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FOREWORD This report is recommended to bridge design engineers, construction engineers, 
materials engineers, maintenance engineers, researchers, specification writing 

	

By Staff 	bodies, and others concerned with bridge deck joint-sealing systems. It contains 

	

Transportation 	the findings of a comprehensive assessment of the performance of currently used 

	

Research Board 	systems based on a literature review, a survey of highway agencies, and contact 
with selected individuals knowledgeable on this subject. A recommended perform-
ance specification for joint-sealing systems, accompanied by commentary, is 
included in this report. 

Most bridge deck joint-sealing systems in use today are proprietary products. 
Some of these products are designed without adequate consideration of bridge 
behavior, field installation conditions, dynamic loading effects, climatic conditions, 
and maintenance procedures. As a consequence, they do not always function as 
intended. Some require costly maintenance, and others actually fail to survive 
more than a few years. Public agencies are forced to assume responsibility for 
the adequacy of the systems, even though they are furnished and installed by 
project contractors. 

To avoid the worst of the systems, most agencies specify several apparently 
practicable proprietary systems for their bridges. This specifying practice, when 
combined with current contract bidding procedures, has an adverse effect on the 
quality of sealing systems. Because contracts are normally awarded to the low 
bidder, contractors must devise ways to furnish and install products that will satisfy 
contract requirements at least cost. Because this procedure emphasizes cost rather 
than quality, the suppliers of sealing systems are forced to modify their designs 
and procedures in order to be competitive. But a competitive position can generally 
be attained only by a reduction in quality and performance and by a corresponding 
increase in maintenance cost. 

Minimum total cost, which considers long-term performance as well as first 
cost, should be the goal for bridge deck joint-sealing systems. The goal can be 
attained by applying an effective performance specification. The objective of this 
research was to develop a performance specification for prefabricated, surface 
mounted, bridge deck joint-sealing systems designed for a total horizontal move-
ment of 4 in. or less. 

The research began with a review of published data, research literature,, pro-
motional brochures, and other information available on joint-sealing systems and 
performance specifications. State and other highway agencies were surveyed by 
questionnaire to assess current practice. Performance criteria were established, and 
they formed the basis for the recommended specification. 

The recommended specification applies to membrane- and cushion-seal-type 
systems and is presented in a form suitable for consideration for adoption by the 
American Association of State Highway and Transportation Officials . ( AASHTO): 
Independent of any action by AASHTO to adopt all or part of this specification, 
it should be of direct value for modifying current practice in individual states. 
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BRIDGE DECK JOINT-SEALING SYSTEMS 
EVALUATION AND PERFORMANCE SPECIFICATION 

SUMMARY 	Open bridge deck joints and poor performance of "sealed" joint systems have 
been one of the major causes of extensive maintenance and costly remedial work 
on bridges. Highway agencies experiencing such problems have applied much effort 
toward finding proprietary products on which they could rely 'to provide a water-
tight joint. At the same time, smooth ridability, low noise level, wear resistance, 
resistance to damaging snowplow blades, and similar desirable characteristics were 
also sought—with disappointing results. Historically, system designs would appear 
to promise success in many features, only to fail in one or more important aspects, 
notably watertightness, when subjected to traffic and bridge movements. 

The primary purpose of this project was to produce a performance specifica- 
tion for joint-sealing systems, limited to a total movement range of 4 in. (102 mm), 
which would place the burden of selecting serviceable products on the contractor 
instead of on the agency. With realistic requirements that most manufacturers could 
meet with some effort, the agency would enjoy the luxury of awarding work on the 
basis of competitive bid prices since the quality of the finished installation would be 
placed on an equitable basis. 

The study was initiated with a collection of descriptions, details, technical data, 
and specifications on virtually all available proprietary joint-sealing products on the 
market today. This effort was supplemented by a review of numerous reports, pub-
lications, and correspondence on the subject written by responsible personnel in 
highway agencies and concerned representatives in the industry. 

Extensive input was obtained from responses to a comprehensive and detailed 
questionnaire survey sent to all state highway departments and numerous toll 
authorities, requesting their practices and experiences with joint assemblies of this 
type. Contact was also made with officials in a number of foreign countries to 
determine their practices. 

The responses to the questionnaire and foreign inquiries and detailed study of 
all printed literature collected presented an excellent background for categorizing 
and analyzing the problem areas and determining common denominators wherever 
possible. 

Evaluating the findings then gave direction to the criteria that must be included 
in the performance specification to offer assurance of obtaining quality products. 
Such criteria would dictate what was expected of the contractor's selected design 
without stipulating details and requirements that would undermine that responsi-
bility. Attention was directed to how the most commonly reported sources of leak-
age could be avoided, how installation affects noise over a period of time, how to 
minimize snowplow damage, how to prevent to a large extent the loosening of parts 
under traffic, and how to deal with other factors deemed important as evidenced by 
experience questionnaires. 

The performance specification contained herein attempts to secure the best 
possible promise of long-term serviceability principally on the basis of certain fun-
damental prerequisites and extensive, but significant, short-term pretesting. Field 
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tests after installation strengthen the assurance of future performance. The subject 
of in-service guarantees carrying the demonstration of performance a few years into 
traffic service was explored, and their limitations as contractual requirements are 
mentioned. They are deemed impractical, however, for a variety of reasons and 
represent costs that may never be justified. 

The specification should prove a valuable tool in achieving the purpose 
intended. It is hoped that, with little to moderate improvements and developments 
both in material quality and in simplification of installation, manufacturers can and 
will respond to performance specifications of this type and join with highway 
agencies in providing efficient systems. 

CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 

BACKGROUND 

For many years, and to a limited extent even today, 
bridge deck expansion joints on moderate to long spans 
required to accommodate a total movement of more than 
2 or 3 in. (51 or 76 mm) generally were designed as open 
joints, the larger movements usually dictating the use of 
tooth plates. A major drawback to the over-all success of 
open joints was, of course, the eventual damage to the por-' 
tion of the structure beneath the openings from the runoff 
and debris falling between the deck slabs to the steelwork 
and substructure below. The runoff from the deck surfaces, 
often carrying chloride solutions of deicing salts, caused 
rusting of the steelwork in areas very difficult to reach and 
maintain. Pockets of wet dirt would accumulate on steel 
flanges and bearing shoes and continue the deterioration 
for extended periods after each rainfall. The chlorides at-
tacked the concrete surfaces of the supporting piers and 
abutments and caused scaling. These points of concen-
trated drainage discharge also resulted in rust stains on the 
faces of the substructure and in erosion around the base of 
the pier or abutment. 

The use of open joints presumed a dedicated mainte-
nance program to ensure that debris and salts were pe-
riodically removed and rusted steel surfaces spot-cleaned 
and repainted as needed. Such dedication is difficult to 
achieve in actual practice, with the result that deferred 
maintenance often involves costly repairs rather than clean-
ing operations. Attempts at collecting runoff in transverse 
troughs directly beneath the open joints (leading to drain 
pipes) only introduced additional items to clean and main-
tain; the original problems arose as soon as the troughs or 
pipes clogged and began to overflow. 

Sensitive to the shortcomings of open expansion joints in 
bridge decks, many design agencies have sought ways first 
to reduce or even eliminate the number of joints in a bridge  

crossing and secondly to seal any deck joints that cannot 
be avoided—the premise being that it is much easier to 
handle disposition of drainage beyond the abutments than 
through deck joints. 

The development of the preformed elastic (cellular neo-
prene) compression seal in recent years has to a large ex-
tent satisfied the needs for sealed bridge deck expansion 
joints where the total movement does not exceed 2 or 
21/2  in. (51 or 64 mm) and the skew angle is not extreme. 
Properly installed, this type of joint seal has generally 
provided an effective watertight joint. 

Where the demands for accommodating span movements 
exceed 2 or 21/2  in., the details necessary to ensure a water-
tight joint are such that design agencies have had to rely on 
a series of proprietary products from manufacturers who 
have developed joint systems and materials which, they be-
lieve, fulfill the designers' objectives of a sealed joint. In 
the majority of instances, agencies have specified a par-
ticular proprietary product by name (usually without the 
clause "or approved equal") not only to assure themselves 
of a design they have some measure of confidence in, but 
also to allow for completing the deck slab details adjacent 
to the joint. Their selection from the many proprietary 
products available to them is based on past performance 
either on their own structures or on others where some 
success has been reported. 

Observations and reports indicate that a large number of 
installations of proprietary deck expansion joint systems for 
movements exceeding 2 in. have performed poorly. Many 
have failed to provide leakproof joints. Under traffic, some 
are objectionably noisy. And the surfaces of some systems 
have been scarred by snowplow blades. 

The practice of specifying proprietary products, for ob-
vious reasons, leaves much to be desired. With no guar-
antee of performance or durability over the long term, user 



agencies have had to bear the expense of repairs. Ulti-
mately, the public both pays the cost and suffers the in-
convenience. On the other hand, without the benefit of 
adequate experience with this type of sealing system, no 
other course has been possible. 

REPORT OBJECTIVES 

Competition among manufacturers of proprietary joint-
sealing systems can only be considered equitable in price if 
their products are judged against the same parameters. 
Since true optimum costs reflect long-term performance as 
well as first cost, these comparing parameters must relate 
not only to the effectiveness of the materials and installa-
tion as an initial system but also to the integrity of the 
finished installation under traffic after a period of service. 

Now, after more than a decade of use, comprehensive 
evaluations of these proprietary systems are possible from 
a performance viewpoint. From reportings on installed 
systems, pointing out shortcomings in addition to their 
good features, a listing of desirable qualities can be as-
sembled to charaèterize the end-product of a completely 
satisfactory deck joint-sealing system. Such qualities, prop-
erly defined and quantified, can form the basis for a per-
formance specification for joint-sealing systems on future 
projects. With reasonable assurance of performance, long-
term costs are thus isolated and user agencies can rely with 
regained confidence on selecting complying systems on the 
basis of initial bid cost. 

Therefore, the primary objective of this study/report is 
to develop a performance specification for bridge deck 
joint-sealing systems, limiting the scope of the study and 
specification to prefabricated systems designed to accom-
modate a total horizontal movement of 4 in. (102 mm) or 
less (from full-span contraction to full-span expansion). It 
is hoped that current and future product designs and de-
velopment will be geared to conform with end-result cri-
teria set forth in this performance specification. 

It is important at the outset to clearly set the limits of the 
types of prefabricated joint assemblies considered under 
this study. System designs, which in their largest available 
size (for a single unit) cannot accommodate a total move-
ment of 4 in. (102 mm), are excluded. Designs that re-
quire modular assemblies (two or more basic units in the 
assembly cross section) to attain the 4-in, movement are 
therefore excluded. Inasmuch as elastic compression seals 
(cellular construction) are not yet being made in sizes to 
satisfy this maximum movement, they too are not included. 
In the roadway area, systems that consist of a surface- 

mounted device, which is not expected to be watertight in 
itself but which requires a supplementary device such as 
a drainage trough to carry away runoff passing through the 
surface unit, are not considered as joint-sealing systems 
per se and, therefore,' are excluded from this study as re-
gards the curb-to-curb sections; they are, however, per-
mitted in sidewalk areas, subject to certain restrictions. 
Sliding-plate designs in roadway areas are not regarded as 
leakproof units because end-of-span rotations due to live 
load momentarily remove the bearing contact essential to 
its "sealing" action; they are likewise not included in the 
scope of this work regarding curb-to-curb sections; these 
too could be used in sidewalks with supplementary lower 
level waterproof devices and subject to certain restrictions. 

RESEARCH APPROACH 

The orderly implementation of this research program 
dictated that several sequential tasks be undertaken and 
prosecuted in order to achieve the report objectives: 

Obtain and examine available brochures, details, tech-
nical data, design criteria, specifications, and the like, on 
current proprietary joint-sealing systems. 

Review previously published data, research, and lit-
erature prepared by research and evaluation divisions of 
transportation agencies and by specialists in this field, con-
cerning experience with installed joint-sealing systems. 

Secure any existing performance specifications on 
joint-sealing systems of the type covered by this study. 

Conduct an information survey of user agency ex-
periences with the subject systems by canvassing highway 
and bridge authorities, using a comprehensive question-
naire covering all aspects of the study. 

Review and analyze all information collected in the 
foregoing tasks and assess present design, construction; and 
maintenance practices with respect to performance. 

Develop reasonable performance criteria for the sub-
ject joint-sealing systems and prepare a performance speci-
fication therefrom, which will incorporate all desirable fea-
tures and prohibit or, at least, minimize undesirable 
features. 

Identify specific areas of joint-sealing problems that 
are in need of further research in order to improve per-
formance specification requirements and related matters. 

Recommend a performance specification in a form 
suitable for consideration for adoption by the American 
Association of State Highway and Transportation Officials 
(AASHTO). 



CHAPTER TWO 

FINDINGS 

DATA COLLECTION 

Proprietary Produits 

Initial efforts directed toward familiarization with the 
types of joint-sealing assemblies embraced by this study/ 
report involved the collection of available brochures on 
currently manufactured proprietary units, together with 
technical data, sample details of installation, material speci-
fications, etc. This search was limited to nonmodular as-
semblies capable of handling up to 4 in. (102 mm) in total 
horizontal movement. Since compression seals, not in-
cluded in this study, are the type usually selected for move-
ments up to 2 or 21/2  in. (51 or 64 mm), the focus of 
designs within the purview of this investigation narrowed 
itself as a practical matter to products having as their rated 
maximum movement 2, 3, and 4 in. (51, 76, and 102 mm) 
depending on model size. 

There are a number of proprietary joint assemblies in 
this categorythat have been in production for many years 
and have enjoyed a modest measure of installation and per-
formance experience. With such experience goes a wealth 
of knowledge so necessary to the development and im-
provements to prototype models by their designers and 
manufacturers. Each manufacturer possesses a staff of de-
velopers with the result that most products represent the 
evolution of careful design in material and form, aimed at 
offering the user a practical and functional unit. Much 
technical background and design considerations are con-
tained in brochures for these assembiles. Material specifi-
cations are quite comprehensive though varied from prod-
uct to product. The extent of laboratory and field testing 
facilities available to each producer is not known, however, 
to dictate and confirm the effectiveness and durability of 
assembled joint segments, anchorage to concrete slabs, 
variation in climatic conditions, dynamic loading condi-
tions, and the like. This apparently has led to many in-
stallations of theoretically sound joint designs not behaving 
exactly as intended after installation. 

There appears to be a second generation of joint-sealing 
systems reaching the market in recent years, all attempting 
to accomplish the same objectives in slightly different ways. 
The more varied the styles of joint systems being produced, 
the more difficult it becomes for user agencies to detail a 
nonproprietary joint on a particular bridge with the expec-
tation that several manufacturers or suppliers can meet 
these details and compete equitably. The choice open to 
users is becoming quite clear—specifying and/or detailing 
a proprietary product they have confidence in, or, what 
may prove to be the better alternative, prescribing a joint-
sealing system on the basis of a comprehensive perform-
ance or end-result specification, with or without an after-
installation guarantee. 

Because of the constant innovations in seal designs 
being developed, it is difficult to categorize all seals into 
distinct classifications, clearly diverse from each other. 
Nevertheless, some definitions and general terminology are 
necessary to clarify references to different joint-sealing sys-
tems in this report. Table 1 contains such definitions and 
terminology. 

Seals of the types under consideration in this report con-
sist of either a thin collapsible rubber membrane(s) or part 
of an over-all thick rubber cushion or pad. Thin mem-
brane seals are sometimes reinforced with one or two plies 
of fabric. Thick cushion seals are often reinforced with 
embedded metal plates or loose metal rods free to move 
inside cavities within the cushions. 

Most membrane seals, but not all, are supplied as one 
continuous strip for the entire length of the deck joint; for 
this reason, membrane seals are often called "strip seals" 
in the industry. When membrane seals are monolithic with 

TABLE I 

DEFINITIONS—JOINT-SEALING SYSTEMS 

Term 	 Description 

Seal 	Device or part of a device actually spanning gap of 
open deck joint. 

Rubber 	Any elastomer of natural and/or synthetic rubber 
currently being used in make-up of joint assem-
blies. 

Membrane Seal constructed as a thin pad of rubber (approx. 
½ in. thick), generally bent or U-shaped in the 
central unsupported portion of joint and flat or 
knob-formed along winged edges, depending on 
manner of anchorage or retainage. 

Cushion Seal, retainer, or portion of an assembly con- 
structed as a thick rubber pad (approx. 11/2  to 
21/2  in. thick). 

Retainer Device on each side of joint gap that grips knob- 
formed edges of membrane seals, on which clamps 
the winged flat edges of membrane seals to the 
deck by means of bolted anchorages (edges of 
thick rubber material manufactured monolithically 
with a thin seal are not considered as retainers but 
are a part of the over-all seal design). 

Blockouts Formed recesses in the ends of the concrete decks 
that are to receive the joint-sealing assembly (cer- 
tain kinds of retainers can be cast into final posi- 
tion before deck slab construction and therefore 
do not require a blockout). 

Seat 	Horizontal surface of a blockout. 

Shoulder 	Vertical surface of a blockout. 
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thick rubber cushion edges, they are supplied in whatever 
lengths the cushions are made. 

Rubber cushion seals and all retainers, whether of rubber 
or of metal, are supplied in sections and spliced together 
either in the shop or in the field. Rubber cushion seals and 
thick rubber retainers are generally produced in segments 
from 4 to 6 ft (1.2 to 1.8 m) in length; splices in existing 
installations usually consist of butting mating ends of seg-
ments together, with or without benefit of a sealant. Metal 
retainers are normally' supplied in longer lengths and 
welded together. 

Seats of blockouts, and on occasion the shoulders as well, 
sometimes consist of surfaces of metalwork embedded in 
the deck concrete to ensure accurate plane' surfaces for 
mounting the sealing device. More often than not, how-
ever, these surfaces are of unarmored concrete. 

Anchorage designs embrace numerous techniques to se-
cure the edges of the sealing device or the retainer to the 
deck—such as, long anchor bolts cast in the concrete slab 
and projecting above the blockout seat; bolts set in drilled 
holes below the seat; or bolt studs or sloped reinforcing 
bars welded to metal retainers or metal armor angles in the 
seat. 

In accordance with the preceding terminology (Table 1) 
the variety of available joint-sealing systems considered un-
der this study may be identified in a general sense by ref-
erence to the seal make-up alone; that is, membrane seals 
or cushion seals. Figure 1 shows several types of currently 
produced membrane-seal systems and examples of proprie-
tary products that' most nearly relate to the types depicted. 
Figure 2 shows two types of currently produced cushion-
seal systems. Seats of blockouts can be of bare concrete 
or armored concrete. The type shown in Figure 1(b) re-
quires no blockout (or seat). Figures 1 and 2 are not in-
tended to illustrate all of the available designs, only the 
systems most extensively used today. 

From a design viewpoint, membrane-seal systems may 
also be classified as low-stressed systems because there is 
normally only a small amount of fiexure and compression 
in the bent membrane(s) when installed, and subsequent 
superstructure movements cause little change in these 
stresses except in severe skews; however, extreme span 
contraction may produce tension in the membrane. 
Cushion-seal systems may also be classified as moderate-
stressed systems because, apart from the midpoint of its 
rated temperature range, there is a moderate amount of 
compression or tension in the joint assembly caused 'by 
superstructure movements of expansion or contraction; 
these same stresses are, of course, exerted by the assembly 
to the adjacent deck concrete. Cushion seals require means 
for artificially compressing or stretching the seal in the 
direction of the bridge centerline when being installed at 
other than the mid-temperature point. 

With the constant development of new products in this 
field, it is quite possible that there may be a joint-sealing 
system (capable of 4-in, movement) just reaching the mar-
ket, which is not characterized by any of the foregoing 
illustrations. However, considering the ultimate objective 
of this project, exact details of actual products are of only  

moderate consequence; the over-all principles of design are 
of greater importance. 

Together with brochures and technical data obtained 
from system manufacturers, several valuable papers and 
reports concerning the state of the art and design criteria, 
written by their technical staffs, were also received and 
analyzed. These offered significant insight and background 
to the approach to this study, particularly with regard to 
installation and in-service problems. 

Published Research 

Apart from literature produced by joint manufacturers, 
there are numerous publications from other sectors on the 
general subject of bridge deck joints. A comprehensive list 
of document titles and abstracts was provided by NCHRP, 
as a result of computerized searches conducted by the 
Highway Research Information Service under the general 
topic of bridge .  expansion joints; unfortunately, very few 
of those publications addressed themselves to the precise 
subject under study. Sources that provided some measure 
of helpful data and experience along the desired areas were 
generally reports or articles written by staff members of 
state and federal agencies, representing for the most part 
the product users whose facts, opinions, and common goals 
offered direction to this particular study. It is quite clear 
that their objectives, in attempting to achieve, a viable 
method for ensuring that a fully adequate joint-sealing sys-
tem will be provided in future projects, are in concord with 
the purpose of this report. 

A bibliography of published material used in connection 
with this study is contained in Appendix A. (The expres-
sion "published material" is used here in the sense that 
printed copies are available in limited supply from the 
author or agency upon request thereto.) 

A summary of relevant information found in the most 
substantive reports and documents collected for this proj-
ect, and in miscellaneous correspondence received from 
highway agencies, is given under "Summary of Findings" 
in this chapter. 

FIELD INSPECTIONS 

Visits were made to a number of bridge sites in New 
Jersey, New York, and Delaware in order to familiarize the 
investigative team with the variety of joint-sealing systems 
being installed and to recognize and fully appreciate the 
many types of problems being reported by highway agen-
cies and others. Realistic conditions of in-service joints and 
dynamic effects caused by the passage of traffic were 
observed and noted. 

DOMESTIC QUESTIONNAIRE SURVEY 

By far, the most valuable and comprehensive input for 
this study/report was furnished in the many responses to 
a lengthy questionnaire on bridge deck joint-sealing sys-
tems sent to 68 state and federal highway agencies, includ-
ing a number of toll authorities. 

The questionnaire requested general and specific infor-
mation regarding design and construction practices and a 
tabular performance record for each joint location in the 
state or other geographical jurisdiction where surface- 



mounted joint-sealing systems were used. A copy of the 
questionnaire form is shown in Appendix B. 

The questions listed under the "Design Practice" section 
of the questionnaire inquired as to the factors considered 
in selecting joint-sealing systems for specific bridge joints; 
the manner in which a system is specified and/or detailed; 
any current programs for prior testing of systems for ac-
ceptability; any current evaluation programs regarding per-
formance of installed systems; whether or not the agency 
has developed a performance specification (if so, a copy 
was requested); whether the agency had knowledge of any 
other agency employing a performance specification; and 
the agency's opinion as to the permissiveness and effective-
ness of warranties on installed systems. 

The questions listed under the "Construction Practice" 
section inquired as to manner of seating the system, man-
ner of compressing or stretching systems transversely when 
installing to proper joint gap, manner of compressing seg-
mented assemblies together at splices when installing, types 
of sealants used, procedures of installation when a deck 
overlay is concurrently being placed, how the assemblies 
are maintained, and the type of snowplow blades used. 

The "Performance Record" tabulation requested con-
siderable information on each joint in service where the 
subject type of joint-sealing system was used. The data 
sought related to traffic volumes, temperature range, age of 
bridge and joint assembly, deck surfacing, joint and span 
geometry, model used and how specified, manner of an-
chorage, amount of recess, present conditions of joint 
serviceability, and suspected causes of any prôblëms or 
failures observed. 

FOREIGN INQUIRIES 

On the specific subjects of performance specifications 
and installation warranty, it was deemed important to can- 

vass selected highway agencies in several foreign countries 
where surface-mounted joint-sealing systems have been 
used for many years. A brief letter of inquiry was sent to 
these agencies, focusing strongly on these precise points. 

Other countries use joint systems of similar design to that 
employed in the United States, sometimes models produced 
by American manufacturers. The principal difference in 
their approach to the question of responsibility for satis-
factory performance in a system lies in the fact that, in 
certain countries, the contractor designs the bridge as well 
as constructs it, assuming full responsibility for the selec-
tion, installation, and, to some degree, the performance of 
the joint-sealing systems. Replies from these particular 
countries lend a unique outlook on the entire aspect of 
warranties. 

SUMMARY OF FINDINGS 

Domestic Canvass of Experiences 

The questionnaire on practices, experience, and attitudes 
regarding the subject joint-sealing systems was sent to re-
sponsible parties in the highway department of each of the 
50 States, the District of Columbia and Puerto Rico, the 
Federal Highway Administration, and 15 toll authorities in 
the United States. Of these 68 domestic inquiries, re-
sponses were received from 41 agencies. Notwithstanding 
the considerable time and research needed to complete the 
questionnaire, including the field report on each joint in-
stallation, it was a tribute to the various agencies' eagerness 
to assist in promoting the objectives of this project that 
32 of the 41 respondents completed the lengthy question-
naire and 27 completed the joint performance record. 
Their coOperation represented the most significant input to 
this study. The principal reason that the remaining 14 re-
cipients did not return the questionnaire was that the sub- 
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ject type of joint assembly is not yet being used by that 
agency to the extent that their replies would be meaningful. 

The following paragraphs summarize the general con-
sensus of answers to the questions included in the form and 
generalize the statements regarding the joint successes and 
failures in the performance records. 

UNIDAM: LK 50 (Reinf. bar omitted) 

Design Practice 

Questions 1 and 3. These questions do not require essay 
replies but explain how the specifying means and curb 
treatment data are to be entered in the Performance 
Record. 

Question 2. This question asked for a copy of any per-
formance specification currently in use by the agency in 
calling for joint-sealing systems for a bridge project. None 
of the agencies has as yet formalized either an end-result 
type of specification or a combination of descriptive and 
end-result specification. 

Question 4 Where joint seals are terminated at the curb 
line, what means are provided for collecting runoff through 
the joint? In response to this question, 59 percent never 
terminate seals at the curb line, 41 percent very seldom 
terminate seals at the curb line, and some have now dis-
continued this practice. Of this 41 percent, 64 percent use 
no special means to collect drainage at curbs, 18 percent 
use channel troughs beneath the curbs, 9 percent curl the 
seal upward at curbs, and 9 percent use no special means 
to collect drainage at curbs but install gutter inlets im-
mediately upgrade of the joint. 

Question 5: In selecting seal models for use in particular 
joints, what factors other than contributory expansion 
length and temperature range are considered? (e.g., how 
does the magnitude of skew angle affect the selection; are 
live load movements considered; etc.). In response to this 
question, 74 percent consider magnitude of skew angle. Of 
this 74 percent, 37 percent use larger seal sizes where 
skewed than size prescribed for normal movement, and 
26 percent place restrictions on seals where skewed—such 
as prohibit skewed seals altogether, prohibit seals on skews 
over 450,  and use gland-and-claw type when skewed. Seven 
percent consider live load movements, but did not explain 
in what manner. Fifteen percent consider other types of 
seal movement (racking, etc.). Other factors of selection 
involve past experience and performance, manufacturer's 
expertise, ability to replace assembly without major repair, 
economics, ease of installation, availability of molded curb-
and-sidewalk unit, watertightness, noise, and thickness of 
assembly on deck overlay projects. 

Question 6: Which tests for acceptance are performed 
on samples of proprietary models to demonstrate their com-
pliance with specified attributes? In response to this ques-
tion, 26 percent perform no tests on samples but accept 
manufacturers' certifications of tests; 41 percent perform 
no tests on samples and require no certifications from 
manufacturers; and 33 percent perform or arrange for the 
performance of such tests as the following: durability, 
fatigue under cycling, watertightness, force required to pull 
out strip seal, hardness of rubber, compression, bonding, 
tensile strength of rubber, elongation of rubber, permanent 

Figure 2. Typical cushion-seal systems. 

set of rubber, oil swell of rubber, brittleness of rubber, 
ozone resistance of rubber, and metallurgy tests on steel 
components. 

Question 7: Which tests for acceptance are performed by 
your agency on completed installations to demonstrate 
compliance with specifications and/or general soundness? 
In response to this question, 93 percent perform no tests 
on completed installations (other than the visual field in-
spection of all construction details and operations), and 
7 percent test the installation for leaks by flooding the 
area with water. 

Question 8: Has the agency conducted a testing program 
to evaluate the performance capabilities of various joint 
seals of the type under consideration? If so, please de-
scribe. In response to this question, 81 percent have con-
ducted no testing program; 19 percent have conducted 
limited or full tests as follows: full laboratory testing, 
leakage only, integrity of joint splices, degree of soil en-
trapment, and ability to perform at 450  skew. 

