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Foreword 
The six papers in this RECORD report recent developments in joint 
sealers, bridge materials, and construction. Theywill be of partic
ular interest to all who are involved in bridge design, construction 
and maintenance. 

The paper .by Carle reports the cofferdam design for a pier of the 
new Cooper River Bridge. The discussion covers the adverse soil 
conditions at the site as well as the design assumptions and procedure. 
The major portion of the paper concerns the installation procedure 
illustrating methods employed by the contractor to reduce construe -
tion costs. The economical and sometimes unusual methods in this 
case resulted in a saving of $ 85, 000 from the engineer's estimate. 

Professor Hoadley discusses some of the many aspects of pre
stressing steel structures. Reasons for prestressing steel structures 
are explored, particularly beam structures. Several constructed ex
amples of prestressed steel structures are presented in detail. 

The abridgment by Gill and Dazzi discusses the fabrication and 
erection of the Concordia Orthotropic Bridge which joins Montreal 
Island with the Ile Verte section of the island complex. 

The first completely hot-dip galvanized bridge in the United States 
was opened to traffic in August 1966. Roger Main discusses details 
of design and construction. 

Kozlov' s paper describes a study to augment the limited knowledge 
concerning performance and application of preformed elastomeric 
bridge joint sealers. The preformed sealers are discussed in general 
as well as their application in bridge joints. The sealer material and 
the design of bridge seals are outlined. 

Hall, Ritzi and Brown report on a laboratory investigation of fac -
tors governing contact pressure generation in preformed neoprene 
compression seals. The relationship of compression seal-joint wall 
contact pressure under various environmental conditions is detailed. 
The study also derives recommendations for specifications to cover 
desirable factors in preformed compression seals. 

- Robert C. Anderson 
Librarian, Materials and Research Laboratory 

California Division of Highways 
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Cofferdams for the Town Creek Piers of the 
Silas N. Pearman Bridge Over the Cooper River, 
Charleston, South Carolina 
ROBERT J. CARLE, Sales Engineer, Behtlehem Steel Corporation, 

Bethlehem, Pennsylvania 

This paper discusses the cofferdam design for Pier T-2 of the 
Town Creek spans of the Silas N. Pearman Bridge at Charles
ton, S. C. The discussion covers the adverse soil conditions 
at the site as well as the design assumptions and procedure. 
A large portion of the paper is devoted to the installation pro
cedure in which the contractor employed various expedients 
to reduce the cost of cofferdam construction. These reduced 
costs were reflected in the bid price which was below the 
engineer's estimate. 

•THE present paper is limited to a discussion of Pier T-2. This pier was the first of 
the two main piers to be constructed by the contractor, James T. Triplett, Inc., and 
L. R. Ryan, Inc. , who built the four piers at Town Creek under one contract. In ad
dition, Pier T-2 was located in the most adverse soil conditions. 

In order to present a complete picture of the cofferdam, it is necessary to discuss 
the unusual soil conditions, the design assumptions, and the installation procedure. 

son.. CONDITIONS 

River pier cofferdams have been built in poo,r soil conditions for years . However, 
when the soil is very poor and the cofferdam is very large, the problems are 11,aturally 
compounded. The soil at this particular location can best be described as deep mud 
underlain by marl. The borings Ior Pier T-2, as shown in Figure 1, using mean sea 
level as zero datum indicate 21 feet of water 12 feet of dark gray silty clay of "push" 
quality, 21 feet of bluish gray organic clay with a trace of sand and shell fragments 
and still of "push" consiste,~cy, 23 fee t of bluish gray organic clay with high sand con
tent (note that even with a hig~ percentage of sand, the soil offered no resistance to the 
sampling spoon). The nexl 4-ft stratum from -77 to - 81 ft, consisting of soft bluish 
gray organic clay with little sand, mica, and shells offered a resistanc of 2 blows 
per foot. Below elevation -81 , the soil was stiff brownish green calcareous clay with 
a slight sand content and the penetration resistance was aboul 8 blows per foot. This 
last stratum is typical Cooper marl. The soil boring was not carried to a greater 
depth since it was made to provide information for the cofferdam construction and not 
for the foundation of the bridge pier. All sampling was done with a 2-in. diameter 
split spoon driven by a 140-lb hammer falling 30 in. 

From the description of the soil conditions it is obvious that the bridge design engi
neers we1·e face·d with the problem of a very deep foundation, and they chose a concrete 
pier on H-piles as the most economical solution. The contractor, however, had the 
responsiblity of designing the cofferdams and constructing the piers under these 
adverse soil conditions. 

Poper sponsored by Committee on Construction Procti ces-Structures and presented at the 46th Annual 
Meeting. 
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Elevation Penetration Resistance Soil Description 
in f'eet in blows oer foot 

Water 

0 
to 

-21.0 

PUSH Dork Groy Silly Clay 

-33.0 

Bluish-Gray Organic Clay 

PUSH With Trace Of Sond And 
Shall Fragments 

-54.0 

Bluish-Gray Organic Clay 
PUSH With High Sand Content 

-no 

-01.0 2 Bluish - Grox Oroonlc Cloy With 
Little San , Mica, And SheNa 

-0.0.n 8 Brownish-Green Calcareous Cloy 
With Sllaht Sand Content 

Figure l. Soil boring for Pier T-2. 

COFFERDAM DESIGN 

The design of the cofferdam was complicated principally by two features. First, 
the deep mud had to be retained during the pile driving operation, and second, 228 
vertical and battered H-piles had to be driven to support the pier. In addition, the 
batter piles prevented the sheet piling from penetrating beyond elevation -62. 

As in all work with soils, certain assumptions had to be made about the fluid prop
erties of the mud. Although several analyses were attempted, the final soil properties 
used in the design were a submerged weight of 40 lb per cubic foot and an active pres
sure coefficient of 0. 75. With the great number of bearing piles required to support 
each pier, the installation would have been simplified if the cofferdam could have been 
constructed without interior bracing. However, the alternatives to a braced rectangu
lar cofferdam, such as a cellular structure or a circular ring-braced cofferdam, ap
peared to be either too expensive or impractical from a design standpoint. Therefore 
it was decided that a braced cofferdam, as indicated on the contract drawings, would 
be used. 

The contractor proposed to use one bracing cage for three purposes: (a) a driving 
frame for the sheet piling, (b) bracing for the water-filled cofferdam during the pile 
driving operations, and (c) bracing for the unwatered cofferdam. The two principal 
loading conditions to which the cofferdam was subjected were (a) soil pressure while 
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the bearing piles were installed and while the tremie seal was poured, and (b) soil 
and water pressures during the pier construction. Although the latter condition in
volved the heavier loads, the critical design was during the early phase of construc
tion. Since the batter piles prevented the sheet piling from being driven into the firm 
soil, the sheeting had little toe support and most of the differential soil pressure had 
to be resisted by the internal cross-bracing. The loading diagram for this condition 
is shown in Figure 2. Note that a net passive pressure was assumed to exist in the 
zero blow count material below elevation -54 because of the high sand and shell content. 

As noted previously, the second loading condition was during the unwatered stage of 
construction. The toe of the sheet piling, however, then had the 10-ft thick tremie 
seal as a firm support. The loading diagram for the unwatered cofferdam is shown in 
Figure 3. 

With the two loa_ding conditions established, it was necessary to design bracing 
which could be used for both phases of construction in accordance with the proposed 
installation procedure. The unwatered cofferdam was subjected to relatively high 
loading since it retained 42 feet of water and 20 feet of submerged soil. With these 
high external loads plus construction loads, cross struts and X-bracing were required 
to provide stability. The interior X-bracing, however, could not be installed during 
the initial erection of the bracing cage since it would interfere with the driving of the 
batter piles. The location and batter of the H-piles also dictated the location of the 
cross struts during the first phase of construction. Figure 4 illustrates the large num
ber of bearing piles as well as the problem of fitting them through the bracing. It was 
necessary to design a system of bracing which would sustain the pressure of the sub
merged soil during the driving operation and, with all cross struts and X-bracing in
stalled, would support the pressures exerted on the unwatered cofferdam. Figure 5 

I I 

' \ 

OuARTER PILE PLAN SECTION A-A 

Figure 4. Relationship of H-pi les and bracing. 
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Figure 5. Bracing before unwatering. 
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Figure 6. Bracing after unwatering. 
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12 BP53 
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Elev.+ 2.5 
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Wales 24WFl20 All Around 

RING No. 2 
Elov. - 17.0 

1 
() 

14 

148Pi'3· 

All Main Struts 
14BP89 

Wales 27WFl45 All Around 
RING No. 3 
Elev.-28.0 

78~0"(1}'Picall 

I I 
All Struts 
12 BP53 

I I 
Wales 18WF96 All Around 

RING No.4 
Elev.-51.0 

Figure 7. Plan view af bracing rings. 

shows the bracing for the cofferdam prior to unwatering. Note that there are tempo
rary struts at the centerline of the cofferdam for each of the three upper tiers of wales. 
One strut was all that was required in those tiers to sustain the loads from the sub
merged soil. The lowest ring, however, required four struts. Figure 6 shows the 
same view of the bracing for the unwatered phase. Note that the temporary struts have 
been removed and that each ring of bracing has four struts. The bracing can be seen 
more clearly in Figure 7 which shows a plan view of each tier. With a bracing system 
as shown in the preceding figures the contractor was able to modify it from one phase 
of construction to the next with a minimum of lost time. The methods employed by the 
contractor to accomplish this change are discussed later. 

Most river pier cofferdams are simiiar; however, the two feaLures which make this 
one somewhat unique are (a) the installation procedure, and (b) the use of a sacrificial 
wale below the tremie seal which permitted the use of standard sheet piling sections. 
If the soil adjacent to the toe of the sheet piling did not exhibit passive pressure as as
sumed, the ZP-38 piling had sufficient reserve strength to prevent failure. The wales 
were designed continuously since they were prefabricated and were installed in com
plete rings. The strut connections, however, were designed as simple supports so 
that they might be more easily installed and removed. 

INSTALLATION PROCEDURE 

The design was based on pre-excavating to elevation -20. The contractor was able 
to accomplish this on the outboard side of the pier but found that excavation below 
elevation -16 on the inboard side caused continual sloughing of the shore line and sub
sidence of the small structures which were supported on footings. Pre-excavation was 
therefore stopped at elevation -16 on the inboard side, and the resultant 4-ft differen
tial in soil height was assumed to be insignificant in its effect on the cofferdam. 

The contractor first assembled on a pontoon barge the bottom ring of bracing, Ring 
No. 4, with all permanent struts in place and Ring No. 3 above it with only a temporary 
strut in place. The barge was floated into place and the assembled bracing system 
was precisely positioned and leveled. Because of the massive size of the bracing sys
tem the contractor elected to drive six spud piles, section BP14 x 89, around the 
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periphery. When the spuds were dr.opped 
through the prefabricated slots along the 
wale (see Fig. 8), they penetrated the 
soil under their own weight to elevation 
-60, which was just 2 ft above the pro
posed sheet piling tip elevation. The six 

_piles, each 120 ft in length, were then 
driven into the Cooper marl to elevation 
-87. The two tiers of bracing were hung 
from hand winches located at the top of 
the spud piles. Figure 9 shows the winch 
installation. The winch lines were taut 
at high tide so that, as the tide went out, 
the pontoon barge was floated out from 
under the bracing cage. Figure 10 shows 
the pontoon-mounted bracing. 

Figure 8. Spud pile guide. 
The two-tier cage was lowered by use 

of the winches to the pre-excavation ele
vation and Ring No. 2 was added. The 

peripheral X-bracing was then placed between Ring No. 3 and Ring No. 2. The ZP-38 
steel sheet piling was assembled around the three-tier cage and was driven in stages 
which were coordinated with the excavating operation. This multi-stage driving pro
cedure, which consisted of driving the sheeting about 12 ft beyond the bottom brace and 
then excavating and lowering the bracing cage, helped to maintain the verticality of the 
sheet piling and prevented it from bowing in under the bottom brace. As the bracing 
was lowered to a point where Ring No. 2 was just above the water line, Ring No. 1 was 
added. 

It is interesting to note that the borings indicated a "push" quality material all the 
way to elevation -77; however, the contractor found that excavating this material was 
considerably more difficult than anticipated. The soil exhibited some notable charac
teristics. For instance, it could be excavated by clam shell and would retain the gen
eral shape of the bucket when placed on the ground, but after a period of several days 
it would creep into an extremely flat angle of repose and would spread over the entire 

Figure 9. Hand winch on spud pi le. Figure 10. Bracing on pontoons (photo taken at Pier T-3). 
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Figure 11. Pile guide box. 

i'-6" 

spoil area. On the other hand, U1e undisturbed strength of the soil was sufficient to 
maintain a vertical face and would do so under every wale and cross strut. This char
acteristic seemed to justify the design assumption that the soil could exhibit a net pas
sive pressure, particularly since a high pressure jet was required to remove the walls 
of soil which remained standing under the cross struts. 

The sheet piling was driven to a final tip elevation of -62 and the excavation was 
completed to elevation -54, which was 4 ft below the bottom of the tremie seal. At 
this point in the construction sequence all wales were in their final position, but only 
Ring No. 4 contained the permanent cross struts. All other rings had temporary struts 
which were required to sustain the soil pressure. As noted previously, the excavation 
was carried 4 ft below the bottom of the tremie seal. This overexcavation was made 
to accommodate a sand blanket which acted as a bed for the seal concrete. In addition, 
the sand provided a stable platform on which to rest the pile box that was used as a 
guide for the bearing piles. 

The pile box is an interesting innovation which allowed the pile tips to be precisely 
spotted from above the water surface. The box, shown in Figure 11, was fabricated 
from ½-in. steel plate, was 60 ft long, and had a bearing plate on one side of the lower 
end to support the box on the sand blanket. When preparing to drive a line of ·piles, the 
contractor would place a guide beam across Ring No. 1 which was above the water line. 
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In the case of vertical piles the box 
could be positioned plumb against 
this guide beam. For batter piles 
two guide beams were used, one lo
cated adjacent to a vertical plane 
containing the pile tip and the other 
a predetermined distance away. The 
pile box was accurately placed over 
the pile tip location and then tilted 
back against the second guide beam. 
This operation, shown in Figure 12, 
provided accurate pile location as 
well as the required slope for the 
batter piles. 

As the H-piles were dropped in 
the box they hit the sand blanket and 
hesitated briefly until the sand was 
penetrated by the pile tip. The ear
lier piles would again plunge down
ward under their own weight until 
they rested on the firm layer of 
marl. As the driving progressed, 
the sand blanket became more dense 
from vibration and displacement, 
and the piles no longer penetrated 
the sand under their own weight, but 
required a few taps from the hammer 
in order to break through. A total 
of 228 BP14 x 73 H-piles were 
driven under Pier T-2 with a 
McKiernan Terry C- 5 hammer and 
a BP14 x 117 follower. The follower 
permitted the piles to be driven con
tinuously to the required cut-off 
grade which was 4 ft above the top 
of the tremie seal at elevation -40. 

To reduce the number of handling 
operations involved with pouring the 
tremie seal, the contractor drove 

Figure 12. Setting H-piling. overlength piles at eight of the per
manent vertical pile locations. These 
eight piles extended above the water 
surface and served as supports for 

an extension of the temporary construction trestle. With the trestle extended over the 
cofferdam the tremie seal was poured directly from ready-mix trucks through two 14-
in. diameter steel tubes. This direct pour reduced handling costs of the tremie 
concrete. 

After the concrete seal had set, a diver was lowered into the cofferdam to discon
nect Ring No. 4 from the three upper tiers of bracing. The cofferdam was then over
flooded with an additional head of water that spread the sheet piling away from the 
wales, thereby permitting the upper tiers of bracing to be raised above the water line. 
Diver work was minimized since all permanent struts and cross braces could then be 
installed above water. The bracing cage was then lowered to its final position inside 
the sheeting. 

With the bracing all in place the cofferdam was dewatered and construction of the 
concrete pier was started. The footing was poured from the top of the seal up to ele
vation -30 just below Ring No. 3. Rather than strut to the footing in order to remove 
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the cross braces from Ring No. 3, the contractor filled the void between the footing 
and the sheet piling with sand except for the top 18 in. in which he poured a slab of 
concrete. After the concrete had set, the bracing was removed from Ring No. 3 and 
the wales were raised to elevation -19 just below Ring No. 2. The pedestal concrete 
was then poured up to elevation -20. Struts were placed from the pedestal to Ring No. 
3 at its new location and Ring No. 2 was raised to elevation -2. The remaining lifts of 
pedestal concrete were poured and braced similarly until the concrete was well above 
the water line. 

Backfill was placed inside the cofferdam to prevent a mud slide which might under
mine existing surface structures upon removal of the sheet piling. The cofferdam was 
then flooded and the sheet piling and bracing were removed. 

SUMMARY 

The preceding discussion of cofferdam design and installation illustrates the various 
methods that contractors will employ to reduce construction costs. In this instance the 
reduction was substantial. The engineer's estimate for the overall contract for the 
four bridge piers was $1,527,000 and the contractor's bid was $1,442,000. It is evi
dent that this difference of $85,000 was a result of finding economical and sometimes 
unusual methods of construction as outlined here. 



The Nature of Prestressed Steel Structures 
PETER G. HOADLEY, Associate Professor of Structural Engineering, 

Vanderbilt University 

The paper discusses the principles governing the design, ap
plication, construction and bE:havior ofprestressed steel beams. 
Only one type of prestressing is considered-that using cables, 
strands or rods. Several types of beam structures are con
sidered including prestressed I-shaped beams, prestressed 
composite beams and prestressed continuous beams. In each 
case the behavior of the structure is presentedalong with com
ments on the possible economy to be achieved. A comparision 
is given between conventional and prestressed composite beams 
and the results show promise for prestressing. The effects 
of prestressing in significantly reducing bending moments in 
continuous beam construction are discussed. Several examples 
of prestressed structures are presented. 

