with state and local engineers; the identi-

fication of the more comon bridge deficiencies and correepondiog repair 

procedures; the identification and evaluation of feasible replacement 

systems; the suggestion of s procedure to asoist in the selection be-

tween repair and replace alternatives an the basis of cost-effectiveness; 

and, finally, the development sod preparation of s Manual of Recoemended 

Practice. Although much of the information obtained in this study is 

extremely useful, the primary product of the research is the -Manual.. 

The Manual contains descriptions of repair procedures and replace-

ment systems that will be of direct and imediate use to those local 

bridge engineers responsible for the maintenance of bridges on secondary 

roads. 

Consiotent with this philosophy, any research undertaken as a second 

phase of the current study should be concerned almost exclusively with 

improving and updating the Manual and generally making it more useful. 

There are a number of additional tasks that would significantly contribute 

to the total package of repair procedure and replacement syntems,and, 

based on the experience of the current research team, the following addi-

tional areas of research are suggested. 

REVIEW OF MANUAL OF RECOMMENDED PRACTICE 

The initial efforts in any continuation of the current research 

should be concerned with an evaluation of the Manual of Recosonended 
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Practice by engineers in the fieli This task would compriae a critique 

of each of the repair procedures and replacement systems listed, with 

specific criticisms and identification of modifications, omissions, and 

possible errors in each. While the repair procedures and replacement 

systems described are based to a large extent on information obtained 

from state and local engineers, the sample from which this information 

was draws was neceasarily small.- There is a need to involve a larger 

grsup in any evaluation of the Manual and, in particular, to include 

more county engineers to assess ito usefulness in local situations. 

During the present study efforts were made to establish contacts 

with county and local engineers having experience in bridge design and 

repair. Visits were made to the headquartera of the National Association 

of Counties (HAC0) in Washington, S. C. and from discussions there con-

tacts were made with a number of county engineers and other local offi-

cialu throughout the United States. A large number of these were con-

tacted by letter and telephone to inform them of the research study and 

request their assistance. However, the project schedule provided in-

sufficient time for adequate follow-up and full involvement of the county 

engineers in the development of the Manual. Nevertheless, at the present 

time an excellent cadre of local engineers has been compiled which could 

serve as the base for an expanded lint needed for completion of a second 

phase of this project. 

CONTINUING EVALUATION OF EXISTING REPAIR PROCEDURES AND REPLACEMENT SYSTEMS 

Since essentially all of the repair procedures presented in the Man-

ual have been tried in one form or another by some state or local agency, 

it seems worthwhile to obtain a status report or state-,of-the-repair  

evaluation concerning repairs that have been in place for some time. Spe-

cifically, it would be extremely useful ud provide, in an updated Manual, 

a complete evaluation of the procedures including answers to such ques-

tions as, How they are holding up? Were they implemented without diffi-

culyy? Did they remedy the problems as intended? Would they be used 

again? If not, what procedures would be used? And, if so, how would 

they be modified to make them more effective? Such information would 

enhance the practicality and value of the evaluation of the rejàir proce-

dures and replacement systems and would improve the quality and utility 

of a modified and updated Manual. 

IDENTIFICATION OF NEW DEFICIENCIES AND REPAIR AND REPLACEMENT TECHNIQUES 

Although every effort was made during this investigation to identify 

the comon bridge deficiencies and their correuponding remedies, it is 

inevitable that some comon problems have been overlooked and their 

solutions not included in the present Manual. While obtaining evalua-

tions of the current Manual, particular attention should be given to 

identifying those deficiencies which are of particular interest to county 

engineers and which were not included in the Manual. Similarly, input 

from county engineers shold be sought to obtain new and innovative re-

pair procedures which have been tried successfully on a local level but 

which were not uncovered in the survey employed in the present investiga-

tion. A aimilur effort should be made with regard to replacement systems. 