Question 9: Has the agency conducted evaluation pro-
grams of in-service performance of the various joint-seal-
ing systems under consideration? If so, please describe, 
indicating also the frequency or interval between succes-
sive evaluations. In response to this question, 41 percent 
conduct no evaluation program of in-service performance; 
59 percent conduct an ongoing evaluation program cover-
ing such aspects as leakage, noise, movement, wear, vibra-
tion, snowplow damage, spalling of adjacent concrete, 
collection of debris, condition of seal, condition of exposed 
anchor bolts, and delamination. Of this 59 percent, 38 
percent conduct the evaluation every 6 months or more 
often, 44 percent conduct the evaluation every year, and 
18 percent conduct the evaluation every 2 years or longer. 

Question 10: Has the agency conducted testing programs 
to evaluate the effectiveness of various joint seal anchorage 
systems? If so, please describe. In response to this ques-
tion, 89 percent have conducted no testing program, and 
11 percent have conducted a very limited testing program. 

Question 11: List below the titles of reports of research 
and evaluation programs undertaken by the agency which 
may be germane to this research and are available for 
examination. Those that were named are included in the 
bibliography given in Appendix A. 

Question 12: Are you aware of any agency (domestic or 
foreign) which is now applying a performance specification 
for the construction of bridge deck joint sealing systems? 



If so, please identify the agency. No one was aware of any 
agency utilizing a performance specification. 

Question 13. An essential feature of a performance 
specification is a warranty of continuous acceptable func-
tioning within a stated time period. In view of the fact 
that bridge deck joint-sealing systems are for the most 
part proprietary products installed by independent con-
tractors and further that, once installed, these systems may 
be subject to unpredictable movements and unmeasur-
able forces caused by nzan and the environment, do you 
believe that a performance specification containing a stated 
warranty period can be enforceable? That is, from a prac-
tical standpoint, do you believe that the terms of the con-
tract can be made binding on the project contractor in 
view of his limited role in producing the joint and the 
uncertainties of the environment in which the seal must 
perform. Kindly explain your response in detail. In re-
sponse to this question, 78 percent commented that war-
ranties did not appear to be possible nor practical for a 
variety of, reasons, including the following: 

The responsibility for satisfactory performance 
should be shared by all parties to the construction—
designer, inspector, manufacturer, and contractor. 
Reasons for nonperformance may be difficult to 
determine precisely, especially to the satisfaction 
of a court of law. (Those that quoted this as a 
reason were focusing on the difficulty in legally 
enforcing the clause.) 
FHWA regulations prohibit the use of warranties 
in'contracts of this nature. 
A warranty clause will result in higher bid prices. 

Nine percent believed that a warranty clause was desirable 
and could be made enforceable; 12 percent were unde-
cided. 

Those that indicated that FHWA regulations prohibited 
warranties were alluding to the FAHPM, Vol. 6, Chapt. 4, 
Sec. 1, Subsec. 16, which does appear to preclude the use 
of warranty clauses in federal-aid contracts for construc-
tion such as bridge deck joint-sealing systems. However, 
the U.S. Government's position regarding warranties may 
be changing. 

Question 14: What attributes of the sealing system do 
you believe the project contractor should properly be held 
accountable for during a postconstruction warranty pe-
riod? In response to this question, 62 percent believed that, 
during a postconstruction period, contractors should be 
held accountable only for their workmanship on the in-
stallation; 25 percent believed the contractor should not 
be held responsible for in-service performance; and 13 per-
cent believed the contractor should be held responsible for 
in-service performance. 

Question 15: Do you believe that a performance specifi-
cation containing no warranty time period is of sufficient 
value to merit implementation? In response to this ques-
tion,. 56 percent believed that performance specifications 
without a warranty clause were not sufficiently valuable to 
merit implementation, 34 percent believed that perform-
ance specifications without a warranty clause were valuable 
and should be used, and 10 percent were undecided. 

Construction Practice 

Question 1: The proper construction of seal seating areas 
is essential to the integrity of the entire system. Which 
methods of forming these areas have been used by your 
agency? Which have proven to be the most successful in 
terms of providing uniform  bearing and correct alignment 
of the seals? Which have proven to be the least successful? 
With respect to methods used to form blockout, 50 percent 
use wood forms, 15 percent use metal forms, 19 percent 
use a combination of wood and metal forms, 12 percent 
use steel plate forms attached to embedded steel angles or 
to metal straps anchored to structural steelwork, and 4 per-
cent use styrofoam and/or styrofoam-plywood sandwich 
forms. 

With respect to the most successful method of forming 
blockout, 90 percent maintain that metal forms alone or 
metal forms that are anchored to embedded steel are the 
best, and 10 percent claim that styrofoam and/or styrofoam-
plywood sandwich forms are best. 

With respect to the least successful method of forming 
blockout, 72 percent claim that wood forms and unarmored 
surfaces are the least successful, 14 percent maintain that 
combinations of surfaces formed with wood and surfaces 
formed with steel make for poor seating, and 14 percent 
say that saw-cutting recesses leads to poor workmanship. 

Question 2. On bridge decks that received a wearing 
course, what sequence was followed in constructing the 
deck, wearing surface and joint-sealing system? In response 
to this question, 33 percent do not use overlays, and 67 per-
cent do use overlays. Of this 67 percent, 83 percent first 
construct the deck with formed blockout, then install the 
joint assembly, and finally pave the overlay; and 17 per-
cent first construct the deck with formed blockout, then 
pave the overlay, and finally install the joint assembly. 

Question. 3: In stressed seal systems such as Transfiex, 
Wabo flex, and Unidam, which methods were used to 
stretch or compress the seal to the proper width for the 
installation temperature? In response to this question, 
60 percent use screw clamps operated manually, and 
40 percent use hydraulic jacks. 

Question 4: In jointed (spliced) systems, which type of 
sealants have been used between segments? Which have 
failed to provide leakproof joints? Which type sealants 
have been used between the seal edges and bordering con-
crete deck and/or the bordering bituminous overlays? 
Which have failed? Which type sealants have been used 
between the seal and the seating area? Which have failed? 
With respect to sealants used in segmented splices, replies 
were uniformly distributed as follows: one-component 
epoxy; two-component epoxy; one-component urethane; 
two-component urethane; vulcanizing; butyl tape; struc-
tural neoprene adhesive; Federal Specification TT-S-0023; 
Federal Specification TT-S-00227E, Type II; Federal Spec-
ification TT-S-230C; AASHTO Specification 0M173; 
AASHTO Specification T187; Novaguard TF Sealant (pro-
prietary); and Sandell Poly-tite (proprietary). 

Witl respect to the foregoing sealants that have leaked, 
the general consensus of all users was that most all types, 

sooner or later. 



Sealants used between joint assembly and deck concrete 
or overlay include one-component urethane; two-component 
urethane; bituminous epoxy filler; concrete epoxy grout; 
hot-poured rubber asphalt; bituminous concrete; Nova-
guard TF Sealant (proprietary); and Federal Specification 
TT-S-0227E, Types I and II. Of these sealants, those that 
have leaked include urethane and Novaguard TF Sealant. 

Sealants used between the joint assembly and seating area 
include one-component urethane; two-component urethane; 
butyl tape; Federal Specification TT-S-00227E, Types I and 
II; Federal Specification TT-S-230C, Type II; epoxy poly-
sulfide; Nova Tape (proprietary); Novaguard TF Sealant 
(proprietary); and Sandell Poly-tite (proprietary). The 
general consensus concerning which of the foregoing seal-
ants have leaked was that most, at one location or another. 

Question 5: Do maintenance practices include routine 
inspection and rehabilitation of failed joint sealants de-
scribed in Question 4 above? If so, indicate frequency and 
type of maintenance performed. In response to this ques-
tion, 15 percent have no routine inspection but would rec-
tify failures if reported, and 85 percent would rehabilitate 
failed sealants noted during routine inspections. Of this 
85 percent, 50 percent perform inspections every year, 
30 percent perform inspections every 2 years, and 20 per-
cent perform inspections at varying frequencies. 

Question 6: In jointed systems, which means have been 
used to butt segments firmly together? In response to this 
question, 48 percent use hand methods, 44 percent use 
hydraulic jacks, and 2 percent vulcanize splices. 

Question 7: Which maintenance practices, if any, are 
routinely followed in cleaning bridge deck joint-sealing 
systems of the type under consideration? In response to 
this question, 37 percent flush joints with water at least 
every spring, if needed; 63 percent do not clean joints 
under any scheduled maintenance operation. 

Question 8: Are bare steel plow blades being used di-
rectly on bridge decks? If not, what means of protecting 
blade edges and/or preventing contact have been used? In 
response to this question, 77 percent use bare blades only; 
19 percent use rollers; casters, shoes, rubber tips on blades; 
and 4 percent use protected and/or elevated blades where 
raised lane-marker buttons exist and use bare blades 
elsewhere. 

Performance Reco,d 

The data reported by the various responding agencies on 
the "Performance Record" tabulation were coded and are 
given in Table C-i in Appendix C. These data represent 
virtually all expansion joint geometry, history, and expe-
rience on the subject type of joint-sealing systems used in 
one-half of the country (approximately 600 installations). 

Although it is recognized that any partial summary of 
data shown in Table C-i might lead to erroneous conclu-
sions because of the omission of other pertinent facts re-
garding each particular installation, certain statistics must 
be culled from these records to place the countrywide joint 
successes and failures in proper perspective. At the risk of 
presenting incomplete facts, the following extracted infor-
niation is offered: 

On the basis of judging a "successful" joint assembly as 
one that is watertight and has tight anchorages (and ignor-
ing surface scars, excessive deflection, and noise) replies 
concerning the performance of specific joints using joint-
sealing systems were as follows: 

38% of the states reported 81% to 100% successful 
joints 

12% of the states reported 61% to 80% successful joints 
12% of the states reported 41% to 60% sudcessful joints 
19% of the states reported 21% to 40% successful joints 
19% of the states reported 0% to 20% successful joints 

The following state agencies reported on 50 joints or 
more: 

MinnesOta: 74% successful joints 
Missouri: 72% successful joints 
Wyoming: 98% successful joints 
N.Y. Thruway Auth.: 3 1 % successful joints 

In the following summaries, the type of seal correspond-
ing to each of the coded brands is as follows: 

Brand A: Cushion-seal system 
Brand B: Membrane-seal system 
Brand C: Cushion-seal system 
Brand D: Membrane-seal system 
Brand E: Membrane-seal system 
Brand F: Membrane-seal system 
Brand G: Membrane-seal system 
Brand H: Membrane-seal system 

The seal types used in the states with the best records 
(98% to 100% successful joints) are given in Table 2. 
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According to instructions issued with the questionnaire, 
no entry under "Reportable Conditions" implies satisfac-
tory performance. It is difficult to detect if the absence of 
entries in that column actually signified a successful in-
stallation, particularly when the replies to the earlier ques-
tions from the same state agencies indicated experiencing 
problems of leakage and the like. Therein lies one weak-
ness in drawing conclusions from certain entries. 

The seal types used in the states with the poorest records 
(0% to 8% successful joints) are given in Table 3. The 
statistics in Tables 2 and 3 refer to all sizes of the subject 
types of joint-sealing systems. 

Focusing on only those joints designed for 4-in, total 
horizontal movement, the relative successes of each of the 
proprietary products reported in Table C-i are as follows: 

Brand A: 56% successful in 66 joints reported 
Brand B: 85% successful in 40 joints reported 
Brand C: 33% successful in 	9 joints reported 
Brand E: 67% successful in 18 joints reported 
Brand G: 0% successful in 	1 joint reported 

It is important to note that the severity of the skew angle 
on a joint was not a significant factor in the success or 
failure of a joint assembly for the installations reported. 
Some joints performed well at a 65° skew, while others 
failed at no skew. 

One of the suspected causes of reported problems on 
34 joints (all sizes) in Table C-i is given as inadequate 
product design. The following is a breakdown of these 
joints by seal type: 

Brand A: 20 joints (out of 264 reported) 
Brand H: 6 joints (out of 22 reported) 
Brand C: 5 joints (out of 73 reported) 
Brand G: 2 joints (out of 8 reported) 
Brand E: I joint 	(out of 59 reported) 

Two other suspected causes of reported problems on 
114 joints (all sizes) are given as improper construction 
and/or inadequate control of construction. The following 
is a breakdown of these joints by seal type: 

Brand A: 82 joints (out of 264 reported) 
Brand C: 18 joints (out of 73 reported) 
Brand E: 14 joints (out of 59 reported) 

TABLE 3 

SEAL TYPES USED IN STATES (0% TO 8% 
SUCCESSFUL JOINTS) 

Total Seal Type 
States Joints Sraod 	A Brand 	S lraad 	C 

California 30 28 2 

Maine 8 8 

New Hampshire 12 10 1 

New Jersey 8 4 4 

Sooth Carolina 4 4 

In only about 9 percent of all joints reported, undue 
noise was given as one of the problems cited. The follow-
ing is a breakdown of these joints by seal type: 

Brand A: 37 joints (out of 264 reported) 
Brand C:. 10 joints (out of 73 reported) 
Brand E: 2 joints (out of 59 reported) 
Brand G: 2 joints (out of 8 reported) 
Brand H: 2 joints (out of 22 reported) 

In analyzing any of the data given in Table C-i and in 
the foregoing capsulized summaries, it is important to bear 
in mind that the survey reported on joints of all ages, in-
cluding models that have since been discontinued and re-
placed with improved models that attempted to overcome 
shortcomings of earlier products. In certain instances, the 
suffix letters of model numbers were added or revised by 
manufacturers to indicate a change in design. 

Foreign Inquiries 

Responses to an informal letter of inquiry on the topics 
of performance specification and warranties were received 
from 6 foreign countries. Their views are summarized in 
the following. 

Spain 

Performance specifications, per Se, are not general prac-
tice. The supplier, rather than the project contractor, in-
stalls the joint seal and provides and guarantees that the 
seal will accommodate the movements specified by the 
owner and that the installation will be free of defects in 
materials and workmanship. The supplier will not guaran-
tee the seal's ability to accommodate movements in excess 
of those specified, nor carry "heavy and abnormal" loads 
such as those imposed by tracked military vehicles. The 
guarantee is not binding if performance failures are due to 
defective concrete that may have been used in the deck 
construction. Generally, most installations are not guaran-
teed to be watertight, nor is this often a requirement. 
Guarantees are effective for a period of two or three years. 

Australia 

Practice is similar to that in the United States. It is not 
customary for contractors to furnish guarantees of per-
formance. Those furnished are qualified to exclude various 
contingencies. The respondent doubted the legal feasibility 
of a performance specification (presumably with a guaran-
tee) in view of the division of responsibility between design 
and construction. 

France 

The Ministry (SETRA) prequalifies joint seal projects 
on the basis of a one-year, in-service performance evalua-
tion. Various products are classified for use according to 
character and volume of traffic expected to cross the struc-
ture. The Ministry furnishes local governments and other 
owners with a list and description of acceptable joint con-
structions. Customarily, contractors guarantee the con-
struction for a one-year period. 
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England 

For these type products, performance specifications are 
not applied. Installations are required to comply in gen-
eral with a British standard design speciflcation. 

Canada 

The Ontario Ministry of Transport and Communications 
does not now use performance specifications for these sys-
tems, although the Ministry is moving in that direction. 
The Ministry prequalifies products for use on the basis of 
their own laboratory evaluations of materials and perform-
ance (movement capability). Material evaluation consists 
of tests for quality and conformance with MTC specifica-
tions for neoprene joint seals and pertinent CSA standards. 
Performance is rated on the lasis of movement capacity 
under normal operating conditions, forces required to open 
and close the joint seal, and behavior, under overload con-
ditions. Emphasis is placed on evaluating the effect on 
movement ability of the retention of incompressible ma-
terials within the joint. 

The .Ministry classifies approved joint seal products 
within broad categories of type, such as compression seals, 
strip seals, rubber cushion joints, etc. The designer then 
selects the type(s) from one or more classes having the 
appropriate movement capacity. 

Generally, there is no routine testing of the deck joint 
installation to demonstrate compliance with specifications. 
The Ministry does not require guarantees. 

West Germany 

The design and construction of bridges conform to stan-
dard requirements of the Federal Ministry of Transporta-
tion. For small motion joints, details are presented in a 
type of standard drawing issued by the Ministry, which 
primarily indicates desirable features. The Additional En-
gineering Standards (ZTV-K) generally describe condi-
tions that dictate the design of the deck joint as well as the 
bridge of which it is a part, similar to the design portion of 
AASHTO Specifications for Highway Bridges. 

A significant departure from American practice in Ger-
many and other European countries is the dual role of the 
contractor as designer and constructor. Under those cir-
cumstances, he is responsible for the suitability of the de-
sign of the entire structure and the compatibility of all its 
component parts. Hence, malfunctioning of the deck joint, 
regardless of cause—be it improperly designed anchorage, 
settlement of substructures, or excessive flexibility of the 
superstructure—is his responsibility. 

Contractors are required to guarantee performance for 
a period of five years and certify that all acknowledged 
rules of engineering have been followed. 

Published Material and Miscellaneous Correspondence 

In reviewing the widespread sources of reports prepared 
by representatives of highway agencies and knowledgeable 
personages in the industry, it is startling to observe the 
unanimity of thought concerning joint-sealing products. 
There has been much parallel effort in many states to pro- 

mote experimental projects using proprietary systems and 
later to evaluate their performance. Their assessments have 
been strikingly similar. 

Although much has been learned through the experience 
ot numerous installations over a period of years, the net 
result in these reports appears to be simply an accurate 
assessment of good and bad features of a variety of prod-
ucts offered by manufacturers. The ultimate solution is 
frustratingly elusive. Unless manufacturers improve exist-
ing systems or invent new ones that can be installed with 
conventional standards of workmanship, and render the 
user a certain degree of assurance as to satisfactory per-
formance, the highway agencies must continue to accept 
products that they know from experience fall short of their 
intended mark. Although a few states have attempted to 
detail a nonproprietary design, heavy reliance continues to 
be placed on the integrity of certain vital elements that 
must be produced by these same manufacturers; in essence, 
these states are now trying their hand at developing their 
own ssytem. It is too early to measure their success. 

It is important to list here, however, those threads of 
common ground reported by so many agencies in their 
evaluations—the problem areas of existing installations for 
which corrective action must be sought. The more impor-
tant comments offered were as follows: 

Sources of Leakage—In systems employing segmented 
rubber cushions, the points most vulnerable to leakage are 
in the splices between segments. Regardless of matching 
mated ends, jacking segments together, and using sealants 
in contact faces, these splices have a high incidence of leak-
age. This could be attributed to insufficient mating or jack-
ing, poor sealants, different wheel action of vehicles passing 
across adjacent segments, and/or span contraction move-
ment pulling segments, apart. 

Sealants, in general, have not performed satisfactorily. 
Whether the fault lies in the material or in its installation, 
leakage frequently occurs through roadway and gutter 
splices, between the deck slab shoulders and the joint 
assembly, through bolt holes, and through seats. 

Mitered splices at the gutter-to-curb intersection are par-
ticularly troublesome. Bridge skews make these miters very 
difficult to form. 

Installation Difficulties—To ensure good bearing and 
watertightness seats of blockouts supporting rubber cush-
ions must be perfectly plane and true, free from honey-
combs, projections, or other defects. Patches must be care-
fully made. Armored surfaces are best but costly. In 
cushion-seal systems, it is also important that seats on both 
sides of the gap are in the same plane. 

Setting anchor bolt locations is critical. Anticipated span 
end rotations due to deck placement should be considered 
when setting bolts, particularly for cushion-seal systems. 
Bolts subsequently set in drilled holes, either in mortar or 
expansion devices, are inferior to cast-in-place bolts. 

Segments of cushion-seal systems should preferably be 
installed as close as possible to the midpoint of the rated 
temperature range. If placed at higher temperatures, the 
narrow dimension must be compressed and held tempo-
rarily with metal straps until bolted down to both spans. 
If placed at lower temperatures, stretching the unit is diffi- 



12 

cult and causes segment splices to separate before firmly 
bonded. Shop splicing may help this situation. 

Noise—Thumps from tires crossing 4-in. (102-mm) 
gaps are tolerable. If ridable portions of systems are set 
too far below the adjacent roadway surface, thumping will 
become objectionable. Excessive noise is usually attributed 
to loose parts being slapped together under the passage of 
traffic, such as loose anchorages or loss of cushion bond to 
seat. Segmented cushion elements jacked together tend to 
rise at splices and lose bond to the seat. 

Maintenance Problems—Large exposed surfaces of 
rubber, such as on cushion elements, are subject to gouging 
and scarring by bare snowplow blades. There is no clear 
record of any joint failing because of plow scarring, al-
though it conceivably could shorten joint service life. 

Membrane seals installed in the inverted arch position 
(pointing downward) collect debris that can prevent full 
closure of the gap. The passage of traffic to some degree 
draws debris from joint recesses through suction, but this 
is limited to wheel path areas and not near gutters. 

Shallow profile assemblies utilizing inverted arch mem-
branes are sometimes acted upon by span action of skewed 
bridges to twist the arch upward, at which point it rises 
above the roadway surface and is soon damaged by traffic. 

Rubber plugs used to cover bolt and nut assemblies in 
cushion pockets eventually come loose and lay in the road-
way. Bolts not perfectly centered in the pocket accelerate 
this loosening action. 

The edges of the concrete shoulder adjacent to rubber 
cushion elements often spall through passage of vehicles 
because of lack of firm support by the cushion. 

Concern for the ease of repair or replacement of joint-
sealing components without major reconstruction, and the 
ease of raising joint assemblies during overlay projects, was 
expressed by several agencies. 

At present, no -agency has prepared or implemented a 
performance specification for joint-sealing systems, al-
though a few have assembled essential design criteria that 
could serve as the foundations of such a specification. 
These criteria were weighed carefully in developing the 
specification. 

With regard to performance warranties, as far as can be 
determined from the information presently at hand, there 
has been one instance in this country in which a guaran-
tee was incorporated for the modular joint assemblies in 
the cable-stayed Intercity Bridge over the Columbia River 
between Pasco and Kennewick, Washington. That bridge 
is now nearing completion of construction. In this case, the 
manufacturer of the joint assembly specified to be a Wabo-
Maurer D2600 as manufactured by Watson Bowman As-
sociates, Inc., or an approved equal, was required to fur-
nish a 5-year guarantee of ". . . satisfactory performance 
including watertightness." There was no precise definition 
of satisfactory performance nor mention of the manner in 
which performance during the guaranteewill be gauged. 
Interestingly, the guarantee clause was suggested by the 
manufacturer, placing on him (if selected) the burden for 
successful performance. Whether the guarantee can be en-
forced if it were demonstrated that failure to perform satis-
factorily was due to an action on the part of the contractor 
remains to be seen. 

CHAPTER THREE 

INTERPRETATION AND APPLICATION OF FINDINGS 

PERFORMANCE ASSESSMENT OF EXISTING SYSTEMS 

The wealth of knowledge regarding the serviceability of 
existing installations of joint-sealing assembiles, gathered 
from surveys of all types, offers a solid background against 
which a workable performance specification may be 
prepared. 

Certain conclusions from these findings are in order at 
this point to give direction to further effort. 

Of all the desirable features that are expected of a joint-
sealing system, the first and foremost is watertightness. By 
far, the greatest complaint on seal performance has been 
leakage. The survey responses given in Table C-i point out 
a very important fact—specific models of proprietary prod-
-ucts leak badly in some states and are watertight in others. 
Given the identically same product to install, the reason for 
differing performance can only be found in the quality of 
the installations or in the actions of traffic and/or bridge  

movements that occur during service. Stipulating certain 
field tests, including leakage, immediately after installation 
could narrow this search for causes of poor performance. 

Some joint systems have been reported to require pains-
taking attention to details during installation. Occasional 
laxity in workmanship could be a primary cause of leakage 
in these instances. The source of such laxity lies perhaps 
in the fact that certain field operations, such as splices, are 
best performed in the controlled atmosphere of a shop. 
Other exacting field operations -should be simplified so that 
conventional standards of workmanship will suffice. There 
is undoubtedly no perfect system that is foolproof against 
improper installation; a system design must be realistic in 
its approach to placement problems. As an example, slight 
out-of-plane surfaces in the formed concrete seat of a 
blockout cannot be tolerated, and tedious corrective work 
is always needed to provide a perfect support for a cushion 
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element. One solution to eliminate impractical field toler-
ances in concrete may be to embed armoring metalwork to 
serve as the seat—which is quite costly. 

Table C-i indicates a far greater percentage of cushion-
seal systems than of membrane-seal systems in service 
throughout the country. It is inconclusive, therefore, to 
find that there are more leakage problems reported on 
cushion seals than on membrane seals. However, because 
the major source of leakage given in numerous articles and 
reports appears to be in the splices of segmented cushions, 
it may not be wholly inaccurate to state that membrane 
seals have, in the over-all view, a better record as a water-
tight system. This would seem to apply more to the gland-
and-claw design shown in Figures 1(a), 1(b), and 1(c) 
than to the other types of membrane seals, simply because 
so few field evaluations were received for these other types. 

There may be a major advantage toward a watertight 
unit in segmented assemblies if the splicing were done in 
the shop, preferably by vulcanizing, and shipped to the site 
as a complete unit from parapet to parapet where length 
limitations permit. 

The second most important feature of a successful joint-
sealing system is its ability to maintain tight anchorages to 
the deck concrete throughout the service life of the system. 
Initial signs of failure in this aspect are indicated first by 
leakage and then by noise as the loose -parts are slammed 
together under wheel action. Eventually the joint is shaken 
to the point of representing a hazard to traffic and must be 
repaired or replaced. Although setting anchor bolts in 
holes into the concrete, using the prefabriated joint as a 
template, may be the easiest technique for obtaining ac-
curate bolt locations, experience has proven that bolts mor-
tared into drilled holes -or set concrete expansion anchor 
devices have limited serviceability. Anchorages must ex-
tend well into the deck slab for proper pullout resistance. 

Noise has not been a serious factor in the many installa-
tions reported except where loose components are the 
cause. Thumping from tires crossing an opening (above 
a membrane seal) in the magnitude of 4 in. (102 mm) was 
not found to be objectionable. Such openings would occur 
only during extremely cold weather for systems designed 
for 4-in, total movement. Therefore, the prefabricated sys-
tem itself is generally not responsible for objectionable 
noise while in service. The system may be set too low in 
the blockout, which would increase the thumping sound. 
Other errors in installation may also aggravate this condi-
tion. Obviously, systems in various degrees of deteriora-
tion would likewise be a source of additional noise. 

There are two separate groups offended by noisy joint 
assemblies—the motorists driving over the joints and the 
people who reside, work, or must otherwise be located 
within earshot of a noisy joint assembly. Motorists ex-
perience both noise and a jarring effect with the passage of 
each axle across the joints of a bridge or viaduct. The 
over-all time frame of a bridge crossing and frequency of 
joints are such that the resulting motorist discomfort is 
fortunately quite short-lived compared to the second group 
who must endure the nearby passage of traffic contiñu-
ously. Hence, noise levels at some distance from the joint 
will carry more weight in establishing performance criteria. 

Scarring of exposed rubber surfaces by snowplow blades 
has been reported in many areas, understandably more 
often in the northerly states. In no case has plow damage 
been responsible for the complete failure of a system, al-
though it is conceivable that continual damage each winter 
for many years could eventually lead to severe rupture of 
a system component. Certain wider models of joint as-
semblies can be equipped with snowplow guards which 
consist of metal plates that can be attached to the basic 
joint unit, either at spaced intervals or for the full length of 
the 

'
joint. For narrower models, setting units somewhat 

lower than the roadway surface is sufficient to avoid serious 
damage. Snowplow blades also chip away at the sharp 
edges of the blockout shoulders on each side of the joint. 
This can lead to leakage through the shoulder and seat. 
Armoring the shoulders can prevent such chipping. De-
vices are available today that can raise the leading edge of 
the blade a small fraction of an inch above the roadway at 
all times. There are also rubber edges being manufactured 
that can be fitted to the blade edge to reduce the harmful 
effects on joints. 	 - 

One area that appears worthy of further development is 
in the sealants. Their effectiveness as adhesives and/or 
waterproofing agents either is limited or requires more care 
in application than -is customary. The most vital .iocation 
where sealants are relied on heavily is in the splices be- 
tween cushion segments. If an adhesive sealant cannot be 
developed or applied effectively to serve this critical func-
tion, consideration should be given to vulcanizing splices. 
For systems that are not continuous through the curb and 
into the sidewalk area, shop-spliced units of gutter-curb-
sidewalk formations should be implemented. Sealants for 
the shoulders of blockouts are the next most vital location 
for a watertight assembly. 