•THE purpose of this paper is to discuss some of the many aspects of prestressing 
steel structures and in particular prestressing beam structures. The question that is 
usually asked when this idea is mentioned is, "Why pre stress a steel structure?" The 
answer is actually quite simple but the reason for doing it is different from the reason 
for prestressing concrete structures. This reason will be explored and discussed 
here by presenting briefly the general principles of linear prestressing and the behavior 
characteristics of several forms of pre stressed steel structures. More importantly, 
however, several constructed examples of prestressed steel structures will be dis
cussed in detail. In this way one can fully appreciate and understand why prestressing 
steel structures can be worthwhile from many points of view. 

TYPES OF PRESTRESSING 

In this paper only one type of prestressed steel structure will be discussed-the type 
where high-strength steel cables, wires or rods are used to apply the prestressing 
force. There are several other methods used to prestress steel structures, two of 
which have received notice within the last several years. 

One of these is commonly known as the preflexing technique (1). Basically, the 
preflex beam uses the two primary construction materials in the-most ideal stress 
condition-steel in tension and concrete in compression. The steel beam is preflexed 
by jac,king forces, thereby creating tensile and compressive stresses in the bottom and 
top flanges respectively, as shown in Figure la. A body of concrete is then poured 
around the bottom flange (Fig. lb). When the concrete has cured the jacks are removed. 
The elastic return of the steel beam is opposed by the concrete which is put under com
pression. A second body of concrete representing perhaps a floor slab is then placed 
around or attached to the top flange (Fig. le). When this second body of concrete cures 
design loads may be placed on the structure. The entire composite beam is uncracked 
at design load and has a high moment of inertia for a favorable distribution of stresses. 
This method of prestressing has been successfully used for many years in a score of 
European, Latin American and African countries . 

Paper sponsored by Committee on Construction Practices-Structures and presented at the 46th Annual 
Meeting. 
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Figure l. Pref lex method of prestressing steel beams. 

The second method of prestressing is very similar to the preflexing technique. How
ever, high-strength steel cover plates are used instead of concrete to prevent the com
plete elastic return of the pre-deflected beam 2, 3). In this case the top and bottom 
flanges are placed in tension and compression respectively by jacking forces, as shown 
in Figure 2a. A high -strength steel cover plate is then welded to the compressed bot
tom flange and the jacks a r 1·emoved (Fig. 2b). The cover plate, placed in tension, 
prevents a complete elastic return of the beam. A composite concrete floor slab may 
then be placed and when this has cured the structure is ready to receive the design 
load (Fig. 2c ). 

The method described in this paper is one in which the prestressing tendons are 
placed below the centroid of the steel beam and are attached at each end. When the 
tendons are stressed the top and bottom flanges are placed in tension and compression 
respectively, as shown in Figure 3a. A concrete floor slab may be placed on the top 
flange and connected to act compositely with the steel beam (Fig. 3b). After the con
crete slab cures, the beam is ready to receive the design load. 

MATERIALS 

As is the case of prestressing a steel beam with a steel cover plate, the method of 
prestressing by tensioning cables, wires or rods cannot be effective unless the pre-
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Figure 2 . Prestressing steel beam with high-strength cove r plate. 

stressing tendons are made of high-strength steel; the higher the strength the better. 
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In order to place effective and beneficial residual stresses in the beam, a fairly high 
axial force is needed. Unless high-strength steels are used, a large cross-sectional 
area for the tendons would be required, such that handling would be a very difficult 
problem. It is also desirable to use a material for the tendons that behaves in a duc
tile manner after yielding. There are high-strength steels available that have ultimate 
strengths of 250,000 psi and 15 to 20 percent elongation. 

The relaxation of stress in a prestressing tendon is the loss of stress when the 
tendon is subjected to a sustained load at constant strain. Since this phenomenon varies 
with steels of different compositions and metallurgical treatments, values of percent 
loss of stress for a particular steel can only be determined by tests. Further, the 
relaxation of stress depends significantly on the initial level of stress. Normally, the 
loss of prestress will not exceed 5 percent; however , it is customary to define the 
initial prestressing force in the tendons as the "effective prestressing force." In 
keeping with this practice, this definition is intended throughout this paper. 

The steel beam may be a lower strength structural steel such as ASTM A36, which 
is becoming very popular among structural engineers. However , there is no reason 
why higher strength steels could not be used such as ASTM A 441 , which is gaining in 
popularity as a material for high-stress regions in longer span structures. 
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Figure 3. Prestress i ng stee I beam by tensioning high-strength stee I cab I es, rods or strands . 

PRESTRESSING I-SHAPED BEAMS 

In the next several sections of this paper several types of prestressed beam struc
tures will be considered. Prestressing an I-shaped beam, simply supported at its 
ends, can be performed in one of two basic ways. One is to place the tendons below 
the centroid of the beam and attach them at each end of the beam. In this case a con
stant eccentric prestressing force results. The second method is to place the tendons 
perhaps at the centroid of the beam at the two ends and drape the tendons by providing 
"hold downs" at the ce11ter of the beam. In this case a variable eccentricity results. 
Both cases have their advantages and disadvantages as will be discussed later. 

Elastic Stresses 

Consider first a steel I-shaped beam prestressed with a linear eccentric prestressing 
force. If secondary stresses due to deformations are neglected, then the stress distri
butions at various stages of loading at the point of maximum moment are as shown in 
Figure 4. 

First the prestressing force is applied; it creates two normal stress components, 
axial and bending, which combine to give the stress distribution due to presb-ess. When 
transverse load is applied including both live and dead loads, resulting bending stresses 
add to the stresses due to prestressing to give the final combined stress distribution. 
The stress diagram shown in Figure 4 for combined effects neglects stresses due to 
increase of the prestressing force caused by load. This increase results when the 
fiber coincident with the level of the prestressing tendons spread apart tending to elon
gate the tendons, thus increasing the pre stressing force. The percent increase of lhis 
force depends a great deal on the design of the structure; however, it can be sbown that 
the maximum increase one might expect is no more than 10 percent and for normal 
cases not more than 5 percent. This increase tends to counteract the loss in prestress 
due to relaxation of the tendon material and for design purposes the two effects can be 
neglected. 
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Figure 4. Bending and axial stress distributions due to prestressing and load at location of maximum 
moment for a symmetrical I-shaped steel beam. 

Limitiations of Prestressing 

Several observations should be made at this time to point out the significance of 
prestressing. The ideal stress distribution due to prestressing would be one in which 
top and bottom fiber stresses were equal. Theoretically, an infinitely large value of 
eccentricity would be necessary while the prestressing force approached zero to obtain 
this distribution. In any event, one should try to proportion the beam in such a way as 
to make the top and bottom fiber stresses as nearly equal as possible. The point, of 
course, in striving for this condition is that the resulting stress distribution would 
more nearly cancel that stress pattern caused by application of load. One should avoid 
at all cost a stress distribution due to prestressing where the entire cross section is 
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Figure 5. Bending and axial stress distributions due to prestressing and load at location of maximum 
moment for on unsymmetrical I-shaped steel beam. 
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Figure 6. Load-deflection curves for prestressed 
and conventional composite steel beams. 

in compression. In this case, prestress
ing would not help the load-carrying ca
pacity of the member at all but would only 
hinder the beam's performance. 

It turns out that for I-shaped beams, 
except possibly longer span plate girders, 
prestressing by the method presented 
here is difficult to justify economically 
unless the eccentricity of the prestressing 
force is such that the tendons are located 
below the bottom flange (4). This con
struction arrangement has many pitfalls, 
not the least of which are damage by 
striking the exposed tendons and corro
sion. In any event, prestressing I-shaped 
beams will lead to greater elastic and 
ultimate load-carrying capacity but may 
not be economical. The next section 
discusses some types of beams that are 
more likely to be economically feasible. 

PRESTRESSING BEAMS WITH UNEQUAL FLANGES AND COMPOSITE BEAMS 

Consider now a beam where the top flange has a larger cross-sectional area than 
the bottom flange, as shown in Figure 5. In the figure the same three component stress 
diagrams are shown added together to give a combined stress distribution. The im
portant feature here is that for a cross section that is well proportioned, one obtains 
a resulting stress distribution that gives very nearly equal top and bottom fiber stresses, 
as shown in the combined stress diagram at the right of Figure 5. It can be shown that 
this general cross-sectional shape has a great deal of promise toward building eco
nomical structures. A case in point is the composite prestressed steel beam. 
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Figure 7. Bending stress diagrams for various stages of loading for a prestressed composite steel beam. 
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Prestressed Composite Steel Beams 

The composite steel beam is basically one where the top flange is larger in area than 
the bottom flange. This widely applied type of construction is a natural to illustrate 
the potential of prestressed steel construction. A study has been conducted where 
prestressed composite steel beams were compared with conventional composite steel 
beams (5 ). However, before a comparison is presented consider the behavior of pre
stressed composite steel beams in the elastic and inelastic range. First, the con
struction sequence must be specified. 

The steel beam, perhaps a wide flange, is first prestressed either in the fabricating 
shop or in the field. It might be well to point out that prestressing steel beams is a 
very simple process regardless of where it is performed. The writer has performed 
the operation quite easily in the laboratory and has discussed the operation at length 
with a consulting engineer who has designed and constructed several prestressed steel 
structures. After the beams are placed on the site, a concrete slab is poured and 
cured so that it will act compositely with the steel beam when the structure is ready to 
receive the design load. It is assumed that shores are not used during the slab-curing 
process, so the steel beam alone carries the dead load, except any dead load that may 
be placed after the slab cures. 

Behavior of Composite Beams 

The general behavior of the prestressed composite steel beam is very much like that 
of the conventional composite structure in that both structures exhibit an elastic moment
angle change relationship to the beginning of yield, followed by a smooth-transition in
elastic relationship to the ultimate moment capacity. Figure 6 shows typical moment
angle change relationships for prestressed and conventional composite steel beams. 

The elastic stress diagrams are shown in Figure 7. As dictated by the chosen con
struction sequence, prestress and dead load stresses exist only in the steel beam. The 
composite beam carries the live load and if the beam is well designed the top and bot
tom steel fiber stresses will be nearly equal. Further, both the concrete and steel 
maximum stresses will reach their respective allowable values at the design load if 
the beam is well proportioned. Here lies the significance of prestressing this type of 
structure-the well-proportioned stress diagram. Well-distributed stresses are im
possible to obtain in a conventional composite beam unless a steel cover plate is added 
to the bottom flange over a portion of the length of the structure. 

Comparisons Between Conventional and Prestressed Composite Steel Beams 

Several numerical examples are given to show a comparison between moment ca
pacities at the beginning of yielding and at ultimate load for conventional and prestressed 
composite steel beams. 

The conventional structure chosen for comparison consists of a 36WF 150 steel sec
tion having a shape factor equal to 1.15, cover plates varying from 0. 75 in. to 1. 25 in. 
thick and 9 in. to 15 in. wide, and effective concrete slabs varying from 6 in. to 8 in. 
thick and 60 in. to 84 in. wide. This structure was analyzed for a simply supported 
span length of 70 ft. Dead load was considered to be the dead weight of the structure 
and the live load was assumed to be uniformly distributed. 

The prestressed structure was similar to the conventional structure except that 
the cover plate was omitted and prestressing tendons were used in its place. Two 
eccentricities were considered, 16 in. and 19 in., and two values for the maximum steel 
stress in the bottom fiber due to' prestress were chosen, 20 ksi and 33 ksi. With values 
of e = 16 in. and 19 in., the center of gravity of the tendons' cross-sectional area was 
just inside and just outside the bottom flange , respectively. The allowable effective 
stress in the prestressing tendons was chosen to be 17 5 ksi. 

In each case, the yield point stress of the steel beam was taken as 33 ksi. Two 
values for the ultimate compresive strength of the concrete were chosen, 3,000 psi 
and 5,000 psi. In each case, cross-sectional beam properties were computed by the 
transformed section method. 
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TABLE 1 
EFFECT OF VARIATION IN SLAB DIMENSION ON MOMENT 

RATIOS-RELATIVELY EFFICIENT USE 
OF PRESTRESSING 

slab slab My Mp M'y 
/My 

M'p 
/Mp t'c width depth 

psi in. in. in. -kips in.-ki ps 

3000 60 6 33,550 43,400 1.38 
8 34,670 44,710 1.34 

84 6 33,960 43,750 1. 36 
8 34,960 48,400 1.40 

5000 60 6 34,650 45,700 1.37 
8 35,870 49,000 1.38 

84 6 34,860 47,300 1.33 
8 35,860 51,000 1.42 

L = 70'-o" Ap = 12.0 in.2 36 VF 150 
e = 19" <T'bp = 33 ksi Ap;As = 3.85 
P = 546K As = 3.12 in.2 

TABLE 2 

EFFECT OF VARIATION IN SLAB DIMENSION ON MOMENT 
RATIOS-RELATIVELY INEFFICIENT USE 

OF PRESTRESSING 

1.21 
1.26 
1.26 
1.22 
1.22 
1.23 
1.22 
1.23 

slab slab My Mp My/ M'p/ Fe width depth My Mp 
psi in. l n. in.-kios in.- kios 

3000 60 6 33,550 43,400 1.05 1.00 
8 34,670 44,710 1.03 1.03 

84 6 33,960 43,750 1.06 1.03 

8 34,960 48,400 1.06 1.00 
5000 60 6 34,650 45,700 1.05 1.01 

8 35,870 49,000 1.06 1.01 
84 6 34,860 47,300 1.03 1.01 

8 35,860 51,000 1.08 1.01 

L'.'.'. 701 -011 ~ n - !2 .0in.2 36\AF !50 ~~ 

e = 16" c:r bp = 20 ksi A%s= 5.72 
P = 366 As = 2.09 in.2 

TABLE 3 

EFFECT OF VARIATION IN COVER PLATE DIMENSIONS ON MOMENT 
RATIOS-RELATIVELY EFFICIENT USE OF PRESTRESSING 

cover cover Ap My Mp Ap M'y/ M'p/ 
plate plate As My Mp 
thickness width in.2 in.- kips in.- kips 
in. in. 

0.75 9 6,75 28,030 39,440 2.17 1.67 1.41 

15 11.25 33,550 44,780 3,61 1,39 1.24 

1.25 9 11,25 33,150 44,980 3.61 1. 41 1.24 
15 18.75 42,020 53,640 6.02 I. II 1,04 

L =70'-o" 36 W'" 150 b = 72" 
As= 3.12 in,2 t'c = 3, OOOpsi d = 7" 
p = 546K e = 19.0" <f'bp = 3 3 ksi 



TABLE 4 

EFFECT OF VARIATION IN COVER PLATE DThiENSIONS ON MOMENT 
RATIOS-RELATIVELY INEFFICIENT USE OF PRESTRESSING 

cover cover Ap My Mp Ap M\ M''} 
plate plate in.2 in.-kips in.-kips As My Mp 

th ickness wi dth 
in. in. 

0 .75 9 6.75 28,0 30 39 , 44 0 3 .22 1.30 1. 15 
15 1125 33,550 44,780 5 .38 1.09 1.01 

1.25 9 11 .25 33, 150 44,980 5.38 I. II 1.01 
15 18.75 42,020 53,640 8 .92 0.87 0,85 

L = 70'-o" 36 VF 150 b = 72 " 
As= 2.09 in.2 f 'c = 3000 psi d = 7" 
P = 366K e = 16.0" 0-bp = 20 ksi 
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Tables 1, 2, 3 and 4 present a summary of the results of the study (5 ). In Table 1 concrete 
slab dimensions and ultimate strength were varied within practical limits. The length L, 
eccentricity e, area of cover plate Ap, areaofprestressing tendons As, prestressing 
force, and maximum steel beam stress due to pr estressing abp were held constant as 
noted in the table. For the conventional structure, the width and thickness of the cover 
plate wer e taken as 12 in. and 1 in., respecti vely. Note t hat the yield and ultimate 
moment ratios My/ My and M{/Mp, where My and Mp ar e yield a nd ultimate moment 
capacities of the prestressed s tructure, r espectively, and My and Mp are yield a nd 
ultimate moment capacities of the conventional structure , r espectively, are not af
fected significantly by a change in slab dimensions or material properties. 

Table 2 is similar to Table 1 in that effects of slab geometry and concrete strengths 
are studied. However, a less efficient combination of eccentricity and maximum steel 
st r ess due to prestress (16 in. and 20 ksi , respect ively) was chosen. Note that the 
r atios My/My and Mp/ Mp are quite low, but do not vary significantly with change in 
slab par ameters. A comparison of Tables 1 and 2 shows that yield and ultimat e mo
ment r atios are affected to a considerable extent by e and O"bp• The practicable range 
for e i.s s omewhat limited; consequently, the value of a bp has the gr eatest effect on the 
My/ My and Mp/ Mp ratios. 

In Tables 3 and 4 slab dimensions and concrete strength are held constant and cover 
plate dimensions are varied. Note again the considerable influence of e and O"bp· Al
though Tables 1 through 4 were prepared for one span length of 70 ft, it was found that 
variation in span length did not affect moment ratios significantly. 

Now a word about economy. According to local prices, the installed cost per pound 
of prestressing tendon is approximately three times the installed cost of cover plate 
per pound. Consequently, if Ap/ As is set equal to 3.0 where Ap and As are cros s - sec
tional areas of cover plate and prestressing tendons respectively, the cost of construc
tion will be theoretically equal for the two structures, if all other costs are equal. 
Tables 1 through 4 show that for values of Ap/ As = 3. 0 or thereabouts, considerable 
increase in yield and ultimate moment capacity is obtained which can be translated into 
economy of up to perhaps 25 percent over the conventional composite structure. 