PUBLISH MODIFIED AND EEPANDID VERSION OF MANUAL OF RECOMMENDED PRACTICE 

The results from the previously described tasks should produce new 

repair procedures and replacement systems not covered by the first edt-i 

tion of the Manual. In addition, expanded contact with county engineers 

and other local officials will permit improvements to the repair 
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procedures and replacement systems that are included. Thus, the primary 

product of Phase II of this project should be an updated and significant-

ly improved Manual of Recomended Practice that should enjoy wide usage 

by county engineers throughout the country. 

The additional areas of suggested research identified and described 

in this section have been deliberately defined to be realistically accom-

plishable within the funding and time constraints of the proposed second 

phase of this project. It is recognined that there are a number of other 

important tasks that would materially contribute to the repair and re-

placement of bridges on secondary roads. For exanple, it would be worth-

while to attempt to develop stsndard plans for specific repairs and 

atandard nodular elements for replacement systems. Tasks of this nature, 

however, would require considerably more effort than currently budgeted 

for the second phase of this project and, accordingly, have not been 

included is these recommendations for research. 

11j 

127 

A-76 
A-74 



128 

REFEBRNCES 

Berger, H. H., Extending the Service Life of Existing Bridges by 

Increasing Their Load Carrying Capacity," Federal Highway Adminis-

tration, Report No. FHUA-RD-78-133, 1978. 152 pp. 

91151.1cr, H. W. and Ida, B. N. • "Evaluation of Repair Techniques 

for Damaged Steel Bridge Meobers," NCHRP 12-17, in progr050. 

Fisher, J. H., Sullivan, H. D. and Force. A. W., "Improving Fa-

tigue Damage," Frito Engineering Lab. Report 385.3, Lehigh UnI-

versity, 1974. 

Fiaher, J. H., Hauaasn, H. and Pecan, A. V. • "Retrofitting 

Procedures for Fatigue Damaged Full-Scale Welded Bridge Beams," 

Fritz Engioeerine Lab. Report 417-3, Lehigh University, 1979. 

Michie, J. D. and Bronstad, H. E., "Upgradisg Safety Performance 

in Retrofitting Traffic Railiog Systems," Federal Highway Adminis-

tration, Report No. FHWA-RD-77-40, 1976. 

Clear, K. C.,"Evaluatios of Portland Cent Concrete for Permanent 

Repair," Federal Highway Administration, Report No. FHWA-BD-74-5, 

1974. 

Berman, H. A....Determination of Chloride in Hardened Portland 

Ceoemt Paste, Mortar, and Concrete," Federal Highway Administration, 

Report No. FHWA-RD-72-12, 1972. 

NCHRP Synthesis of Highway Practice No. 57, 1979. 

Boyd, V. K. and Laokard, U. H., "Infloence of Bridge Deck Repairs 

on Corrosion of Reinforcing Steel," Batelle-Columbus Laboratories 

for NCHRP 12-16, in press. 

RiI 

141mm, H. L ., Short Span Steel Bridges, S. S. Steel Corporation, 

1978. 

"Deficient Bridges: An Economic Roadblock," Virginia Road Builder, 

V. bIRCh, No. 3., Virginia Road Builders Assoc., p. 5, March, 1996. 

NCHRP Research Results Digest No. 84, 1976. 

ACE Committee 506, "Recommended Practice for Shotcreting (ACE 506-

660)," American Concrete Institute Journal. Proceedings, V. 63, 

No. 2 p.  219, Feb.. 1966. 

ACE Committee 503. "Use of Epoxy Compounds with Concrete," American 

Concrete Institute Journal, Proceedings, V. 70, No. 9, p..  614, 

Sept. 1973. 

ASCE Task Committee on Strength of Old Truss Bridges, "State of the 

Art Report on Strength of Old Truss Bridges." American Society of 

Civil Engineers, in press. 

NCHRP Renearch,Results Digest No. 98, 1977. 

"Bridge Improvement Guidelines," Minnesota Department of Trans-

portation, 1980-81. 