Although a number of agencies reported the collection 
of debris in recesses of the joint assembly, no ruptures in 
the seal were attributed to debris nor did the debris prevent 
full closure of the joint gap (perhaps because the extreme 
high temperature was not reached). This is not to say that 
seal ruptures and closure prevention are not possible in 
time. Inverted arch membranes are particularly vulnerable 
to this problem. Other types did not seem to accumulate 
enough debris to present difficulties in the joint operation. 
Wheel passage over a joint gap creates a suction that 
removes a limited amount of debris from the joint. 

Of minor consequence to the effectiveness of a system is 
the ease with which prefabricated rubber plugs for inser- 
tion into anchor bolt recesses come loose and roll onto the 
roadway. The need for these plugs or means for improving 
their grip over bolts, particularly off-center bolts, should be 
given consideration by manufacturers. 

The volume of traffic that is predicted to pass across a 
joint has a questionable role in selecting test criteria for a 
performance specification. It is acknowledged that heavier 
volumes will accelerate wear and therefore limit the over-
all durability of the joint. However, as a practical matter, 
manufacturers who will strive to produce durable compo-
nents that will meet specifications with test values intended 
to sustain heavy traffic would hardly stock two qualities of 
components—one for heavy traffic testing and one for light 
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traffic testing. Only the heavy traffic values will be con-
sidered in this specification. Agencies may choose to waive 
substandard wear values if the joint will bear only light 
traffic. 

For similar reasons, it does not seem expedient or pur-
poseful to establish two different levels of test criteria—
one for joints to be installed on important highways and 
arteries, and one for joints on county roads and the like. 
If systems are designed to pass the higher set of standards, 
it is not practical for manufacturers to produce one grade 
of joint for the higher standards and a second economy 
grade that will not satisfy the higher standards but will pass 
the lower test criteria. 

It was not the intention of this study to dwell on the nega-
tive aspects of existing installations when so many have 
served satisfactorily. Nevertheless, it is in these problem 
zones where future improvements must be directed to ap-
proach successful designs; they are offered here as much 
for the manufacturers' benefit for future action as for the 
purpose they serve in preparing a performance specification. 

APPROACH TO A PERFORMANCE SPECIFICATION 

General Overview 

In contrast to prescriptive specifications, performance 
specifications are not concerned with the material or means 
used to construct a product. As defined by the Construc-
tion Specification Institute, the performance or 'end-result 
specification" (ERS as it is also referred to) is ". . . a 
statement of required results, verifiable as meeting stipu-
lated criteria, and free of unnecessary process limita-
tions...... 

This approach to specification writing is not presently 
widespread in contracts for highway and bridge construc-
tion in the United States, although the use of modified 
forms of performance specifications for the selection of 
certain types of material is increasing. NCHRP Synthesis 
of Highway Practice 38, "Statistically Oriented End-Result 
Specifications," thoroughly discusses the application of ERS 
in current practice, particularly those that incorporate vari-
ables acceptance plans to assure quality control by the con-
tractor or producer. The burden of quality control is 
placed on the contractor, and acceptance is based pri-
marily on the measurement and subsequent statistical eval-
uation of desired attributes. Variables acceptance plans 
require the determination of average values of the desired 
attributes as well as the variability of measurements, as 
defined by such quantities as the range and standard de-
viation. Features such as asphalt content, compaction 
(density), and compressive strength are subjects of ERS 
currently in use. The Synthesis points out that 33 state 
highway agencies are either now using or considering the 
use of statistically oriented ERS. 

The object of this research is to formulate a suitable per-
formance specification for a particular class of bridge deck 
joint-sealing system. In this case, the end results required 
are attributes such as serviceability, wearability, quietness, 
watertightness, and compatibility with the bridge structure 
of which it is an integral part. Criteria for these attributes 
must be stipulated and required to be verified by a combi-
nation of testing and observation. 

It should be understood that the agency which employs 
the performance specification must be willing to relinquish 
to the contractor the positive aspect of that part of the 
project design which relates to the deck join-sealing sys-
tem. The contractor, after all, can only be required to 
ensure the performance of his own creation or selection. 
Although the owner may still have the prerogative to pro-
scribe certain obviously undesirable features, he may no 
longer prescribe detailed features. 

Ideally, for the performance specification to be an effec-
tive tool in judging the quality of proprietary bridge deck 
joint-sealing systems, the evaluation should include a pe- 
riod of in-service performance. Requiring a standard of 
performance to be complied with during a postconstruction 
period is tantamount to demanding a guarantee or war- 
ranty. In the context used here, "guarantee" means "an 
assurance of quality for some specified time period, con- 
comitant with the responsibility for repair or replacement 
in the event of failure." The guarantee is usually an obli-
gation incurred by the seller subsequent to acceptance and 
payment by the buyer. Under these circumstances, it is not 
hard to understand that the seller (contractor, in the case 
at hand) may be reluctant to make good and correct de- 
ficiencies uncovered during the specified period. To over-. 
come this possible difficulty, it has been suggested that the 
in-service guarantee be either backed by a performance 
bond for a stated monetary sum or replaced with a "de-
layed acceptance" clause, meaning that no payment will be 
made for the construction until after it has met the test of 
time specified. 

Although contractual guarantees in highway and bridge 
construction practice in the United States are not common- 
place, there are agencies that have for years customarily 
required the contractor to post a one-year maintenance 
bond, basically to cover defects in material and workman- 
ship. The value of the bond is usually about 5 percent of 
the total contract cost. The Federal Government's position 
regarding the use of guarantees in federally financed high- 
way construction, as set forth in the rules and regulations 
of the Federal-Aid Highway Program Manual, has been 
explicit opposition except for electrical and mechanical 
equipment. 

A guarantee, delayed acceptance, or any other require-
ment for compliance with performance standards during a 
postconstruction period is a unique feature not found in 
bridge contracts today. 

The conditions of any guarantee or delayed acceptance 
must of necessity be spelled out clearly and in quantitative 
terms. Broad-form guarantees will only jeopardize the 
clarity of the specification and may be difficult to enforce. 

Many believe, for a number of reasons, that a demand 
for an in-service performance guarantee is not reasonable 
or practical. Basically, the objections focus on the argu- 
ment that there are factors, such as the behavior of the 
total bridge structure and contiguous roadways, environ- 
ment, and traffic loadings, which are outside the control of 
the contractor and which can adversely affect the perform-
ance of the joint-sealing system. 

This view can be fully appreciated and merits further 
consideration. Tracing through the possible incidents of a 
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hypothetical case may uncover the wisdom of this attitude. 
Assume for the sake of discussion that a bridge contract 

involving several deck joints is prepared and the joint-
sealing system is called for solely by means of a three-phase 
performance specification—pretesting the systcm as manu-
factured (before installation), field testing the system im-
mediately after installation, and a final series of field tests 
after the joint has been in service for three years. A de-
layed acceptance clause is included whereby 75 percent of 
the total bid price for the joint assemblies is withheld until 
the 3-year test proves satisfactory. (Twenty-five percent of 
the bid price is to be paid on satisfactory testing of the 
installed units before opening the bridge to traffic.) 

Bidders approach several suppliers/manufacturers to as-
certain their expectation of compliance with the perform-
ance specification and to solicit price quotations. None of 
the suppliers or manufacturers is willing to underwrite any 
of the responsibility for satisfactory installation tests or in-
service tests because neither party will be performing the 
installations. The bidder reluctantly assumes full responsi-
bility for the entire work. Realizing that 75 percent of the 
joint costswi1l be, retained for 3 years, and full payment at 
that time is not fully assured, he bids the joints at an un-
reasonably low price and distributes the remainder of his 
costs among other bid prices. He also distributes an extra 
amount to cover future repairs, increased future labor 
prices, interest on the retainage, etc., which can be con-
siderable. The contract is awarded to him, notwithstanding 
an apparent unbalancing of prices. 

The proprietary product on which his bid was based fails 
to pass the initial tests and he secures a second manufac-
turer whose product passes the initial tests. (The contrac-
tor modifies his shop drawings for reinforced concrete de-
tails at ends of deck slabs to accommodate, the new joint 
design.) 

This second product passes pretesting and the field tests 
immediately after installation. The contractor receives 
25 percent of his bid price and pays the manufacturer for 
the joint-sealing materials. 

The bridge is not opened to traffic for almost a year after 
joint completion due to a delayed section of contiguous 
highway. (There is some question as to when the 3-year 
period starts.) 

During the 3-year postconstruction period, the thin mem 
brane seal ruptures in several places. The contractor blames 
a careless snowplow operator, the settlement of an abut-
ment, and a frozen expansion bearing shoe beneath a main 
girder. These reasons are discounted by the bridge owner. 
Litigation ensues and the contractor is ultimately required 
to make repairs or lose his retainage: He weighs the correc-
tive action against his retainage and decides not to make 
repairs and waive the retainage. 

The owner engages a second contractor to perform re-
pairs at a price many times larger than the first contractor's 
retainage. During the process of repairing the joint (under 
traffic), more basic problems are uncovered that make it 
obvious that a different proprietary product must be used 
to replace the original units. 

The owner now faces a much bigger repair project than 
was ever envisioned and with estimated costs far beyond  

any delayed-acceptance retainage. Moreover, the bridge is 
partially closed to traffic until the repairs can be effected. 

The foregoing hypothetical case may appear to many to 
be an exaggeratedly bleak picture but, to those who deal 
with construction problems on a day-to-day basis, the 
picture is in fact quite realistic. 

A 3-year guarantee or warranty bond for a predeter-
mined amount more in line with the cost of future major 
repairs would probably be an improvement over a delayed-
acceptance clause, but only in the monetary security aspect. 
The surety company may prove to be a more formidable 
adversary than the contractor. The end results would un-
doubtedly be almost the same with perhaps greater 'time 
delays in legal entanglements with the surety. 

In view of the many foreseeable sets of circumstances 
that could undermine the effectiveness and enforceability 
of an in-service guarantee, the additional costs that will be 
included in bid prices regardless of the performance to 
cover possible future repairs and delayed payment, and the 
present official FHWA stand on guarantee clauses and per-
formance bonds in highway and bridge contracts, it is the 
considered opinion of the investigative team for this study/ 
report that an in-service guarantee, with or without a mone-
tary backing, is impractical, unenforceable for the most 
part, and costly, and should not be made a part of the 
performance specification. 

In the event that an agency should nevertheless elect to 
implement an in-service guarantee clause, it is recom-
mended (1) that the same field tests hereinafter specified 
to be undertaken immediately after installation be per-
formed again two calendar years after the bridge is opened 
to public traffic; (2) that the full contract price bid for the 
joints be paid to the contractor after the joints satisfactorily 
pass the tests upon completion of construction; and (3) 
that, prior to final payment for the project, the contractor 
be required to furnish a surety bond to cover this war-
ranty in an amount to be stated by this agency in the 
contract, which bond shall expire two calendar years after 
opening the bridge to public traffic. 

It is recognized that a performance specification without 
an in-service guarantee clause limits the verification of 
specified attributes to evaluations prior to and during con-
struction. The effectiveness of such a specification to weed 
out those products or constructions that are of questionable 
durability ill obviously be reduced. Nevertheless, it is 
believed that some form of performance specification, even 
one lacking the in-service guarantee feature, merits imple-
mentation and represents an improvement over the various 
specifying means that have been used to select proprietary 
bridge deck joint-sealing systems to date. 

Desirable Features in Performance Criteria 

Proprietary bridge deck joint-sealing systems are hybrid 
constructions in the sense that they consist of a product 
manufactured by one company under one set of conditions, 
and installed by another under completely different and 
vastly more variable conditions, to become part and parcel 
of a total system. The composite nature of the system re-
quires that acceptance testing be applied to the manufac-
tured product as well as to the total construction. The op- 
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timum specification will stipulate performance criteria that 
in the end will serve as an adequae gauge of the system's 
ability to function satisfactorily over the long term. The 
obvious difficulty lies in selecting criteria that are not un-
duly severe, resulting in the qualification of only overly 
expensive systems, or, on the other hand, too lenient, re-
sulting in the acceptance of the unsuitable. 

Unlike those statistically oriented end-result specifica-
tions that are based on "variables acceptance plans," it does 
not appear practicable to derive a specification for bridge 
deck joint-sealing systems based rigorously on acceptable 
risks of buyer and seller. 

Having previously limited the scope of the performance 
specification to a series of shop and laboratory tests to 
qualify a proprietary product before installation and a 
second series of tests performed in the field on completion 
of construction, the initial steps toward developing such a 
specificatiOn would be to identify desirable functions and 
attributes of a successful joint-sealing system. 

Preinstallation Criteria 

Before installing joints in bridges, sufficient assurance 
must be presented to a highway agency that a product has 
an excellent chance of along and satisfactory service life 
once installed and subjected to traffic, weather, etc. A 
variety of preinstallation tests and test criteria, coupled 
with a modest screening of undesirable materials and/or 
design features, must be undertaken as an initial step. 
These off-site tests will attempt to simulate service condi-
tions to a practical degree. 

At its own option, a highway agency may choose to im-
plement these preinstallation tests as prequalification re-
quirements for any joint system that a manufacturer would 
like to have approved for use in future projects. Under this 
procedure, such prequalification requirements would not be 
included in a contract specification for a particular bridge, 
but would be issued as part of an on-going agency program 
to evaluate any product submitted for consideration (in a 
variety of sizes and skew angels) and to identify publicly 
sealing systems found tentatively acceptable. Full accept-
ance of a system could not be given until the joint is in-
stalled in an actual bridge and subjected to postinstallation 
tests recited in the bridge contract specification. Thus, the 
prequalification phase can be part of an over-all agency 
program to screen candidate joint-sealing systems. This 
approach has three important advantages: (1) prospective 
bidders have definite knowledge of produtcs that are tenta-
tively assured of approval for construction (subject to post-
installation tests); (2) there is no-time consumed in off-
site testing during the construction period to check the 
acceptability of products proposed for use; and (3) manu-
facturers are aware of any deficiencies in their product in 
advance of projects, thus enabling them to make improve-
ments as necessary. 

It is very possible that some proprietary joint-sealing sys-
tems may contain certain elements in their design that 
would have no bearing on the outcome of the testing to 
be specified for materials, components, and/or the finished 
assembly, and yet might have an influence on the longevity 
of the product, its safety characteristics, noise level charac- 

teristics, stress and wear on the deck slabs, and other fac-
tors considered important by the user agency. For this 
reason, it is essential that such elements be named at the 
outset in the performance specification in order to ensure 
that proprietary products contemplated for use will be in 
all aspects satisfactory to the agency. These elements 
would include such items as acceptable forms of anchor-
ing devices, antiskid properties on ridable surfaces, armor-
ing exposed edges of deck slabs, etc. It is imperative that 
only elements be named that are absolutely necessary to 
the over-all success of the assembly. Details that are only 
mildly desirable should not be included as they would 
defeat the purpose of a performance specification. 

If the project at hand involves the overlaying of an exist-
ing deck with.a surfacing course whose thickness the pro-
posed joint-sealing assemblymust equal in over-all height, 
this would qualify as one of the initial prerequisites to be 
named to screen out those products that cannot match this 
dimension in height. 

To be assured of the manufacturer's experience and con-
sistency in producing the assembly in question, and as an 
important device to ensure quality control, a minimum 
time period of continuous production will be stipulated. 

During the preinstallation phase, aproprietary product 
design, which meets the initial prerequisites and is being 
proposed for use, shall be tested first for strength and other 
properties of the major base materials in the assembly and 
secondly for durability and other characteristics of finished 
components and assembled sample units. 

The major base materials shall be understood to refer to 
the elastomer (rubber) and metal items in the assembly. 
The elastomers shall be restricted to a moderate range of 
classifications, strengths, and characteristics and shall be 
tested against appropriate ASTM Specifications and Test 
Methods for conformity thereto. Metal items shall be re-
stricted to specific materials and shall be similarly tested 
against appropriate ASTM Specifications and Test Methods 
for conformity. 

Other items, such as sealants, adhesives, lubricants, fab-
ric fillers, etc., will not be required to comply with any pre-
established specification except to be chemically compati-
ble with adjoining materials and to conform to the manu-
facturer's own specification. Their acceptance or rejection 
will also be determined simultaneously with the successful 
or unsuccessful testing of the finished assembly. 

Specimens of finished components and the complete as-
sembly shall be subjected to a series of tests to determine 
the unit's ability to satisfactorily withstand extended cyclic 
motion, overtravel, skewed action, water ponding (for leak-
age), check on dissipation of anchor bolt torquing under 
traffic, tensile tests on splices of segmented cushion ele-
ments, and exposure to extreme temperature conditions. 
Tests on the complete assembly will require that the device 
be mounted on concrete simulating the end portions of 
deck slabs. Since cyclic motion will be required to be de-
livered to the assembly through the concrete "slabs," re-
strictions will be placed on the maximum tension (or hori-
zontal shear) the device imposes on the slabs during the 
rated movement. In addition, the performance of the 
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concrete during the cyclic tests will visually indicate 
whether such forces are harmful or not to the deck slabs. 

It is believed that if the gap opening above a depressed 
membrane seal is held to the maximum width parallel to 
traffic commensurate with the '4-in. (102-mm) total move-
ment prescribed for joint assemblies, and the ridable sur-
faces of cushion seals and other cushion elements are not 
set lower than a prescribed dimension below the adjacent 
roadway surface, the noise level will not be objectionable 
provided no parts of the assembly are loose, thereby intro-
ducing an additional source of noise through the contact-
ing of such parts during traffic impact. It is impractical to 
attempt to simulate truck traffic over a test unit in the lab-
oratory to record noise levels, and then to equate such 
measurements to the unit after installation on the bridge. 
It is more impractical to expect an agency or joint manu-
facturer to build a dummy bridge to be used as a noise test 
site, or to find an existing installation of the same model 
while the temperature is —30 F, to conduct noise tests. 
Therefore, a proprietary product must also be assumed to 
be acceptable from a noise standpoint provided the pre-
scribed gap width and ridable elevation difference are not 
exceeded. Subsequent in-service failure, of the unit through 
loosening of elements will be assumed to eventually raise 
the noise level to objectionable limits. Rather than to gauge 
acceptance by measuring such levels, prerequisites and test-
ing must ensure against in-service loosening of the unit. 
Consequently, noise measurements will not form a part of 
the preinstallation criteria. Checking noise characteristics 
of various joint openings and depressions should, however, 
form the basis of necessary future research. 

Along this same premise, if a contract included an in-
service guarantee clause that required the contractor to 
conduct noise tests immediately after installation and again 
at the end 6f the guarantee period, any significant increase 
detected in the sound level at the end of that period would 
not indicate a change in the physical make-up of the as-
sembly but would point to the fact that some element or 
elements are becoming loose, or some change in the struc-
tural behavior or condition of the bridge or its approach 
pavement is causing traffic to produce a greater sound as 
it travels near and over the joint (e.g., poor surface con-
ditions or repairs immediately next to the joint). Another 
source of increased sound at a future date could be the re-
sult of the growing use of steel radial tires on trucks, which 
produce a louder thump when contacting a change in road-
way surface but produce no greater noise on smooth sur-
faces. Different ambient temperatures and relative humidi-
ties could also account for some difference in recorded 
noise levels. The only value that sound level measurements 
would have before and after the guarantee period would be 
to confirm the need for searching out a loose element in 
the assembly should the increased level be substantial, pro-
vided it is agreed by all concerned that this change could 
arise from no other source but the joint. For this reason 
alone, before-and-after sound level tests will be described 
in the performance specification if an in-service guarantee 
clause is contemplated. 

Deflection of the unsupported central section of cushion-
seal systems under traffic was not judged to be significant  

to the serviceability of the system, nor was it considered to 
be contributory to the noise level to any perceptible degree. 
As a result, no tests are planned for live-load deflections. 

Very few of the currently available joint-sealing systems 
afford any measure for protecting the unit from the dam-
aging effects of snowplow blades in northern states. Some 
propose raised "skid" plates that are welded to one span 
side of the unit and rest loosely across the other span side; 
these loose plates are effective blade-raisers but are also a 
source of objectionable noise throughout the year. Raised 
plate devices that are fully welded to embedded plates in 
cushion elements are satisfactory to a degree (provided 
they are embossed for antiskidding purposes). In some 
areas, snowplows are equipped with rollers and/or other 
devices to ensure that the blades are raised a fraction of 
an inch above the roadway, but this results in leaving a thin 
skin of snow on all roadways that is objectionable from a 
safety standpoint. The fitting of a hard rubber edge to the 
steel plow is quite effective in removing snow and harmless 
to joints until the edges wear down. Angling plow blades 
at a skew that will hopefully not be coincident with the 
skew angle of any bridge joint encountered in the routes 
traveled by snowplows is not practical. There is no fully 
effective measure that can prevent scarring of metal or 
rubber surfaces of joints that does not have some dis-
advantage or long-term shortcoming. In northern states 
where plow damage is a major concern, it becomes a matter 
of preference for some joint device or snowplow technique 
that has offered a degree of satisfaction. The performance 
specification in this report will make no positive require-
ment for any supplementary guard device for the assembly. 
Any agency desiring to minimize plow damage to joints 
may augment the specification with a mandatory joint de-
vice or design with which it has found particular favor, 
or may require the contractor to propose a device com-
patible with the joint model he proposed, subject to the 
agency's approval. 

It is appreciated that the arrangement of reinforcement 
steel for the deck slabs in the immediate vicinity of the 
joint-sealing system cannot be finalized until the proposed 
system passes all preinstallation tests and the joint configu-
ration is known. The contractor will be made responsible 
for modifying the reinforcement steel to suit the selected 
system. 

It cannot be emphasized too strongly that (if a prequali-
fication program is not implemented) sufficient time must 
be allowed for the preliminary screening of proposed pro-
prietary products, for the preparation of test specimens or 
units, and for the conduct of the tests, including the pro-
vision for possible discarding the first product proposed and 
proceeding to a second and perhaps third choice. Much 
lead time must be considered for this item in the over-all 
progress schedule for bridge construction, and bidders as 
well as the contractor must be fully alerted to this problem. 

Postinstallation Criteria 

After an agency accepts a proposed joint-sealing system 
on the basis of satisfactory test results during the pre-
installation phase, the contractor must be permitted to per-
form the installation in whatever manner he deems best, 
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with the implied concurrence of the manufacturer. This is 
the philosophy behind a true performance specification. 
Notwithstanding this philosophy, the contractor will be 
obliged to accomplish or avoid certain critical results dur-
ing installation provided the performance specification does 
not prescribe how these results are to be accomplished or 
avoided. Examples of required installation procedures are 
the following: the ridable surface of cushion elements will 
be required to be set a specific distance below the adjacent 
roadway surface; and if cushion-seal systems are installed 
at temperatures beyond a permissible latitude from the 
midpoint of the design temperature range, the assembly 
must be compressed or stretched accordingly during in-
stallation to simulate the stressed dimensions of the unit at 
the installation temperature. 

Once installed, however, the only field test recommended 
to be performed is a water ponding test for leakage. 

If an agency should elect to include an in-service guaran-
tee clause in the contract, another leakage test should be 
undertaken at the end of the guarantee period. 

As mentioned earlier with regard to contracts with a 
guarantee clause, it might be considered of some value to 
conduct sound level measurements soon after installation as 
a frame of reference against a later set of sound measure-
ments at the end of the guarantee period to detect loosen-
ing of parts that may not be visibly apparent. Therefore, 
sound level tests will be included for such a contingency. 

RECOMMENDED PERFORMANCE SPECIFICATION 

Influenced heavily by all the input afforded to this study, 
representing the experiences and opinions of many highway 
agencies and industry representatives, the following per-
formance specification for a joint-sealing system was pre-
pared respecting the desires and goals of many to obtain a 
functional and serviceable proprietary product, selected on 
the basis of some degree of equitable price competition. 

Much consideration was given to the variety of design 
styles being produced today and the impact these specifica-
tion requirements would have on such products and their 
future position in the competitive field. For this reason, 
several preferences expressed by user agencies were weighed 
as to their true value and validity as an improvement to 
current joint models before stipulating requirements that 
would necessitate serious modifications in a manufacturer's 
production. In many cases, such preferences were dis-
regarded but never as a compromise in over-all quality of 
the specification. At the same time, the specification did 
not bend to favor a true shortcoming of any one product. 

This performance specification is intended to cover the 
possible use of membrane-seal systems and cushion-seal sys-
tems, as defined earlier. Certain requirements apply to only 
one system type and the specification so states. Where a 
product does not conform entirely to this specification, it 
is hoped that the manufacturer may take steps to upgrade 
his product for compliance at a future time. Partial success 
in the preinstallation testing phase may indicate a product's 
limited use in a project; for example, a unit may not per-
form satisfactorily at skews greater than 450  but is per-
fectly acceptable for joints of lesser skew. 

Should a highway agency wish to develop a standard  

joint design of its own, it could be guided in such develop-
ment by the performance specification following. Since the 
membranes, retainers, and other components of most 
manufactured membrane-seal systems may be purchased 
separately and used with other components different from 
those shown in brochures, the development of such a 
hybrid design by an agency is entirely possible. It is less 
likely, however, in cushion-seal systems. In the event of 
an agency's adopting a system as its standard, whether or 
not entirely available from one manufacturer, the bridge 
contract "performance" specification should not then con-
tain as many restrictive clauses and test requirements as 
herein stipulated because a great deal, if not all, of the 
responsibility for performance has been taken on by the 
agency by virtue of its own joint design. The bridge speci-
fication should in that case be reduced to a more conven-
tional one, specifying particular materials and methods of 
construction. A ponding test would be of little significance 
to the contractor if he used the agency's materials and 
exercised careful workmanship under agency inspection. 

An alternative use for this performance specification 
would be in setting forth governing criteria and tests to 
prequalify joint designs for an agency. The proposed speci-
fication, with few modifications, could serve as the basis for 
tentatively approving or rejecting proprietary systems well 
in advance of an actual contract award. Those systems sat-
isfactorily passing this specification would be placed on a 
list of tentatively approved designs for future projects. The 
subsequent contract specification would then be greatly 
simplified because all pretesting is completed. 

Although the previous two options are always open to 
highway agencies, the performance specification following 
has been written to serve a governing criterion in a specific 
project (not as a prequalification) where the selection of 
design is that of the contractor's. 

In earlier discussion on the aspect of noise, it was stated 
that, until further research sheds new light on the subject, 
it would be assumed that a membrane-seal system with the 
capability of a maximum horizontal movement of 4 in. 
(102 mm) normal to the joint faces installed at any skew 
angle would not be objectionable from a noise standpoint 
or from the joint's ability to easily and smoothly accom-
modate passage by narrow and standard tires without track-
age (diagonal pulling across the open gap). Theoretically, 
a model designed for a movement of 4 in. (normal mea-
sure.ment) when placed in a joint of45° skew would, at the 
coldest temperature, provide an open gap (above the de-
pressed membrane seal) of about 53/4  in. (146 mm) mea-
sured parallel to the wheel path. If it should later develop 
that a gap width of 53/4  in. parallel to traffic would create 
objectionable noise and/or trackage, a limitation should be 
placed on this dimension in the performance specification; 
in effect, membrane-seal systems may be prohibited from 
such a joint and the use of a cushion-seal system dictated. 

Similarly, a 35° skewed joint calling for a total move-
ment range parallel to traffic of 3 in. (76 mm) would theo-
retically point to the use of a unit that can accommodate 
21/2 -in. (64-mm) movement normal to joint faces. How-
ever, for reasons of better service, the manufacturer may 
elect to propose his unit designed for 31/2  in. (89 mm) or 
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4 in. (102 mm) (normal to joint faces) in that location. 
Consequently, the units submitted for skewed testing in the 
preinstallation phase may include different sizes for differ-
ent skews. 

It is quite possible that a project involving a variety of 
required horizontal movement ranges and skew angles of 
joints may dictate the need for more than one brand 
of assembly in the same project, or perhaps in the same 
bridge. Except for the additional preinstallation reviews, 
testing and results analyses, there should be no objection to 
having joints of different manufacturers in the same bridge 
if it develops that there are technical and economic advan-
tages in doing so. 