Linear vs Draped Prestressing 

A comparison between beams where one is prestressed with a constant eccentric 
force and the other is prestressed with a draped tendon which provides a variable pre
stressing force is shown in Figure 8. The advantage of case B is that the moment 
produced by the variable eccentric prestressing force more nearly cancels that moment 
produced by the applied load. The "hold down" device or devices may be located in 
different locations depending on the distribution of load. The advantage of case A is 
economy in construction. Case A requires no "hold down" devices; however, position
ing devices may be desirable in some cases to keep the tendons in a fixed position. 
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Figure 8. Moment diagrams for two basic prestressed systems. 

In previous sections attention was devoted to bending and axial stresses coupled with 
discussions of load-deflection characteristics. There are other design considerations 
which may or may not be secondary in nature. Combined axial and bending stresses 
coupled with deflection or flexibility and stability must be considered more carefully 
than for the conventional flexural member. These questions must be considered during 
and immediately after the prestressing operation as well as after the application of 
load. A pre stressed member is no longer one subjected to bending only, but acts as a 
beam-column; consequently, deflection may cause a significant change in the normal 
stress distribution, an effect whi~h should receive careful attention For well-propor
tioned structures this effect should not be troublesome. 

Stress and atmospheric corrosion of the tendons are also problems confronting the 
designer. The seriousness of these would depend on the type of construction, material 
properties of the wires, rods or cables, and amount of protection provided for them. 

Deflection may be of primary importance in prestressed beam structures because 
shallower depths are likely to result. Further, the question of camber is important 
because prestressing will provide some camber in the structure. Thus deflection due 
to prestress must be considered along with dead and live load deflection. 

Lateral stability during and after prestressing as well as lateral stability after ap
plication of load must be considered carefully. A beam that is stressed in tension in 
the bottom fiber in service will be in compression immediately after the prestressing 
operation. Thus, the member's ability to resist lateral buckling both during the pre
stressing operation and after application of load must be investigated. 



I I I I I I 

(a) Moment diagram due to dead and live load 

I 
I 

w 
I II I I I I 

l~-----'~I 
(b) Moment diagram due to prestressing force 

(c) Combined moment diagram for dead, live and prestress loads 

Figure 9. Moment diagrams for a prestressed continuous steel beam. 
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Shear is not likely to be any more important in a prestressed structure than it is in 
a conventional one. Only in the case of draped tendon arrangements will one find any 
major additional forces at work and as it turns out the shear in the beam due to applied 
load is counteracted by the shear created by draped tendons. 

PRESTRESSING CONTINUOUS BEAMS 

Another type of steel structure where the use of prestressing may prove economical 
is the continuous beam. Some geometries and configurations will prove more adaptable 
than others; however, for the sake of discussion, let us consider the common three
span continuous girder typifying a highway bridge span subjected to a distributed load 
and several concentrated loads, as shown in Figure 9. The center span is longer than 
the end spans and is prestressed. The cross section consists of a steel wide-flange 
beam acting compositely with a concrete slab. 

Elastic stresses in the positive moment region of the prestressed span are similar 
in distributional characteristics to those discussed earlier. However, 'the interesting 
thing here is what the prestressing force does to the moment diagram due to live loads, 
as shown in Figure 9. In addition to the uniformly distributed load and concentrated 
loads, the middle span is subjected to two applied moments equal to the prestressing 
force P times the eccentricity e. Figure 9a is the moment diagram due to live and 
dead loads and Figure 9b is the moment diagram due to the prestressing force. Note 
that in the area of maximum positive load moment, the prestressing moment is of 
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Figure 10. Percent reduction in maximum moment due to prestressing o three-span continuous 
steel beam. 

opposite sign, consequently the two effects tend to cancel one another. Note also that 
in the area of maxilllum negative load moment over the supports, the prestressing mo
ment is positive, so again the two effects tend to cancel one another. Figure 9c is the 
combined moment diagram showing the considerable reduction in maximum positive 
and negative moments. The amount of this reduction depends greatly on the load con
ditions and the configuration of the structure. In the three-span beam case, a center
span length of 1. 5 to 2. 0 times the end-span lengths will show a greater moment reduc
tion than if one had a center span of equal length to the end spans. This effect is shown 
in Figure 10. 

Figure 10 is for the case where only distributed loads are present as shown. Note 
that as the center span increases in length relative to the end spans the percent reduc
tion in maximum moment increases, but has a peak. For the case where C = 1. 5 the 
percent reduction in maximum moment decreases after k reaches 1. 8. In this partic
ular case, the maximum moment occurred over the support until k reached 1.8. For 
k values greater than 1.8, the maximum occurred at the center of the center span. One 
cannot generalize from this diagram; it is merely presented as an example. 

The value of the prestressing force plays a major role in obtaining an optimum 
design .. In order to obtain a considerable reduction in maximum moment, the relation
ship between prestressing force and applied load is very important. 

Prestressing need not be limited to the center span as has been the case discussed 
here. The location of the prestressed tendons and the value of the prestressing force 
depends on the configuration of structure and the load to be carried. The reduction of 
maximum moment does not tell the whole story for there are other design considera
tions that need to be taken into account. When prestressing is applied the structure is 
now subjected to both axial and bending stresses. Further, there are so-called sec
ondary effects which must be considered, such as deflection, stability, and shear. How
ever, there is every indication that prestr<9Ssing continuous beam structures holds 
promise from the economics standpoint. 
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Figure 11. Cross-sectional view of highway bridge near the town of Brits in the 
Transvaal, South Africa. 

APPLICATIONS 

t 
bridge 

In this section several prestressed steel structures that have been built in this 
country and abroad are discussed. Some of them are familiar and some not. One of 
the more familiar ones in this country to engineers is the Port Authority Bus Terminal 
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Figure 12. Prestressed railway plate girder in Mexico. 
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in New York, where prestressed steel trusses were used to provide three new parking 
levels above the existing structure (6). The Warren trusses were 200 ft long spaced 
50 ft apart and were prestressed wifii high-strength steel cables placed in the bottom 
chord. The height of the truss was a very critical parameter in this structure and 
prestressing made possible the shallower depth. Further, a cost saving was reported 
when the prestressed structure was compared with the preliminary non-prestressed 
structure. 

In South Africa, thin-walled steel box girders were strengthened by prestressing to 
support extremely heavy truck loads on a four-span highway bridge (7). Two of the 
lightweight steel beams in each .span support a 36-ft wide roadway deck. Each line of 
beams was tied together by steel cables that stretch from one end of the 330-ft long 
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bridge to the other. The beams were fabricated from ¼-in. steel plate, and were 82 ft 
6 in. long, 3 ft wide, 4 ft 6 in. deep and weighed 24,000 lb. Each girder was prestressed 
with nine cables, each of which comprised 12 strands of 0. 276-in. diameter wire. The 
wires were placed in steel tubes and fixed to the girder ends. The Freqssinent system 
was used to prestress the cables in the shop to a total force of 360 tons. A sketch of 
the cross section of the bridge is shown in Figure 11. 

In Mexico, a prestressed steel girder railway bridge was constructed across a 
canyon (8 ). Delta-style welded plate girders acting compositely with a concrete slab 
were utiilzed as shown in Figure 12. 

In California, a three-span continuous prestressed steel girder was used to support 
a three-story apartment building above the basement parking lot (9 ). The middle span 
of each girder was prestressed with high-strength steel wires as shown in Figure 13. 
Each girder was designed for composite action with the 7-in. concrete slab. A pre
stressing force of 200 kips per girder was selected to reduce the tension in the con
crete in the negative moment region over the columns from 640 psi to 358 psi in order 
to minimize cracking of the concrete. The prestressing force reduced the tensile 
stress in the bottom flange at the center of the middle span from 27,500 psi to 17,200 
psi and reduced the compressive stress in the bottom flange at the column from 24,200 
psi to 17,200 psi. 

Across the Nooksack River near Deming, Washington, a pair of 150-ft long pre
stressed steel delta-style welded plate girders acting compositely with a concrete slab 
provide the main supporting elements for a two-lane highway bridge (10). Each 6-ft 
girder weighs 36. 5 tons, which is less than half that of a comparable prestressed con
crete girder, and the depth is about 12 in. less than that of a comparable all-steel 
girder. A cross-sectional view of one girder is shown in Figure 14. This structure 
is another example of the economy in prestressing composite steel beams. 

There are many other such examples that could be discussed, such as Professor 
Magnel's prestressed trusses at Melsbrock Airport in Brussels (the old iron truss 
with rod and turnbuckle was a very early application of prestressing) and the Pan 
American passenger terminal at Kennedy Airport in New York; however, the applica
tion of prestressing is clear. 

SUMMARY 
In this paper the nature of prestressed steel beam structures has been discussed. 

The presentation has been limited to the type of prestressing which is applied by cables, 
wires or rods. There is reason to believe, as has been pointed out here, that this type 
of construction has many practicable applications and should be considered along with 
other types of solutions to a given problem. There are still many problems of design 
such as deflection and lateral stability that need special attention in this type of con
struction, and it is hoped through programs of research many of these questions will 
be answered. This type of structure has proven to be the solution in cases of medium 
to long spans carrying heavy loads where depth must be kept to a minimum, which in
dicates that the use of the prestressing principle applied to steel structures is most 
promising. 
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Concordia Orthotropic Bridge: 
Fabrication and Erection 
R. J. GILL and S. DOZZI, Dominion Bridge Company, Montreal 

ABRIDGMENT* 

• THE Concordia Orthotropic Bridge joins Montreal Island with the island complex 
where the 1967 World Exhibition is being held. As a result of the special schedule 
requirements for this bridge, and because it is the first girder bridge with an ortho
tropic deck to be built on this continent, some of the engineering problems encoun
tered were unusual. This paper describes the manner in which the steel super
structure was fabricated and erected with emphasis on how some of the more unusual 
problems were solved. 

The manner in which the bridge was broken up into components to satisfy fabrication, 
shipping and erection requirements is outlined. Fabrication is described with special 
emphasis on the use of jigs and fixtures. The special welding procedures necessary 
to meet precision requirements in the available time are also described. 

The shop assembly of components and the manner in which the shape of the bridge 
was controlled by using a specially designed assembly jig are described, as is the 
method of shipping bridge components to the site. 

The cable stayed erection scheme, the reasons for its choice, and the resulting 
special foundation requirements are discussed. The specially designed erection equip
ment (such as towers, cable jacking frames, falsework, stiff leg travelers, and bolt
ing carriages) is explained. The two figures show the bridge at various stages of 
construction. 

"-,; ..... ~,.,, : ·-•• r . .. ., . ' 

Paper sponsored by Committee on Metals in Highway Structures and presented at the 46th Annual 
Meeting. 
*The complete paper was published in The Journal of The Engineering Institute of Canada, May 1966. 
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Michigan's Galvanized Bridge
First in the United States 
ROGER MAIN, Thomas Gregory Galvanizing Works, Maspeth, New York 

•THE first completely hot-dip galvanized bridge in the United States was opened to 
traffic during ceremonies near Grand Haven, Michigan, on August 31, 1966. This 
structure, carrying Green Street over Stearns Bayou, was budgeted by the Ottawa 
County Road Commissioners for the construction year of 1965. Soil borings were taken 
in December 1964 and plans prepared (1). Design specifications conformed to the U.S. 
Bureau of Public Roads and the Michigan State Highway Department Standards, H20-
Sl6 Loading. 

In March 1965, the Board of County Road Commissioners postponed the letting date 
for the construction of the new bridge because of uncertain steel conditions and the 
possibility of delay in shipment. Any delay in steel shipment could mean that the road 
might be closed longer than one construction season. The Commission intended to avoid 
that inconvenience, in view of the present daily traffic of over 1000 vehicles in the heart 
of the recreational area in western Michigan. 

This postponement in the letting date afforded time to contact the American Hot-Dip 
Galvanizers Association in Washington, D. C., concerning the possibility of hot-dip 
galvanizing instead of the initial! y specified three-coat paint system outlined in the Stan
dard Specifications of the Michigan State Highway Department. 

Prints of the general plan of structure and structural steel detail sheets of the de
signed bridge were supplied. In considering the application of galvanizing to Ottawa 
County's accepted and proven standards and methods of bridge design, the following 
questions were directed to the Association: 

1. Is galvanizing of this bridge feasible? 
2. What length members can be handled? 
3. What effect, if any, will galvanizing have on the composite action of the beams? 
4. Should shear developers be shop-welded prior to galvanizing or can they be field-

welded without damage to the bottom of the top flange? 
5. What effect will galvanizing have on the precamber of the beams? 
6. What is the approximate cost? 
7. Where could the galvanizing be done? Is the process portable or will extra freight 

be involved? 

The Association furnished all possible information at that time. Shortly thereafter, 
a representative of a member firm contacted the county bridge engineer and they were 
able to sp~cifically diagnose the Stearns project as a potential galvanized bridge. 

Hot-dip galvanizing is not new to Michigan. In 1953, Ottawa County pioneered gal
vanized guardrail in that part of the country. The County bought its first shipment and 
began a systematic replacement of all painted guardrail. There is still some unused 
guardrail from the original shipment, and no maintenance has been performed or re
quired on any of the guardrail in place. 

In addition, in a 1963 report (5), S. M. Cardone of the Michigan State Highway De
partment stated that Michigan has converted to galvanizing to protect the bridge railing 
and guardrail in its approximately 11,000 miles of trunk system. This includes 2500 
bridges with over 53 miles of steel railing designed for impact resistance. 

Paper sponsored by Committee on Metals in Highway Structures and presented at the 46th Annual 
Meeting. 
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The decision to galvanize applies to existing as well as new installations. A pro
gram has been under way whereby painted bridge railing and guardrail is removed, hot
dip galvanized and re-installed, thereby extending the maintenance-free life three to 
five times beyond that of paint. A similar program has been undertaken by the New 
York State Thruway Authority, and several other states and toll road agencies are 
galvanizing previously painted highway steel products. 

Maintenance costs must be a major factor in the analysis of the project by the de
sign engineer. In specifying type of construction he must consider such variables as 
the expected life of the bridge, maintenance costs over this period, frequency and 
length of traffic disruptions for maintenance, and the functional and beautification value 
of the structure. A solution to these factors can generally be found on the design engi
neer's desk, where future maintenance should be a basis for design. 

An inert barrier or paint system has various limitations. These may include: 

1. An ill-prepared base for the barrier film, such as the presence of mill scale, 
grease, or dirt. 

2. Damage to the barrier film in shipping or erection, and subsequent haphazard 
repair. 

3. Imperfect applications of the field paint system. 
4. Inherent physical limitations of paint. 

In addition to these restrictions, a difficult responsibility is thrust upon project en
gineers. To begin with, painting is customarily alast bid item andisusually unbalanced 
on the very low side. It is frequently performed by nonprofessionals who have little or 
no responsibility for their work. Variable weather conditions can be far from desir
able, and the engineer must constantly make decisions about the performance. Also, 
demands of the public or an administration may force the engineer to waive marginal 
decisions . 

On the other hand, a self-replacing barrier film that remains anodic to the steel 
base performs very satisfactorily. This is and has been available to the construction 
industry in the form of hot-dip galvanizing. Some of the desirable characteristics of 
this system of corrosion protection are as follows: 

1. Perfect cleaning is guaranteed since improper preparation will be immediately 
apparent from a cursory shop examination of the galvanized material. 

2. It is a material that forms its own barrier film by oxidation during exposure. 
3. Expensive and time-consuming touch-up of bolt heads after erection is not 

required. 
4. The bridge can be opened immediately after erection since finish or touch-up 

coats are not required; adverse weather conditions which can delay such finishing 
operations are not a factor. 

5. Inspection routine initially and during the life of the zinc coating can be safely 
minimized. 

6. Galvanizing overcomes the danger of corrosion centers at pinholes and points of 
handling or erection damage. This is accomplished through zinc's high abrasion re
sistance, tightly adhering metallurgically bonded coat, and the healing effect of cathodic 
protection. 

7. Galvanizing eliminates frequent traffic delays required for paint maintenance. 
8. It has low cost and widespread availability. 

While the galvanizer chosen by Ottawa County is one of the largest, adequate facilities 
are available anywhere in the country. Design and bridge engineers should consult their 
local galvanizer. 

To adapt the Stearns Bridge for galvanizing, design changes requiring splices at the 
dead-load inflection points of the continuous beams were incorporated, thus reducing 
the maximum length of the pieces from 125 to 65 ft. This permitted galvanizing by 
means of a double-dip method. 
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The acceptance of a 100 percent galvanized friction joint, high-strength bolted, as 
a splice for a continuous beam was a major decision in the Stearns Bayou Bridge. Con
cern over the hypothetical slippage of a friction joint has been the determining factor 
in the restrictions imposed on galvanized bolts and structural members. Laboratory 
work prior to the construction of the Lizotte Bridge in Quebec (6) and by J. R. Daesen 
of the Galvanizing Institute (3) established that the current restrictions were entirely 
unfounded. In addition, Eugene Chesson and W. H. Munse of the University of Illinois 
were principals in a research program for the International Lead Zinc Research Orga
nization (2). Dr. Chesson learned of the proposed galvanized structure, and contacted 
Ottawa County authorities. Calibration tests as well as fatigue tests performed by 
Dr. Chesson on bolted double lap joints typical of beam splices provided results on 
which Ottawa County based its design with an assurance of complete safety. 

It is the surface coating of pure zinc, which is somewhat softer than most structural 
steels, that causes most concern. Laboratory tests show that slippage does occur under 
low load in this softer outer layer. However, when connecting members are 1oaded 
with 85 percent or more of the designated proof load for the bolts, this slippage becomes 
so insignificant it is measurable only under laboratory conditions. After this movement, 
galvanized joints thus loaded perform as well as or superior to bare steel joints . 

The bolts used conform to ASTM A 325. Dr. Chesson found that any galling effect 
in a torqued galvanized fastener is substantially reduced by using a proper lubricant. 
On the Stearns project, beeswax was found to be superior in all cases. 