"Bridge Replacement Guidelines,' Minnesota Department of Trans- 

portation, 1980-81. 	 .• 

Shirol, A. H. and Hill, J. M ., 'Systems Approach to Bridge Structure 

Rehabilitation or Replacement Decisios Making, Transportation Re-

search Record 664, Transportation Research Board, p.  22. 1978. 

ShirolO, A. H. and Hill, J. H .,"Systems Approach to Bridge Structure 

Replacement - Priority Planning." Transportation Research Record 664, 

Transportation Research Board, p.  32, 1978. 

22. Leibmas, Judith S., "Decision Models," University of Sflincia - 

Urbana, 1979. 

22. Kopoec, C. H. and B. J. Tregoe, The Rational Manager, MoCraw-Hill 

Book Co., New York, 1965. 

A-79 

NCHRP 12-20 "BRIDGES ON SECONDARY BIGHWAYS AND LOCAL ROADS 

REHABILITATION AND RUCT 

QUESTIONNAIRE - FART I 
Yea no 

1. Does any one agency in your state maintain records on 

all highway bridges5  including t',00e on secondary 

highways and local roads? 	 - - 

If i single agency, please give name and address: 

If camplete records are not kept, please list 

exceptions. 

2. If bridge records are not kept in a single agency, please 

provide the names of agencies or groups of agencies where 

such records are kept. 

The term "highway bridges", for the purpose of this study, refers to struc-

tures over 20 ft. (6.3 m) in clear npam,amd does not include multiple 

pipe or box culverts. 

A-il 
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Yes 	No 

3.. Do the records include secondary highway bridges not in 

the FedCral-Md SyDtem (FAS)? 	 . - 

is you regularly inspect bridges on secondary roads and 

not in the FAS for deterioration and damage? 	 - - 

Do you regularly rate bridges on-secondary roads not in 

the PAS for live load carrytOg capacity?  

For steel bridges, at what 2 yield stress are the ratings 

made? .....S  for ineectory;. 	X.for operating rating 

Are the bridges on secondary roads not is the !As  posted 

as a result-of the ratings?  

8 	plAaae list bridge types on secondary roads currently in 

place in order of'frequenciof occurrence, i.e. • steel 

beani coicrete bOaD, timber fean, slab span, steel truss, 

other.' If the numbers of these types of bridges are avail-

able, please list. If numbers of the stfuctures are not 

available, simply liotin Order uniog your best judgment. 

 

 

4. 

Yes No 

- ' 
	9. Has your office developed standard repairs or procedures 

to cOrrect the more roron forms of deterioration or 

deficiency? Please describe with sketches or furnish 

lans for typical repairs. 

6-82 

10. What is the basis for making the decision whether to repair 

(or renovate) or replace a domaged or deteriorated bridge 

structure? 

11. Who makes the decision to repair or replace? 

12; ' Who cOnducts 'repair and replacement 'o'perationa? 

13. 	How many bridge fAilures (including 'those struétures damaged 

to nch an eiten't 'that they are unuseable) have been soperienced 

in your state in the last' five years? Enclude those that failed 

as a-result" of naturOl' disasters.' If number is not available, ,  

please' estimate;'______________________ 

(a) Please list bridge types in order of frequency as failures. 

A-83  

(b) What were the causes of failures? 

Does your state have any standard replacement bridge systems 

for structures that have suffered coeplete structural failure 

or have deteriorated beyond feasible repair or are functionally 

obsolete? 	 . 	 .. Yes 	No 

Please attach a brief narrative description 	. 	 - 

Person completing this questionnaire: 

None: 	 ' 

Title: 

Address: 

- Telephone No.: 

Person to be contacted for additional information if different 

from above: 

Ne: 

Title: 

Address: 

Telephone No.: 

If you desire that the information you provide be held in confidence. 

please check  

A-84 

QUESTIONNAIRR - PART II 

The table attached is intended to provide information relating to 

specific deficiencies and repair procedures. 