With reference to earlier discussion stating that the pri-
mary thrust of this study was not directed toward cellular 
compression seals commonly used for movements up to 
2 in. (51 mm), it is expected that this performance specifi-
cation would be intended for use on joints where compres-
sion seals will not suffice. In any event, this specification is 
not designed to cover compression seals. 

Determining such test criteria as the number of cycles of 
cyclic motion, time durations for ponding, magnitude of 
wheel loads, number of wheel passages, and so forth, to 
equate accurately to reasonable time periods, temperature 
changes, traffic volumes, and other service conditions of a 
joint after installation on a bridge is an extremely difficult 
task. As a minimum, it requires a judicious combination 
of bridge experience and professional judgment; the test 
criteria in this specification were so founded. Admittedly, 
another research agency might have selected somewhat dif-
ferent parameter limitations. Extensive supplementary re-
search is needed to verify or modify these values and/or 
suggest other modes of testing for joint characteristics. 
(This has been suggested in Chapter Four.) Until such 
additional tasks are performed and their impact on these 
test criteria evaluated, the values in the following specifica-
tion should serve all users very effectively, causing neither 
the acceptance of substandard systems nor the rejection of 
satisfactory products. 

The recommended performance specification follows. 

SPECIFICATIONS FOR BRIDGE DECK JOINT-SEALING 

SYSTEMS (MEMBRANE- AND CUSHION-SEAL TYPE) 

Description 

The Contractor shall furnish and install acceptable pro-
prietary and/or nonproprietary joint-sealing systems, utiliz-
ing a rubber membrane or rubber cushion as the sealing ele-
ment, at the bridge deck joint locations stated below in 
accordance with these Specifications. The Contractor will 
be solely responsible for selecting appropriate products and 
model sizes for proposed use, conducting all testing (in-
cluding preparation of test specimens and assemblies) re-
quired in both the preinstallation phase to determine prod-
uct acceptability and the postinstallation phase to determine 
installation acceptability. Design systems from more than 
one manufacturer will be permitted. 

(if an agency desires to require an in-service guarantee 
clause, provisions should be made here to indicate the gen-
eral terms of that clause, to mention the Contractor's re- 

sponsibility in conducting in-service tests, and to refer  to 
details of the guarantee terms and additional testing else-
where in the Specifications.) 

(Sample table of necessary joint information is shown as 
follows.) 

Total Joint 
Joint Substructure 	 Movement 
No. 	Unit 	Skew Angle 	Range 

North Abut. 0° 2.85" (72.4 mm) 
Pier 3 15°-30'-00" 3.72" (94.5 mm) 
Pier 5 48°40'-30" 5.08" (129.0 mm) 
Pier 8 0° 3.21" (81.5 mm) 

7 	South Abut. 	22°-00'-00" 	2.49" (63.2 mm) 

* Measured parallel to centerline of bridge. Based on design range of 
ambient temperature between —30°F and +120°F.  (May also include an 
allowance for possible abutment movement or superstructure creep, if the 
designer so wishes.) 

The Plans show the joint locations, deck cross sections, 
and tentative reinforcement steel details at the ends of deck 
units. The Contractor may, subject to the approval of the 
Engineer, modify the forming and reinforcing of the con-
crete deck in the vicinity of joint assemblies as may be 
necessary to accommodate a specific joint design. He shall 
include such details on shop drawings submitted for ap-
proval. Payment for deck concrete and reinforcement steel, 
as modified, will be made on the basis of actual final bridge 
quantities representing as-built conditions. 

The joint systems shall be completely watertight from 
parapet to parapet and throughout the entire movement 
range prescribed above. Systems which permit the passage 
of deck runoff through the joint within the roadway area 
(curb-to-curb) and require supplementary devices, such as 
underdeck troughs to collect the runoff and divert it to 
downspouts, will not be considered as watertight designs. 
Sliding plate assemblies' will not be permitted in roadway 
areas. Design limitations outside gutter lines to the para-
pets are prescribed hereinbelow under "Basic System Pre-
requisites." 

Promptly after receipt of the written notice to proceed 
on this Contract, the Contractor shall prepare and submit 
for cnsideration shop drawings detailing the proposed 
joint-sealing systems, including all necessary technical data 
to substantiate conformance with the general system re-
quirements and material specifications given herein. Cata-
log cuts will be acceptable as part of the submission. It is 
absolutely essential that this submission be made as early 
in the Contract period as possible in order to allow ade-
quate time for the preliminary review of proposed systems, 
necessary preinstallation testing and results analyses, and 
the possibility of rejection of the first product proposed and 
the processing of a second or third product. The Contrac-
tor will be fully responsible for any construction delays 
(and possible liquidated damages) caused by late shop 
drawing submissions, laboratory testing, resubmissions, 
field testing, removal and replacement of unsatisfactory 
field installations, etc. 

(The foregoing paragraphs should be revised appropri- 
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ately if the agency intends to employ this performance 
specification as a prequalifying  measure prior to the award 
of construction contracts, in which case joint movements 
and skews can be generalized. Pre qualified products should 
then be named in the bridge contract specifications (includ-
ing sizes) as tentatively acceptable systems subject only to 
postinstallation testing.) 

Definitions 

The term "seal" shall hereinafter be understood to refer 
to the device or part of a device actually spanning the gap 
of the open deck joint. 

The term "rubber" shall refer to any elastomer of natural 
and/or synthetic rubber commonly used in the make-up of 
joint-sealing assemblies. 

The term "membrane" refers to a seal constructed as a 
thin pad of rubber (approximately ½ inch thick), gen-
erally bent or U-shaped in the central portion of the joint 
and flat or knob-formed along the winged edges, depending 
on the manner of anchorage or retainage. 

The term "cushion" shall refer to a seal, retainer, or 
portion of an assembly constructed as a thick rubber pad 
(approximately 11/2  to 21/2  inches thick). 

The term "retainer" shall refer to the device on each side 
of the joint gap which grips the knob-formed edges of 
membrane seals, or which clamps the winged flat edges of 
membrane seals to the deck by means of bolted anchorages. 
Edges of thick rubber material manufactured monolithic-
ally with a thin seal are not considered as retainers but are 
a part of the over-all seal design. 

The term "blockouts" shall refer to the formed recesses 
in the ends of the concrete decks which are to receive the 
joint-sealing assembly. (Not required for all assembly 
designs.) 

The term "seat" shall refer to the horizontal surface of 
a blockout. 

The term "shoulder" shall refer to the vertical surface of 
a blockout. 

Basic System Prerequisites 

The system or systems to be proposed for use under this 
Specification must comply with the following prerequisites 
before being considered for acceptability: 

Each joint must be able to accommodate the full 
movement range indicated therefor in the table above, con-
sidering skew and overtravel (hereinafter specified), with 
one single unit; modular designs comprising two or more 
basic units are not permitted. 

The complete system must be fully watertight at all 
points, from parapet to parapet, throughout its entire 
movement range. 

Beyond gutter lines, the seal shall either: (1) follow 
generally the surface configuration of the curb face, side-
walk, and inside face of parapet (slight deviations from 
surface along chords or sharp curves are permitted); or 
(2) extend into the sidewalk and parapet area at a lower 
level approximately at gutter elevation, curving, or chord-
ing upward toward the fascia. Splices will be permitted in  

cushion seals and in metal retainers of membrane seals at 
and beyond gutter lines in either case. 

'the following requirement governs Case (1): 

a. The seal shall be carried up the inside face of 
parapet to a height of at least 1' 8" above the gutter 
elevation. 

The following requirements govern Case (2): 

The seal shall be carried beneath/into the parapet 
to a point 2 inches from the fascia lines and to a 
height of at least 10" above the gutter elevation. 
The opening above the joint blockouts in the side-
walk surface and curb face shall be covered with 
steel sliding plate(s) or finger plates, attached to 
but made removable from the side(s) of the joint. 
Where no sidewalk exists, the blockouts in the 
inside face of parapet shall be similarly covered. 
Where steel surfaces will rest loosely on and slide 
against steel or concrete surfaces, measures shall 
be provided to separate such surfaces with noise-
absorbing material. 

The system proposed for use must have been in con-
tinuous production by the manufacturer for at least six (6) 
months. The manufacturer shall have been in the joint-
sealing industry for at least one (1) year. Periods are 
measured prior to the time of bidding. 

Aluminum surfaces in contact with concrete shall be 
heavily coated with bituminous or zinc chromate paint. 

Edges of the concrete roadway slab abutting the joint 
assembly at the roadway level (shoulder of the blockout) 
shall be armored with steel. 

Components not positively anchored or otherwise se-
curely fastened to the remainder of the assembly shall not 
be used; for example, bolt covers inserted into recesses of 
rubber cushions, metal plates welded along one or two 
sides, etc. 

All retainers and armoring steel shall be securely 
anchored to the deck concrete through devices set in place 
prior to concreting. Anchor bolts set into holes drilled into 
hardened concrete with mortar or into concrete expansion 
anchors will not be permitted. 

Ridable surfaces of the joint assembly wider than 
2 inches (51 mm), whether of rubber or metal, shall be 
embossed, grooved, or otherwise treated to provide anti-
skid properties. 

Metals completely embedded in rubber cushion ele-
ments shall not be closer than ½ inch (3.2 mm) to a rid-
able surface or 6 inch (1.6 mm) to a nonridable surface. 

In passing through its full range of rated movement 
(without overtravel), the joint system shall not impose a 
tensile force greater than 1,200 pounds per linear foot on 
the adjoining concrete slabs (whether or not exerted 
through horizontal shear in anchor bolts). The force shall 
be measured parallel to the centerline of bridge and the 
linear footage shall be measured perpendicular to the 
centerline of bridge. (1,200 PLF is a conservative figure 
for the usual end of slab detail and should satisfy every seal 
type now available. However, the designer may modify this 
permissive force if he so desires.) 
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11. Transverse joints on a skew angle greater than 45°, 

and all longitudinal joints, shall not contain a surface void 
along the line of joint which is wider than 13/4  inches mea-
sured normal to the joint centerline (to prevent motorbike 
wheel trackage). 

(Agencies may insert at this point any other prerequisite 
pertinent to the particular contract at hand, such as a 
mandatory device or open selection of devices to be in-
stalled as a guard against snowplow damage, or the height 
of joint unit on a deck overlay project. Agencies are cau-
tioned against including restrictions or specific details that 
undermine the contractor's sole responsibility for a success-
ful joint assembly.) 

Preinstallation Testing 

After a system has been. approved as to the above basic 
prerequisites and shop drawings have been conditionally 
approved pending the sucecssful outcome of the testing pre-
scribed herein, major base materials (rubber and metal) are 
to be checked for conformity to ASTM Specifications, and 
fabricated components of the assembly and complete as-
sembly units are to be tested in accordance with the follow-
ing procedures. The satisfactory passing of these checks 
and tests shall indicate that the system is approved for in-
stallation (and subject to postinstallation testing prior to 
full acceptance). 

Submitted certifications and test results by independent 
laboratories as to conformity of rubber and metal base 
materials to ASTM Specifications will be acceptable proof 
of compliance. 

The Contractor shall arrange for and bear all costs of 
the prescribed testing of fabricated units and assembled 
units to be undertaken by an approved testing laboratory 
facility, which testing and specimen preparation shall be 
subject to inspection at all times by the Engineer. 

1. Tests on Major Base Materials: 
a. Rubber. Rubber components of the assembly shall 

consist of a vulcanized elastomer of natural or syn-
thetic rubber or a combination of both (excluding 
reclaimed rubber). The characteristics of the spe-
cific elastomer proposed for use shall be identified 
by means of the "line call-out" method of specify-
ing set forth in ASTM classification System D2000 
and shall comply with the physical properties as-
sociated therein with the named line call-out. (Ex-
amples of customary Type! Class designations in 
the line call-outs which are used in the joint-sealing 
industry are BA, BC, BE, and DA.) 

The Durometer hardness (ASTM Test Method 
D2240) shall be not less than 50 points nor more 
than 70 points except for thin membranes and sec-
tions directly beneath tightened nuts which may be 
permitted to reach 90 points. 

The tensile strength (ASTM Test Method D412, 
die C) shall not be less than 2,000 psi. The per-
centage of elongation at rupture shall not be less 
than the value corresponding to the actual hard-
ness and tensile strength in the appropriate Type! 
Class tabulation in Table 6 of ASTM D2000. 

As a minimum, the elastomer shall also have 
characteristics equal to or better than the line call-
out suffix requirements described under Grade 2, 
Type B, Class C for Suffixes A14, B14, C12, E34, 
F17, G21, and Ku. 

In addition, any elastomer intended to support 
traffic shall be tested for abrasion resistance in 
accordance with ASTM Test Method D1630. An 
index of 200 or greater is permissible. 
Steel. Exposed steel shapes and plates shall con-
form to ASTM Specification A588 or A242. If 
extruded, the straight tolerance shall not exceed 
1/8  inch (3.2 mm) in 10 feet (3.0 m). Exposed 
surfaces shall be painted or galvanized. 

Steel shapes, plates, and bars entirely embedded 
in concrete shall conform to ASTM Specification 
A36, A242 or A588, at the Contractor's option. 

Steel hardware (bolts, nuts, washers, etc.) shall 
be stainless steel conforming to ASTM Specifica-
tion A276 for Type 302 or 304 and passivated in 
accordance with Federal Specification QQ-P-35. 
Aluminum. Exposed extruded or rolled aluminum 
shapes and plates shall be alloy 606 1-T6 conform-
ing to ASTM Specification B221 or B308, as ap-
plicable. 
Other Materials. Material specifications for all 
other items entering into the assembly, such as 
sealants, adhesives, lubricants, metal or fabric re-
inforcement in rubber elements, welding elec-
trodes, etc., shall be furnished by the Contractor 
and shall be identified on the shop drawings. All 
materials must be chemically compatible with any 
adjoining material. 

(Agencies may insert preferred specifications for 
any of these items at this point, recognizing that it 
may restrict the contractor's choice of designs.) 

2. Tests on Fabricated Assemblies: 

a. General. If any of the following required tests for 
this project were performed as part of a previous 
contract on identically the same system model(s) 
(size) and under exactly the same conditions 
(skew, movement range, etc.) within five (5) cal-
endar years prior to the award date of this Con-
tract, and the test results were found to be satis-
factory, such specific tests will be waived for this 
Contract, provided said test records are submitted 
to the Department for approval. This shall apply 
whether or not such previous contract or contracts 
wereperformed by this Contractor. 

The ambient temperature in the area where the 
preinstallation testing takes place shall be between 
55° and 70°F, except during the prescribed tern-
peratur.e variation test. 

In the event of minor failure in any of the tests 
described below, the Contractor will be given one 
opportunity to modify the system in whatever way 
he deems necessary and to repeat the same test. A 

-second failure may be cause for rejection of the 
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system or perhaps only the one model, depending equal to the full rated normal movement 
on the degree of noncompliance. 	In all cases of divided by the cosine of 10°. 
failure, the Engineer will be the sole judge as to (2) For the second largest model proposed: 
the seriousness of the failure and its impact on the 
product's long-term serviceability, If the maximum joint skew angle intended 

The Engineer reserves the right to restrict the for that model in this Contract is larger 

use of certain systems and models to specific than the maximum skew for the largest 

bridge joint locations in the event of product fail- model, 1 specimen unit set at that actual 

ure on severe skews. maximum skew angle with the required 

The Engineer shall be notified at least 48 hours total movement range equal to the full 

in in advance of the scheduled beginning of any. off- normal movement divided by the co- 

site test on fabricated units (as well as subsequent sine of that skew angle.  
bridge site tests), and no test shall begin without If the maximum joint skew angle intended 

the presence of the Engineer or his representative for that model on this Contract is equal to 

and without his approval of the testing equipment or smaller than the maximum skew for the 

and setup. largest model, 	no 	test 	required 	for the  
Under no circumstances will materials salvaged second largest model.  

from test specimens be permitted to be reused in (3) For the third largest model proposed: 
field installations under this Contract. If the maximum joint skew angle intended 

b. Cyclic Motion, Temperature and Leakage Tests— for that model in this Contract is larger 
Roadway Unit. For this combination of tests, each than the maximum skew for either the first 
test specimen unit shall consist of a fully assembled or second largest model, 1 specimen unit 
roadway section, not less than 5 feet (1.52 m) set at that actual maximum skew angle 
long, of the joint-sealing system(s) proposed for with the required total movement range 
use. 	The number of specimen units to be tested equal to the full rated normal movement 
for each system design 	(different manufacture) divided by the cosine of that skew angle. 

shall be determined as follows: If the maximum joint skew angle intended 
for that model in this Contract is equal to 

(1) 	For the largest model (size) proposed: or smaller than the maximum skew for 
If the maximum joint skew angle intended either the first or second largest model, no 
for that model in this Contract is over 40°, test required for the third largest model. 
1 	specimen unit set at that actual maxi- 

(With specific knowledge of actual joint data 
mum skew angle with the required total 

on a particular project, the agency may wish to 
horizontal 	movement 	range 	(parallel 	to 

modify the above test specimen' criteria to cover 
bridge centerline) 	equal to that stated in 

unusual combinations of skew and movement. Ob- 
the table hereinabove for that particular 

viously revisions are in order if this specification is 
maximum skew, and 1 specimen unit set 

to be used in pre qualifying products in advance of 
at 30° skew with the required total move- a project.) 
ment range equal to the full rated normal Each specimen unit shall consist of a fully as- 
movement (established for that model by sembled section of the system containing all ma- 
the manufacturer) divided by the cosine of terials intended for the actual field installations, 
30°. 	(This 30° skewed unit test can be including sealants, adhesives, armorings, etc.,-  and 
deleted if none of the joints are less than installed on reinforced concrete mountings exactly 
40°.) as intended for the actual field installations. 	The 
If the maximum joint skew angle intended minimum length of the unit shall be 5'0" (1.52 m) 
for that model in this Contract is between long. Each side of the assembly shall be supported 
30° and 40°, 	1. specimen unit set at 40° on a concrete slab extending at least 12 inches 

- skew with the required total movement (305 mm) beyond each edge of the assembly. The 
range equal to the full rated normal move- slab end dimensions and shape (including haunch) 
ment divided by the cosine of 40°, shall be as shown on the Plans and shall be re- 
If the maximum joint skew angle intended inforced with bars of the size, spacing, and ar- 
for that model in this Contract is between rangement also shown thereon. The concrete shall 
10° and 30°, 	1 specimen unit set at 30° have a 28-day compressive strength of not less 
skew with the required total movement than that shown for deck concrete on the Plans, 
range equal to the full rated normal move- as verified by a cylinder test. 	(Assembly units 
ment divided by the cosine of 30°. shall not be tested until the concrete has aged for 
If the maximum joint skew angle intended 28 days.) Substantial anchor devices separate-from 
for that model in this Contract is between those used for the joint assembly shall extend be- 
0° and 10°, 1 specimen unit set at 10° skew yond the vertical edges of each slab through which 
with the required total movement range the mechanical apparatus shall impose the push- 
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pull forces necessary to produce the horizontal 
cyclic motion prescribed below. The slabs shall be 
fully supported along their bottom surface. 

A crown of roadway shall be formed in the 
roadway surface and in the seat of the blockout (if 
one is required), with surfaces sloping away to 
each end of the unit at the rate of 1/4  inch (6.4 
mm) per foot (305 mm). To simulate span set-
tlement, all parts of the slab supporting one side 
of the joint shall be ½ inch (3.2 mm) lower than 
the corresponding parts on the other side, includ-
ing the two opposite edges of the blockout seats (if 
blockouts are required). In addition, for cushion-
seal systems only, the entire slab and blockout seat 
on one side only shall be sloped downward 3° in 
the direction of traffic to simulate span end rota-
tion due to live load; and, to simulate mediocre 
workmanship, an intentional out-of-plane depres-
sion shall be formed in the concrete seat of one 
blockout amounting to a 	inch (1.6 mm) de- 
pression in a length of 12 inches (305 mm), on 
which no repair patch material shall be placed. 
This depression will not be required if the entire 
seat of both blockouts is armored with steel plates 
or angles. 

If the system involves segmented rubber cushion 
elements, at least one segment-to-segment splice 
shall be included in the specimen unit. 

The specimen unit shall be attached to mechani-
cal apparatus capable of imparting sufficient forces 
to change the distance between the two slabs by 
the total horizontal movement ranges prescribed 
above in a direction parallel to the centerline of 
bridge. 

The joint assembly shall be tested through cyclic 
motion from extreme span contraction to extreme 
span expansion equal to the prescribed movement 
range. Each cycle (from extreme contraction to 
extreme expansion to extreme contraction) shall 
take place in approximately one (1) minute. 

Before beginning each cyclic motion test, the 
Contractor shall conduct a load-recording test to 
determine the tensile and compressive force per 
linear foot required to maintain the joint assem-
bly in position at each point of the requirement 
movement range (without overtravel). The forces 
shall be applied in the direction . parallel to the 
centerline of bridge. Only one load test will be 
required with each cyclic motion test. 

The assembly shall be capable of withstanding 
5,000 cycles without any signs of destruction, such 
as tears, cracks, rupture, pullout from retainers (if 
the membrane type), damage to concrete slabs, or 
other defects that would cause the joint to leak. 

On the first 5 cycles only, the movement range 
shall include an overtravel at each extreme posi-
tion of /8 inch (9.5 mm). 

After 2,500 cycles and again after 5,000 cycles, 
the entire top surface of the specimen unit shall be 
diked and ponded with water to a depth of not less 

than 1 inch (25 mm) above the highest point on 
the top (roadway) surface. The water shall re-
main in place for a total of 9 hours-3 hours in 
the extreme compressed condition, 3 hours at the 
midpoint of the movement range, and 3 hours in 
the extreme stretched condition. The assembly 
shall remain watertight throughout both tests. (Wa-
ter shall be removed after the first ponding test in 
order to conduct the temperature test and then to 
continue the remaining 2,500 cycles.) The assem-
bly shall be considered watertight if no obvious 
wetness is visible on the inspector's finger after 
touching a number of areas on the exposed under-
side of the assembly and on any surface of the 
deck slabs beneath the seal. Damp concrete which 
is not wet enough to impart wetness to the finger 
will not be considered as a sign of leakage. 

Upon successful completion of the 2,500 cycles 
and the first ponding test, the specimen unit shall 
be brought to the midpoint of the movement range 
and placed in a temperature chamber. The unit 
shall be subjected to 10 cycles of extreme tempera-
ture. Each cycle shall consist of raising the tem-
perature to 120°F, maintaining that temperature 
for 30 minutes, lowering the temperature to 
—30°F, maintaining that temperature for 30 min-
utes, and raising the temperature again. As the 
temperature is raised to 120°F, the unit shall be 
brought to the extreme compressed condition. As 
the temperature ,  is lowered to —30°F, the unit 
shall be brought to the extreme stretched condi-
tion. At the conclusion of the 10 temperature 
cycles, the unit shall be removed from the cham-
ber. and examined. If no distress is evident, the 
cyclic motion test shall resume for its final 2,500 
cycles and second ponding test. 

c. Cyclic Motion and Leakage Tests—Curb Unit. If 

the rubber seal in a system will contain a splice at 
or beyond the gutter lines to the parapets, or will 
be in any way cut or altered within such limits, 
one assembled specimen unit for each joint system 
design covering the gutter-curb-sidewalk-parapet 
section shall be tested for 5,000 cycles of rated 
motion (including the initial 5 cycles of over-
travel) and two ponding tests in the manner pre-
scribed above for the roadway unit. The load-
recording test and temperature test will not be re-
quired. Splices in metal retainers alone do not 
constitute cause for requiring curb unit tests. 

The specimen unit shall consist of the smallest 
model proposed for use, set at a joint skew angle 
of 20°, and comprising a deck surface of 12 inches 
(305 mm) of shoulder/gutter set horizontally, 9 
inches (229 mm) of curb face tilted back from the 
vertical 10°, 12 inches (305 mm) of sidewalk set 
horizontally, and 12 inches (305 mm) of parapet 
set vertically (modify description of curb, side-
walk, and parapet to suit Plans). Reinforced con-
crete slabs and parapets, similar to the actual ends 
of deck units shown on the Plans, shall support 



both sides of the joint assembly. Blockout seats 
shall not be intentionally distorted or depressed as 
required for the roadway unit. All items in the 
assembly that are not continuous shall be miter-
spliced at all breaks (steel retainers, armors, etc., 
shall be butt-welded). Sealants, adhesives, etc., 
shall also be applied as for the final field installa-
tion. 

The top surface of the specimen unit shall be 
ponded with water such that no point of the as-
sembly, including the top of curb, shall have less 
than 1 inch (25 mm) of water. (The unit may be 
tilted as desired and bulkheaded along the sides to 
facilitate ponding.) 

The water shall remain in place for a total of 
9 hours-3 hours in the extreme compressed con-
dition, 3 hours at the midpoint of the rated move-
ment range, and 3 hours in the extreme stretched 
condition. The assembly shall remain watertight 
throughout the entire 9-hour period. The deter-
mination for watertightness shall be as described 
for the roadway unit leakage test. 
Cushion Splice Test. If a system includes a rubber 

cushion element (thick pad) which is not pro-
duced as a continuous element but is supplied in 
segments, the segment-to-segment splice shall be 
tested in tension to rupture. If a membrane is 
manufactured monolithically with the cushion, the 
membrane shall likewise be included in the splice 
for testing. 

Each specimen unit shall consist of two stan-
dard segments of a cushion element with ends 
mated and spliced in whatever mannçr the Con-
tractor desires (adhesive, vulcanizing, etc.). The 
spliced unit shall be tested with appropriate ap-
paratus in tension until the unit ruptures. 

Three specimen units of the smallest model pro-
posed for use shall be so tested and the tensile load 
at rupture recorded. If all three units rupture at a 
point not at the splice, the splice is acceptable. If 
one or more units rupture at the splice, a separate 
standard segment without splice shall be tested to 
rupture and the tensile load recorded. If the av-
erage of the tensile strengths of the spliced units is 
equal to or greater than 80 percent of the tensile 
strength of the unspliced segment, the splice is ac- 
ceptable. If not, another splicing technique must 
be proposed and similarly tested until found ac-
ceotable. 

e. Bolt Torque Dissipation Test. If anchor bolts are 

used in securing the joint-sealing assembly to the 
deck slabs, a test shall be performed to assess the 
amount of bolt torque dissipation after subjection 
to simulated traffic. If more than one design sys- 
tem utilizing anchor bolts is intended for use, a 
separate test shall be performed for each system. 

The test specimen unit shall consist of a fully 
assembled section of the system similar to that 
described above for the cyclic motion test, except 
that it shall be 3 feet (915  mm) long, set at 00 

skew, the roadway shall be horizontal and Un-
crowned, segmented cushion splices are not neces-
sary, sealants nccd not be used, and the assembly 
shall be set at the midpoint of the movement range. 

The unit shall include the largest model pro-
posed for this Contract. Only one test will be 
required per design system. 

After the assembly is completed and the con-
crete slabs aged 28 days, the anchor bolt nuts shall 
be torqued to their required amount. After 7 days, 
the nuts shall be retorqued to restore full value 
(usually the result of rubber elements compressing 
gradually) and the torque values on the center bolt 
nuts recorded. 

The specimen unit shall then be placed in a 
hydraulic ram apparatus capable of delivering an 
8,000-pound (35.6-kN) downward blow to each 
half of the joint, not simultaneously but in rapid 
succession to simulate wheel passage, applied near 
the center of the specimen unit. The ram shall be 
faced or attached to an inflated rubber tire (85 psi 
minimum air pressure) as the contracting element. 
There shall be an interval of approximately 5 sec-
onds between wheel passages. The specimen unit 
shall be held in the extended position at the ex-
treme end of its rated movement (without over-
travel). 

After 50,000 consecutive wheel passages, the 
torque on the center anchor bolt nuts shall be 
checked and compared with the initial values just 
prior to wheel testing. A dissipation in bolt torque 
of 1 percent or less is considered satisfactory for 
this limited test of simulated traffic. 

A visual examination shall also be made of the 
assembly for any damage or loosening of parts. 
Any damage or loosening shall render the model 
unacceptable. 
Vehicular Braking/Traction Test. For each design 

system proposed for use, a test to simulate the 
braking or traction of a vehicle on the joint as-
sembly shall be performed. 