Static tests conducted by Dr. Chesson on galvanized double lap joints have yielded 
an average minimum coefficient of friction or coefficient of load transfer of 0. 16, ap
proximately half of the 0. 30 to O. 35 value usually reported and/or assumed for mill 
scale faying surfaces. The average total major slip for identical mill scale specimens 
was at least two times that of the galvanized test specimens . The galvanized faying 
surfaces seem to develop an increase in slip resistance after the first 0. 01 to 0. 02 in. 
of movement. 

This unique behavior was even more pronounced in the fatigue tests. After an initial 
relatively small slip corresponding to a coefficient of friction of about 0. 16 or slightly 
higher, the galvanized joints again seemed to develop increased slip resistance. 

A serious concern to designers is the effect of creep in the friction joint that can be 
attributed to the flow of the relatively soft outer zinc surface layer. Should this occur 
in the loaded bolt, this creep would cause the bolt to relax and decrease its tensile load, 
thus contributing to slippage in the joint. Tests showed that this effect is minute where 
125 percent of proof load was achieved through "turn of nut" torquing. Under these 
conditions, an ultimate relaxation of 5 to 6 percent was of no concern. Actually, the 
properties of the material and the chemistry involved in hot-dip galvanizing endorse 
the concept of bolted splices. 

Changes necessary to make the steel suitable for galvanizing include continuous seal 
welding for all attachments, welding of stud shear developers prior to galvanizing, weld
ing screed rail chairs on the top flange of fascia beams prior to galvanizing, and coping 
corners of stiffeners and diaphragm connection plates to insure a free flow of the molten 
zinc during the galvanizing operation (Fig. 1). 

Most of these adaptations were minor, with the exception of the quantities involved in 
the bolted splices. However, this expense was mollified by the reduction of the length 
extras of the long members of the field-paint alternate. It must be pointed out that 
galvanizing and the subsequent elimination of maintenance are prime factors in the ac
ceptance of a bolted splice. 

On May 20, 1965, the Board of County Road Commissioners accepted the advantages 
of a hot-dipped galvanized coating for the structural steel in the Stearns Bayou Bridge. 
The Michigan State Highway Department and the U.S. Bureau of Public Roads heartily 
endorsed this proposal, even though certain requirements would be contrary to their 
own specifications. 

At this time, the Supreme Court declared unconstitutional the law under which the 
Michigan State Highway Department established its policy concerning advertising signs. 
This left Michigan without a law, and as a result the Bureau of Public Roads withdrew 
all support from projects not fully controlled by the government agency involved. 
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Figure l. 

The Road Commissioners then decided to remove the Stearns Bridge from thefederal
aid secondary program and to build the bridge entirely with county funds. Because of 
the critical condition of the existing structure, the Board declined to wait for a favorable 
right-of-way decision from the Bureau. The bridge was then readvertised with alter
nate bidding, paint or galvanized, as specified. In reviewing the accepted bids, a 
general reaction to galvanized steel was evident. The steel companies were reluctant 
to furnish the steel, and the contractors were hesitant about handling it. This fear of 
handling galvanized steel proved entirely unfounded, and the experience gained at the 
Stearns Bayou Bridge should overcome this objection in any future projects. 

A major consideration for any galvanized bridge is the fact that design must be de
tailed completely and fabrication tightly controlled to absolutely eliminate any possibility 
of the necessity for field welding. The typical "burn off to fit" operation and subsequent 
welding would destroy the protective coating in the adjacent area and would require a 
substitute protective coating. 

Figure 2. 
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Figure 3. 

In order to justify the use of hot-dip galvanizing, we must consider its cost. Per
haps the most striking feature of galvanizing is that it compares favorably with any 
decent paint system, and as labor costs continue to rise this cost difference may soon 
close, and perhaps even reverse. 

The cost of galvanizing a bridge will vary, depending on length, section and weight 
of members, and total tonnage of the structure. Since this price approximates the 
initial cost of a proper blast and paint system, the additional cost of galvanizing can 
easily be justified by amortizing it throughout the maintenance-free life. 

Another factor considered was the possibility of warpage in the 65-ft members. 
Since these beams had to be double dipped because of length, some distortion did result 
from the heat incidental to the galvanizing process. Several beams were shipped to the 
bridge site with minor distortion, and were straightened after erection. The major 
portion was easily straightened at the galvanizing plant. An interesting point is that, 
while there was some sweep in the beams, the precamber was not affected. 

The following comments were made by the bridge engineer at the site. "The first 
load of steel arrived from Canton, Ohio, by rail on March 28, 1966. This delivery 
marked the date of the contractor's first experience handling galvanized steel, and this 
was the beginning of a big education in galvanized steel. 

"Handling hooks were welded to the top flanges of the beams prior to galvanizing. 
These were primarily designed for the protection of the coating and were needed only 
for ease in handling this heavy bulk. Every precaution was exercised to prevent mar
ring this 'delicate' surface. Most of the effort spent thus was actually the cost of an 
education. This doesn't mean you can mishandle this steel with complete abandon, but 
you can handle it with normal procedures and equipment without damaging the integrity 
of the coating. It is possible to use chains and cables without padding, provided, of 
course, that your attachment is secure. The handling hooks proved to be a sound in
vestment since they greatly facilitated repetitive handling and hooking (Fig. 2). 

"After the first accidental hard knock and scrape, the project foreman exclaimed 
in amazement, 'That stuff's tough I' This prettymuchsums up the experience in hand
ling these galvanized beams. The resistance to marring is very good, and with normal 
handling and erection, no field repair should be necessary. An ordinary scrape-beam 



34 

against beam, or beam against concrete-usually results in more of a polish of the 
zinc surface than an actual rupture. Should the surface be ruptured with a sharp in
strument, the self-sacrificing nature of the zinc will permit it to breach a small open
ing and arrest the rusting; or, if the ruptured surface is in direct contact with another 
galvanized surface, the galvanic property of the intact surface will lend itself for the 
other's protection against rusting. Rather than being excerpts from advertising copy, 
these are actual observations in the field at Stearns Bayou. 

"Some open holes for diaphragm connection bolts were inadvertently punched under
size, and it was necessary to ream them in the field. The location of this exposed steel 
is between the head and nut of a proof-loaded bolt, and by position, adjacent to the zinc -
covered surface of the bolt shank. Protection against rusting will be afforded by the 
zinc-coated contact surfaces. Thus, one of the big fears from a designer's viewpoint 
was easily overcome. 

"On May 5, 1966, the last carload of steel was involved in a train wreck at Fremont, 
Ohio. This dealt a severe blow to the progress schedule of the bridge, but it turned 
out to be a terrific documentation reinforcing the decision of the Commission. Most 
of the local experience with galvanized steel comes from sign posts, guardraii, gar
bage cans, etc., not all of which are prime materials for galvanizing. The fear of 
chipping, etc., seems foremost in everybody's mind and has been a cloud over this 
project. However, in the train wreck the carload of steel wound up on a highway fifty 
yards from the track. Another railroad car hit ours, severely damaging two of the 
beams inside. The rest of the beams suffered extensive banging, scraping, knocking, 
and bending of many of the stud shear developers and damaging wing plates. Yet, in 
all of this, the compatibility of galvanizing and the A 36 structural steel base was out
standing. Rather than chipping away, the ductile zinc surface was peeled back from 
points of severe impact. Edges of flanges which were obviously scraped along each 
other or the sides of the car were generally just surface scuffed. The presence of the 
remaining z inc and zinc -alloy base was evident after a week's exposure to rainy weather 
and no presence of rusting. Shear developers, which were sharply bent and had this 
heavy outer layer of pure zince peeled off, demonstrated this same protection of the 
integral zinc-iron alloy layer." 

After a thorough inspection of the steel, the decision was made to replace the two 
severely damaged beams. The remaining beams were to be stripped to bare metal, 
repaired and straightened, the precamber checked, and completely regalvanized. This 
was done and on July 9, 1966, the last load of steel arrived at Stearns. The quality of 
this last load as erected demonstrated the craftsmanship of the galvanizer and fabri
cator and the latitude available in specifying and using galvanized structural steel for 
bridge building. 

The Stearns Bayou Bridge is 420 ft in length with a 30-ft clear roadway and a 5-ft 
walk on each side. The beams are 30 in. , 108 lb. The deck is a reinforced concrete 
slab supported on steel beams, composite construction. There are eight spans-two 
at 60 ft and six at 50 ft. The superstructure is composed of three continuous sections
a four-span continuous section in the center of the bayou and a two-span continuous 
section at each end. All substructure units are supported on steel H piling, varying 
from 80 to 125 ft in depth. 

Since maintenance was a prime consideration in the design of this bridge, slab joints 
were eliminated except for two open-toothed expansion joints cantilevered away from 
piers 2 and 6. Expansion bearing assemblies were eliminated by designing the piers 
as a single pile bent with a reinforced concrete cap (Fig. 3). This allows the piers to 
deflect with the expansion and contraction of the superstructures. 

In addition to the bridge members, all other elements were hot-dip galvanized
bridge railings, bolts, anchor bolts, light standards, etc. When the galvanized coat
ing endures the minimum expected 30 years, the cost per year will be but a small 
fraction of the maintenance expenditures necessary with painted structures . In addi
tion, if a painting program is instituted before evidence of first rust, costly surface 
preparation will not be necessary, and the inert zinc base will greatly extend the paint 
life. 
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With complete, accurate design, proper steel selection and carefully controlled 
fabrication, the galvanizing process continues to be the least expensive, most available 
and most effective method to protect the desirable properties of steel from the relent
less forces of corrosion. 
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Preformed Elastomeric Bridge Joint Sealers 
GEORGE S. KOZLOV, New Jersey Department of Transportation, Division of 

Research and Evaluation 

A study was undertaken to augment the limited knowledge concerning 
the performance and application of preformed elastomeric sealers 
for bridge joints. Basic knowledge of the sealer material and of the 
design of bridge seals is outlined. The deficiences of the joint seal
ing methods presently used are delineated; questionable design and 
construction practices are exposed and new design and construction 
methods offered. 

An analysis based on continuous field observations is made of 
present and proposed methods as well as those of other states and 
countries. The findings indicate that, primarily due to inadequate 
construction practices, the present sealing system shows some signs 
of failure. Nonetheless, this type of sealer can be made to function 
properiy, provided the melhods of design a.Jiu application are :revised 
to comply with the inherent characteristics of the product. 

•AT this stage of the well-documented history of bridge-joint sealers, the striking 
fact is the lack of an adequate solution. An ideal sealer should function, under proper 
design conditions, during the entire life-span of a structure. The preformed elasto
meric joint sealers were first to fill this void from the design point of view. In the 
United States they were applied only a few years ago to highway pavement construction 
and more recently to bridge construction. In New Jersey, they have been used in 
bridge construction for only about two years. 

Because of the lack of knowledge of the sealers, mainly in regard to their perfor
mance in actual construction, their application is still in the experimental stage. To 
gather and evaluate the required performance data was the purpose of this research 
project. 

DESIGN CONDITIONS AND FUNCTIONAL ELEMENTS 

To accentuate the importance of the functional purposes of sealers, it is necessary 
to note that by sealing off the structural elements below the bridge deck they are pro
tected from direct damage. Joints that leak and/ or permit intrusion of foreign mate
rials perpetuate corrosion, frost damage, etc.; these phenomena have very detrimen
tal effects on the vital elements of a bridge structure. The function of a sealer is to 
avoid the effects to the fullest possible extent. 

A sealer is, as are all other components of a structure, designed to perform under 
certain definite conditions. Located in a joint between bridge slabs, a sealer is ex
posed to the natural elements in addition to all forms of traffic and the movements of 
the structure. These movements are expected to be thermal in character and mainly 
horizontal in direction, perpendicular and parallel to a joint. 

The conditions of construction and the environment of the finished product are quite 
variable. So much so, in fact, that the behavior of a structure cannot always be fully 
predicted at the time of design. To this must be added the risk inherent in the applica
tion of controls of the quality of materials as well as of construction; these controls 

Paper sponsored by Committee on Sealants and Fi I lers for Joint and Cracks in Pavements and presented 
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are not always entirely adequate. For these reasons, a certain amount of uncertainty 
has to be considered as a part of the design of a sealer. Most engineers are familiar 
with the expression, "a material is patient." Any material applied in a structure, 
especially in a bridge, must have a certain amount of "patience" or "safety-factor" 
that will provide tolerance for the conditions described. Of course, any kind of struc
tural behavior in excess of what one would term "normally expected" based on ex
perience, such as large settlement of the foundation or creeping of an approach slab, 
cannot be considered as a "design condition or criterion." 

DESIGN AND APPLICATION CRITERIA 

Among the design conditions were listed inadequate quality controls and unpredict
able behavior of structures. These conditions are subject to experience. No attempt 
will be made to define them since they can only be tolerated as secondary causes and 
are not the essential subject of this paper. At the same time it should be made clear 
that, in design, precise provisions cannot be made for excesses in either. 

The joints and sealers are also exposed to the environmental conditions of nature 
and man-made hazards. The effects of nature are best expressed in terms of pro
longed weathering, specifically thermal (heat, cold, temperature change), sunlight, 
air (mainly oxidation and ozone), precipitation, and humidity. Included among man
made hazards are those occurring during construction. These are mostly due to poor 
construction practices, such as honeycombing, deviation from design dimensions, 
damage during removal of forms and installation of sealers. Also included are later 
hazards due to traffic, such as damaging of joints from impact and intrusion of foreign 
material, abrasion, and puncturing. 

Observations to date do not indicate any decisive causes for the bridge movements 
at the joints except for those generally described as thermal. However, further 
studies will be required to verify certain inconsistencies in some commonly held 
assumptions. 

All the causes mentioned must be anticipated by material qualifications of the 
sealer and its application. Thus, the problem appears to be twofold-material and the 
application of said material. The material is a base-elastomer, for the time being 
polychloroprene with additives. Sealer application is related to the construction of 
the joints, the installation of sealers themselves, and, later, performance of both. 

MATERIAL AND PRODUCT QUALIFICATIONS 

A functional seal must be effective in a joint whose sides are constantly moving. 
The subject sealers are so-called two-phase compression sealers (1). This type of 
sealer, which consists of solids and gas such as elastomers and air-;- is preformed in 
various widths; it is placed in the joint in a precompressed state. The cross-sectional 
configuration of products of the ACME Corporation or the D. S. Brown Company could 
serve as an example. Of course, these two products do not exclude any other config
uration that would render services required by design and specifications. 

The sealer is placed at a certain temperature into a joint whose width, Wj, is equal 
to about 60 percent of the preformed width, Wn, of the sealer (Fig. 1). The same 
sealer must then remain "functional" from a minimum width, Wjmin, of about 40 

Figure l. Typical sealer cross section, 
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percent of Wn to a maximum width, Wjrnax, of not more than 80 percent of Wn. A 
"functional" compression sealer must constantly exert adequate pressure against the 
joint sides so as to permanently plug the joint. 

For a better understanding of the structural analysis of the sealers, a paper by 
Dreher (2) is suggested. The requirements clearly specify the rubber compounds as 
suitable materials. Detailed analysis of rubber compounds is left to specialists in 
polymers, since even they sometimes seem to disagree among themselves, or at least 
their statements do. But for an engineer to have a basic understanding of the material 
he is supposed to utilize, a general description is given here: 

Ingredient 

1. Base elastomer 

2. Fillers 

2. Plasticizers 

4. Vulcanizing agents 

5. Accelerators 

6. Antioxidants anct/ or 
Antiozonants 

7. Process aids 

Function 

Determines balance of properties of 
finished part, subject to limited 
variation due to compounding 

Most elastomers require fillers, 
such as carbon black, to develop 
their useful strength through 
reinforcement 

Used in combination with fillers 
to provide proper hardness; 
also can be helpful to low
temperature properties 

Sulfur, metal oxide, or other 
chemicals that make vulcanization 
occur under heat 

Chemicals which speed up the 
vulcanization reaction 

Improve resistance of compound 
to oxygen and ozone 

Help manufacturers to process 
rubber compound in mixing, molding, 
extruding, and other operations. 

In the material being evaluated in this paper, the base elastomer is polychloroprene, 
known commercially as neoprene. 

Albeit the present Jr_TJ.owledge on the contact pressure generated by the compression 
sealer is insufficient, this functional characteristic is considered to be a key to suc
cess or failure of this type of sealer . Therefore, the paper by Hall, Ritzi and Brown 
(3) is especially welcomed. It is not only a step in the right direction, but it also seems 
to pave the way for establishing badly needed simulated service tests. 

In order to develop a criterion along those lines, the idea of limits outlined in a 
Du Pont publication (4) is adapted and expanded. These limits or ratios a:re termed 
the "effic iency coefficients" X, Y and Z. These criteria are also used as design con
ditions in the method proposed by the same Du Pont publication, which is the best 
positive design approach available at present. This method was adopted in somewhat 
modified form. It seems that until more positive ways are devised to properly design 
and size sealers and joints, this one at least is utilizing the basic principle as already 
stated. 

Figures 2 and 3 serve as the basis for the principal design method, and Tables 1 
and 2 are guidelines for the design of sealers. The tables were developed mainly on 
the basis of field observation data collected to date and will be discussed later in con
nection with their evaluation. 