In completing this table, please indicate your judgment of the 

severity of each deficiency listed and an estimate of its frequency of 

occurrence for each superstructure type and for nubdtructure elements. 

Indicate the severity and frequency using a scale of 0 to 3, where these 

numbers are assigned the following interpretation. 

Severity 

0 not severe (of no concern) 

1 miAor importance 

2 moderately severe 

3 very severe 

'Frequency 

never observed 

1 Deldom observed 

2 occasionally observed 

3 frequently observed 

Please indicate in the right column if your organication has developed 

repair procedures that night be aaeful to others. 

Please return at your earliest conveijience, but no later than June 15, to: 

Hi. N. L. Kienier, P. E. (804) 977-0290 

Faculty Reaearch Engineer 

Virginia Highway & Transportation Research Council 

Ron 3817 University Station 

Charlottesville, Va. 22903 
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BRIECE DICICY AND REPAIR INIDPMA2ION 

SUPERSTRIJC'IURE E1a1lrS  
'L'fPECF SPAN  

Steel Steel Concrete Concrete 
Tiither 
Deck or 

'  
Prestress. 

Other (List) ' 	Re air 
Procede . 	- 	, 

NA1IJRE OF DICCY Beam Truss T- Beam Slab Bean Concrete'. - - - - Available? 
Sev 

 
Sev, . Frm Fr. ..Y: FY :  ? ev:' Frep. 

siicni .:::::::: ::::: 1) Original Desit 
Inadequate for 
PresentLoads 
a) Main Ma±ers or 

Truss FI 
b)Deck ' 
c) Joints or Other 

Details 

2)Fatigue  
........ Cracking ......... 

Deck Spalling - 
(Corrosion 
Induced)  
Spallirig or Deck at 
Joints (Stress 
Induced)  
Structucal 
Cracking 

Beams 

 

of Deck  
Cracking in 
Concrete 

- 

7)Spallingof Concrete ::::::::: ::::::::: 
Beams 
Loss of section :: 
Due to 
Corros.on - - - - - - - - 
Deteniorat.on or 
Tunber Deck or 
Beaffs 
Inoperative 
Bearings 

Inoperative wan-- 
sian joints, include 
leaking  
Deteriorated  
Railsor 
Barriers 
Dislocation or 
'Creep, of Spans 
Under_Traffic  
Inadequate Deck . 
Drainage 

Collision Damage  

Other (List) 



JPERS1RUC11JRE ELRAaM  
TIPE OF SPAN  

Steel Steel Concrete Concrete 
Tinter 
Deck or Prestress 

Other (list) Repair 
Procedure 

IURE OF DEFICCY Beam Truss T-Beam Slab Beam Concrete - - - - Available? 
Sev. Frep. Sev. IFreq. Sev.lFrea. Sev. Frea. Sev.IFrec. Sev. Freq. Sev. Frep. Sev. Free. (Check' 

rLJNCtIONAL - - - - - - - - 
Narrcx., Roadway 

Unsafe Rail Con- 
figuration or Weak 
Desi 
Unsafe Approach 
Aligrmnt 

Exoosed Rail 
Terodnals 

Truss Members 
Fosed to 
Inpact 
Slippery Deck 
Surface 

Inadapuate Ver- - 
tical Clearance 
(on Bridge)  
Inadequate Under- 
clearances .. 

Inadequats Water- 
way (Scour& 
Erosion of Slopes) . . 
Other (Lic) 

If readily avaU- 
able, please provide 
information on the  
total number of each 
type of span in your 
systelt.  



SUB 	UCI1JRE Repair 
Procedte 

NA1tRE OF DIC4CY SEVITY FREQJE2CY 

Original design of piers and other elats presently inadequate.  

Deterioration, -..bie to salt eose, of piers, bents, or piles.  

Spalling of beam seats.  

novthg of abutuents or cracking of baca1ls.  

Settlxent of substructure elnts. 	 . ...i - 
1,aeeral Movecmt of Substructure Elws.  
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