The test shall be performed on the same speci-
men unit used for the bolt torque dissipation test 
after that test is successfully completed. If that 
test was not required (no anchor bolts), a speci-
men unit identical to that described for the bolt 
torque dissipation test shall be prepared. 

A mechanical apparatus involving a standard 
truck tire (85 psi minimum air pressure), mounted 
on an axle and supporting a load of 8,000 pounds 
(35.6 kN), shall be drawn across the full top sur- 
face of the joint assembly in the direction parallel 
with traffic. It shall be drawn across the joint 
(near its center) with the wheel locked and rolled 
back to the starting point with the wheel unlocked, 
constituting one cycle. One cycle shall take ap- 
proximately 2 seconds. The specimen unit shall be 
held in the extended position at the extreme end 
of its rated movement (without overtravel). 

After a total of 50,000 consecutive cycles, the 
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joint assembly shall be visually examined for any 
damage or loosening of parts. There shall be no 
signs of distress or loosening. 
Membrane Puncture Test. For membrane-seal sys-

tcms only, a test shall be conducted to determine 
the membrane's capacity to resist puncture, pull-
out from retainers, or other distress due to the 
passage of traffic when the membrane is covered 
with granular debris. 

The test specimen unit shall consist of a section 
not less than 2 feet (610 mm) long of the entire 
joint assembly, using the largest model, with each 
side mounted on substantial wood block supports 
at least 6 inches (152 mm) thick (in lieu of con- 
crete slabs). The assembly shall be opened to 
90 percent of its full rated opening and the cen-
ter depression filled with a 50-50 mixture of coarse 
sand and gravel with no particle larger than 3/4  

inch (19 mm). The granular "debris" shall be 
placed to a level approximately ½ inch (13 mm) 
higher than the level of the roadway for the full 
width and length of the assembly. The center 
6" x 6" (152 mm x 152 mm) shall be covered with 
a steel plate about ½ inch (13 mm) thick. The 
overflow debris on the surface shall be restrained 
laterally in a reservoir condition. 

A rubber-tired ram apparatus shall deliver 
8,000-pound (35.6-kN) downward blows to the 
center of plate at intervals of approximately 5 sec-
onds between blows. 

After 10,000 consecutive blows, the membrane 
shall be examined for punctures and as to whether 
it has lost its full grip on either side retainer (if 
any). 
Debris-Expelling Test (For membrane-seal sys-

tems only). Upon satisfactory completion of the 

Membrane Puncture Test, the same test specimen 
unit shall be tested to demonstrate the membrane's 
ability to expel entrapped debris without the pas- 
sage of traffic. With the joint opening set at 
11/4  inches, the center depression shall be filled 
with granular "debris" flush with the roadway 
surface for the full length of the joint. (No cover 
plate or side retainers shall be used.) The speci- 
men unit shall tlieii be opened to the full rated 
opening and closed to a 11/4  inch gap at least 25 
times. Each cycle shall take approximately 15 sec- 
onds. Failure to expell all debris shall not be con- 
sidered a failure of the model since the passage of 
vehicles will draw some particles out and most 
seals operate satisfactorily with a moderate amount 
of trapped debris. The extent to which a particu-
lar seal design should expel debris to ensure satis-
factory operation shall be in the judgment of the 
Engineer. 

Commencement with Fabrication 

Proprietary design systems and models whih have suc-
cessfully complied with all prior prerequisites and passed  

all prior testing to the satisfaction of the Engineer are con-
sidered acceptable as to product only. Such approval shall 
represent permission to proceed with the fabrication of 
units for actual installation in the project. 

Basic Construction Prerequisites 

To ensure the over-all quality and long-term service life 
of the joint installations, the Contractor will be required to 
achieve the fllowing results during construction: 

In setting the locations of anchorage devices, retain-
ers and/or armoring items in the forms before constructing 
the deck slabs, the effect of span end rotations due to the 
placement of the concrete decks must be taken into con-
sideration. (This problem can be eliminated if deck con-
crete construction is temporarily st6pped a few feet from 
the joint, the devices, retainers and/or items then set in 
position accurately, and the remainder of the deck concrete 
placed without further span end rotation.) 

Widths of joint openings beneath joint-sealing systems 
shall be placed with a tolerance of ±½ inch (3.2 mm). 

Ridable surfaces of joint-sealing assemblies, including 
narrow top edges of steel retainers and armors, shall be set 
not less than 1/  inch (3.2 mm) nor more than %r, inch. 
(4.8 mm) below the adjacent roadway surface. 

Assemblies or parts of assemblies that require splicing 
shall be shop-spliced and shipped to the site for the full 
length of the joint, except that for units longer than 40 feet 
(12 m), one field splice will be permitted (preferably at the 
crown of roadway) before setting the full unit into place. 
In any case, the noncontinuous elements of the gutter-curb-
sidewalk-parapet unit shall be shipped fully shop-spliced. 
Except for metal components completely or partially em-
bedded in rubber cushion elements, metal items shall be 
fully butt-welded in the shop and surfaces in contact with 
traffic or rubber elements shall be ground flush and smooth. 

For cushion-seal systems, if the ambient temperature 
at the time of installation is more than 10°F, above or 
below the midpoint of the temperature range, the pre-
assembled unit shall be compressed or stretched by suitable 
means to the dimensions corresponding to the ambient tem-
perature and the unit.temporarily restrained in that condi-
tion until secured into place. 

Where anchor bolts are used in a system, the nuts 
shall be properly torqued during installation (e.g., 50 foot-
pounds for ½-inch bolts, 60 foot-pounds for 5/8-inch.bolts) 
and retightened to proper torque at least seven (7) days 
after initial tightening. 

Tackwelds will not be permitted. Fillet welds shall be 
¼ inch (6.4 mm) minimum size. 

Postinstallation Testing 

While the successful performance of installed joint prod-
ucts is nevertheless the sole responsibility of the Contrac-
tor, all field installation operations shall at all times be sub-
ject to inspection by the Engineer to be assured of the 
general level of workmanship being maintained. 

Upon completion of a joint unit installation, the top 
surface shall be subjected to a water test to detect any leak-
age. The roadway section of the joint from curb to curb 
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shall be diked and ponded with water to a level of not less 
than 1 inch (25 mm) above the roadway surface at all 
points. The sidewalk sections shall be diked and an un-
nozzled water hose delivering approximately 1 gallon of 
water per minute shall be secured to the inside face of 
parapet, trained in a downward position about 6 inches 
(152 mm) above the sidewalk, such that there will be con-
tinuous flow of water down the lower portion of the para-
pet, across the sidewalk and down the curb face of the 
joint. 

The ponding of the roadway and continuous flow across 
parapets, sidewalks, and curbs shall be maintained for a 
period of 9 hours. At the conclusion of the test, the under-
side of the entire deck joint from parapet to parapet shall 
be closely examined for leakage. The assembly shall be 
considered watertight if no obvious wetness is visible on 
the inspector's finger after touching a number of underdeck 
areas. Damp concrete which is not wet enough to impart 
wetness to the finger will not be considered as a sign of 
leakage. 

If leakage is detected, the Contractor will be given an 
opportunity to immediately take whatever corrective action 
he deems necessary, following which the 9-hour water test 
shall be repeated. 

Should failure follow a second test and the Engineer is of 
the opinion that the problem is irreparable, the Contractor 
will be required to remove the entire joint assembly and 
substitute a design system that will pass all of the pre-
requisites and testing requirements set forth in this Speci-
fication, all at his own expense. 

(Should an agency wish to include an in-service guaran-
tee provision in a contract, the postinstallation testing be-
fore opening to public traffic should also include noise level 
measurements at and near each joint under the passage of 
one test vehicle in order to establish a frame of reference 
for similar measurements to be made at the termination of 
the in-service guarantee period. The following provisions 
should be added to cover initial and subsequent noise tests 
and subsequent leakage test.) 

Using a Metrosonics Sound Level Recording System 
db-406, Serial No. 1179, or an equivalent ANSI Class II 
sound measuring and recording device, together with ap-
propriate calibrating equipment, sound levels shall be mea-
sured at and near each bridge deck joint as a test vehicle 
consisting of a conventional tractor-trailer unit without 
load traveling along the bridge roadway at 55 mph (88 
km/h). The vehicle shall coast at that speed for a dis-
tance of 200 feet (61 m) before and after the joint. With 
the test vehicle traveling in one lane closest to the curb, 
the sound equipment shall be located adjacent to the para-
pet farthest from that lane over the deck joint under test. 
The sound level shall be measured and recorded as the ve-
hicle travels from a point 100 feet (30 m) before the joint 
to a point 100 feet after the joint. All sound measurements 
shall be in A-weighted decibel units. A similar sound re-
cording shall be made while the vehicle passes within those 
same limits with the sound equipment located adjacent to 
the same parapet but 75 feet (23 m) in advance, of the 
deck joint. Another sound recording shall be made identi-
cal to the previous measurement except that the equipment  

is located 75 feet (23 m) after the joint. The three pre-
vious sound readings shall then be taken with the vehicle 
traveling in the other outside lane with the equipment set 
up along the opposite parapet. One sound test shall be re-
corded with equipment on the ground directly below the 
deck joint and beneath the vehicle's lane; this test is waived 
if the joint is over a waterway. One sound test shall be 
made with equipment stationed approximately 200 feet 
(61 m) perpendicular to the outside face of each parapet 
as the vehicle passes within the same limits (farthest from 
each parapet). 

In-service Testing 

At the termination of the guarantee period,- the same 
water test and sound measurements as described above 
shall.be  taken, exercising care to duplicate the test vehicle 
and ambient temperature as closely as possible. 

If leakage (as hereinbefore defined) occurs, the joint as-
sembly shall be considered as having failed. , The Contrac-
tor shall be given an opportunity to make repairs and/or 
adjustments and perform this test again. 

After joint installation, because noise level increases not 
attributed to other bridge problems must be an indication 
of loosening of joint parts or joint distress in other forms, 
noise test "failures" mandate a search for distress in the 
joint. 

Noise tests taken on the bridge shall be considered as 
being "successful" (no joint distress indicated) if, with the 
equipment at any one test location, the relative sound dif-
ference, recorded at the termination of the guarantee pe-
riod, between the levels recorded opposite the vehicle when 
75 feet (23 m) away from the joint and opposite the ve-
hicle when riding over the joint, does not increase by more 
than five (5)- decibels (A-scale) when compared to reading 
differences recorded immediately after installation. Simi-
larly, noise tests taken below and distant from the bridge 
deck shall be considered as satisfactory if the peaking dif-
ference in sound as the vehicle travels from 75 feet (23 m) 
to directly over the joint, when comparing end-of-guarantee 
readings to postinstallation readings, does not increase by 
more than five (5) decibels (A-scale) below the deck and 
four (4) decibels (A-scale) distant from the deck. 

If, in the Engineer's sole judgment, there has been no 
significant change in the condition or functioning of the 
bridge (or approach) during, the joint's service period that 
can be regarded as a contributing cause of the joint's in-
service failure either in the water test or noise test, the 
Contractor will be required to undertake all repairs and 
adjustments necessary to restore satisfactory conditions, as 
evidenced by renewed tests, or failing such restoration, to 
replace the joint with a satisfactory design, all at his own 
expense. 

(It is judged impractical to include other postinstallation 
tests and end-of-guarantee tests, such as wear by attrition, 
snowplow scarring, bolt torque dissipation, debris collec-
tion, etc., as conditions for repair or replacement at the end 
of the guarantee service period. Certain features of joint 
designs, such as the resistance of membrane seals to the 
long-term racking eflects of severe skews, are not deter-
minable in advance by any short-term testing procedures, 
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thus making it more difficult  to enforce repairs or replace-
ments at the end-of-guarantee period when all earlier test-
ing proved satisfactory.) 

Payment 

Payment for furnishing, testing, and installing all units 
of bridge deck joint-sealing systems of the types prescribed 
above will be made at the lump sum price bid in the Pro-
posal for the item BRIDGE DECK JOINT-SEALING 
SYSTEMS, MEMBRANE- AND CUSHION-SEAL 
TYPES, which price and payment shall constitute full com-
pensation for selecting appropriate products and model 
sizes, preparing shop drawings, arranging for or conduct-
ing all laboratory and field testing (including test specimen 
preparation of fabricated units), furnishing all materials 
for testing and for final installations, installing all units,  

making repairs and/or replacements if necessary, and pro-
ëuring all other materials, labor, tools, equipment and inci-
dentals necessary for the completion of this work. 

(There are too many variable items of cost involved in 
joint-sealing systems of various designs, models, and joint 
geometry to make this work a unit price item or even a 
lump sum price per joint. Unit prices for each model or 
each joint location would have many built-in factors pe-
culiar to that model or location (including the saving in 
preinstallation testing costs of certain units because of jre-
vious successful tests, or double specimens for cyclic mo-
tion tests when the skew is severe versus no cyclic motion 
tests for other models). Such unit prices could never op-
erate as an enforceable  instrument of payment for increas-
ing the number of joints in a contract or changing the 
model or system for a joint after bidding.) 

CHAPTER FOUR 

CONCLUSIONS AND SUGGESTED RESEARCH 

CONCLUSIONS 

For the most part, proprietary bridge deck joint-sealing 
systems have not been performing as expected. They have 
been more successful in theory than in actual practice, sub-
jected to the rigors of traffic and the occasional unpredicted 
behavior of bridge structures. Ironically, the most impor-
tant attribute for which these systems were designed—
watertightness—has been the area in which most of the 
complaints originated. 

Judging from the erratic performance of identical joint 
assemblies in different projects, the quality of workman-
ship in installing these sophisticated assemblies must play 
a critical role in their success or failure. 

In today's competitive market, with some highway agen-
cies specifying joint assembiles by name, there is little in-
centive for manufacturers to augment their design with any 
cost feature that would price them out of the picture. 

If all joint products were held to a common' set of per-
formance ground rules, manufacturers would not only 
strive to improve their systems in order to comply, but they 
would be competing on an equitable basis and agencies 
would be afforded reasonable assurance of good perform-
ance at competitive prices. 

An effective performance specification, geared to stipu-
lating desirable attributes verifiable to some extent by 
meaningful testing programs before and after installation, 
should be the soluiton to this problem. 

The performance specification contained in this report is 
a significant step in that direction. Its effectiveness can 
only be proven or disproven by actual usage. Whether or  

not laboratory testing of assembiles, limited from a practi-
cal standpoint to short-term simulation of long-term traffic 
and climatic conditions, can be relied on to ensure that a 
complying proprietary product will have a long and suc-
cessful service life, remains to be seen. There are some 
shortcomings that develop with age, such as racking due to 
prolonged skewed conditions, which cannot be detected in 
a product through pretesting. 

To some, the magnitude of pretesting may be judged as 
costly. Although testing requirements were carefully scru-
tinized to produce maximum results with the minimum 
burden of preparing and testing prefabricated sample as-
semblies, there is no doubt that pretesting will represent a 
major item in the cost of such installations. However, if 
such initial steps can save even costlier operations in re-
medial work, such testing costs can be completely justified. 

It is the determination of this investigation that noise is 
not a built-in factor in the make-up of a system design but 
simply a symptom and warning signal that a joint, having 
been subjected to a period of traffic, is beginning to break 
down. Complex sound level measurements are of question-
able value in confirming what should in most cases be 
apparent to the careful inspector. 

Much has been reported about the surface scarring 
caused to joint assemblies by snowplows. Although scar-
ring has not clearly been related to an actual joint failure, 
many agencies in northern states favor the implementation 
of some measure to minimize or eliminate this surface dam-
age. In the absence of any known effective joint device that 
would satisfactorily render all systems safe from plow dam- 
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age, this specification has not recommended any specific 
provision in joint designs to this end. Rather, for those 
agencies who utilize snowplows and who are not inclined 
to alter plow blade construction or operation, the specifica-
tion suggests that the agency insert its own preference in 
requiring the contractor to incorporate a particular device 
that has exhibited success to that agency or incorporate a 
device of the contractor's own choosing that must meet 
with the agency's approval. All joint-sealing systems should 
be depressed slightly from the roadway level in any case. 

Although many manufacturers boast of the debris-
expelling feature of their products, it is questionable 
whether the design of entrapping recesses and elements or 
the suction created by traffic is to be credited with a degree 
of success in this direction. Heavy accumulations in gutters 
away from wheel paths shed some light on this matter. It 
is believed that all such systems require some assistance by 
maintenance forces in periodically removing debris before 
full-span expansion in the summer tests the effectiveness of 
recess designs. 

In theory, an ideal requirement in a performance speci-
fication would be a guarantee clause that would extend a 
contractor's responsibility to a few years after completion 
of construction when the assemblies have endured the tests 
of traffic and the elements. Unfortunately, in practice, 
there are too many avenues of escape for a contractor to 
be convinced of his liability in correcting deficiencies in 
pretested systems after they have been out of his care, cus-
tody, and control for a number of years. Strengthening a 
guarantee by withheld payments or a surety bond has little 
effect on the contractor's reluctance to accept sole blame 
for newfound defects. 

Under certain conditions, the use of open joints in bridge 
decks coupled with the pledge of attentive maintenance 
may be the economic choice for some bridges, particularly  

in southern states where deicing salts are not contained in 
the runoff water. 

'[here is much truth in the expression: "The best joint 
is no joint at all." For many short-length bridges, there is 
a growing trend, supported by FHWA, to omit deck joints 
altogether when the abutments and approaches are de-
signed to take their absence into consideration. The va-
lidity of this position cannot be argued. 

But where joints are used, and where it is deemed neces-
sary to install joint-sealing assemblies, the agency should 
take serious steps to be assured that it receives a quality 
product for the money expended. A performance specifica-
tion such as is ináluded herein should offer the agency a 
large measure of that assurance. 

SUGGESTED RESEARCH 

This study has brought to light three areas where future 
research investigations might be directed. 

The first task involves determining the maximum joint 
opening or discontinuity in a deck roadway surface that 
would not produce an objectionable increase in sound level 
as vehicles proceed from smooth surfaces to the joint as-
semblies. The desired dimension being sought would be 
parallel with the direction of traffic and should be investi-
gated for a wide spectrum of joint skew angles. This would 
offer insight in restricting the selection of joint systems to 
those which would not exceed such a dimension for a 
particular skew angle. 

The second task involves attempting to equate the num-
ber of cycles required in each of the variety of tests in-
eluded in the performance ,  specification herein to an ap-
proximate volume of traffic passing over the joint, years of 
climatic changes, etc. 

The third task involves a performance comparison be-
tween neoprene compression seals and various membrane-
and cushion-seal systems over their common motion range. 
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APPENDIX B 

DOMESTIC QUESTIONNAIRE SURVEY FORM 

INFORMATION SURVEY 

National Cooperative Highway Research Program 
Development of a Performance Specification 

for Bridge Deck Joist-Sealing Systems 

Project Nomber 15-11 

This survey, in connection with the above-entitled research project, 
concerns the evaluation of prefabricated, norface-maumied bridge deck 
joint sealing systems capable of acconeadating total horizontal move-
ments up to 4 inches. Modularsystems of strip seals or compression 
srals are not included in this research. S two parts, tie surve y 

rstly attempts to identify current 
design 

 and
ey

cnostenctinn practicen 
and gather the available :-enulto of agency-sponsored testing and evalua-
tiOn prngraen, and secondly, cnmpile a performance recerd of in-service 
installations. 

Obvinasly the usefulness of the ultimate specification will be dependent 
ne the qcality and cnmpleter:ess of the data received; hnwever, it is 
rmcngnized that united records will not permit complete responses for 
all in 

. , 
cllat.inms. If possible, dn include a complete linting of all 

installations. 

Reporting Agency: 

Address: 

ienpnedents 
Name 	 Tite 	 Telephene Na. 

DBIIGN PRACTICE 

	

1. 	For each of the joint locations reper ted on in the performance 
recnrd follewing is thin survey, identify the specifying means 
by which the seal was selected from one of the fnllawieg: 

The product was specified with no"or equal" clause as 
part of an enperimental program. 

A product was specified with an "or equal  clause; 
the product specified was selected. 

C. 	A product was specified with am "at equal  clause; 
the product nelected was cennidered an equal to that 
upeoified. 

The product was cannidered to cemply with a descriptive 
upecificatine (a detailed descriptien of material 
prepeeties and the t-'arknanship required to fabricate and 
install). 

The product was considered to comply cub a performance 
specificatien (a statement of required results, verifiable 
as meeting etipulated criteria, and free of unnecennary 
pracenu limitationm) or a combination descriptive-
perfurmance spec iflcatiee. 

The product was selected from a number af acceptable 
products identified in the planu or specificatinno. 

	

2. 	If theagency has developed a performance specification or a 
tembinaties descriptive-perfermanue specificatien, please inclnde 
a copy when returning this questiee::aire. 

	

3. 	An tmpartaot feature of the joint sealing system in the treatmer:t 
at curblines, particelarly the nasser of farming the curbpiece 
and the alignment of the seal. When returning thin qoentinonaire, 
kindly include plans (redoced size, if possible) showing typIcal 
details which have been applied in both square and skewed deck 
jnintn. Icdicnte on the plans cetunents relating in the quality of 
construction achieved and the success or failure of the detail in 
providing a leakprnof and preperly fuectinniog joint. 

	

4. 	Where jeint sealsare terminated at the curkline (see Ikatch 2 
attached, Cu rb Line Treatment 4) what means are pravided for 
collecting rneeff through the joint? 

	

5. 	In nelecting seal medels for use in particular jaintn, what factern 
other than contributory eepannian length and temperature range 
are cansidered ?.(e.g. Raw does the magnitude af skew angle affect 
the selection; are live load mevemeetu ceosidared 1, etc.). 

	

6. 	Which tests for acceptance are performed on samples of proprietary 
models to demonstrate their compliance with specified attributes 7 

7. 	Which tents fee acceptance are perfumed by your agency on camplered 
installatiens te denanstrate ceepliancewi th specifications and/at 
general saundeans 

H. Has the agency canducted a tenting pragram to evaluate the performance 
capabilities of varians jeint seals of the type under cessideratiam? 
If sa, please describe. 

Has the agency cendseted evaluatien pregrams ef in-service per-
formance of the variaus joint sealing systemn under cenuideratina? 
If so, please describe, indicating also the frequency or interval 
between successive evaluations. 

Has the agency canducted testing pregrans to evaluate the effec-
rioenens of varians joint seal anchorage systems? If so, please 

- describe. 

List below the titles of reperts af research and evaluatien programs 
sndertakem by the agency which may be germane to this research and 

are available for noanioatiaO. J 

Are you aware of any agency (domestic at feeeign) , which in now 
applying a performance specificatine fur the canstructiee of bridge 

deck joint sealing systems? If so please identify the agency. 

An essential feature of a perfurmascespecificatine is a warranty 
of canti000ss acceptable functianiog within a stated time period. 
Device of the fact that bridge deck juiet sealing systems are 
for the nest part preprirtary praduote installed by independent c o n 

tractots.and further that, once installed, these syst ems may 
be subject teunpredictablerinvements and umneasneable forcen 
caused by nun and the environment, de you believe that a perfor-
mance specification containing a stated warranty period can be 
enfneceable? That in, from a practical standpelnt, de yau believe 
that the terms of the ceetract run be made birding on the preject 
ceotractet in vies' ef his limited rule in prudecing the joint and 
the ancer tainties af the enviraurnemt in which the seal must 
perferm. Kindly enpiaie your renpamse in detail. 

What attributes of the sealing system do you believe the praject 
ceeteartae nhould properly be held accountable for during a pent-
canstructian warranty period? 

Ia you believe that a performance vpecification containing no 
warran ty time period is of sufficient valne to merle ieplementatiae? 

cgNlTgsCTllN PRACTICE 

The proper canstrurtiamaf seal seating areas isesnantlal to the 
imiegrlty of the, entire system. Which methods at farming thene 
areas have beenused by your agency? Which have proven to be the 
most successful in terms of penviding uniform bearing and correct 
all gsmeet of the seals? Which have preoes in be the leant 
snecensful? 

On bridge decks that received awnarieg caurse such as a bituniunus 
noerlay, what sequence as followed in c005trncting the deck, 
wearing surface and jo int sealing system? 

In stressed -seal systems such as Traosfleu, Wabaflen, and 
Seidam, which methodn were used to stretch ur cempress the seal to 
the proper width for the installation temperatnme? 	- 

In jointed sysimes, which type of nealants have been used between 
segments? 

Which have Pailed to pravide leahpmeef james? 

Which type sealants have been used between the seal edfen and 
berdering cancrete deck been the bordering bitsnieons noerlays? 

Which have failed? 

Which type nealants have been used between the seal and the seating 

Which have failed? 

Ia maintenance practices include routine inspection and rehubilitntian 
of failed jaint sealanin described in Quentiem 4, abuve? If so, 
indicate frequency and type of maintenance pmrf armed. 
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In jointedsystems, which means have been used to butt segments 
finsl.y tvgcrher? 

Which maintenance practices, if any, are rnutioely followed in 
cleaning bridge deck joint sealing systems of the type ceder 
cnnsideration? 

Ace hare steel plow blades being used directly on bridge decks? 
If not, what means of protecting blade edges and/cr preventing 
contact have bene used? 

PERFORMANCE RECORD 

Tabulate in the following record the information requested for each and 
every joint of the type being considered in this research. Identify 
these joints in recently conncruc ted bridges which are not yet open to 
traffic, but which have been in place for a snfficieot time period to 
warrant a repurt of performance. 
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INDEX OF KEYED RESPONSES 

Listing of Seal Types: 

Stressed 
systems, 

 jointed: 
General Tire Co. - Traosflex (T) 
Watson-Bowman Assoc. - Waboflex (W) 

Stressed systems, non-jointed: 
Rnystnn Labs - leldam (R) 

Low stress,jointed: 
Fel-Pro - Fel-Span (Fl) 

Low Stress, non-jointed: 
Fnl-Prn - Pro-Ryan (PS) 
S ttuctural Accessories - Onfles (ON) 
Watson Bowman - Wabo-Maurer Strip Seal (1cM) 
Acme Highway Prodncts - Anna Strip Seal (AC) 
D.S. Brown - lelastiflen (SC) 

Adddescriptions of systems not given in the above listing which have 
been included in the following performance record, including non-pt oprietary 
systems. In the record indicate by the use of asterisks which models are 
eqaipped with devices to guard againnt scarring by plow blades. 

Joint ienmetry: 

(See Sketch No. 1) 

Curbllne Treatment: 

(See Sketch No. 2) 

Anchorage System: 

Anchorbolts grouted in holes drilled in deck concrete. 
Anchor bolts cant in deck cnncrete. 
Drilled-i n concrete enpansinn anchnrs. 

cl 	Self-drilling anchors 
c2. Other 

Studs end-welded to embedded steelwork. 
Wholly cant in anchnrages. 

	

8. 	Wholly cast in anchorages tied to deck reinincoenent. 

	

g. 	Other (describe). 

Ccsditicn: 

1. Leaking 
a, at curbline 

through joints between segnents 
alnng edge of soul bnrdering deck 

a. chrnugh interface between gland and claw 

	

2. 	Anchorage yailurns 
nuts lonsened 
bolts sheaced 
pollont 
other (please explain) 

	

3. 	Gland Ruptured 

	

4. 	Fails to expel captured debris 

	

5. 	Sutfuce scarred 
by snow plow blades 
by nther maintenance vehicles 
by other vehicles (please explain) 

	

6. 	Deflects eocesnively under vehicle lnuding. 

	

7. 	Eonessively noisy as traffic passes over. 

	

8. 	Other ( please describe 

For clarification of nomenclature used abnve, see Sketch No. 3.  

Snnpectmd Cua000: 

Inadequate prndnct design 

Inadequate nanufacturieg cnnFrul 

Defective material 

Inappropriate selectins of adhesives and/or sealants. 

Inadequate cnntrnl of construction. 

Impcnper ccnntruction 

Inadequate or careless maintenance 

Imprnper neal nndel selectinn for jniet 

Seal unable to accononodute ordinary bridge end mnvencnt. 

Seal unable to uccnmmndute noexpented and mntranrdinnry 
bridge end movements. 