It should be mentioned that for now the limits Xmax, Y avg and Zmin are obviously 
empirical values based on experience. 
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TABLE 1 

PROPOSED NEW JERSEY STANDARDS 
(For Present Practice) 

At 100 F At 30 to 90 F 
At OF 

Wn I!. at I!. at Limits of Span (in.) IJ.t = 70 F 
(:j) 

IJ.t = 90 F 
WJmin z y Wjmax X 

t½ 0. 875 0. 58 0. 0 1/, 0. 58 0. 0 0. 875 0. 58 Upto35ft 0. 86 0. 57 0.16 0. 21 1. 085 0. 725 

13/. 0. 84 0.48 0.16 0. 57 0. 21 1. 21 0.69 
35to45fl o. 79 0. 45 0. 21 0. 27 1. 27 0. 725 

2 0. 915 0. 46 0. 21 
11/11 0. 56 0. 27 1 395 0. 70 45 to 50 ft 0. 895 0. 45 0. 23 0. 30 I. 425 0. 715 

2½ 1.145 0.46 0. 23 13/e 0. 55 0.30 I. 675 0. 67 50 to 65 fl I. 075 0. 43 o. 30 0. 39 I. 765 0. 71 

3 
I. 45 0. 48 0. 30 13/,i 0. 58 0. 39 2.14 0.71 65 to 80 ft 1. 38 0. 46 0. 37 0. 475 2. 225 0. 74 

4 I . 88 0. 47 0. 37 
21/'I 0. 56 0. 475 2. 725 0. 68 80 to 110 fl 

I. 74 0. 435 0. 51 0. 65 2. 90 0. 725 

5• 2. 24 0. 45 0. 51 21/. 0. 55 
0. 65 3. 40 0. 68 

110 to 130 ft 2.15 0. 43 0. 60 0, 77 3. 52 0. 70 

6• 2. 775 0.46 0. 60 33/, 0. 56 0. 77 4. 145 0. 69 130 to 160 ft 
2. 615 0. 435 0. 74 0. 95 4. 325 0.72 

Temperature Range: 0 to 100 F 
Comtruction Temperature: 30 to 90 F 
Installation Temperature: 30 to 90 f 
Degrees of Efficiency: Zmin = ± 0.40 Wn; Yavg = :I: 0.60 Wn; Xmax = ± 0.70 Wn 

NOTE: All the above tempe ratures are those of the concrete. Since these temperatures cannot readily be measured, the dolly average temperature of the air with a 
tolerance of +5 to+ 10 F would be presently acceptable. 

"Because of the lock of experience with these two largest sizes, it is preferable not lo use the sealer widths W0 .::c 5 in. and 6 in. until further data ore available. 

These limits or "efficiency coefficients" X, Y and Z respresent percentages of 
compression of the initial preformed width W n of the sealer when it is placed into a 
joint, as already indicated. These limits or ratios are adapted from the Du Pont 
publication mentioned. 

TABLE 2 

PROPOSED NEW JERSEY STANDARDS 
(For the Revised Practice) 

At 100 F At 30 to 90 F 
At OF Wn I!. al I!. at Limits of Span \In. J Lit = iO F 

(:J) 
Llt a 90 F 

Wjmin z y Wjmax: X 

11/a 0 . 875 0. 58 0.0 1/, 0. 58 0.0 0. 875 0. 58 
Up to 55 fl 0 . 621 0.41 0. 254 0.327 1. 202 0. 80 

1¾ 0. 746 0. 43 0. 254 
0. 57 0. 327 1. 327 0. 75 55to65ft 0. 700 0. 40 0. 300 0. 386 I. 386 0. 79 

2 0. 825 0. 41 0. 300 11/e 0. 56 0. 386 1. 511 0. 76 65 to 75 ft 0. 778 0. 39 0. 347 0. 446 1. 571 0. 79 

21/2 l, 153 0. 46 0. 347 1% 0. 60 0. 446 1. 946 0. 78 
75 to 90 ft I , 084 0. 43 0. 416 0. 535 2. 035 0. 81 

1. 334 0.44 0.416 
13/. 0. 58 0. 535 2. 285 0, 76 

90 to 110 fl I , 242 0. 41 0. 508 0. 653 2. 403 0. 80 

4 I , 867 0. 47 0. 508 2% 0. 59 0. 653 3. 028 0. 75 
110 to 150 ft I. 682 0. 42 0. 693 0. 891 3. 266 0. 81 

5• 2.182 0. 44 0. 693 23/e 0. 57 0. 891 3. 766 0. 75 
150 to 200 ft 1. 951 0. 39 0. 924 1.188 4. 063 0. 81 

6• 2,576 0. 42 0. 924 31/, 0. 58 1.188 4. 688 0. 78 200 to 220 It 2. 484 0. 41 I. 016 1. 307 4. 807 0. 80 

Temperature Ror,ge: 0 ta 100 F 
Construction Temperature: 30 to 90 F 
Installation Temperature: 30 to 90 F 
Degrees of Efficiency: Zmin = ± 0,40 Wn; Y avg = :E: 0.60 Wn; Xmax = ± 0.80 W0 

NOTE: All the obove temperatures ore those of the concrete. Since these temperatures cannot readily be measured, the doily average temperature of the air with a 
tolerance of +5 to+ 10 F would bo presently acceptable, 

"'Because of the lock of experience with these two largest sizes, it is preferable not to use the sealer widths Wn = 5 in. end 6 in. until further data ore available. 
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To illustrate the application of Figures 2 and 3, a solution for a bridge with a span 
L = 60 ft is given. For New Jersey a concrete temperature range of 0 to 100 F is 
assumed as being realistic. The wide range of sealer installation and construction 
temperalures of 30 to 90 F is selected with required limits on efficiency coefficients 
taken as 

Zmin 

Yavg 

± 40 percent at minimum width of joint (WjmirJ and 100 F 

± 60 percent at installation width of joint (Wjinst) and installation 
temperature from 30 to 90 F 

Xmax = ± 70 percent at maximum w_idth of joint (Wjmax) and O F 

Step 1: From Figure 2, using maximum temperature differences between maximum 
and minimum concrete and installation temperature ranges 6.t = 70 and 90 F, we read 
off the bridge end movem ents of 6. = 0. 28 in. expansion and 0. 36 in. contraction. 

Step 2: By estimating the sealer size W = 2. 5 in. and using the limits Z = 0. 4 Wn 
and X 0. 7 Wn, we find from Figure 3 that Wjmin = 1. 0 in. and Wjmax = 1. 75 in. 
Thus, 

0.75 
= -2- 0. 375 in. > 0. 36 in. (maximum joint movement) 

Therefore , the joint construction width should be: 

Wjconstr 13/s in. with Yinstal 

The width of joint (Wjconstr) is measured at the upper portion of joint where the sealer 
is located. 

Now that the design functions of these coefficients are clarified and the maximum X 
limitation is identified with the ess e ntial functional requirem ent of positive sealing 
pressure, the minimum compression width value (Z in percent) remains to be defined. 
The polychloroprene seale r has lhe unique ability to recover its original shape after 
s evere deformation at high and low temperatures. However, if this sealer is com
pressed beyond its minimum recommended width (Wjmin at Zmin) permanent damage 

TABLE 3 

SAMPLES OF SEALER'S MINIMUM WIDTH 
(Product 11K 11)* 

Sealer Width W0 
Thickness (in.) of Min. Width z (%)" 

(in . ) ,,(AWi D) x (in.) 
Shell A Web B 4(A + B) 100 

n 

1¾ 3/a max. %\l 1/" I. 07 55 
- D.O nom. 1/, 'I~ 0, 88 50 

m in. y .. 1/16 0. 69 40 

+ 3/u, max. %2 1/, 1.12 51 
- 0, 0 nom. 1/, %2 0, 88 44 

min. y .. 3/,. 0. 75 38 

2% + 1/-1 max, 1y&I 1/, 1.44 52 
- 0, 0 3/ie %2 1.125 45 nom. 

min. 1y&,1 3/,. LO 40 

+% max. 13/64 1y64 I. 63 50 
- 0. 0 norn. 3/18 1/, I. 25 42 

min. 1ytW y,. I . 12 37 

4 t3/ie max, )3/t,t '3/64 2, 13 50 
- 0, 0 ¼ 3/ie I. 75 44 nom. 

min. Yn 1y64 I. 56 39 

*See Figure 5. 
**Wn maximum or Wn nomlnol was used to compute Z% depending on whether maximum, nominal, or mini
mum thickness of the shell ond webs was used: 

Z = 41'- + 8) ~ ... ) •l'I • 8) (,,om . .,. ml,,.) 
W,, m~. or Wn nom. 



42 

TABLE 4 

SAMPLES OF SEALER'S MINIMUM WIDTH 
{Product 11 L 11)* 

Sealer Width Wn Thickness (in.) of Min. Width Z ~)" 
(In.) 

(in.) (3 A\y 4B) X 100 Shell A Web B (3A + 4B) n 

1% + 0.156 max. 3/,. + 0. 016 3/ .. + 0. 016 0, 66 37 
- 0. 00 nom. 3/,. 3/ .. 0. 55 34 

+ 0.156 max. y(H. + 0. 032 3/., + 0, 032 0.99 46 
- 0, 00 nom. JI .. Y .. 0. 77 39 

2½ + 0. 218 max. ~lia + o. 032 1/a + 0, 032 I. 29 47 
- 0. 00 nom. 3/10 1/, 1, 06 43 

23/.,, +0. 218 max. 3/111 + 0.047 1/11 + 0.032 1, 33 45 
- 0, 00 nom . 3/.a 1/, 1.06 39 

Min . Width (2A + 7B) 
100 (2A + 7B) ---w;--x 

+ 0, 250 max. 3/,a + 0. 047 1/e + 0. 032 I. 33 41 
- 0, 00 

nom. 3/ui 1/, 1.06 35 
min. 3/,. - 0, 032 ¼ - 0,016 0. 95 32 

4 
+ 0.313 max. 1/, + 0. 047 1/, + 0,032 1. 52 35 
- 0, 00 nom . 1/, 1/, 1. 25 31 

min. 1/, - 0. 032 1/, - 0, 016 1. 09 27 

""See Figures 6 and 7. 
**Wn maximum or Wn nominal was used to compute Zo/o depending on whether maximum, nominal, or minimum thick
ness of the shell and webs was used: 

Z = PA + •8) yn<»< ,) and (:lA ' 46) (non,.) 
w" fflC'i,c. Wn nom. 

(2A t 7&) (row..) 
Wn 1nox. ond 

(ZA I 78) (nom, Of' ,nln.) 
WnfflM'! , 

to the seal will eventually occur (cracks, permanent shape deformation, etc.) and the 
sealer might even be extruded from the joint. 

To comprehend the mechanics of this type of failure, one must recognize the follow
ing design phenomenon of a two -phase compression sealer: At a "minimum com
pressed width" the air space within a seal is practically eliminated, while the solids 
(elastomers) should not be compressed. Infringement upon this limitation would result 
in eventual failure, as noted. 

TABLE 5 

TEST SAMPLES 
(Date of Tests: March 1966) 

Size of Sample 

Tests 
(In. ) Physical 

Requirements 
21/ll 21/2 2½ 13/1 2½ 21/ll 21/? 

Tensile strength, psi 1820 2620 2400 2300 2800 2800 2800 2600 2000 

Elongation, f, 290 370 350 270 290 280 280 330 250 

Hardness points 57 56 54 59 60 63 60 55 55 :1: 5 

OZ.one r esis tance: 
3 ppm 70 hr at 104 F OK OK OK OK OK OK OK OK No c racks 
20 j s train 

Oil swell: 
ASTM No, 3 oil, 22 hr at 64 34 34 30 29 27 29 32 + 45 
212 F, weight change, f, 

Recovery tests (under 5~ deflection), <.' 
22 hr/212 F 76 92 88 84 86 92 92 90 85 (Du Pont)" 
70 hr/212 F 54 84 76 66 76 82 82 76 74 (D. S, Brown) ,. 
72hr/ +J 4F 32 76 80 14 70 62 66 64 75 (Du Pont)• 
22 hr/-20 F 40 88 74 12 60 52 56 52 65 (Du Pont)• 
At 5~ defiection Cracked Cracked Cracked No cracking or splitting 

Manufacture r and product A(K) B(K) B(K) A(K) B(K) D(K) B(K) A(K) 

Date installed 8/64 7/65 6/65 7/65 10/65 10/65 I0/65 11/65 

Bridge No. 10b 9b 15a&c 15a&C 15~c 17 a to f 

~calculated recoverie s expressed ore percenloae~ of the original deflection as follows: 
Percent recovery :: recovery Whllh - compre1scd width , 100 

503' original width 
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A B B A 
Figure 4. Samples of sealer product "K" (manufacturers A and B). 

A 

Figure 5. Sealer configuration (product "K"). 

- --- Wn ---------

~ ~ 
~~ 

A 

Figure 6. Sealer configuration (product "L" ). 

As a consequence of the mm1mum
width criterion, the shape and the wall 
thicknesses of the sealers have to be 
specified. Testing procedures must, 
therefore, be set up for controlling and 
enforcing these specifications. In doing 
this, care must be taken not to endanger 
the positive sealing pressure when the 
joint reaches its maximum width. 

Tables 3 and 4 and Figures 4 to 7 
exemplify the sealer's dimensional prob
lem. Table 5 shows the results of sealer 
tests in some bridges presently under 
observation. Tables 3 and 4 are based 
on the required sealer's design dimen
sions, not those actually measured. The 
idea is to indicate how restrictive the 
dimensional tolerances must be to actually 
manufacture satisfactory products. 

------Wn 

Figure 7. Sealer configuration (product "L"). 
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Figure 8. Schematic sketch of single span bridge. Legend: A.B. = alignment bearing;+ = direction 
of bridge deck end movements. 

From these tables it is apparent that not only the thicknesses, but also the config
urations are responsible for a sealer's minimum width and that product "K" needs to 
be improved to satisfy the Zmin = 40 percent requirement. It appears that this can be 
done without necessarily changing its configuration and thus endangering other require
ments of sealer design. Incidentally, the same trend appears in the requirements 
specified by Pennsylvania. 

In Table 5, the cracking of test samples of sealers during recovery tests is also an 
indication of the necessity of keeping the actual minimum width at the required level, 
as discussed in previous paragraphs. It appears that the solids in these sealers were 
compressed, causing cracking and thus possible future failure of sealers. 

It is to be noted that these sealers were installed in wider joints under a lower per
centage of compression than required by design. Thus, their minimum width will 
probably not be critical, but their criterion of positive contact pressure is. There is 
an indication that this is the case since the joints in which they are placed are already 
leaking. 

DESIGN OF PREFORMED ELASTOMERIC JOINT SEALER APPLICATION 

The vast majority of bridges in New Jersey are designed as "simple span" bridges 
regardless of whether they are single or multi-spans. The span of these bridges ex
tends mostly to a maximum of 100 to 150 ft. The simple span criterion requires one 
end of the span to be the fixed end, the other to be the expansion end. At each end in 
the approximate middle of the width of the bridge, so-called alignment bearings are 

Figure 9. Schematic sketch of single span skewed bridge. Legend: A.B. alignment bearing; + 
direction of bridge deck end movements. 
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located (Figs. 8 and 9). In this paper there is no need to explain the details of bear
ing construction. But it is impor~ant to keep in mind that the design assumptions for 
bridge deck end movements are that, at the fixed end, the assumed movements are 
between A. B. and the outsides of the bridge and are parallel with the joints. In prac
tice it was observed that "fixed" ends also move an average of about 1/8 in. but some
times as much as ¼ in. in the direction of the span. 

At the expansion end the movements are designed to be parallel with the joints in 
the same manner as at the fixed end and also in the direction of the span. For the 
joints, the deck end movements in the direction of the span translate in the following 
fashion. Ordinarily, these movements are parallel with the beams and, therefore, 
are perpendicular to the joints, but for skewed joints these movements are not at right 
angles. This last condition has adverse effects on the sealers in the joints of skewed 
bridges. Figures 8 and 9 are designed to clarify this discussion. 

As explained before, the deck end movements are expected to be thermal in char
acter and, therefore, are usually designed as such. The practical formula normally 
used to determine the expected amount of end movements is 

t,.v = c.c.t L 

where 

t:. v the amount of bridge deck end movement in inches; 

t:.t the effective change of temperature of the material in degrees F; 

L the effective length of the structural element, a bridge deck, in inches; and 

c 0. 0000055 in./ degrees Flin. 

The c value is an average coefficient of expansion for concrete; it may actually be 
higher or lower, depending upon the concrete mix and the field conditions of the par
ticular construction site. 

For practical reasons the assumption of average values must be made, within safe 
limits, of course. Thus, the c value is assumed as indicated, L is always a variable, 
and t:.t is calculated as indicated before, regretfully in an oversimplified way for this 
type of sealer. 

However, this is how the width of the open deck joints is established, with some 
safety factors included. Since joints were used in bridges long before the subject 
sealers were offered, some leftover practices are sometimes still used without real
izing their impropriety. Among these are preformed bituminized joint fillers and 
water stops in joints at abutments, and kinks and bends in the horizontal configuration 
of the joint layout. The water stop might do some good if the sealer is not quite func
tional, but the fillers are harmful because they are used to form, too often, inadequate 
joints and they are not elastic enough. 

The kinks and bends should be eliminated, because this type of sealer must be in
stalled straight in the transverse joints and in a continuous length across the full width 
of a bridge, regardless of whether at piers or abutments. Longitudinal joints in bridges 
should be avoided because it is still impossible to weld-join the sealers in the field. 

The straight-and-continuous joint requirement refers mainly to skewed bridges 
where the need for changes is often imperative for improved sealer functioning. Why, 
for example, seal the joints in roadways if they leak freely at curbs, sidewalks, and 
parapets, where water and snow often accumulate? 

The sealer is usually required to be bent up into the sidewalk a few inches behind 
the curb line, starting at the bottom of the curb; it is bent almost 90 deg into the side
walk joint, terminating at the inside face of the parapet. Such details are often poorly 
designed, as in the cases of sidewalk bulkheads poured integrally with the roadway, 
joints in skewed bridges sharply bent horizontally at the curbs anct/ or parapets, and 
sealer seats omitted at the curbs. 