Other (eoplain) 

/th;//// 
CONDITION A 	 CONDITION B 

CONDITION C 	 CONDITION D 

JOINT GEOMETRY 
SKETCH NO.1 

/ 5ea/ Co ,nuoc,s Thpi, Cc,rb 

Z. Seal darn 1'ed at C,cb one 
a. Mitered 
A Thngcie o,w' Oroove 
c at/per 

3. Curb andui//er/mnit_____ 
Molded 
3p/ice Molded 	_______ 

4 5ea/ Tern7inatedotCe.orbLine_ ,fl_fl 
CURB LINE TREATMENT 

SKETCH NO.2 



C/and Claw 
	 C/arid Claw 

Anchor 
Anchorage 

5eal 

Anchorage 
Teed to Deck Reinl 

	

End Welded 	.Sea/ 
51uo' 

Em bedded 

	

.5 lee/work 	 - 

N OMEN CL AT U RE 

SKETCH NO. 3 

4. 

5ea/ 

Anchor  
130/15 	 Area 

Rubber 

	

C/and 	caIs 1,/On 

Anchor  

	

13o//s or 	Area 
Drü/edln 

Conc. Anchors 

PERFORMANCE RECORD NOTES 

Average Dilly Truck Truffle 

Indicate depth and type, then: 

1-1/2" bItuminous (1.5 B) 
2-3/4" concrete 	(2.75 C) 
None 	 (N) 

Over Pier 	(P) 
At Abetment 	(A) 
Within Spin 	(N) 	 - 

Indicate bearing Types adjacent to joint, such as: 

Expasoioo - Expansion (I-I) 

	

Expansion - Fined 	(S-F) 

Along centerline curb to curb. 	- 

Length contributing to thermal movement. 

See Sketch No. 1 

See Sketch No. 2 

See Design Practice, question 1. 

(15) 	Distance from riding surface to cop of seal. 

(11) 	No entry measn satisfactory. 
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REPT. BR ADTT AGE MIN MAX WEAR JT JT END JT SK MOVE G CR6 YR S SEAL SEAL AN REC REPORTABLE 
AGCY NO T I SURF NO LOC SUP LGTH LGTH TMT IN TYPE . MODEL SYS CONDITIONS 

AK 1 6 -10 90 1.56 1 P FE 30 0 725 A 21 71 B T 650 32 0.00 51 
AK 2 3 -10 110 1.56 1 P 12 A 21 73 B 1 250 32 0.00 
AK 2 3 -10 110 1.56 2 N 14 A 21 73 B I 400A 32  0.00 
AK 2 3 -10 110 1.56 3 A 20 A 21 73 B T 650 32 0.00 
AK 3 1 -70 110 2.06 1 p EE 42 24 256 A 40 76 B WM SB400 50 0.00 
CA 1 21 6 28 110 N 1 A F 32 0 126 0 21 71 A T 400 20 0.25 10 30 40 60 70 
CA 1 21 6 28 110 N 2 A E 32 0 185 .0 21 71 A T 400 20 0.25 10 30 40 60 70 
CA 2 21 6 28 110 N 1 A F 190 40 183 I) 21 71 A T 400 20 0.25 10 30 40 60 70 
CA 2 21 6 28 110 N 2 A F 190 32 194 0 21 71 A. T 400 20 0.25 10 30 40 60 70 
CA 3 21 6 16 110 N 1 N E 72 10 C 21 71 T 400 10 0.25 12 30 70 
CA 3 21 6 16 110 N 2 N F 66 3 A 21 71 T 400 10 0.25 12 30 70 
CA 3 21 6 16 110 N 3 N E 66 3 A 71 71 T 400 10 0.25 1. 30 70 
CA 4 8 5 25 114 N 1 N E 39 0 A 40 72 T 400A .32 0.13 30 
CA 5 6 6 20 104 N ] P F 162 5 346 A 21 71 T ?OCA 50 12 13 
CA 5 6 6 20 104 N 2 p E 181 0 293 A 21 71 T 150C 50 12 13 
CA 5 6 6 20 104 N 3 p E 164 0 309 A 21 71 T 150C 50 12 13 
CA 5 6 6 20 104 N 4 p E 162 0 A 21 71 T 150C 50 12 13 
CA 5 6 6 20 104 N 5 p E 162 0 325 A 21 71 T 150C 50 12 13 
CA 5 6 6 20 104 N 6 p F 167 0 321 A 21 71 T 150C 50 12 13 

-CA 5 6 6 20 104 N i p F 183 0 297 A 21 71 T 150C 50 12 13 
CA 5 6 6 20 104 N 8 p F 159 0 284 A 21 71 T 150C 50 12 13 
CA 5 6 6 20 104 N 9 p E 169 5 303 A 21 71 T 150C 50 12 13 
CA 5 6 6 20 104 N 10 P E 138 0 289 A 21 71 1 ?OOA 50 12 13 
CA 5 6 6 20 104 N ii N E 33 0 A 21 71 1 150C 50 12 13 
CA 5 6 6 20 104 N 12 N E 28 0 A 21 71 T 150C 50 12 13 
CA 5 6 6 20 104 N 13 P E 36 3 352 A 21 71 T 150C 50 12 13 
CA 5 6 6 0 104 N 14 p F 53 41 304 A 71 71 T 150C 50 12 13 
CA 5 6 6 21 104 N 15 P E 39 0 A 21 71 T 200A 50 12 13 
CA 5 6 6 20 104 N 16 p E 36 0 346 A 21 71 T 150C 50 12 13 
CA 5 6 6 20 104 N 17 p F 36 0 A 21 71 1 250 50 12 13 
CA 5 6 6 20 104 N 18 p E 46 32 A 21 71 T 200A 50 12 13 
CA 5 6 6 20 104 N 19 p E 40 7 346 A 21 71 T 150C 50 12 13 
CA 5 6 6 20 104 N 20 P E 40 0 A 21 71 T 250 50 . 12 13 
CA 6 79 5 25 114 N 1 . 	N E 40 0 416 A 32 72 8 ML300 60 0.50 
CA 7 58 5 19 115 N I A 6 34 0 165 A 21 72 8 SR2.5 10 0.25 13 
CT 1 18 5 -20 120 N I A EF 90 0 153 A 10 72 8 T 400A 20 0.00 51 70 
CT 2 18 2 -20 120 N 1 A EF 80 0 207 A 10 75 B T F250 20 0.25 51 
CT 2 18 2 -20 120 N 2 p EE 80 0 373 A 10 75 B I F400 20 0.25 
CT 3 5 2 -20 120 N I A EF 27 11 200 A 10 75 B T 4001* 40 0.00 
CT 4 10 1 -20 120 N 1 A EF 47 27 .142 A 10 76 B T 2001* 40 0.13 
CT 5 10 6 -20 120 2.56 i p EE 32 15 150 1* .10 71 B T 250A 20 0.00 
CT 6 35 6 -20 120 2.58 1 p FE 53 50 200 A 10 71 B T 250 20 0.00 12 
CA 1 1 -20 120 7.6C I P EF 68 37 145 C 21 76 B T 400A 
GA 2 . 1 -20 120 0.00 1 p FE 58 90 259 C 21 76 B PS 
IA 1 6 -30 120 N 1 A F 65 0 1Q5 A 32 72 A T 250 20 0.25 
IA 2 2 -30 120 1.00 1. P EF 42 45 77 C 23 75 A FS T20 10 0.25 
IA 3 2 -30 120 1.00 I P FE 77 16 90 C 23 75 A FS T20 10 0.25 
IA 4 2 -30 120 1.00 1 p FF 36 35 67 C 23 75 A FS 120 10 0.25 
IA 5 2 -30 120 1.00 1 p EF 36 35 67 C 23 75 A FS 120 10 0.25 

S (iS P F CT El) 
C All SF S 

14 
14 
14 
14 
14 
14 
1 	4 
1 2 3 

5 

5 

TABLE C-i 

SUMMARY OF HIGHWAY AGENCY REPLIES TO QUESTIONNAIRE ON FIELD PERFORMANCE OF 
SPECIFIC JOINTS USING SURFACE-MOUNTED JOINT-SEALING SYSTEMS 
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TABLE C-i (Continued) 

REPT. OR ADTT AGE WIN MAX WEAR JT JT END JT SK MOVE G CR8 YR S SEAL SEAL AN REC RFPORTABLE SUSPECTED 
AGCY NO I I SuRF NO LOC SUP LGTH LGTH TMT IN TYPE MODEL SYS CONDITIONS CAUSES 

IA 6 2 -30 120 1.0C I P EF. 77 16 90 C 23 75 A FS T20 10 0.25 
IA 7 5 -30 120 1.00 1 P FF 60 60 96 C 10 72 A WM S300 20 0.00 
IA 8 13 3 00 100 N 1 P FE 40 45 71 D 10 74 A WM S200 50 0.00 
IA 8 13 3 00 100 N 2 A EF 40 45 71 0 10 74 A WM S200 50 0.00 
IA 9 3 3 00 100 N I A E 70 28 148 C 10 74 A WM S300 50 0.00 
IA 10 2 0 -30 120 N 1 A E 20 0 120 A 21 77 B WM S300 50 0.00 
IA 11 6 0 -30 120 N 1 P EE 24 0 90 A 21 77 B WM S300 50 0.00 
IL 1 300 2 -30 130 1.58 1 P E 44 0 200 C 32 75 F FS 130 20 0.25 12 5 
IL 1 300 2 -30 130 1.5B 2 A EF 82 30 200 A 32 75 F FS 130 20 0.25 12 5 
IL 1 300 2 -30 130 1.58 3 N FE 120 60 200 C. 32 75 F F5 T30 20 0.25 12 5 
IL 2 300 2 -30 130 1.58 1 P E 44 0 300 C 32 75 F FS 140 20 0.25 12 5 
IL 2 300 2 -30 130 1.5B 2 A EF 82 20 300 A 32 75 F FS 14.0 20 0.25 12 5 
IL 2 300 2 -30 130 1.58 3 N FE 120 40 300 C 32 75 F FS 140 20 0.25 12 5 
IL 3 300 2 -30 130 1.58 1 P E 44 0 320 C 21 75 F W SR4 20 0.25 12 60 70 4 6 11 
IL 3 300 2 -30 130 1.58 2 A EF 82 30 320 A 21 75 F W SR4 20 0.25 12 60 70 4 6 11 
IL .3 300 2 -30 130 1.58 3 N FE 120 60 320 C 21 75 F W SR4 20 0.25 12 60 70 4 6 ii 
IL 4 5 -30 130 1.56 l A F 44 20 127 C 21 72 A I 200A 20 0.25 
IL 5 5 -30 130 1.5B I P FE 44 20 167 C 21 72 A I 250A 20 0.25 
IL 6 5 -30 130 1.58 1 A E 44 20 248. C 21 72 A 1 400A 20 0.25 51 
IL 7 3 -30 130 1.5B I P E 94 0 200 A 32 74 F I 400A 20 0.25 
IL 7 3 -30 130 1.5B 2 A EF 94 0 300 A 32 74 F I 400A 20 0.25 
IL 8 1 -30 130 1.56 1 P FE 35 0 280 A 32 76 F W SR4 20 0.25 70 
JT 1 2 -20 120 N I A F 33 0 151 A 21 75 0 W SR?A 30 0.13 12 13 40 51 70 	1 4 7 	11 
JT 1 2 -20 120 N 2 P FE 33 0 265 A 21 75 0 W SR4A 30 0.13 40 51 60 70 1 4 7 	ii 
JT 1 2 -20 120 N 3 A F 33 0 183 A 21 75 0 W SR2A 30 0.13 40 51 70 1 4 7 	11 
JT 2 2 -20 120 2.06 1 A E 42 47 190 C 21 75 0 W SR25A 30 0.13 11 12 13 51 60 	1 4 5 	7 
JT 2 2 -20 120 2.08 2 P FE 42 0 311 A 21 75 F) W SR4A 30 0.13 12 40 51 60 1 4 5 	7 
JT 2 2 -20 120 2.0.6 3 P FE 42 0 313 A 21 75 0 W . SR4A 30 0.13 11 40 51 60 1 4 7 	11 
JT 3 67 4 -20 120 1.58 1 P FE 68 16 293 A 21 73 0 1 400A 40 0.00 21 22 70 6 11 
JT 3 67 4 -20 120 1.5B 2 P EE 68 18 293 A 21 73 0 T 650 40 0.00 21 22 70 - 	6 11 
JT 4 69 4 -20 120 1.56 1 P FE 132 1. 1.60 C 21 73 0 1 400A 40 0.00 21 22 70 80 6 11 
JT 4 69 4 -20 120 1.58 2 P EF 132 18 160 C 21 73 0 1 650 40 .0.00 
KY 1 170 9 -20 100 2.86 1 P EF 38 0 C 22 68 1 600A 20 0.50 20 8 
KY 2 26 4 -20 100 2.88 1 A EE 31 0 C 22 73 1 600A 20 0.50 51 6 
LA 1 10 110 N 1 P EE 25 0 A 21 73 E 1 650 20 0.75 
LA 1 10 110 N 1 P EE 25 0 A 21 73 F 1 650 20 0.50 11 .12 13 4 5 
LA 2 12 10 110 N I A EF 33 10 . 	. C 21 73 F T 250 20 0.25 11 4 5 
LA 2 12 10 110 N 2 A FE 33 10 C 21 73 F 1 250 20 0.20 11 4 5 
LA 2 12 10 110 N 3 A EF 33 10 C 21 73 F 1 250 20 0.10 13 4 5 
LA 2 12 10 110 N 4 A EF 33 10 C 21 73 E 1 250 20 0.50 13 4 5 
LA 3 ' 0 10 110 N 10 A EF 47 30 C 21 71 E I 200A 20 0.00 11 12 13 4 5 
LA 3 . 2 10 110 N 11 A EF 47 30 C 21 73 A I 200A 20 0.50 11 12 13 4 5 
LA 3 9 6 10 110 N 12 A EF 47 30 C 21 77 A I 200A 20 0 ,00 11 12 13 4 5 
LA 4 9 6 10 110 N 10 A EF 47 30 C 21 77 F T 200A 20 0.00 11 12 13 4 5 
LA 4 9 6 10 110 N 11 A EF 47 30 C 21 77 A I 200A 20 0.00 11 12 13 4 5 
LA 4 9 6 10 110 N 12 A EF 47 30 C 21 77 A I 200A 20 0.00 11 12 13 4 5 
LA. 5 1 10 110 N 1 P FE 25 0 A 21 76 F W 40 0.13 21 13 5 4 
LA 5 1 10 110 N 2 P FE 25 0 A 21 76 F W 40 0.30 21 11 12 13 5 4 
LA 5 1 10 110 N 3 P FE 27 0 A 21 76 F W 40 0.00 21 12 13 5 4 



REPT. BR ADTT AGE MIII MAX WEAR JT JT END JT SK MOVE 1, CR8 YR S SAL SFAL AN REC REPORTABLE SUSPECTED 
AGCY NO I T S'JRF NO L(]C SUP LGTH LGTH TMT IN TYPE MODEL SYS CONDITIONS CAUSES 

LA 6 9 4 10 110 N i p EE 25 0 A 10 73 4 WM 20 0.13 
LA 6 9 4 10 110 N 2 p EE 25 0 A 10 73 A WM 20 
LA 6 9 4 10 110 N 3 p EF 25 0 A 10 73 A WM 20 
LA 7 1 10 110 N 1 p EE 52 11 A 10 76 A OF 0.00 

MD 1 2 -20 112 2.00 1 A E 52 40 225 0 10 75 4 WM 5400 50 0.69 
ME) 2 1 -20 120 2.00 I P EE 112 50 252 1) 32 76 A ES 140 30 0.25 
ME 1 6 -17 92 1. 71 1 2004 10 51 
ME 2- 5 -17 93 1 108 72 1 2004 10 52 
ME 3 5 -17 93 1 120 8 72 T 2004 10 
ME 4 5 -17 92 1 141 37 72 1 250 10 
ME 5 6 -17 93 1 0 71 1 2004 10 51 
ME 6 6 -16 94 1 0 71 T 4004 11 51 70 
ME 7 5 -15 95 1 75 0 72 1 650 10 51 70 
ME 8 6 -20 95 1 71 1 4004 10 51 70 
MN 1 7 8 -40 110 N I P EE 50 22 265 A 21 72 4 1 250 20 0.38 12 51 4 11 
MN 1 7 8 -40 110 N 2 P EE 50 22 185 A 21 72 A 1 250 20 0.38 11 51 14 11 
MN 2 3 6 -40 110 0.8C i p F 40 2 119 A 21 73 A T 200 20 0.31 11 51 11 
MN 2 3 6 -40 110 0.8C 2 p F 40 2 124 A 21 73 4 1 200 20 0.31 51 11 
MN 2 3 6 -40 110 0.8C 3 II FF 40 13 208 A 21 73 A 1 200 20 0.31 80 
MN 2 3 6 -40 110 0.8C 4 N FF 40 20 216 4 21 73 4 1 200 20 0.31 51 
MN 2 3 - 	6 -40 110 0.8C 5 N FF 40 4 213 4 21 73 A 1 200 20 0.31 
MN 2 3 6 -40 110 0.8C 6 N FF 40 1 207 A 21 73 A 1 200 20 0.31 80 11 
MN 2 3 6 -40 110 0.RC 7 N FF 40 0 258 A 21 73 A T 200 20 0.31 6 
MN 2 3 6 -40 110 0.8C 8 N FF 65 0 249 A 21 73 A T 200 20 0.31 80 1 
MN 2 3 6 -40 110 0.8C 9 N FF 40 0 314 A, 71 73 A 1 200 20 0.31 80 
MN 2 3 6 -40 110 0.8C 10 N FF 40 0 314 6 21 73 A 1 200 20 0.31 80 1 
MN 2 3 6 --40 110 0.8C 11 N EF 22 0 199 A 21 73 4 1 200 20 0.31 80 12 1 10 
MN 3 3 5 -40 110 0.8C 1 N FF 40 1 349 A 21 74 A T 250 20 0.31 11 12 91 	80 4 6 	11 
MN 3 3 5 -40 110 0.8C 2 N EF 40 1 349 A 21 74 A 1 250 20 0.31 11 12 51 4 6 	11 
MN 3 3 5 -40 110 O.RC 3 N FF 40 0 269 A 21 74 A T 250 20 0.31 51 ii 
MN 3 3 5 -40 110 0..8C 4 N FF 22 0 250 A 21 74 A T 200 20 0.31 80 
MN 3 3 5 -40 110 O.8C 5 N FF 22 0 259 A 21 74 A 1 200 20 0.31 80 
MN 3 3 5 -40 110 0.8C 6 A E 55 0 169 A 21 74 A 1 200 20 0.31 
MN 3 3 5 -40 110 0..9C 7 A E 40 0 16q A 21 74 A 1 200 20 0.31 80 
MN 3 3 5 -40 110 O.FC S A F 	- 22 7 129 A 21 74 A 1 200 20 0.31 51 11 
MN 4 1 11 -40 110 2.00 I A F -  22 2 63 A 10 76 F WM S400F 60 0.75 
MN 4 1 11 -40 110 2.00 2 A F 22 63 A 10 76 F WM S400F 60 0.75 
MN 5 7 11 -40 110 2.00 1 A E 30 0 301 A 10 76 F WM S400F 50 0.75 
MN 5 7 11 -40 110 2.00 2 P EF 30 0 318 A 10 76 F WM S400F 50 0.75 - 
MN 5 7 ii -40 110 2.00 3 p EF 30 0 309 A 10 76 F WM S400F 50 0.75 
MN 5 7 11 -40 110 2.00 4 A F 30 0 172 A 10 76 F WM S400F 50 0.75 
MN 6 64 14 -40 110 2.58 1 A F 108 0 6? A 71 75 F N SR15W 20 0.00 12 51 4 11 
MN 6 64 14 -40 110 2.5B 2 A F 108 0 62 A 21 75 F N SRI5W 20 0.00 - 	12 51 4 11 
MN 7 72 12 -40 110 2.58 1 A F 116 0 67 A 21 75 F N SR1514 20 0.00 12 51 4 11 
MN 7 72 12 -40 110 2.58 ? A F 116 0 67 A 21 75 F N SR15W 20 0.00 12 51 4 11 
MN 8 6 ?3 -40 110 2.00 i p EF 58 50 45 	- 4 10 76 F OF CP?00 20 0.31 51 11. 
MN 8 6 23 -40 110 2.0C 2 p EE 58 50 115 4 10 76 F OF CP200 20 0.31 51 11 



TABLE C-i (Continued) 

REPT. BR ADTT AGE MIN MAX WEAR JT JT 

	

AGCY NI] 	 T I SURF NO L1)C 

MN 9 13 15 -40 110 2.513 1 A 
MN 9 13 15 -40 110 2.58 2 P 
MN 9 13 15 -40 110 2.58 3 P 
MN 9 13 15 -40 110 2.58 4 A 
MN 10 13 15 -40 110 2.58 1 A 
MN 10 13 15 -40 110 2.58 2 P 
MN 10 13 15 -40 110 2.58 3 P 
MN 10 13 15 -40 110 2.58 4 A 
MN 11 39 19 -40 110 2.0C I A 
MN 11 39 19 -40 110 2.00 2 P 
MN 11 39 19 -40 110 2.00 3 A 
MN 12 17 19 -40 110 2.00 I A 
MN 12 17 19 -40 110 2.00 2 A 
MN 13 4 f9 -40 110 2.58 1 A 
MN 13 4 19 -40 110 2.58 2 A 
MN 14 4 19 --0 110 2.58 1 A 

	

MN 14 	4 19 '-40 110 2.58 	7 	A 
MN 15 5 16 -40 110 2.00 1 P 
MM 15 5 16 -40 110 2.0C 2 P 
MN 16 19 17 -40 110 2.0C I P 
MN -16 19 17 -40 110 2.00 2 P 
MN 17 19 17 -40 110 2.00 1 P 
MN 17 19 17 -40 110 2.00 2 P 
MN 18 17 19 -40 110 3.08 1 A 
MN 18 11 19 -40 110 3.08 2 N 
MN 18 17 19 -40 110 3.08 3 N 
MN 19 11 17 -40 110 2.00 1 A 
MN 19 11 17 -40 110 2.00 2 N 
MN 70 1 2 -40 110 2.58 1 A 
MN 20 1 2 -40 110 2.58 2 A 

	

MN 71 	1 2 -40 110 2.58 1 A 

	

MN 21 	1 2 -40 110 2.58 2 A 
MM 22 4 1 -40 110 2.0C 1 A 

	

MN 22 	4 	1 --40 110 2.00 	2 	P 
MN 22 4 1 -40 110 2.00 3 P 
MN 22 4 1 -40 110 2.00 4 A 
MN 73 49 15 -40 110 2.00 1 A 
MN 23 49 15 -40 110 2.00 2 N 
MN 24 19 19 -40 110 2.00 I A 
MN 24 19 19 -40 110 2.00 2 A 
MN 25 49 .14 -40 110 2.00 I N 
MN 75 -49 14 -40 110 2.00 2 N 
MN 25 49 14 -40 110 2.00 3 N 
MN 75 49 14 -40 110 ?.00- 4 N 
MN 75 49 14 -40 110 2.00 5 N 
MN 25 49 14 -40 110 ?.00 6 N 
MM 25 49 14 -40 110 2.00 7 N 
MN 75 49 14 -40 110 2.00 P. N 
MN 26 19 19 -40 110 2.00 1 4 

END JT 5K MOVE 0 CR8 YR S C-SEAL SFAL AN RFC REPORTABLE SUSPECTED 

SUP LOTH LOTH TMT IN TYPE MODEL SYS CONDITIONS CAUSES 

F 47 30 33 A 21 75 F T 200 20 0.31 
FE 47 	- 30 63 A 21 75 F T 200 20 0.31 
EF 47 30 64 A 21 75 F 1 200 20 0.31 
E 47 30 34 A 21 75 F T 200 20 0.31 
F 48 32 28 A 21 75 F - 	T 200 20 0.31 

FE 48 32 63 A 21 75 F T 200 20 0.31 

FF 48 32 64 A 71 75 F -T 200 20 0.31 
E 48 37 29 A 21 75 F T 200 - 	20 0.31 
F 104 0 37 A 10 76 F OF CP200 20 0.00 52 11 

FE 104 0 64 A 10 76 F OF CP200 20 0.00 52 11 

E 104 0 37 A 10 76 F OF CP200 20 0.00 52 ii 

E 39 0 83 A 10 76 F OF CP200 20 0.00 52 ii 

E 39 0 83 A 10 76 F OF CP200 20 0.00 52 11 

E 47 50 100 A 10 76 F WM SA400 60 1.00 13 - 11 

F - 	47 50 100 A 10 76 F WM SA400 50 1.00 13 11 

E 47 50 105 A 10 76 F WM SA400 50 13 11 

F 47 50 105 A 10 76 F WM SA400 50 13 11 

FE 28 0 102 A 10 76 F OF CP200 20 0.25 51 11 

FF 28 0 102 A 10 76 F -OF CP200 20 51 11 

EE 40 5 87 A 10 76 F OF CP200 20 0.38 30 51 

EE - 40 5 87 A 10 76. F OF - CP200 20 30 51 

EE 40 5 87 A 10 76 F OF CP200 20 - 51 

FE 40 5 87 A 10 76 F OF CP200 20 51 

F 	- 27 0 64 A. 40 74 8 WM S8300 30 1.00 

EF 27 0-  272 A 40 74 B MM S8300 70 1.00 

FE 39 43 196 A 40 74 F W SR4 30 0.00 23 51 	80 11 

F 78 41 196 A 10 76 F WM SA400 50 1.00 51- 11 

F 78 41 58 A- 10 76 F WM SA400 50 1.00 51 11 

E 65 16 150 A. 21. 76 F FS 120 30 0.00 12 13 4 

F 65 16 150 A 21 76 F FS 120 30 0.25 12 13 4 

F 50 0 140 A 21 77 F FS T20 30 0.25 12 4 

F 50 0 140 A 21 77 F FS 120 30 0.25 12 4 

F 86 30 138 A 10 76 F OF CP300 60 0.25 80 1 

FE 86 30 340 A - 	10 76 F OF SL450 60 0.25 -  80 1 

EF 86 30 405 A 1-0 76 F OF SL450 60 0.25 80 1 

F 86 30 83 A 10 76 F lIE CP300 60 0.25 80 

E 108 10 84 A 10 75 F WM SA400 50 1.25 40 7 

EF 108 13 214 A 10 75 F WM SA400 50 1.25 40 - 7 

F 52 0 67 A 10 75 F WM SA400 50 1.00 40 80 7 	ii 

F 52 0 67 A 10 75 F WM SA400 50 1.00 40 80 7 	11 

FF 84- 4 37 A 10 75 F MM 54400 50 1.25 40 7 

FF 84 17 80 A 10 75 F WM SA400 50 1.25 40 7 

FE 84 44 372 A 10 75 F WM S400 50 1.25 40 7 

FE 84 44 234 A 10 75 F WM 	- SA400 50 1.25 40 7 

EF 84 48 185 A 10 75 F WM SA400 50 1.25 40 7 

EF 84 48 253 A 10 75 F MM SA400 50 1.25 40 7 

FF 84 48 68 A -  10 75 F WM - SA400 50 1.25 40 7 

FF 84 48 46 .4 10 75 F WM SA400 50 1.25 40 7 

F 51 7 37 A 10 75 F WM SA400 50 1.00 40 90 7 	11 



REPT. RR ADTT AGE MIN MAX WEAR JT JT END JT SK MOVE 4 CR8 YR S SEAL SEAL AN REC REPORTABLE SUSPECTED 

AGCY NO T I SURE NO LOC SUP LGTH LGTH TNT IN TYPE MODEL SYS CONDITIONS CAUSES 

MN 26 19 19 -40 110 2.0C 2 P FE 51 7 123 4 10 75 F NM SA400 50 1.00 40 80 7 11 
MN 26 19 19 -40 110 2.00' 3 A F 51 7 37 A 10 75 F NM SA400 50 1.00 40 80 7 11 
MN 27 19 19 -40 110 2.00 1 A E 51 7 37 A 10 75 F WM SA400 50 1.00 40 80 7 11 
MN 27 19 19 -40 110 2.01. 2 A E 51 7 37 A 10 75 F NM SA400 50 1.00 40 80 7 11 
MN 28 32 4 -40 110 2.5B 1 A F 120 11 328 A 21 74 F T 4006 10 0.38 52 23 70 9 4 6 

MN 28 32 4 -40 110 2.58 2 A E 120 11 328 A 21 74 F T 4006 10 0.38 52 23 70 9 4 6 
MN 79 17 12 -40 110 2.00 I A F 150 40 234 A 21 75 F W SR4 10 0.00 12 23 51 70 4 11 6 

MN 29 17 12 -40 110 2.00 2 A E 150 40 335 A 21 75 F N SR6.5 20 0.00 12 23 51 70 4 Il 6 
MN 30 22 19 -0 110 2.00 I A F 120 45 60 4 10 76 F NM S400F 60 0.75 40 7 
MN 30 22 19 -40 110 2.00 2 P FE 120 45 91 A 10 76 F NM S400F 60 0.75 40 7 

MN 30 22 19 -40 110 2.00 3 P EF 120 45 90 A 10 76 F NM S400E 60 0.75 40 7 
MN 30. 22 19 -40 110 2.00 4 /1 F 120 45 60 A 10 76 F WM S400E 60 0.75 40 7 

NN 31 21 16 -40 110 2.58 1 A F 35 15 81. A 40 74 A FS T40 70 0.25 13 70 6 Il 3 	6 

MN 31 21 16 -40 110 2.58 2 A F 35 15 81 A 40 74 A FS T40 70 0.25 13 70 f 11 3 	6 

MN 32 10 16 -40 110 2.58 1 A F 33 9 76 A 40 74 A FS T40 30 0.50 80 11 
MN 32 10 16 -40 110 2.58 2 A F 33 9 81 A 40 74 A FS T4fl 30 0.50 80 11 
MO 1 7 6 -10 110 N 1 P EE 54 45 229 A 21 71 A 'T 400 31 0.00 12 51 80 4 5 
MO 1 7 6 -10 110 N 2 P FE 54 45 224 A 21 71 A T 400 31 0.00 	- 12 51 80 4 5 

MO 1 7 6 -10 110 N 3 A E 54 45 295 A 21 71 A T 400 31 0.00 12 51 80 4 5 

MO 2 7 6 -10 110 N I P EF 54 45 229 4 21 71 A T 400 31 0.00 12 51 70 80 4 5 

MO 2 7 6 -10 110 N 7 P EE 54 45 224 A 21 71 A T 400 31 0.00 12 51 70 .0 4 5 

MO 2 7 6 -10 110 N 3 A E 54 45 295 A 21 71 A T 400 31 0.00 12 51 80 4 5 

MO 3 6 5 -10 110 N 1 P FE 48 18 144 A 22 72 A T 400A 31 0.13 12 13 51 70 80 	4 5 

MO 4 5 4 10 110 N 1. A F 56 45 116 A 21 73 4 T 200A 31 0.13 13 51 80 5 

MO 4 5 4 -10 110 N 2 A E 56 45 116 A 21 73 A T. 200A 31 0.13 13 51 80 5 

MO 5 4 2 -10 110 1.58 1 A F 38 0 268 A 22 75 A I 400A 31 0.13 70 80 

MO 5 4 3 -10 110 1.58 2 A F 38 0 172 A .22 74 A T 400A 31 0.13 70 80 5 

MO 6 4 2 -10 110 1.58 1 A E 38 0 268 A 22 75 A T 400A 31 0.13 70 80 

MO 6 4 3 -10 110 1.58 2 A F 38 0 172 A 22 74 A T 400A 31 0.13 70 80 

MO 7 1 3 -10 110 0.00 1 P EE 40 0 259 A 21 74 A OF 450 50 0.13 40 51 60 70 1 

MO 8 2 4 -10 110 0.00 1 P EE 46 0 289 4 22 73 A T 400A 31 0.13 51 80 5 
MI) 9 11 6 -10 110 0.00 1 P EE 32 0 210 A 40 71 4 T 4004 40 0.13 21 51 
MO 10 3 1 -10 110 . 0.00 1 A F 67 54 176 A 22 76 C W SR25A 31 0.13 12 80 5 

MI) 10 3 1 -10 110 0.00 ? A E 77 60 107 A 22 76 C N SR25A 31 0.13 12 80 5 

MO 11 3 1 -10 110 0.00 1 A F 71 56 194 A 22 76 C W SR25A 31 0.13 80 5 
MO 11 3 1 -10 110 0.00 7 A F 84 60 112 A 22 76 C W 26 31 0.13 80 5 

MI) 12 1 1 -10 110 0.00 1 A F 59 50 157 A 22 76 C N SR25A 31 0.13 50 80 

MO 12 1 1 -10 110 0.00 2 A E 59 50 157 A 22 76 C N SR25A 31 0.13 50 80 

MI.) 13 2 4 -tO 110 0.00 1 P FE 46 0 154 A 22 73 A 1 2004 31 0.13 80 

MO 13 2 4 -10 110 0.00 2 P FE 46 0 118 A 22 73 A T 200A 31 0.13 51 80 

MO 13 2 4 -10 110 0.00 3 P EE 46 0 118 A 22 73 A T 2006 31 0.13 51 

MO 14 26 4 -10 110 2.3 1 A F 44 41 139 A 22 73 4 T 200A 31. 0.00 80 

M0 14 26 4 -10 110 2.3 2 A F 44 41 139 A 22 73 A T 2004 31 0.00 80 

MO 15 1 3 -10 110 0.00 1 A E 40 0 265 A 21 74 A OF 300 50 0.13 70 40 51 60 1 

MO 16 26 4 -10 110 2.3 1 A E 44 41 139 A 27 73 A T 2006 31 0.00 80 

MO 16 26 4 -10 110 2.3 2 A F 44 41 139 A 22 73 A T 200A 31 0.00 80 

MO 17 11 1 -10 110 1.58 1 A E 33 25 120 A 23 76 A FS 140 10 0.13 80 5 

MO 17 11. 1 -10 110 1.58 2 P F 33 25 124 A 23 76 A FS 140 10 0.13 80 

.M(I 17 11 1 -10 110 1.58 3 A F 33 25 150 A 23 76 A FS T40 10 0.13 80 5 



00 TABLE C-i (Continued) 

kEPT. RR MiTT AGE MIN MAX WEAR JT JT END JT SK MOVE G CR8 YR S SEAL SF41 AN REC REPT)RTARLF SIISPECTFI) 
AGCY NO T I SURF Ni) LOC SUP LGTH LOIN TNT IN TYPE MODEL SYS CONDITIONS CAUSES 

MU 18 11 1 -10 110 1.513 1 A 8 33 25 120 4 73 76 A FS 140 10 0.13 RU 5 
MO iS ii 1 -10 110 1.58 2 P E 33 25 124 A 23 76 A FS T40 10 0.13 RU 
MO 18 11 1 -10 110 1.58 3 A 8 40 25 150 A 23 76 A FS 140 10 0.13 RU 5 
M(-) 19 5 4 -10 110 0.00 1 P EE 40 0 192 4 22 73 F T 250 31 0.13 51 RU 
MO 19 5 4 -10 110 0.00 2 P FE 40 0 192 A 22 73 F T 250 31 0.13 51 RU 
MO 19 5 4 -10 110 0.00 3 P EE 40 U lip. 4 27 73 F I 2004 31 0.13 51 RU 4 5 
MO 70 5 4 -10 110 0.00 1 P EE 40 U 192 A 22 73 F 1 250 31 0.13 51 RU 4 5 
MO 20 5 4 -10 110 0.00 2 P EE 40 0 .128 A 22 73 F I 2004 31 0.13 11 51 80 4 5 
MO 21 13 4 -10 110 0.00 1 A F 49 35 135 A 21 73 F 1 2004 31 0.13 51 RU 
MO 22 27 4 -10 110 1.88 1 A E 42 16 42 A 21 73 F 1 2004 31 0.00 51 80 4 5 
MO 22 2.7 4 -10 110 1.88 2 A F 42 16 113 A 21 73 F T 2004 31 0.00 51 70 80 5 
MCI 23 27 4 -10 110 1.88 1. 4 E 42 16 4. A 21 13 F I 200A 31 0.00 70 RU 4 5 
MO 23 27 4 -10 110 1.88 2 A E 42 16 113 A 21 73 F 1 2004 31 0.00 RU 5 
MO 24 28 4 -10 110 1.88 1 A E 45 0 60 A 21 73 F 1 2004 31 0.13 RU 2 5 
MO 24 28 4 -10 110 1.88 2 P E 75 53 202 A 21 73 F I 400A 31 0.13 11 51 RU 2 4 	5 
MI) 24 28 4 -10 110 1.88 3 P E 75 53 342 4 21 73 F I 400A 31 0.13 11 70 RU 2 4 	5 
MO 24 28 4 -10 110 1.813 4 P E 65 46 329 A 21 73 F T 400A 31 0.13 11 80 4 5 
MO 24 28 4 -10 110 1.88 5 P F 51 40 205 A 21 73 F 1 250 31 0.13 RU 4 5 
MO 25 7 2 -10 110 2.38 1 4 E 30 35 114 A 23 75 F FS 140 10 0.13 51 RU 5 
MC) 26 23 3 -10. liq 2.38 1 A E 55 5 150 4 21 74 F W SR2A 10 0.13 11 51 70 80 5 6 
Mu j ?7 . 	23 3 -10 110 2.314 1 A 8 55 5 150 A 21 74 F N SR?A 10 0.13 51 RU 5 6 
MC) 28 5 2 -16 110 0.00 1 A E . 	58 45 106 A 21 75 F W SR2A 10 0.13 51 RU 
MO 29 5 2 -10 110 0.00 . 	1 4 E 58 45 106 A 21 75 F W SR2A 10 0.13 51 RU - 
MO 30 7 3 -10 110 0.00 1 A E 41 0 188 A 21 74 F 1 2004 10 0.13 51 RU 

MO 31 7 2 -10 110 0.00 1 A E 41 0 188 A 21 75 F 1 2004 10 0.13 51 80 
MO 32 .5 3 -10 110 0.00 1 A F 40 25 114 A 21 14 F N SR24 10 0.13 Ii RU 5 
MO 32 .5 .3 -10 110 0.00 2 P E 40 25 214 A 21 74 F , 	W SR4 10 0.13 80 
MD 32 .5 3 -10. 110 0.00 3 A E 40 25 105 A 21 74 F W SR4A 10 0.13 80 5 
MD 33 28 4 -10 110 1.88 1 A E 51 44 80 A .1 73 F 1 250 31 0.13 RU 5 
MO 34 28 4 -10 110 1.88 1 A E 37 0 60 A 21 73 F 1 200 31 0.13 51 70 80 '4 5 
MI) 34 28 4 -10 110 1.88 2 P E 61 53 702 A 21 73 F 1 4004 31 0.13 RU 2 4 	5 
MU 34 28 4 -10 110 1.88 3 P F 61 53 342 A 21 73 F 1 4004 .31 0.13 11 RU 4 5 
MO 34 28 4 -10 110 1.88 4 P F 53 46 329 A 21 73 F 1 4004 31 0.13 11 RU 4 5 

Ml) 34 28 4 -10 110 1.88 5 P E 60 40 705 A 21 73 F 1 250 31 0.13 8 0 2 4 	5 
MO 34 28 4 -10 110 1.88 6 A 8 	. 60 44 80 4 21 73 F 1 250 31 0.13 51 80 4 5 
MO 35 20 3 -10 110 2.38 1 P FE 58 0 286 A 21 74 F I 400A 31 0.13 51 RU 
MO 35 20 3 -10 110 2.38 2 P EF 58 0 193 A 21 74 F T 400A 31 0.13 51 RU 
Mi) 36 28 4 -10 110 2.38 1 A E 39 0 329 4 21 73 F 1 4004 31 0.13 11 51 70 RU 5 
MO 36 28 4 -10 110 2.38 7 A F 30 0 264 A 21 13 F 1 4004 31 0.13 51 70 80 5 
MD 37 28 4 -10 110 2.38 1 A E 39 U 329 4 71 73 F 1 4004 31 0.13 51 70 RU 4 5 
Mn 37 28 4 -10 110, 2.38 . 	2 A F 30 U 264 A 21 73 F 1 4004 31 0.13 51 70 RU 4 5 
MO 38 28 3 -10 110 2.38 1. A F 91 17 117 A 21 74 F 1 250 31 0.13 70 80 7 5 
MD 38 28 3 -10 110 2.38 2 P E 91 17 242,,, A 21 74 F 1 250 31 0.13 P.O 9 

MO 38 28 3 -10 110 2.38 3 P E 91 17 140 A 21 74 F 1 250 31 0.13 RU 
MO 38 28 3 -10 110 2.38 4 P E 91 17 140 4 21 74 F 1 250 31 0.13 51 70 RU 7 5 
MO 38 28 3 -10 110 2.38 5 P E 96 25 100 A 21 74 F 1 250 31 0.13 51 RU 2 
MO 38 28 3 -10 110 2.38 6 P E 104 33 lOU A 21 74 F 1 250 31 0.13 80 5 
MU 38 28 3 -10 110 2.38 '7 A E 104 33 130 A 21 74 F 1 250 31 0.13 51 RU 2 5 

MO 39 20 3 -10 110 2.38 1 P 8 61 7 163 A 21 74 F 1 4004 31 0.13 11 51 70 P0 5 



REPT. BR ADTT AGE WIN MAX WEAR Jr JT 
AGCY NO I T SURF NO LOC 

Mn 39 20 3 -10 110 2.30 2 p 
MO 39 20 3 -10 110 2.36 3 P 
MO 40 2 3 -10 110 2.38 1 A 
MV 40 2 3 -10 110 2.30 2 A 
MO 41 2 3 -10 110 2.36 1 A 
MO 41 .2 3 -10 110 2.30 2 A 
MO 42 3 2 -10 110 2.3W 1 A 
MT 1 4 5 -30 120 N 1 A 
MT 1 4 5 -30 120 N 2 P 
MT 2 6 4 -30 120 N I A 
MT 3 2 4 -30 120 N 1 F 
MT 4 5 3 -30 120 N I P 
MT 5 1 4 -30 120 N 1 P 
AT 6 3 3 -30 120 N I A 
MT 7 3 3 -30 120 N 1 A 
MT 8 2 2 -30 120 N 1 P 
MT 9 2 3 -30 120 N 1 P 
MT 10 2 4 -30 120 N f A 
MT 11 6 6 -30 120 N i P 
MT 12 1 2 -30 120 N I P 
MT 13 6 1 -30 120 N I P 
MT 14 -30 120 
ND 1 24 3 -30 120 1 A 
NO 1 24 3 -30 120 2 A 
ND 1 24 3 -30 120 3 A 
NO 1 24 3 -30 120 4 A 
NH 1 79 7 -30 120 2.08 1 A 
NH 2 63 .9 -30 120 2.00 1 A 
NH 3 7 8 -30 120 2.08 1 A 
NH 4 26 7 -30 120 2.06 1 A 
NH 5 4 5 -30 120 2.00 1 A 
NH 6 41 6 -30 120 2.00 1 A 
NH 7 53 6 -30 120 2.06 1 A 
NH 8 28 7 -30 120 7.08 1 A 
NH 9 28 7 -30 120 2.00 1 A 
NH 10 24 5 -30 120 2.06 i P 
NH 11 25 4 -30 120 2.00 1 A 
NH 12 17 4 -30 120 2.08 1 A 
NJ 1 31 3 -20 120 N 1 A 
NJ 7 46 3 -20 120 N I A 
NJ 3 58 3 -20 120 N I P 
NJ 3 58 3 -20 120 N 2 N 
NJ 4 40 3 -20 120 1.50 1. P 
NJ 4 40 3 -20 120 1.50 7 P 
NJ 4 40 3 -20 120 1.50 3 P 
NJ 4 40 3 -20 120 1.56 4 P 
NM 1 5 3 -30 120 N I N 
NM 1 5 3 -30 120 N 2 N 
NM 1 5 3 -30 120 N 3 A 

END JT SK MOVE G CR0 YR 	S 
SUP LGTH LGTH TMT IN 

E 61 13 274 A 21 74 	F 
F 64 1. 126  A 21 74 	F 
F 62 55 144 A 21 74 	F 
F 65 55 54 'A 21 7.4 	F 
E 49 55 144 A 71 74 	F 
E 51 55 54 A 21 74 	F 
E 30 36 114 A 23 75 	F 
E 48 23 110 A 22 72 	B 

FE 48, 0 200 A 22 72 	6 
E 220 66 100 1) 21 73 	B 

FE 42 0 170 A 22 73 	0 
FE 38 35 204 C 2? 74 -  8 
FE 34 C) 193 A 21 73 	C 
F 49 27 14? C 21 74 	C 
F 43 iS 201 C 21 74 	C 

FE 45 15 157 C 2? 75 	B 
EF 44 0 133 A 21 74 	C 
F 44 0 130 A 22 73 	B 

FE 30 0 220 A 40 71 	A 
EE 30 0 170 C 40 75 	A 
FE 44 0 243 A .21 76 	A 

150 C 22 72 	6 
EF 43 45 250 A 10 74 	0 
EF 43 45 110 A 10 74 	0 
EF 43 45 250 A 10 74 	0 
EF 43 45 110 A 10 74 	D 
E 79 16 323 A 21 70 	A 
E 38 0 264 A 10 68 	A 
F 65 45 164 C 21 69 	A 
F 66 45 94 C 21 70 	P 
F 32 0 145 A 21 72 	C 
F 48 10 113 C 21 . 	71 	A 
F 87 31 144 C 21 71 	8 
E 46 17 279 C 21 70 	B 
E 46 17 279 C 21 70 	B 

FE 58 0 159 A 10 72 	6 
F 40 49 122 C 21 73 	8 
E 95 50 130 A 10 73 	A 

EF 84 42 154 A 22 74 	B 
EF 168 11 175 A 21 74 	B 
EF 109 0 426 A 21 74 	B 
EE 110 0 784 A 21 74 	B 
EF 37 60 75 A 22 74 	C 
EF 41 53 95 A 22 74.ç 
EF 33 0 175 A 22 74 	C 
EF 37 45 97 A 22 74 	C 
EF 72 0 351 A 40 74 	0 
FE 72 12 391 A 40 74 	8 
EF 79 24 211 A 40 74 	0 

SEAL SEAL AN RFC RFP1]PTARL 
TYPE MODEL SYS 	CONDITIONS 

	

T 	4004 31 	0.00 	11 51 '00 

	

T 	250 	31 0.00 	51 80 

	

T 	250 	31 0.13 	51 P.fl 

	

T 	250 	31 0.13 	51 80 

	

1 	250 	31 0.13 	11 51 00 

	

1 	250 	31 0.13 	ii 51 00 

	

ES 	140 	10 0.13 	51 00 
T 200A 32 0.19 50 
T 200A 32 0.19 50 

	

T 	150C 32 0.25 	ii 13 
T 250 32 0.25 
T 400A 32 0.19 

	

W 	SR2A 	32 0.13 	22 23 
W SP?A 32 0.19 80 
W SR?A 32 0.25 00 
I 400A 32 0.19 
W SR25A 32 0.25 80 
T 250 32 0.25 

	

T 	400A 32 0.26 	14 23 
ES 130 32 0.25 
FS 130 20 0.13 
I ?OOA 20 0.50 23 

50 '0.00 
50 0.00 
50. 0.00 
50 0.00 

	

T 	400 	40 0.00 	ii 12 13 51 

	

T 	400 	20 0.00 	11 12 13 51. 70 

	

T 	200 	40 0.00 	11 51 

	

1 	200 	40 .0.00 	11 51 

	

W 	200 	40 0.25 	Il 51 

	

1 	700 	40 .0.00 	11 51 

	

1 	200 	40 0.00 	11 51 

	

1 	400 	40 0.00 	11 12 13 22 51 

	

1 	400 	40 0.00 	11 12 13 51 

	

I 	200A 40 0.13 	11 12 13 51 

	

T 	200 	40 0.00 	ii 51 

	

WM 	 40 0.00 
I 200A 31 0.10 13 

	

T 	200A 31 0.1,9 	11 13 40 51 

	

I 	400A 31 0.19 	13 23 

	

I 	650A 31 0.19 	13 23 
W SR? 40 0.19 13 
W SP? 40 0.19 13 
W SR7 . 40 0.19 13 
W S'R2 40 0.19 13 

	

I 	400A 32 0.25 	11 12 23 

	

I 	400A 32 0.25 	11 12 23 

	

I 	200A 32 0.25 	11 12 23  

SUSPECTED. 
C A IS F S 

5 
5 

5 
5 

8 6 10 

5 6 
3 
3 

3 

46 

5 

1 
7 
7 
7 

7 
1 
	

7 
1 
	

7 
7 
7 

5 
5 
S 

6 
6 
6 



TABLE C-i (Continued) 

REPT. AR ADTT AGE WIN MAX WEAR JT JT. 

	

AGCY NO 	 I 	I 	S U R F NO LO.0 

NM 2 2 4 -10 130 2.38 1 A 
NM 3 .1 3 -10 .130 2.38 1 A 
NM 4 4 2 -30 120 2.18 1 A 
NM 4 4 2 -30 120 2.18 2 A 
NM 5 4 2 -30 120 2.16 1 A 
NM 5 4 ? -30 120 2.18 7 A 
NM 6 4 2 -30 120 2.18 1 A 
NM 6 4 2 -30 120 2.10 2 A 
NM 7 4 2 -30 120 2.1B 1 A 
NM 7 4 2 -30 120 2.18 2 A 
NM 8 2 2 -30 120 2.18 1 A 
NM 8 2 2 -30 120 2.18 2 A 
NM 9 .2 2 -20 130 	N 1 A 
NM 9 -.2 2 -20 130 	N ? P 
NM 9 .2 2 -20 130 	N 3 A 
NM 10 .1 2 -10 130 	N 1 p 
NM 11 .6 2 -20 130 2.38 1 p 
NM 12 5 2 -10 130 	N 1 A 
NM 12 5 2 -10 130 	N 2 A 
NM 13 6 1 -10 130 1.3C I P 
NM 13 6 1 -10 130 1.3C 2 p 
NM 14 5 1 -10 130 1.5C I P 
NM 14 5 1 -10 130 1.5C ? p 
NM 14 5 1 -10 130 1.5C 3 p 
NM 14 5 1 -10 130 1.5C 4 p 
OH 	1 	 1 	 .1.58 	1 	N 
OH 2 22 4 -20 105 2.06 1. N 
OH 2 22 4 -20 105 2.06 7 N 
OH 2 22 4 -20 105 2.06, 3 N 
OH 3 22 4 -20 105 2.08 1 N 
OH 3 22 4 -20 105 2.08 7 N 
OH 3 22 4 -20 105 2.08 3 N 
OH 4 3 3 -20 105 2.38 1 A 
OH 4 3 3 -20 105 2.38 2 A 
OH 5 3 3 -20 105 2.36 1 A 
OH 5 3 3 -20 105 2.38 2 .A 
OH 6 9 2 -20 105 2.38 1 A 
OH 6 9 2 -20 105 2.38 .2 A 
OH 6 9 2 -20 105 2.36 3 A 
OH 6 9 2 -20 105 2.36 4 A 
OH 7 3 6 -20 105 	C 1. A 
OH 8 12 4 -20 105 2.08 1 p 
OH 9 7 2 -20 105 1.3C I A 
OH 10 3 1 -20 105 1.56 1 P 
OH 11 19 16 -27 106 1.5C 1 A 
OH 12 54 1 -27 106 	C I P 
OH 12 54 1 -27 106 	C. 2 A 
OH 13 5 1 -27 106 2.06 1 p 
OH 13 5 1 -27 106 2.08 2 N  

END JT SK MOVE C CRB YR S SEAL SEAL AN REC 
SUP LGTH 	LGTH 	TMT IN 	TYPF M00FL SYS 

FE 44 0 126 A 40 73 	OF CP200 32 0.25 
EF 35 0 434 A 10 74 F N 	 32 0.25 
EF 	50 34 133 A 40 75 F 1 	 32 0.50 
FE 	51 34 147 A 40 75 F 1 	 32 0.50 
EF 	67 40 132 	A 	40 75 0 . T 	 32 0.50 
EF 	56 40 160 A 40 75 F 1 	 32 0.50 
EF 	54 40 105 A 40 75 F T 	 32 0.50 
FE 	56 40 111 A 40 .75 F 	1 	 32 0.50 
FE 	50 34 19) A 40 75 F 1 	 32 0.50 
EF 50 34 190 A 40 75 F 1 	 32 0.50 
EF 	28 35 145 A 40 75 F 1 	 32 0.25 
EF 31 35 126 A 40 75 F 1 	 3. 0.25 
EF 39 30 244 A 40 75 F W 	 32 0.25 
EF 39 30 244 A 40 75 F W 	 32 0.25 
EF 39 30 244 A 40 75 F W 	 32 0.25 
EF 34 0 17 A 40 75 F N 	 32 0.00 
EF 	57 30 210 C 21 75 F W 	 32 0.25 
FE 93 45 147 0 in 75 F W 	 32 0.25 
EF 	62 45 147 0 10 75 F N 	 32 0.25 
EF 87 15 260 A 40 76 A FS 130 32 0.25 
FE 	85 	6 .260 	A 	40 76 A 	F.S 	130 	32 0.25 
FE 54 27 50 A 40 76 A FS 130 32 0.25 
EF . 	54 27 	50 	A 	40 76 A 	FS 	130 	32 0.25 
FE 54 27 50 A 40 76 A FS T30 32 0.25 
FE 54 27 50 A 40 76 A FS 130 32 0.25 
EF 	23 0 400 A 21, 76 A FS 140 50 0.25 
FE 	30 23 3Q A 40 73 A CV SN 	40 0.25 
EF 30 23 40 A 40 73 A CV SN 	40 0.25 
EE 30 23 80 A 40 73 A GY SN 	40 0.25 
FE 30 23 39 A 40 73 A CV SN 	40 0.25 
FE 30 23 40 A 40 73 A CV SN 	40 0.25 
EE 30 23 80 A 40 73 A (Y SN 	40 0.25 
EF 	28 0 4? A 1.0 74 A W S200 70 0.25 
FE 	28 0 0 A 10 74 6 W S200 70 0.25 
EF 	28 26 114 A 10 74 A W S200 70 0.25 
EF 	28 26 114 A 10 74 A W S200 70 0.25 
FE 60 30 39 A 10 75 A N 'S300 70 0.25 
FE 64 30 39 A 10 75 A N 5300 70 0.25 
FE 	50 30 39 A 10 75 A W S300 70 0.25 
EE 70 30 39 A 10 75 A W S300 70 0.25 
EF 36 30 60 A 	71 0 1 200A 30 0.06 
EF 34 0 10? A 	73 C W SR2.5 40 0.19 
EE 34 20 371 C 22 75 6 FS 120 40 0.00 
FE 48 0 210 A 	76 8 NR 	 40 0.25 
EE 36 0 126 A 	 0 F5 120 10 0.25 
FE 	20 0 34 A 21 76 0 FS T30A 40 0.25 
FE 	20 0 75. 6 21 76 0 FS T40A 40 0.25 
FE 34 30 0 A 21 76 0 1 ?OOA 40 0.25 
FE 67 4 286 C 21 76 0 T 650 40 0.25 

REPORTAMLE SLSPECTF0 
CONDITIONS CAUSES 

23 	53 6 
23 53 6 
23 	53 6 
23 	53 6 
23 	53 6 
23 	53 6 

.23 	53 6 
23 	53 6 

23 	 6 

30 	 5 0 9 

13 23 51 	 11 

11 	 1 



REPT. BR AOTT AGE HIM MAX WEAR JT 

	

AGCY NO 	 I T SURF NO 

OH 14 51 1 -20 120 1.50 1 
OH 14 51 1 -20 120 1.50 2 
OH 15 51 1 -20 120 1.58 1 
OH 15 51 1 -20 120 1.50 2 
OH 16 51 1 -20 120 1.58 1 
OH 16 51 1 -20 120 1.50 2 
[10 17 50 1 -20 120 1.53 1 
OH 17 50 1 -20 120 1.50 2 
OH 18 50 1 -20 120 1.50 1 
OH. 18 50 1 -20 120 1.58 2 
OH 19 52 1 -20 120 1.58 1 
OH 19 52 1 -20 120 1.58 2 
OH 20 23 5 -20 120 0.08 1 
OH 21 23 5 -20 120 0.80 1 
OH 22 	 1 	 2.38 1 
OH 2? 	 1 	 2.38 2 
OH 22 	 1 	 2.38 3 
OH 22 	 1 	 2.30 4 
OH 22 	 1 	 2.38 5 
OH 72 	 1 	 2.38 6 
OH 22 	 1 	 2.38 7 
OH 7. 	 1 	 2.30 H 