It is very difficult to seal a moving joint where moisture is allowed to remain ac
cumulated for a period of time. All bridges are designed to drain the water off the 
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structure, but a certain amount of it remains at the curb and joints . Sealers should 
be designed to recess ¼ to 3/s in. below the top of deck whereas they are sometimes 
placed as much as ¾ in. below the top surface. In winter, snow cleared off the 
roadway is piled up on the sidewalks with a considerable concentration of salt. During 
the freeze and thaw periods this moisture works its way down through a joint or evap
orates. Figure 10 illustrates the practices outlined in the preceding discussion. 

Figure 11 represents the modified solution of the same details. It is not an ultimate 
answer to the problem, merely an attempt to remedy the present situation based on the 
experiences collected to date. The sealer is placed in the deck out-to-out simply be
cause this part of the superstructure is where it is most likely to function properly. 
The ends are sloped just enough to prevent the moisture produced by driving rain, 
etc. , from penetrating the open ends of sealer, where it could accumulate, freeze, 
and damage the sealer. The bent-down ends also will encourage the flow of water out 
of the joint, whether it is driven there or leaks in, possibly, at the bottom of the curb. 
At present, there is no known effective way to close the open ends of a sealer. The 
pocket for the end of the sealer, while not too deep to present difficulties for installa
tion, is meant to prevent the sealer from straightening and migrating. The sealers 
in the skewed joints are induced to migrate. 

To date, no actual migration of sealers was observed, perhaps because not enough 
time has elapsed since their installation, or, more likely, the resisting friction 
between sealer and joint sides is sufficiently strong to hold the sealer in place, the 
rubber itself elastically consuming the induced deck end movements. If this is the 
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case, the seats supporting the sealer ends could be simplified even more at a later 
date. Anyhow, by extending the sealers to almost the very face of the deck, it is hoped 
to prevent damage to the vital understructure of the bridge deck by leading the water 
out and away from the joints before it gets the chance to leak through them. In this 
detail, the sealer in the sidewalk is there mainly to prevent foreign material from 
entering the sidewalk joints and to minimize the amount of moisture that will reach the 
outside faces of the bridges. To facilitate the installation and functioning of sealers in 
the sidewalk, positive seats throughout and the other modifications shown in Figure 11 
are suggested. 

Large-size sealers are very difficult to install properly when considerable bending 
of them is required. Once they are bent there is no guarantee they will stay bent, un
less they are mechanically prevented from moving. 

Obviously the sealer has to be installed in the deck before pouring the sidewalk in 
the vicinity of the joint. To prevent grout tram accumulating on the lop oI the deck 
sealer a protective strip of any flexible material, preferably cork, should be used. 

The slope of the sealer-bend in the curb, as shown in Detail F of Figure 11, is 
derived from observations. 

Normally the sealer is located in the joint near the top of the deck; during construc
tion seats ai-e provided at an appropriate depth, and the width of joint required by 
sealer design is made available. At present, the required width of many sealer seats 
is 3/10 or o/io in. This is an impractical dimension, because there is no such standard 
width of lumber or any other suitable material available for the construction of forms 
(Fig. 12). 

It is obvious that seals, in order to function properly, have to be located near the 
top of the deck. They must be recessed for protection from damage due to traffic. On 
the other hand, too deep a recess would allow for accumulation of excessive amounts 
of foreign material; this could become an incompressible mass, possibly damaging to 
the integrity of the joint. Based on 'this analysis and on experience, the sealer should 
be recessed¼ to 3/a in. instead of the present½ in. required in New Jersey. When 
the sealer is placed in this way, the larger particles of foreign material will usually 
bounce off the sealer's surface and whatever remains in the joint will be of no 
consequence. 

The recess and the seat are furnished to minimize the chance of vertical migration 
of the sealers due to downward pressure exerted by vehicles. Seats, moreover, serve 
as an excellent deterrent of the tendency to place the sealers at an excessive depth. 
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Present New Jersey applied design practices are as follows: 

Span Open Deck Width of Joint at Sealer Size Joint Width Sealer at 68 F 

Not to exceed 100 ft 1 in. 13/a in. 2½ by 2¾ in. 

Not to exceed 150 ft 1½ in. 23/a in. 4 by 4¾ in. 

Fixed joint at pier ½ in. 1 in. 1¾ by 2 in. 

The temperature range specified for the design of bridges is -20 to +120 F. This 
seems to be adequate when maximum air temperature range is considered, but the 
bridge deck end movements are governed by the temperature of the concrete. It was 
therefore concluded, after a study of the thermal characteristics of bridge slabs, that 
the realistic effective concrete temperature range should be 0 to 100 F. 

This means only that the effective concrete temperature, which really governs the 
end movements, should not be expected to drop below OF or to rise above 100 F. 

The temperature of 68 F, at which the width of the joints is determined, is imprac
tical. In the actual construction there is no way to adhere to such a requirement. For 
instance, to date there is no way of determining such an effective concrete temperature, 
nor to hold to it throughout the construction of the joints and installation of the sealers. 

To overcome this difficulty as in the case of the general temperature range, it is 
suggested that a temperature range of the concrete of 30 F to 90 F during the construc
tion of joints and the installation of sealers be used, these temperatures being both 
more realistic and more flexible. 

When the actual effective concrete temperature in construction and/ or installation 
is not known, it is suggested that the daily average temperatures of the air at the lo
cation of the construction be adhered to, assuming that the effective temperature of the 
concrete is 5 F higher in the summer and possibly 10 F higher in the winter months. 
Regarding these temperature tolerances, one must be careful not to overlook the effects 
of prolonged periods of cold or hot spells. Here, as in the whole concept of thermal 
effects, further study is essential. 

Because of the seasonal boundaries in construction, the 30 F temperature limit is 
obviously not as critical as the 90 F restriction. This upper limit is chosen by reason 
of the difficulties encountered in construction and installation at temperatures higher 
than 90 F, plus the fact that the suggested range is already extremely large. This wide 
temperature range allows for much less freedom in the design of joints and sealers than 
do the present requirements; the existing construction practices compel us, nonetheless, 
to resort to such a recommendation. 

This discussion leads to the analysis of the proposed New Jersey standards men
tioned before (Tables 1 and 2), and to the methods of construction of bridge joints. 

The present method of developing the required joint is to actually form it. This 
method is inefficient for two basic reasons. 

No matter how accurately the joints are formed, they appear to open by as much as 
Ya in., possibly more, during the concrete setting period. This has been established 
by observations .. 

Far more serious is the problem of inadequacy of quality controls in construction 
practices. Almost without fail, the actual dimensions of joints vary from the design by 
as much as 1/e in., often¼ in. or even more, in the width of the joints, and up to 2 in. 
in the depth at which the sealer seats are located. These errors can and do happen 
within one and the same joint, i.e., it may at one end be 13/e in. wide, and several feet 
away as much as 13/a in. or more. 

In essence, it means that the erroneous results (excessive width of joints) will ac
tually cause a condition where ~piax > 0. 7 W11• For example, if the span L = 65 ft, 
At == 70 For 90 F, and Wn "' 212 in . , we should have, at installation, Wj =: 13/a in. 
(see Table 1). Suppose tha~ as a result of contraction of the concrete ancV or an error 
in construction, Wjinst "" 11/s in. Then 
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Yinst 
1. 625 

0.65Wn > 0.55Wn = 2.5 

Zmin 
1. 625 - 0. 30 

0. 53 Wn > 0. 43 Wn = 2.5 = 

Xmax 
1.625+0.39 

0.81 Wn > 0.71 Wn =- .:: 

2.5 

The main consequence of the limitation of joint widths is that sealers have to be 
larger for shorter spans, resulting in an increase in sealer cost. At the same time, 
the total upper limit of the bridge span is considerably lowered to as little as 110 ft 
for 4-in. sealers, the maximum size usable to date. 

The other feature of Tables 1 and 2 is the breaking down of the range of span length 
into small increments. This automatically introduces a factor of unpredictable move
ments into the design and allows for economy in sealer costs. 

The handicaps in the present methods of joint construction have been shown. In 
order to improve the results, the use of two other methods is recommended. Their 
performance data are not available, but both are already in limited use in some states 
and in Europe. 

Before discussing the alternative methods, it should be indicated that by utilizing 
metal forms at the joints the results could be greatly improved. By attaching these 
forms to beams, the fluctuation of temperatures could be overcome and the width of 
the joints could be related to the temperatures at the time of construction. The dif
ficulty, of course, is that these forms will have to be slim enough to fit into narrow 
joints, independently on each side of the joint, yet strong enough to obtain an accurately 
developed joint throughout the full length. 

The first alternate method is based on sawing the joints. The open deck joint, or 
basic joint determined by design, is formed by normal means. As soon as practical, 
the upper portion of the joint where the sealer will be located (seal groove) is saw-cut 
to the required depth of the sealer seats. This is done in one continuous operation 
throughout the full width of the deck except, of course, the very ends (Fig. 11). 

To achieve smooth and even seal seating ledges, insert a chisel of 3-in. minimum 
width in the saw cut and use the chisel as a lever to break the concrete at the ledges. 
Remove the broken concrete and clean the joints. The accuracy of the seal grooves 
thus achieved could be held within± 1/1e in., which is adequate. In a sidewalk, the 
seal groove could be saw-cut in the same manner except at the curb and the very out
side. If preferred, the present method of construction could be retained in sidewalk 
construction since, once the deck is properly sealed, the sealing of the sidewalk is of 
no great importance. 

This method of construction is being suggested in Pennsylvania. One drawback in 
this process is a possible increase in the cost of joint construction; it would be offset 
by the use of smaller size seals since the proposed New Jersey standards (Table 2) are 
applicable to this type of joint construction. Another drawback is the probable spalling 
of the sides of the joints due to traffic. 

The second alternate method of construction is armored joints. This method, as 
utilized in Europe, is well illustrated in a Swiss brochure (5). The type of sealer is 
different and the armor method is complex; nevertheless, the basic design principle is 
perfectly applicable to our circumstances. 

Figure 13 illustrates the idea of armored joints under our conditions. The concept 
of this method is that the whole system (armor angles with straps and seats welded to 
them, sealer properly precompressed between the angles and the supporting elements, 
such as clamps and attached bolts) is preassembled and then placed into the joint be
fore the concrete is poured. There are many ways of doing this . The procedure used 
should satisfy the design requirements on the one hand; on the other, it must give the 
fullest possible consideration to the de facto construction practices. 

On this basis, the best approach would be to have the elements of the system preas
sembled to the fullest practicable degree, delivered to the construction site and the 
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assembly completed there. The deck should be poured so as to leave the necessary 
recess with deck reinforcement properly extended into it. After the concrete is set, 
the assembly can be placed into the recess, properly located, and the width of the joint 
between the armor angles adjusted in accordance with the design requirements. Then 
the bar-straps should be welded to the main deck reinforcement. The recess should 
be filled to the level "A" with optimum-packed-up concrete of good quality. After the 
concrete in the carriageway is set the supporting elements should be removed and the 
surfacing of the deck at the joint carefully completed. 

This procedure, with a little care in construction, should give a satisfactorily sealed 
joint. As in the first alternate method, the armored deck joints should be continuous 
throughout the full width of the deck, and termination should be accomplished in the same 
fashion as shown in Figure 11; of course, the stay-in-place anchor and the stop seats 
should be executed in metal. It is obvious that the angles are utilized for a dual purpose
to armor the joints where necessary, and to form the best sealed joint possible. 

The seal-groove in the sidewalk could also be armored in the same manner, with 
the curb and outside ends installed as indicated in Figure 11, but a stay-in-place anchor 
seat could be added in the curb end at the bottom outside face of the armor angles. How
ever, if preferred, the present method of construction could be retained, as in the 
case of saw-cut joints. 

Proposed New Jersey standards (Table 2) is also applicable to this type of joint con
struction. Table 2 really differs very little from Table 1 and is self-explanatory. By 
raising the upper limit of Xmax to± 0. 8 Wn it is possible to use smaller sealers for 
longer spans. Concerning everything else in Table 2, prior comments apply. 

The only obvious drawback of the armor joint construction, as outlined in this paper, 
is cost. It is, without doubt, the most expensive method, but being practically an ul
timate solution for sealed-joint construction, it is worth its expense. By "ultimate 
solution" is meant that initial set, creep, thermal effects, and installation of sealers 
are in this way satisfactorily resolved. 

In reference to "fixed joints," observations have indicated the possibility of the ap
plication of the smallest size sealer practicable, but caution must be exercised in de
termining so-called fixed joints. 
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SUMMARY 

In this paper, an attempt is made to describe a sealer material and to indicate the 
methods used for the sizing of sealers. Present design and construction practices are 
analyzed on the basis of field observations. Since the observed results are not quite 
satisfactory, new design and construction methods are offered. 

Observations led to the conclusions that the bridge deck end movements could, to a 
great degree, be identified as thermal in character, and that the existing failures are 
often due to inadequate design and lack of quality control in construction. The proposed 
methods attempt to improve the design of joints and to minimize or eliminate the pos
sibility of inadequate joint construction, regardless of the observed causes. 

The need is apparent for continuing research on the material and its application; 
present-day testing is not yet adequate. It is felt that a more appropriate program 
should include 

1. Thorough testing of all sealers to be utilized on actual construction, in accord
ance with the specifications; 

2. The same kind of testing of all sealers removed from joints for reasons of fail
ure or otherwise; and 

3. Testing for the purpose of research. 

The gathering of observations should continue with the help of electronic equipment, 
in order to achieve more reliable results. This type of research would widen the know
ledge of the material and its application, and should shed light on the causes of failure 
of bridge joint sealers. 
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Study of Factors Governing Contact 
Pressure Generation in Neoprene Pref or med 

Compression Seals 
F. KENNETH HALL, JACK H. RITZI, and DELMONT D. BROWN 

The D. S. Brown Company, North Baltimore, Ohio 

•THE preformed neoprene compression seal was manufactured in its present state 
early in 1960. Over 25 states have specified projects using a seal composed of a num
ber of triangles in a shell having either parallel or slanted sides (Fig. 1 ). 

A compression seal by definition depends on its ability to develop a positive pres
sure against the joint faces and not adhesion to the faces to seal a joint. Contraction 
joint compression seals are normally made to seal a joint having a movement from 
three-tenths to eight-tenths of the original width of the compression seal (1). 

The polymer neoprene, because of its long history of excellent aging characteristics 
under adverse environmental conditions and resistance to various organic and nonorganic 
liquids, was a natural choice for a compression seal. A compression seal is fabricated 
from a balanced mixture of many chemicals, inerts, and neoprene. The vulcanizate 
must be as elastic as possible so the finished product will be capable of exerting contact 
pressure on the faces of the joint to be sealed after many seasonal cycles, and under 
different environmental conditions. 

Overall, a balance of properties must be maintained to insure that a compression 
seal can function under all environmental conditions. Since "neoprene" is a family of 
polymers with a range of low-te mperature properties, 1 specific properties to insure 
low-temperature contact pressure on the joint by the seal must be considered. Neo
prene products under stress subjected to high ambient temperature (>100 F) experience 
a loss of physical properties over long periods of time, and must be compounded to 
resist this loss. 

Preformed compression seals that have failed in service over the past five years 
can usually be placed in one or more of the following categories: 

1. The joint was not engineered dimensionally for the compression seal, or the 
wrong width seal was used; 

2. The wrong shape factor was used, e.g., a tapered seal in a straight-walled joint; 
3. Faulty installation procedures were used; 
4. Low-temperature stiffening of the seal occurred; 
5. High-temperature set occurred; or 
6. Interior web adhesion was present. 

In all categories except No. 3 the problem can be defined as the .inability of the seal 
to develop sufficient contact pressure to keep its sides in contact with the joint faces. 

1An important factor in the selection of a neoprene type is its rote of crystallization or first order 
transition. This completely reversible phenomenon is caused by orientation of polymer chains. 
Elastomers which crystallize have higher tensile strength in gum stock than those which do not. Un
fortunately, stiffening due to crysta 11 izat ion is a problem both in processing and in the finished prod
uct. Its effects often are mis taken for other failures. Crystal I ized vu lean izotes, because they are 
hard, sometimes ore said to have aged poorly. Warming, however, will restore the proper hardness. 
Neoprene products crysta 11 ize most rap idly when under strain, and do not recover unt i I warmed. Th is 
often is mis token for permanent set ~). 

Paper sponsored by Committee on Sealants and Fillers for Joints and Cracks in Pavements. 
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Figure l. Compression sea Is: (left) as fobri coted; (right) web pattern in sea I under compress ion. 

It is also possible that insufficient contact pressure was developed to keep the seal from 
"sliding" either up or down in the joint. 

PROBLEM 

Of the six factors which contribute to compression seal failure, engineering of joints, 
shape factor, and installation obviously are design or mechanical problems. Low
temperature stiffening and high-temperature set relate to the material as well as design 
and can readily be studied in the laboratory where temperature, degree of compression 
and compound ingredients can be varied under close controls. Finally, to be of value, 
the laboratory conclusions from such a study must be related to a specification used 
for purchase of compression seals. 

Specifications for the purchase and installation of compression seals have been writ
ten by individua_l purr.ha!=dng h<)diP.s (Appendix B) as well as manufacturers and the sup
plier of the raw polymer, DuPont (Table 4). Some of these specifications are quite 
complete in defining seal shapes and tolerances, joint construction and sealinstallation, 
and physical properties of the compression seal. 

All of the physical specifications are based on a series of identification tests that 
describe a "quality" neoprene compound. "Recovery testing" is incorporated into many 
of the specifications to attempt to insure that the seal has the ability to recover after 
exposure to high-temperature (212 F) as well as low-temperature (14 F, -20 F) con
ditions. However, recovery tests are identification tests and not performance tests! 

The low-temperature recovery tests are standard, and insure that a seal has been 
formulated with a large portion of noncrystallizing neoprene and/or low-temperature 
plasticizer materials. One can observe in the laboratory that low-temperature re
covery tests run on the same sample time and again yield the same approximate values. 

The high-temperature (212 F) recovery tests are also identification tests. As they 
are presently defined the high-temperature recovery tests attempt to indicate a proper 
cure state of the seal to guard against its taking a permanent set. Also, some high
temperature recovery tests indicate internal surface conditions (internal web adhesion). 

In March 1965, on a field inspection trip, a number of nonfunctioning seals were 
noted (Figs. 2, 3, 4, 5), and samples of these seals were submitted for laboratory 
analysis. In this case, the seals were in service less than two years, but took a per
manent set (Table 1) and showed significant loss in contact pressure. 

Contact pressure was measured on seals that had not been compressed but merely 
field aged, and seals that were actually in the joint under compression (Fig. 6). Note 



Figure 2. Seel failure because of insufficient sealing pressure. 

Figure 3. Compression seal not contacting joint face. 



Figure 4. Debris and water in joint having passed compression seal. 

Figure 5. Permanent set in compress ion seal. 



TABLE 1 

INSPECTION TRIP SAMPLES, MARCH 1965 
Seal description: '%a-in. tapered 

Joint width: 1/2 in. at 35 F 

Conditioning Period After 
Removal From Pavement Temperature Recovered Percentages of 

Original Width 

½ hour 
2 hour 

48 hour 

Property 

Tensile strength 
Elongation 
Durometer 
Compression set 

22 hours/ 158 F 
70 hours/ 212 F 

35 F 
70 F 
73 F 

ASTM Test 
Procedure 

D-412 
D-412 
D-676 
D-39 5B 

Modified 

Requirement 

2000 
250 

55+5 

15 
40 

62 
77 
84 

*Historically these values would appear reasonable for a 2-year-old environmentally aged 
compound. 

Value 

1850* 
275 

68* 

17 * 
30 

57 

the marked difference of the two curves. The physical properties of the seals indi
cated compliance with the specification under which they were purchased, yet the seals 
failed (Table 1). 

A laboratory study was therefore instigated to study the compression seal-joint wall 
contact pressure relationship. Simulated environmental as well as standard high-tem
perature (212 F) tests were used (Appendix A). 

Two commercial seals (seals "D" and "E" ) were purchased in a state that specified 
preformed compression seals using the New York Preformed Compression Seal Spec
ification M38PA (Appendix B). The state deemed both seals acceptable (Table 2), and 
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TABLE 2 

COMMERCIAL SEAL TEST RESULTS 

ASTM Test Property Procedure Requirement 

Tensile strength, psi, minimum D-412 2000 
Elongation at break D-412 250 
Hardness, Type A Durometer D-676 55+5 
Permanent set at break, '1, maximum D-412 10 
Compression set, % maximum D-39 5B 

22 hrat 158 F 15 
70 hr at 212 F 40 

Oven aging, 70 hr/ 212 F D-573 
Tensile strength change, maximum % -30 
Elongation change, maximum % -40 
Hardness points change, maximum +10 

Oil swell, ASTM oil No. 3 D-471 
70 hr at 212 F 
Volume change, maximum % 80 

TABLE 3 

PROPERTIES NOT REQUIRED BY SPECIFICATION 

Property (Appendix A) 

High-temperature recovery 
22 hours at 212 F under 
50% deflection (untalced) 
70 hours at 212 F under 
50% deflection ( untalced) 

Low-temperature recovery 
22 hours at -20 F under 
50% deflection (3 hours recovery) 

*Web ad hes ion . 

Seal 

79 

41* 

70 

KEY 

95 

94 

81 
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Figure 7. Contact pressure generation after simulated environmental aging on commercial seal . 



TABLE 4 

DUPONT SPECIFICATION FOR NEOPRENE COMPRESSION JOINT SEALS 

Material Qualification Requirements 

Property Determined on ASTM Test Physical 
Molded Specimens Procedure Requirements 

Tensile strength, psi, D 412-62T 2200 
minimum 

Elongation at break, D 412-62T 250 
% minimum 

Hardness, Type A Durometer D 676-59T 55+5 
Compression set, % maximum D 395-61T, Method B, 

Para. 5(a) or (b) 
22 hr/ 158 F 15 
70 hr/ 212 F 40 

Oven aging, 70 hr at 212 F D 573-53 
Tensile strength change, maximum % -30 
Elongation change, maximum% -40 
Hardness points change, maximum +10 

Oil swell, ASTM oil No. 3 D 471-63T 
70 hr/212 -F 
Volume change, maximum % +80 

Ozone resistance, 20 % strain, D 1149-62T 
300 ppm in air, 

70 hr/ 104 F (40 C) No cracks 
Low-temperature stiffening, D 676-59 

70 hr/14 F 
Type A Durometer, hardness points, 

maximum change +15 

Lot Acceptance Requirements 

Property Determined Te st Physical 
on Actual Seals Procedure Requirements 

Tensile strength, D 412-62T 2000 
psi, minimum 

Elongation at break, D 412-62T 250 
% minimum 

Hardness, Type A Durometer D 676-59T 55+5 
Ozone resistance, 20 % strain, D 1149-62T 

300 ppm in air, 70 hr/104 F {40C) 
(wipe with solvent to 
remove surface 
contamination) No cracks 

TABLE 5 

PROPERTIES DETERMINED ON ACTUAL SEALS 

Test 

High-temperature recovery 
22 hours at 212 F under 
50% deflection, talced 

22 hours at 212 F under 
50% deflection, untalced 

70 hours at 212 F under 
50% deflection, talced 

70 hours at 212 F under 
50% deflection, untalced 

70 hours at 212 F under 
50% deflection, talced, 
1800-gram load 

Low-temperature recovery 
22 hours at -20 F under 
50% deflection, talced 

22 hours at -20 Funder 
50% deflection, talced 

Combination recovery 
22 hours at -20 Funder 
50% deflection, talced, 
previously conditioned 

70 hr at 212 F, 
50% deflection, untalced 

*Web adhesion. 

Test Procedure Compound 
B 

Appendix A-I 88 

Appendix A-I 88 

Appendix A-I 82 

Appendix A-I 85 

Appendix A-IV 5 min 77 
10 min 77 

Appendix A-I 77 

Appendix A-II 66 

Appendix A-III 74 

Compound 
B 

2400 

325 

60 

7 
15 

-8 
-18 
+5 

52 

No 

+9 

Compound 
B 

2450 

375 

60 

No 

Compound 
C 

85 

82 

68 

58* 

62 
64 

76 

65 

47 

Compound 
C 

2200 

250 

60 

9 
23 

-7 
-20 
+4 

65 

No 

+12 

Compound 
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2050 

250 

60 

No 
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Figure 8. Constant- load recovery assembly. 

portions of them were commercially installed. Recovery tests (Table 3) were also run 
on both materials to be able to compare all known identification tests presently being 
used tu judge preformed compression seals. 

Contact pressure graphs using the platform balance tests (Appendix C) were developed 
for both seals as originally purchased. After an aging cycle of six and ten months com
pressed 50 percent at 100 F (Fig. 7), seal "E" showed little loss of contact pressure 
after either period. Seal "D" showed a significant loss in contact pressure after ten 
months, and developed web adhesion between the sixth and tenth month at 100 F. 

The recovery tests (70 hours at 212 F untalced) showed that seal "D11 experienced 
web adhesion and poor recovery, whereas seal "E" did not exhibit either adhesion or 
poor recovery. 

It was realized that a significant laboratory study could not be run without a complete 
background on the products being compared, so an elaborate program was devised to 
fabricate two seals of different quality levels having specific properties in the recovery 
tests (compounds B and C, Appendix D)~ 

A realiability test series was established to define the limits of the test procedures, 
and to insure that all material used in the test series was uniform. Triplicate samples 
were used in the reliability test series, in accordance with ASTM standards. ASTM 
procedures were also applied to the recovery test determinations. 

After carefully reviewing all physical properties from the reliability tests, com
pounds B and C in their extruded form were judged to be uniform, and well within the 
reproducibility range of a rubber laboratory (Appendix E, Tables 6, 7). 

A summary of the physical properties of the compounds is found in Tables 4 and 5. 
In addition to the properties outlined in the DuPont specification, modified recovery 
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tests being used by some states were also included. This included talced vs untalced 
as well as 70-hour and 22-hour tests (Table 5). The New York State weighted recovery 
test was also included (Fig. 8 and Appendix A-IV). 

Samples were then prepared for all long-term and short-term testing. All samples 
were pre-cut on a handsaw and stored at 40 F until 48 hours prior to actual testing. 

Contact pressure determinations are not commonly used when pui·chasing preformed 
compression seals. However, by definition, !:be ability of a compression seal to exert 
a positive force on the joint face to be sealed after extensive environmental aging de
termines the seal's useful life. It is a well-known fact that neoprene products have 
resisted environmental weathering for longer than 20 years. However, the conditions 
under which compression seals operate are markedly different. Therefore, a carefully 
controlled laboratory test using contact pressure as a measurement of change of critical 
properties should be the beginning of a means to predict useful life of a compression 
seal. 

Two conditions exist which must be met to fulfill the definition of a compression seal: 

1. A compression seal must recover and exert sufficient force at low temperatures 
to keep incompressibles and solutions from entering the joint. The seal must also be 
able to exert the necessary force during contraction of the joint to keep it sealed. 

2. A compression seal must resist the effect of environmental aging under deflec
tion, e.g., loss of contact pressure. 

Provided that the low-temperature flexibility of the compound has been derived 
through the use of permanent plasticizers or noncrystallizing neoprene, a compression 
seal, excluding environmental aging, should recover approximately the same amount 
year after year, and exert the same approximate contact pressure. However, high 
ambient temperatures experienced during the summer months in combination with 
narrow joints due to slab expansion affect the following winter's performance of a 
compression seal. (Failures are usually more noticeable in winter due to contraction 
of slabs.) 

The platform balance test was derived to study the effect of temperature and degree 
of compression on the two preforrped compression seals (Appendix C ). Any machine 
capable of measuring stress on a basis of one pound to 100 pounds could duplicate the 
platform balance tester. Constant rate of movement machines could also be used, if 
it is kept in mind that the rate should be slow, e.g. , 1

/10 in. per minute. The platform 
balance tester does not tell anything about low-temperature properties as used in these 
tests. 

SHORT-TERM TESTING 

Historically, rubber under stress is subject to greater losses of physical properties 
than rubber which is not. Neoprene, being an elastomer, also loses some of its prop
erties when aged at high temperature (212 F-ASTM 573-53). 

Compounds B and C were aged at 212 Fin increments of 24 hours up to 144 hours. 
Samples were aged at 0, 25, and 50 percent compression. Samples were clamped be
tween metal plates to the proper degree of compression and placed in a circulating 
hot-air oven at 212 ±2 F. The uncompressed samples were aged in the same oven 
simultaneously. After the aging cycles, samples were removed from the oven and 
allowed to relax at 73 ±2 F for 24 hours before physical tests were conducted. 

Compound B showed little change in physical properties except the increase in hard
ness and loss of elongation. Aged at O percent compression and 50 percent compres
sion, the B seals tested show no significant change in physical properties (Appendix E, 
Tables 9, 10). 

Compound C showed a trend toward lower tensile strength aged at 50 percent com
pression than when aged at O percent. Other physical property losses showed no sig
nificant change (Appendix E, Tables 8, 11). 

The measurement of contact pressure using the platform balance tester after short
term aging periods showed significant differences between aged compressed and aged 
uncompressed seals at 212 F (Figs. 9-12). 
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Figure 9. Contact pressure, compound B, uncompressed, short-term test . 

Compound B compressed 50 percent aged at 212 F lost approximately 50 percent of 
its overall contact pressure after 72 hours. However, it still maintained sufficient 
contact pressure to seal at 85 percent of its original width (Fig. 11). 

Compound C compressed 50 percent aged at 212 F lost more than 50 percent of the 
overall contact pressure after 24 hours. In addition, at approximately 30 hours aging 
it was no longer capable of developing any contact pressure at 8 5 percent of its original 
width (Fig. 12). 

After 72 hours at 212 F compressed 50 percent, compound C was capable of exerting 
1 psi contact pressure at 73 percent of its original width. Compound B was capable of 
exerting 1 psi contact pressure at 86 percent of its original width. 

The graphs (Figs . 9- 12) are for the 13/ia-in. straight -walled contraction seal. The 
1 %-in. expansion joint seal was not plotted although the same pattern existed between 
sizes. 

..c 
\.) 
C: 

KEY 
Short Term 212 F Uncompressed 
Platform Balonce Pressure 

13/16 C O hours -
~ 24- hours -o- 48hours --
g 10 1--+-\\'t--+----. 

Ji' '?'2 hours -x--
L ., 
Q. 

V) 
.--c, 
C & 5 
I 

~ 
~ 

~ 

o-o 

J O L------'-------'----L-----'----"',._,._---' 

.400 500 .600 .700 .800 .900 

Width- Inches 

Figure 10. Contact pressure, compound C, uncompressed, short-term test . 
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Figure 11. Contact pressure, compound B, compressed, short-term test. 

LONG-TERM TEST 

63 

The long-term aging studies were conducted at 73 F and 100 F. Samples were 
compressed 0, 25, and 50 percent of their original width. The samples for 100 F were 
placed in a circulating air oven at 100 ± 2 F for the specified aging periods (Fig. 13 ). 

Tensile specimens were prepared according to ASTM standards using a 1/a-in. ten
sile die (Die D). Specimens for the oven aging tests were obtained from the webs of 
the seal. Specimens for the original physical properties were obtained from the shell 
of the seal. The tensile strength of both compounds B and C shows a trend to decrease 
under compression at 73 F and 100 F (Appendix E, Tables 12, 13). There seems to be 
little difference between 73 F and 100 F aging for 84 days. Both the 13

/ 16 and 1 ¾ follow 
the same pattern. The 13/is contact pressure graphs were used to compare the short
term with the long-term data. 
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Figure 12. Contact pressure, compound C, compressed, short-term test. 
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Figure 13. Long-term aging of samples at 100 F. 
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Width- lnches 
Figure 15. Contact pressure, compound B, constant temperature and compress ion, varying days. 

The platform balance pressure test for compound B showed that 50 percent com
pression at 73 F for 84 days was approximately equal to 50 percent compression at 100 F 
for 28 days (Figs. 14, 15). Twenty-five percent compression at 100 F for 84 days was 
less severe than 50 percent compression at 73 F for 84 days. 

The same trends were evident for compound C, although a greater loss of contact 
pressure was experienced than with compound B, especially after 28 days and longer 
compressed 50 percent at 100 F (Figs. 16, 17). 
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Figure 16. Contact pressure, compound C, 84 days at varying temperatures and compression. 
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CONCLUSIONS 

The data in this study pertain to two neoprene compounds, and should not be construed 
as applying to other polymer families. 

1. Assuming constant cross section design, contact pressure of preformed com
pression seals is affected by time and temperature of aging, degree of compression, 
and compound quality. 

2. Since contact pressure generation is the effective sealing mechanism, the ability 
of a preformed compression seal to maintain contact pressure at the widest joint opening 
is the limiting factor in the life of the seal. 

3. Long-term investigation of the loss of contact pressure in service should be 
undertaken to provide the consumer with a means of specifying the properties desired. 

4. Recovery testing of compounds B and C, 22 hours at 212 F talced or untalced, 
was not capable of differentiating between the two, yet significant differences were 
noted between B and C in simulated environmental aging contact pressure development. 
Significant differences were shown between compounds B and C when recovery tested 
untalced 70 hours at 212 F. 
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Apparatus 

Appendix A 
I. IITGH-TEMPERATURE RECOVERY TEST 

AND 
LOW-TEMPERATURE RECOVERY TEST 
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1. Compression Clamp-A compression clamp consists of two or more flat steel 
plates (known as a Method "B" ASTM compression set clamp), or a vise having par
allel plates on jaws, or any basic device by which uniform compression can be applied 
to a specimen. The device should be capable of accepting a 5-in. long specimen. 

2. Steel Spacers-If compression clamps are used, steel spacer bars will be re
quired to allow proper spacing of the steel plates. 

3. Air Oven-This piece of apparatus can be any well designed, uniformly heated, 
standard circulating air oven of sufficient size to hold the compression clamps. The 
oven shall be provided with proper temperature within a permissible variation of ± 2 F. 

4. Low-Temperature Box-This piece of apparatus can be any refrigerated box 
capable of maintaining a temperature variation of ± 2 F on temperature settings within 
the range of+ 20 F to - 20 F. 

5. Measuring Device-A dial gage, vernier caliper, or micrometer graduated in 
thousandths of an inch shall be used for measurements. 

Samples 

1. Fabricated seal samples shall be approximately 2½ in. long. 

Test Procedure 

1. Deflect the sample between parallel plates to 50 percent of the original top width. 
Width measurement shall be taken in the center of the 2½-in. length. Prior to com
pression the sample shall be placed in a horizontal position in such a manner that the 
plane between lip tips is perpendicular to the compressing plates. As the sample is 
being compressed, care should be taken to insure that the "V" section of the sample 
top is folded so that it projects inward toward the inner web section. 

2. High Temperature-
(a) Expose the clamp assembly and compressed sample in an oven for specified 

hours at 212 F. Do not pre-heat the clamp assembly. 
(b) When the oven aging period is completed, remove the clamp assembly and 

immediately unclamp the test specimen. Cool the test specimen at room 
temperature (73 F) on a wooden surface for one hour before measuring the 
heat-aged recovery width. The measurement shall be made at the location 
at which the original width was determined. 

3. Low Temperature-
(a) Expose the clamp assembly and compressed sample in a low-temperature 

box for the time and temperature specified. 
(b) When the cold aging period is completed, unclamp the test specimen at the 

test temperature; allow it to recover in a free state at the test temperature 
fo.r 4 hours. At this point measure the recovery width at the test tempera
ture. The measurements shall be made at the location at which the original 
width was determined. 