Sc 1 	 8 0 120 	N 1 
SC 1 	 8 0 120 	N 2 

Sc 2 	 8 0 120 	N 1 
Sc 2 	 8 0 120 	N 2 
VT 1 	 1 -30 120 1.88 1 
VT 2 	 5 -30 120 1.00 1 
VT 2 	 5 -30 120 1.08 2 
VT 2 	 5 -30 120 1.08 3 
VT 3 	 9 -30 120 2.311 1 
VT 4, 	4 -30 120 	N 1 
VT 4 	 4 -30 120 	N 2 
VT 4 	 4 -30 120 	N 3 
VT 4 	 4 -30 120 	N 4 
VT 4 	 4 -30 120 	N 5 
VT 5 	 2 -30 120 2.08 1 
VT 6 	 2 -30 120 2.00 1 
VT 7 	 2 -30 120 2.08 1 
VT 8 	 8 -30 120 2.00 1 
VT 8 	 8 -30 120 2.08 2 
WA 	1 	2 	1 	 N 	1 
WA 	2 	13 	5 	 N 	1 
WA 	3 	5 	2 	 N 	1 
WA 3 5 2 	 N 2 
WA 4 5 2 	 N 1 
WA 4 5 7 	 N 2 
WA 	5 	5 	2 	 N 	1 
WA 	6 	 3 	 •N 	I 

JT END JT SK MOVE C CR8 YR S SEAL SEAL AN REC REPORTABLE 
LOC SkIP LGTH LGTH TMT IN TYPE MODEL SYS CONDITIONS 

A EF 40 41•  17? A 23 76 B FS T30SA 40 0.19 14 40 
A EF 40 41 172 4 23 76 0 FS T30SA 40 0.1' 40 
A EF 28 19 224 A 23 76 B FS T30SA 40 0.19 40 
A EF 28 19 144 A 23 76 B FS T30SA 40 0.19 40 
N FE 28 19 0 C 23 76 B FS T30SA 40 0.19 40 
N EE 28 19 0 C 23 76 8 FS T30SA 40 0.19 40 
A FE 40 23 90 A 10 76 B FS T30SA 40 0.19 40 
A EF 40 23 90 A 10 76 B FS 130S4 40 0.19 40 
A EF. 40 0 91 A 23 76 B FS T30SA 40 0.19 
A EF 40 0 91 A 23 76 8 FS T30SA 40 0.19 
A FE 40 50 135 A 23 76 B FS T30SA 40 0.19 
A EF 40 50 135 A 23 76 8 FS 13054 40 0.19 
A FE 21 0 159 A 40 72 0 T 1300 50 	.0.13 12 60 80 
A EF 20 0 60 A 32 72 0 T 2004 50 0.13 13 	21 	51 	70 
P FE 42 0 250 A 10 76 A FS T404 10 
P FE 42 0 250 A 10 76 A FS 140A 10 
P FE 42 0 250 A 10 76 A FS 1404 10 
P FE 42 0 250 A 10 76 A FS T40A 10 
N FF 42 0 180 A 10 76 A FS T404 40 
N FF 42 0 180 A 10 76 4 FS 1404 40 
N FF 42 0 100 A 10 76 A FS T40A 40 
N FE 42 0 180 A 10 76 A FS T40A 40 
A EF 34 0 346 A 10 69 A T . 31 .0.00 12 
A FE 34 0 346 A 10 69 4 1 31 0.00 12 
A FE 34 0 284 A 10 69 A T 31 0.00 12 
A EF 34 0 284 A 10 69 A 1 31 0.00 12 
N FE 32 0 A 10 76 A WM 20 0.38 
A F 30 0 142 A 10 72 F W SR2 43 0.50 
A E 30 0 142 A 10 72 F H SR2 40 0.50 
N FF 30 0 A 10 72 F H SR2 40 0.50 
P EE 24 31 355 A 23 68 A 1 400 40 0.06 
P EE 28 0 95 A 10 73 A WM 32 0.31 
P FE 28 0 95 A 10 73 A NM 60 0.31 
P EF 28 0 95 A 10 73 A WM 60 0.31 
P FE 28 0 95 A 10 73 A WM 60 0.31 
P EF 28 0 95 A 10 73 A WM 60 0.31 
A E 62 53 253 A 10 75 8 NM S400 60 0.00 
A E 74 45 279 A 10 75 B WM S400 60 0.00 
A F 21 0 111 A 40 75 0 VT 20 0.39 
A FE 59 30 49 A 21 75 B 1 200 32 0.00 
P EF 59 30 49 A 21 69 B T 200 32 0.00 
A FE 28 0 357 4 21 76 F T 4004 30 0.13 
A FE 78 0 154 A 40 7? F T 200A 32 
A EF 88 63 212 A 23 75 F FS 130 10 0.25 
A EF 70 55 212 A 23 75 F FS T.30 10 0.25 
A EF 92 58 185 A 23 75 F FS T30 10 0.25 
A EF 62 50 185 A 23 75 F FS T30 10 0.25 
A FF 56 45 294 A 23 75 F FS 130 10 0.25 
A FE 40 47 346 A 22 74 F T 4004 32 

SIJSPFCTFr) 
CAUSE S 

7 
7 
7 
7 
7 
7 
7 
7 

346 
679 



TABLE C-I (Continued) 

REPT. BR ADTT AGE WIN MAX WEAR JT JT END JT SK M0\IE B CR8 YR 	S 
AGCY ND T I SURF NO LOC SUP LGTH LGIH TMT IN 

WA 7 6 6 N I A FE 42 C) 109 A 72 71 	B 
WA 7 13 6 N 2 A EF 52 0 214 A 10 71 	B 
WA 7 12 6 N 3 A EE 49 36 270 A 10 71 	B 
WA 7 12 6 N 4 A EF 61 41 150 A 22 71 	B 
WA 7 1 6 N 5 A EE 28 0 167 A 22 71 	B 
WA 7 6 6 N 6 A EF 40 5185 A 10 71 	B 
WA 8 32 2 2.48 1 A EF 92 0 199 8 40 75 
WA 8 29 2 2.48 2 A. EF 110 0 262 A 40 75 
WA 8 29 2 2.48 3 A EF 104 0 262 A 40 75 
WA B 26 2 2.4B 4 .4 EF 92 0 262 A 40 75 
WI 1 1 6 -30 120 C 1 N EE 50 0 492 A 22 71 	A 
WI 2 45 4 5 85 C 1 P FE 50 A 22 73 	A 
WI 2 45 4 5 85 C 2 P EE 50 A 72 73 	A 
WI 2 45 -4 5 85 C 3 P FE 50 A 22 73 	A 
WI 3 5 2 5 85 C 1 A FE 58 33 304 C 22 75 	F 
WI 4 4 1 -30 120 C 1 A EE 48 11 296 A 22 76 	F 
WI 5 1 2 5 85 C I A EF 38 25 79 C 10 75 	C 
WI 6 1 1 -30 120 C 1 A EF 68 6 130 8 22 7. 	F 
WI 7 10 1 5 85 C 1 4 EF 40 27 190 C 23 76 	F 
WI 8 .5 2 5 85 C 1 A EF 34 27 205 C - 23 75 	F 
WI 9 12 1 5 85 C 1 A EE 55 0 390 8 10 76 	F 
WI 10 4 1 5 85 C 1 A FE 40 0 210 A 10 76 	F 
WI 11 150 1 5 85 1.58 1 A FE 60 3 109 A 10 76 	A 
WI ii 150 1 5 85 1.5B 2 P FF 60 3 108 A 10 76 	A 
WI 12 1 1 5 85 C I A FE 47 11 98 A 	- 10 76 	F 
WI 13 .5 1 5 85 C 1 A FE 44 47 . 70 4 40 76 	F 
WI 14 12 5 -30 120 C 1 A - 58 0 315 A 22 72 	A 
WY 1 2 -40 120 N 1 A EE 51 25 315 8 22 75 	1) 
WY 2 - 	2 -40 120 N 1 A FE 32 0 276 A 22 75 	0 
WY - 	3 .8 3 -40 120 N 1 37 0 270 4 32 74 	0 
WY 4 3 3 -401-  120 N 1 A. EF 41 0 280 A 3? 74 	0 
WY 5 .3 - 	3 . -40 120 N I A 	. EF 33 0 179 A 32 74 	0 
WY 6 3 -40 120 N 1 A FE 100 21 337 A 32 74 	1) 
WY 6 - 3 -40 120 N - 	1 A EF 100 21 337 A 32 74 	1) 
WY 7 - 	3 -40 120 N 1 A EF 23 0 249 A 32 74 	0 
WY 8 - 4 -40 120 N I A FE 16 0 210 A 32 73 	0 
WY 9 3 -40 120 N 1 4 EF 38 15 159 A 32 74 - 0 
WY 9 3 -40 120 N 2 A FE 38 15 158 A 3? 75 	0 
WY 10 2 -40 120 N I A FE 86 0 166 A 32 75 	0 
WY 11 5 2 -40 120 N I A FE 74 0 230 A 32 75 	1) 
WY 11 5 2 -40 120 N 2 A EF 74 -0 230 A 32 75 	0 
WY 12 4 2 -40 120 N I A FE . 86 0 146 A 32 75 	0 
WY 12 4 2 -40 120 N 2 A EF 86 0 146 8 32 75 	0 
WY 13 2 -40 120 N I A EE 66 0 230 A 37 75 	1) 
WY 14 7 2 -40 120 N 1 A FE 33 0 259 4 22 75 	0 
WY 15 7 2 -40 120 N I A FE 36 25 280 A 2? 75 	0 
WY 16 2 -40 120 N 1 A FE 37 0 172 A 22 75 	0 
WY 	. 17 1 -40 120 N F A FE 60 45 266 A 22 76 	0 
WY 17 1 -40 120 N 2 4 FE 60 45 266 A 22 76 	0 

SEAL SEAL AN REC RFPORTABLF 
TYPF MODEL SYS CONDITIONS 

1 200 31 0.13 
I 400 31 0.13 
1 400 31 0.13 
1 200 31 0.13 
1 200 31 0.13 
1 400 31 0.13 

WM S400 70 0.25 
WM S300 70 0.25 
WM S400 70 0.25 
WM S300 70 0.25 
T 650 40 0.39 80 
T ?ODA 40 0.39 13 22 60 
T 250 40 0.38 13 22 60 
1 4004 40 0.38 13 22 60 
T 2008 40 0.25 11 60 
W SR4 40 0.25 11 60 

OF CP300 40 0.25 51 
FS 130 40 0.25 
FS T30 40 0.25 11 12 
FS T30S 40 0.25 
F5 130S 40 0.19 30 
FS 1305 40 0.25 
WM 	- 54400 50 0.00 14 40 
WM S4400 50, 0.00 14 40 
WM SA300 50 0.00 40 
WM SA400 50 0.00 40 30 
1 650 40 0.39 11 12 60 
I 4008 20 0.25 
T 4004 20 0.25 

- 0.25 
T 4004 10 0.25 30 
T 250 30 0.25 
1 250 30 0.25 
T 250 30 0.25 
T 250 30 0.25 
I 290 30 0.25 
T 2004 30 0.25 
T 2008 30 0.25 
T 2008 30 0.25 
T 2004 30 0.25 
1 2004 30 0.25 
I 200A 30 0.25 
T 2004 30 0.75 
1 2004 30 0.25 
T LQC)4 20 0.25 
T 4008 20 0.25 
T 2008 20 0.25 
T 4004 20 0.25 
T 4008 20 0.25 

SUSPECTED 
C. AI)SF S 

11 
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REPT. BR ADTT AGE MIN MAX WEAR JT JT END JT- SK MOVE G CR8 YR 	S 
AGCY NO T T SURF ND LOC SUP LGTH LGTH TMT IN 

WY 18 1 -40 120 N I A EF 86 0 146 A 72 76 	0 
WY 1.8 1 -40 120 N 2 A FE 86 0 146 A 22 76 	1) 
WY 19 1 -40 120 N I 4 36 0 167 A 22 76 	I) 
WY 19 1 -40 120 N 2 6 36 1) 767 A 22 76 	0 
WY 19 1 -40 120 '4 3 A 36 0 767 A 22 76 	IT) 
WY 19 1 -40 120 _'J 4 P 36 767 A 2? 16 	1) 
WY 20 1 .-40 120 'J 1 A 57 25 315 4 22 76 	I) 
WY 21 1 -40 120 N 1 4 85 0 160 A 22 76 	1) 
WY 21 1 -40 120 N 2 A EF 26 35 176 4 2? 76 	1) 
WY 22 7 1 -40 120 N I A FE 35 17 260 A 22 76 	I) 
WY 23 7 1 -40 .120 N 1 A FE 33 IT) 255 A 22 76 	I) 
WY 24 1 -40 120 N 1 A EF 35 20 174 A 22 76 	1) 
WY 25 1 -40 120 N 1 4 42 15 232 4 22 76 	1) 
WY 26 1 -40 120 I.! 1 A FE 42 0 234 A 22 16 	I) 
WY 26 1 -40 120 N 2 A FE 42 0 234 6 22 16 	1) 
WY 27 1 -40 120 Ii I A FE 86 13 50? A 22 76 	1) 
WY 21 1 -40 120 N 2 A EF 86 13 50? A 22 76 	0 
WY 28 1 -40 120 N I A 52 0 177 A 22 76 	I) 
WY 79 1 -40 120 N I A EF 33 0 276 A 22 76 	0 
WY 30 1 -40 120 N 1 4 FE 	. 40. 0 390 A 22 76 	0 
WY 30 1 -40 120 N 2 A EF 40 0 390 4 22 76 	1) 
WY 30 1 -40 120 I 3 P' FE 40 0 390 6 22 76 	1) 
WY 30 1 -40 120 Is 4 P EF 40 0 390 A 22 76 	IT) 
WY 31 2 -40 120 K I A FE 45 20 135 A 2? 75 	1) 
WY 31 2 -40 120 N 2 A EF 45 20 135 .4 22 16 	1) 
WY 32 1 -40 120 N 1 A FE 44 0 135 A 22 76 	1) 
WY 33 1 -40 120 N 1 4 FF 41 0 53 6 22 76 	1) 
WY 34 1 -40 120 N 1 A EE 115 40 148 A 22 76 	0 
YP 1 28 49 -20 120 0.08 1 P FF 40 0 4 30 71 	A 
YP 1 28 49 -20 120 0.8P 2 P EF 40 0 60 A 30 71 	A 
YP 2 4 46 -20 120 3.08 1 P FE 40 0 60 A 40 75 	A 
YP 2 4 46 -20 120 0.88 2 P EF 40 0 60 6 40 75 	A 
YT 1 16 B I P FF 113 0 73 
YT 1 16 B 2 P EF 113 0 73 
YT 2 16 8 i P FE 187 37 . 73 
YT 2 16 B 2 P FE 187 37 73 
YT 3 43 B 1 F F 43 0 72 
YT 3 43 B 2 P EE 114 40 72 
YT 3 43 B 3 P EF 43 0 72 
YT 3 43 8.4 P FE 86 0 72 
YT 3 43 B 5 P FE 86 0 72 
YT 4 6 B I P FE 62 31 . 72 
YT 5 1 C 1 P EF 45 0 . 72 
VT 6 12 C 1 A FE 45 Q 72 
YT 6 12 C 2 A EF 45 9 72 
YT 7 12 B 1 6 FE .4 77 71 
YT 7 12 B 2 A FE 64 27 71 
YT 8 4 . C 1 P FE 35 15 73 
YT 8 4 C 2 P FE 35 iS 73 

SEAL SFAL AN REC RFP0RTABLF 
TYPE MODEL SYS CflNDhT1(IrIS 

T 200A 20 0.25 
T 2004 20 0.25 
1 2006 20 0.25 
1 250 20 0.25 
1 650 20 0.75 
T 650 .20 0.25 
T 4004 20 0.25 
1 2006 20 0.25 
1 250 20 0.25 
1 4004 20 0.25 
1 4004 20 0.25 
T ?OOA 20 .0.25 
1 4006 20 0.25 
1 4004 20 0.25 
1 4004 20 0.25 
1 4008 20 0.25 
1 4006 20 0.25 
1 250 20 0.25 
1 4008 20 0.25 
1 250 20 0.25 
1 250 	. 20 0.25 
T 650 20 0.25 
1 650 20 0.25 
T 200A 0.75 
T 200A 0.25 
T 200A 0.25 
T 150C 0.25 
1 2006 0.25 
T 4006 20 0.00 10 20 60 70 
T 650 20 0.00 10 20 60 70 

FS T20 20 0.00 
OW S0200 50 0.00 

T 1506 31 10 
T 150A 31 
J 1506 31 10 
1 1506 31 11 
T 1506 10 30 
1 200 10 10 
1 1504 10 
1 200 10 11 
1 200 10 13 	23 
T 200 10 
T 200 10 10 
1 200 10 
I . 	200 10 
1 250 10 10 	51 
1 250 10 10 
1 200 31 11 
1 200 31 10 

SUSPECTED 
CAUSES 

1 9 
19 



TABLE C-i (Continued) 

REPT. BR ADTT AGE 	MIN 	MAX WEAR JT JT END JT SiK 	MOVE G 	CR8 	YR 	S SFAL SEAL AN 
AGCV ND T 	I SURF NO L0C SliP LGTH LGTH TNT 	IN TYPE MODEL SYS 

YT 9 25 C 1 P EE 45 0 73 T 200 10 
VT 9 25 C 2 P EE 45 0 73 1 200 10 
YT 10 19 C 1 A FE 43 0 71 1 200 10 
YT 10 19 C 2 P FE 43 0 71 1 200 10 
YT 10. 19 C 3 P FF 43 0 71 1 200 10 
YT 10 19 C 4 P EF 43 0 71 T 2.00 10 
YT 10 19 C 5 A EF 43 0 71 T 200 10 
YT 11 19 C I P FE 45 0 72 W 200 31 
YT 11 19 . 	C 2 P EF 45 0 72 N 200 10 
VT 12 3 C I P EF 46 44 72 W 200 10 
YT 12 3 C 2 P FE 46 44 72 N 250 10 
YT 12 3 C 3 P FE 46 44 72 W 200 10 
YT 13 17 C 1 P FE 42 35 73 N 750 31 
YT 13 17 C 2 P FE 42 35 73 W 200 31 
YT 13 17 C 3 P FE 42 35 73 W 200 31 
YT 14 B 1 A FE 85 5 74 1 200 31 
YT 14 B 2 P FE 85 5 . 	74 T 200 31 
YT 14 B 3 P FE 85 5 74 T 200 31 
YT 15 B 1 P EF 56 2 74 T 200 31 
VT 15 B 2 P EF 56 2 - 	74 T 200 31 
YT 15 B 3 P FE 56 2 74 T 200 31 
YT 16 C 1 P EF 62 49 74 W 200 30 

.YT 16 C 2 P FF 62 49 74 N 200 30 
YT 16 C 3 P EF 62 49 74 W 200 30 
YT 17 A I P FE 52 38 74 T 700 
VT .17 B 2 P FE 52 39 7.4 T 200 
YT 17 B 3 P FF 52 39 74 T 200 
YT 17 B 4 P EE 52 38 74 T 200 
YT 18 15 B I A FE 114 0 76 AC S300 
YT 18 15 B 2 P 114 0 76 AC .S400 
YT 18 15 B 3 P 114 0 76 AC S200 
YT 18 15 B 4 A FE 114 0 76 AC S300 
YT 19 C 1 P FE 28 0 74 W S300 
VT 19 C 2 P FE 28 0 74 W S300 
YT 19 C 3 P FE 28 0 74 W S300 
YT 20 8 i P FE 35 24 76 AC S300 
YT 20 . B 7 P EE 35 24 76 AC S300 
YT 21 B .1 P EE 41 35 76 N S200 
YT 21 B 2 p EF 41 35 76 W S200 
YT 22 15 B 1' P 57 0 76 PS X 
VT 23 14 B 1 A FE 57 30 75 PS 900X L10 

RFC 	REPORTABL.E 
	

S lISP E CT F 0 
CfltI1) ITT IINS 
	

C All SF S 

10 
10 
10 
10 
13 
13 
10 

10 
10 	- 
10 
JO 
10 
10 
10 
23 
23 
23 
23 
23 
23 
10 
10 
10 
10 
10 
10 
10 

40 
40 
40 

11 51 



Legend to Column Headings and Entries: 

REPT AGCY 	- denotes Reporting Agency (State Highway Department or Toll Authority) 
Conventional State abbreviations for Highway Departments 
Abbreviations for Toll Authorities: 

JT = New Jersey Turnpike Authority 
YP = Port Authority of New York and New Jersey 
YT = New York Thruway Authority 

BR NO 	- denotes Bridge Number (arbitrarily assigned to each bridge; exact bridge location 
available upon request) 

ADTT 	- denotes Average Daily Truck Traffic (in hundreds) 

AGE 	 - denotes Age of bridge (number of years from year built to 1977) 

MIS T 	- denotes Minimum Temperature assumed for design purposes 

MAX T 	- denotes Maximum Temperature assumed for design purposes 

WEAR SURF 	- denotes Wearing Surface (thickness in inches of overlay, if any) 
B = Bituminous Concrete 
C = Portland Cement Concrete 
N = None. 

JT NO 	- denotes Joint Number (arbitrarily assigned to each joint at one bridge) 

JT •LOC 	- denotes Joint Locations (within each bridge) 
A = Abutment 
P = Pier 
N - Between Supports 

END SUP 	- denotes End Supports (bearing types each side of joint) 
E = Expansion 
F = Fixed 

JT LGTH 	- denotes total Joint Length (in feet) 

iii 	 -. denotes Skew angle of joint (in degrees) 

MOVE LCTH 	- denotes total Movement Length of spans contributing to thermal movement (in feet) 

C 	 - denotes Geometry 
A = Joint is straight from parapet to parapet; when substructure is skewed, 

joint follows skewed line. 
C = Joint is skewed in roadway, bends at curb and is normal to parapet within 

sidewalks. 
O = Same as C except bends occur at gutter lines away from curbs. 

CRE TMT 	- denotes Curb Treatment 
10 = Seal is continuous through curbs and sidewalks. 
21 = Seal is jointed to follow curb and sidewalk surfaces, using mitered 

joint splices. 
22 = Seal is jointed to follow curb and sidewalk surfaces, using tongue-and-groove 

joint splices. 
23 = Seal is jointed to follow curb and sidewalk surfaces, using other types of 

joint splices. 
30 = Seal for curb-gutter-sidewalk is separate unit (molded) 
32 = Seal for curb-gutter-sidewalk is separate unit (formed with splices). 
40 = Seal is terminated at bottom of curbs. 

YR IN 	- denotes Year Installed (calendar year joint actually placed, less 1900) 

S 	 - denotes Specifying means 
A = The product was specified with no "or equal" clause as part of an experimental 

program. 
B = A product was specified with an "or equal" clause; the product specified was 

selected. 
C = A product was specified with an "or equal" clause; the product selected was 

considered en equal to that specified. 
S = The product was considered to comply with a descriptive specification (a 

detailed description of material properties and the workmanship required to 
• fabricate and install). 

• E = The product was considered to comply with a performance specification (a 
statement of required results, verifiable as meeting stipulated criteria, and 
free of unnecessary process limitations) or a combination descriptive- 
performance specification. 

P = The product was selected from a number of acceptable products identified in 
the plans or specifications. 

SEAL TYPE 	- denotes Seal Type (proprietary name) 
AC = Acme (Acme Highway Products, Inc.) 
DE = Delastiflex (The D. S. Brown Company) 
PS = Fel-Span (Pd-Pro Incorporated) 
GY - Ohio strip seal design (similar to Onflex) 
MR = Ohio strip seal design (similar to Onflex) 
ON = Onflex (Structural Accessories, Inc.) 
PS = Pro-Span (FeS-Pro Incorporated) 

- T = Transfiex (The General Tire & Rubber Company) 
U = Unidam (Royston Laboratories, Inc.) 
VT = Vermont strip seal design (similar to Onflex) 
W = Waboflex( Watson Bowman Associates, Inc.) 

NM = Wabo-Maurer (Watson Bowman Associates, Inc.) 

SEAL MODEL 	- denotes Seal Model (Model No. of proprietary products) 

45 
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TABLE C-i (Continued) 

AN SYS 	- denotes Anchorage System 
10= Anchor bolts grouted in holes drilled in deck concrete 
20 = Anchor bolts cast in deck concrete 
30 = Drilled-in concrete expansion anchors (unknown type) 
31 = Drilled-in concrete expansion anchors (self-drilling type) 
32 = Drilled-in concrete expansion anchors (other type) 
40 = Studs end-welded to embedded steelwork 
50 = Wholly cast in anchorages not tied to deck reinforcement 
60 - Wholly cast in anchorages tied to deck reinforcenent 
70 = Other anchorage system 

REC 	 - denotes Recess (amount top of joint is set below adjacent roadway surface) (in inches) 

REPORTABLE CONDITIONS: 
10 - Joint is leaking (locations unknown or extensive). 
11 = Joint is leaking at curb line. 
12 = Joint in leaking through splices between segments. 
13 = Joint is leaking through interface between seal and deck concrete. 
14 = Joint is leaking through interface between gland and claw. 
20 - Anchorage has failed (manner unknown or varied). 
21 = Anchorage has failed through loosening of nuts. 
22 = Anchorage has failed through shearing of bolts. 
23 = Anchorage has failed through pullout. 
30 = Gland is runtored. 
4)) 	Joist fails i.e expel captured debris. 
Sc) = Surface ni jo liii is scarred (causes unknown or varied). 
St = Surface of Joiiit is scarred by snowplow blades. 
52 = isrfoce of joint is scarred by other maintenance vehicles. 
53 = Surf- ace of joint is scarred by other vehicles. 
60 = Joint deflects excessively under passage of vehicles. 
70 - Joint is excessively noisy under passage of vehicles. 
SO = Other types of problems are evident. 	 - 
(lb entry implies the joint is performing satisfactorily.) 

SSSI'Ec'fED CAUSES: 
= Inadequate product design 

2 = Inadequate manufacturing control 
3 = Defective material 
4 - Inappropriate selection of adhesives and/or sealants 
5 = Inadequate control of construction 
6 = Inproper construction 
7 = Inadequate or careless maintenance 
8 - Improper seal model xelection for joint 
9 - Inability of seal to accommodate ordinary bridge end novoment 
10 = Inability of seal to accommodate unexpected and extraordinary bridge 

end movements 	 - 
11 = Other causes 



THE TRANSPORTATION RESEARCH BOARD is an agency of the National 
Research Council, which serves the National Academy of Sciences and the National 
Academy of Engineering. The Board's purpose is to stimulate research concerning the 
nature and performance of transportation systems, to disseminate information that the 
research produces, and to encourage the application of appropriate research findings. 
The Board's program is carried out by more than 150 committees and task forces 
composed of more than 1,800 administrators, engineers, social scientists, and educators 
who serve without compensation. The program is supported by state transportation and 
highway departments, the U.S. Department of Transportation, and other organizations 
interested in the development of transportation: 

The Transportation Research Board operates within the Commission on Sociotech-
nical Systems of the National Research Council. The Council was organized in 1916 
at the request of President Woodrow Wilson as an agency of the National Academy of 
Sciences to enable the broad community of scientists and engineers to associate their 
efforts with those of the Academy membership. Members of the Council are appointed 
by the president of the Academy and are drawn from academic, industrial, and govern-
mental organizations throughout the United States. 

The National Academy of Sciences was established by a congressional act of incorpo-
ration signed by President Abraham Lincoln on March 3, 1863, to further science and 
its use for the general welfare by bringing together the most qualified individuals to deal 
with scientific and technological problems of broad significance. It is a private, honorary 
organization of more than 1,000 scientists elected on the basis of outstanding contribu-
tions to knowledge and is supported by private and public funds. Under the terms of its 
congressional charter, the Academy is called upon to act as an official—yet indepen-
dent—advisor to the federal government in any matter of science and technology, 
although it is not a government agency and its activities are not limited to those on 
behalf of the government. 

To share in the tasks of furthering science and engineering and of advising the federal 
government, the National Academy of Engineering was established on December 5, 
1964, under the authority of the act of incorporation of the National Academy of 
Sciences. Its advisory activities are closely coordinated with those of the National 
Academy of Sciences, but it is independent and autonomous in its organization and 
election of members. 
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