Calculations 

1. Calculate the recovery, expressed as a percentage of the original deflection, 
as follows: 

P t _ recovered width - compressed width x 100 ercen recovery - 50 % original width 
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II. LOW-TEMPERATURE RECOVERY TEST 

Apparatus, samples, and calculations are the same as described in section I. 

Test Procedure 

Low Temperature-
(a) Expose the clamp assembly and compressed sample in a low-temperature box 

for the time and temperature specified. 
(b) When the cold aging period is completed, unclamp the test specimen at the test 

temperature; allow it to recover in a free state at the test temperature for one 
hour. At this point measure the recovery width at the test temperature. The 
measurements shall be made at the location at which the original width was 
determined. 

III. COMBINATION RECOVERY TEST 

Apparatus, samples, and calculations are the same as described in section I. 

Test Procedure 

1. Deflect sample between parallel plates to 50 percent of the original top width. 
Width measurement shall be taken in the center of the 2½-in. length. Prior to com
pression the sample shall be placed in a horizontal position in such a manner that the 
plane between lip tips is perpendicular to the compressing plates. As the sample is 
being compressed, care should be taken to insure that the "V" section of the sample 
top is folded so that it projects inward toward the inner web section. 

2. High and Low Te rn erature -
-a Expose the clamp assembly and compressed sample in an oven for 70 hours 

at 212 F. Do not pre-heat the assembly. 
(b) When the oven aging period is completed, remove the plates and allow the 

sample to cool at 7 3 F on a wooden table for 24 hours. 
(c) Reclamp the specimen in the same manner as before. Compress the sam

ple to the same dimension ( 50 percent of original width). 
(d) Expose the clamped sample at -20 F for 22 hours. 
(e) When the cold aging period is completed, unclamp the test specimen at 

- 20 F; allow it to recover at - 20 F for 4 hours. Measure the recovery 
width (middle of sample) at - 20 F. 

Apparatus 

IV. HIGH-TEMPERATURE RECOVERY TEST 
WITH 1800-GRAM LOAD 

1. Compression Clamp-The compression device shall consist of two aluminum 
blocks, 4½ in. wide by 1¼ in. high by 6 in. long. The block designated "top" shall be 
so marked, and shall weigh 1800 grams. 

2. Air Oven-Same as described in section I. 
3. Dial Gage-A dial gage and stand as shown in Figure 8 is used for initial and 

final measurements. 

Samples 

1. Two 6-in. samples cut from a 1-ft fabricated seal shall be used for the test. 

Test Procedure 

1. Deflect the samples as shown in Figure 8 to 50 percent of their average original 
top width. 

2. High Temperature-
(a) Expose t he clamped assembly in an oven for 70 hours at 212 F. 
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(b) When the oven aging periDd is completed, remove the clamps and insert 
the assembly in the measuring device. After x minutes at 73 F measure 
the combined height of aluminum blocks and seal sample .. Remove the seal 
and measure the height of the aluminum blocks. The first measurement 
minus the second is the recovered width. 

Calculations 

Calculate the recovery the same as in section I. 

Appendix B 

NEW YORK PREFORMED NEOPRENE COMPRESSION SEAL SPECIFICATION M38PA 
PREFORMED ELASTIC JOINT SEALER AND LUBRICANT-ADHESIVE 

The preformed elastic joint sealer material shall be a vulcanized elastomeric com
pound using polymerized chloroprene as the only basic elastomer. The size, shape 
and dimensional tolerance of the joint sealer shall be as shown on the Standard Sheet. 
Alternate shapes or materials may be used upon approval of the Deputy Chief Engineer 
(Highways). The joint sealer shall conform to the following physical requirements: 

ASTM TEST 
PROPERTY PROCEDURE REQUIREMENT 

Tensile strength, psi, minimum 
Elongation at break, percent minimum 
Permanent set at break, percent maximum 
Hardness, Type A Durometer 

Compression set, percent maximum 

Oven aging, 70 hours/212 F 
Tensile strength change, 

maximum percent 
Elongation change, maximum percent 
Hardness points change 

Oilswell, ASTM oil No. 3, 70hours/212 F 
Volume change, maximum percent 

Ozone resistance, 20 percent strain, 
300 ppm in air, 70 hr atl00 F (wipe with 
solvent to remove surface contamination) 

Low-temperature stiffening at + 14 F 
Hardness, Type A Durometer, 
change after 7 days maximum 

D-412 
D-412 
D-412 

D-676 (modified) 

D-395 Method B 
(modified) 

D-573 

D-471 

D-1149 

D-676 (modified) 

2000 
250 
10 

55+5 

40 

-30 
-40 
+10 

80 

No Cracks 

+15 

All test sections used in the above procedures shall be cut and/ or buffed from joint 
seal specimens. 
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Appendix C 

PLATFORM BALANCE PRESSURE SENSING DEVICE 

The pressure sensing device is a simple frame that fits over a platform balance 
(Fig. 18) to enable the technician to find the force exerted by a compression seal at 
varying degrees of compression. A stress-strain curve is then drawn from the data. 

Sample Preparation: A 4-in. sample is used for the pressure test, and the width of 
the sample is measured within 0. 001 in. The sample is placed between the plates and 
compressed to the minimum dimension of the seal desired for the test. 

Testing Procedure: A pressure test is conducted by taking pressure readings at a 
number of measurements starting from approximately 50 percent of the original width. 
The test is run at 73 ± 2 F, and a one-minute time increment between the reading and 
compression is used for sample conditioning. Shims are used for the degrees of com
pression for the test, and checked with calipers. 

Figure 18. Platform balance pressure tester. 
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Appendix D 
COMPOUNDS B AND C 

Compound C was developed to meet the DuPont specifications for preformed com
pression seals (July 1964). Over 50 laboratory batches were made; compression seals 
were extruded, physical properties measured, and the resultant products evaluated. 
The DuPont compounding recommendations were considered in compound C and the 
general ingredients contained therein conform to their suggestions. 

There are two basic ways to compound for low-temperature properties in neoprene. 
One is through the use of noncrystallizing types of neoprene (3), and the other is by the 
use of low-temperature plasticizers. The only problem involved in using dilution and 
low-temperature plasticizers as a substitute for noncrystallizing neoprene is that the 
high-temperature recovery properties are usually significantly reduced. In addition 
the permanence of some plasticizers is debatable, and therefore both compounds used 
in these tests depend on noncrystallizing neoprene for their low-temperature properties. 
Initial low-temperature recovery properties are equal. 

Although compound C has a lower cost than compound B, compound C's cost could be 
significantly reduced by changing the means of obtaining low-temperature flexibility, 
e.g., higher amounts of filler, low-temperature plasticizers, and reduction of non
crystallizing neoprene (fillers and plasticizers are cheaper than rubber hydrocarbon). 

As in any chemical scale-up, laboratory materials and properties often are not re
produced by factory equipment. Under laboratory supervision a scale-up was made to 
factory equipment, and all physical properties of the finished factory product were com
pared with the laboratory product, and necessary adjustments made. Overall, 11 fac
tory batches were used for the manufacture of the seals for the study. Both compounds 
B and C were extruded using the same dies and cure conditions. Webs and external 
measurement were within ± 3 percent for both compounds. 

Both compounds were extruded and cured in an LCM (liquid curing medium) system 
(4). Both compounds were extruded and cured under factory conditions with laboratory 
personnel observing the conditions of the system. 

1 It is evident that where optimum crysto 11 ization res istonce is required Neoprene WRT or WD (non
crysta 11 iz ing varieties) shou Id be used. Other methods by which crysta 11 izat ion may be retarded in
clude vulcanizing with sulfur, increasing the state of cure, and including in the compound resinous 
plasticizers of the type discussed pre v iously. Large quantities of filler and petroleum plastic izer 
retard crysta II izat ion rate and, because of their dilution effect, minimize the tot a I hardening and 
stiffening caused by crysta II izat ion Q), 
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AppendixE 
PHYSICAL TEST RESULTS 

TABLE 6 

RELIABILITY TEST DATA I 

Property Test Procedure BF BM BE CF CM CE 

Tensile strength, psi, minimum D-412 2600 2400 2600 1900 1800 1150 
Elongation at break, percent minimum D-412 425 315 425 275 250 250 
Hardness, Type A Ourometer D-676 61 60 61 60 59 61 

Oven aging, 70 hr/212 F D-573 - 53 
Tensile strength change, maximum percent +4 +4 +6 +II +8 +6 
Elongation change, maximum percent -33 -35 -33 -35 - 18 -16 
Hardness points change, maximum 5 6 5 8 7 4 

Oil swell, ASTM oil No, 3, 70 hr/212 F D-411 
Volume change, maximum percent 46 51 49 60 63 66 

High-temperature recovery 
22 hours at 212 Funder 50 percent 
deflection (untalced) Appendix A 89 88 86 84 80 86 

70 hours at 212 F under 50 perct.!11l 
deflection (untalced) Appendix A 80 80 81 55 51 57 

Low-temperature recovery 
22 hours at -20 F under 50 percent 
deflection (talced) Appendix A 69 76 68 63 66 60 

Key: M = middle 6 ft, E = end 6 fl, F = front 6 h, 8 = B stock, C : C stock. Size: 13/is in, 

TABLE 1 

RELIABILI1'Y TEST DATA 2 

Property Test Procedure BF BM BE CF CM CE 

Tensile strength, psi, minimum D-412 2550 2300 2300 2050 2000 2200 
Elongation at break, percent minimum D-412 300 350 375 275 275 250 
Hardness, Type A Ourorneter D-676 60 60 57 61 62 62 

Oven aging, 70 hr/212 F D-513 - 53 
Tensile strength change, maximum percent -18 -7 +2 -11 -7 -13 
Elongation change, maximum percent -9 -25 -25 -18 -18 -10 
Hardness points change, maximum +3 +8 +8 +8 +7 +B 

Oll swell, ASTM oil No. 3, 70 hr/212 F D-411 
Volume change, maximum perce nt 50 44 50 65 70 66-

High-temperature recovery 
22 hours at 212 Funder 50 percent 
defleclion (untalced) Appendix A 91 92 92 87 87 91 

70 hours at 212 F un<ler 50 perce nt 
deflection (untalced) Appendix A 82 80 84 48 47 42 

!..o•u-te!!l::i~r~Jl1r~ r,:,rnvPry 
22 hours at -20 F under 50 percent 
de flee ti on {talced) Appendix A 76 77 82 76 76 75 

Key: M = middle 6 ft, E = end 6 ft, F = front 6 ft, 8 = B stock, C = C stock . Size: I¾ In. 

TABLE 8 

SHORT-TERM TEST DATA 

Oven Aging 70 Hours at 212 F 

Stock Conditions Tensile Elongation Duromeler Low-Temperature (Hours, Temp F 1 Comp) Strength Tensile 
Recovery (Appendix A, Strength Elongation Hardness 

22 hr/-20 F) Change({ ) Change("") Point Change 

1
3/1eC 0 - 73 - 0 1900 250 57 15 +8 -17 +6 

24 - 212 - 50 2150 250 60 74 -5 0 -0 
24 - 212 - 0 2250 250 60 85 -6 -9 +I 

13/16C 48 - 212 - 50 1950 225 65 72 0 -6 
48 - 212 • 0 2050 250 64 84 -5 -10 +2 

13/ieC 72 - 212 - 50 1850 200 64 72 -11 - 1 
72 - 212 - 25 84 
72 - 212 - 0 2100 250 64 73 -2 

1
3/19 C 96-212-50 1800 200 67 85 +I -3 

96 - 212 - 0 2100 200 66 -14 - l 
1
1/1eC 144-212-50 1900 210 68 66 -9 +2 

144-212-25 
144 - 212 - 0 2000 215 68 76 -25 +2 
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TABLE 9 

SHORT-TERM TEST DATA 

Oven Aging 70 Hours at 212 F 

Stock 
Conditions Tensile 

Elongation Durometer Low-Temperature Tensile (Hours, Temp F, Comp) Strength Elongation Hardness 
Recovery (Appendix A, Strength Change (1) Point Change 

22 hr/-20 F) Change({ ) 

13/uB 0 - 73 - 0 2490 305 58 78 +4 -33 +5 
24 - 212 - 50 2800 300 64 80 -7 -8 +3 
24 - 212 - 0 2600 275 84 78 -6 -9 +1 

13/uB 48 - 212 - 50 2700 275 64 84 -11 -9 +3 
48 - 212 - 0 2700 250 65 75 -7 0 +1 

13/ieB 72 - 212 - 50 2500 275 69 74 -4 -9 +I 
72 - 212 - 25 
72 - 212 - 0 2500 300 69 86 -14 -17 +I 

u/uB 96 - 212 - 50 2600 275 69 -10 +5 +2 
96-212- 0 2700 250 69 -15 +5 +3 

13/uB 144 - 212 - 50 2500 250 70 71 -9 0 +7 
144 - 212 - 25 
144-212- 0 2500 250 70 81 -12 +B +7 

TABLE 10 

SHORT-TERM TEST DATA 

Oven Aging 70 Hours at 212 F 

Stock 
Conditions Tensile Elongation Durometer Low-Temperature Tensile (Hours, Ton1p F, Comp) Strength Recovery (Appendix A, Strength Elongation Hardness 

22 hr/-20 F) Change (i) Change (i) Point Change 

13/eB 0 - 73 - 0 2400 330 59 77 -7 -25 +8 
24 - 212 - 50 2600 300 64 80 +2 0 +4 
24 - 212 - 0 2600 300 64 76 -6 0 +2 

1%B 4B - 212 - 50 2450 300 65 69 -2 -9 +2 
4B-212- 0 2400 300 68 66 0 0 +2 

lo/, B 72 - 212 - 50 2750 300 68 79 -13 -17 
72 - 212 - 25 
72 - 212 • 0 3000 300 68 92 -15 -17 -1 

13/,B 96-212 - 50 2500 275 67 -4 0 +I 
96 • 212 - 0 2550 275 67 -14 0 +3 

lo/eB 144 - 212 • 50 2100 230 62 73 +14 +9 +8 
144 - 212 - 25 
144-212- 0 2250 250 63 90 -12 0 +5 

TABLE II 

SHORT-TERM TEST DATA 

Oven Aging 70 Hours at 212 F 

Stock 
Conditions Tensile Elongation Durometer Low-Temperature Tensile 

(Hours, Temp F, Comp) Strength Recovery (Appendix A, Strength Elongation Hardness 

22 hr/-20 F) Change (C) Change(~) Point Change 

13/eC 0 - 73 - 0 2100 275 62 75 -12 -15 +8 
24 - 212 - 50 2350 250 64 77 -9 -10 +2 
24 - 212 - 0 2250 275 64 80 -4 -9 +I 

13/eC 48-212-50 1900 200 66 81 +3 0 0 
48 - 212 - 0 2000 225 66 84 +2 0 +I 

13/ec 72 - 212 - 50 2300 225 69 77 -10 -10 -1 
72-212-25 
72 - 212 - 0 2400 225 70 84 -17 -10 -1 

13/eC 96 - 212 - 50 1900 200 69 -10 -0 -1 
96 - 212 - 0 1800 200 69 -8 +5 -2 

13/eC 144-212-50 2000 200 67 78 +2 +2 +2 
144-212-25 
144 - 212 - 0 2180 215 67 75 -1 -0 +2 
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TABLE 12 

LONG-TERM TEST DATA 1 

Oven Aging 70 Hours at 212 F 

Stock 
Conditions Tensile 

Elongation Durometer Tensile Strength Elongation 
(Days, Temp F, Comp) Strength 

Change, Maximum Change, Maximum Hardness Point 

Percenl Percent Change, Maximum 

u/1sB 0 • 73 • 0 2450 350 60 
28 - 100 - 50 2200 300 62 -5 -17 +4 
2B - 100 - 0 2300 300 62 -11 -25 +4 
28 - 73 - 0 2400 300 62 -10 -17 +5 

13/16B 56 • 100 - 50 1900 260 64 +4 -7 +3 
56 • 100 - 0 2200 290 62 +2 -7 +3 
56 - 73 • 0 25B0 315 61 -17 -24 +4 

'3/,GB 84 - 100 - 50 2500 250 61 -0 +8 +6 
84 • 100 - 25 2600 250 62 -16 +10 +6 
84 • 100 - 0 2600 250 61 +11 +10 +5 
84 - 73 - 0 2550 250 62 -8 +2 +5 
84 - 73 - 25 2200 250 62 +14 -2 +4 
84 • 73 - 50 2100 250 62 -2 -4 +7 

13/i6C 0 - 73 - 0 1950 275 60 
28 - 100 - 50 1600 275 62 +3 -9 +6 
28-100- 0 1900 275 61 +8 -17 +6 
28 • 73 - 0 1900 275 60 +3 -35 +7 

13/ ,&C 56 • 100 - 50 1620 265 62 +2 -20 +6 
56 . 100 - 0 1800 290 61 -2 -21 +5 
56 • 73 - 0 1800 290 60 +6 -28 +7 

1'/1 0C 84 • 100 - 50 1700 210 62 -2 +12 +6 
84 - 100 - 25 1600 210 61 +13 +12 +6 
84 • 100 - 0 1700 210 62 +3 +9 +4 
84 • 73 - 0 1800 210 60 -11 +14 +6 
84 • 73 - 50 1750 215 60 -11 +9 +7 
84 • 73 - 25 1750 215 60 -12 +12 +6 

TABLE 13 

LONG-TERM TEST DATA 2 

Oven Aging 70Hours at 212 F 

Stock 
Conditions Tensile 

Elongation Durometer Tensile Strength Elongation (Days, Temp F, Comp) Strength 
Change, Maximum Change, Maximum Hardness Point 

Percent Percent Change, Maximum 

13/eB 0 - 73 - 0 2300 375 61 
28 - 100 - 50 2150 275 62 +10 -9 +5 
28 - 100 - 0 2000 275 62 +8 -9 +5 
28 - 73 - 0 2200 300 62 +8 -17 +6 

13/sB 56 - 100 - 50 2000 260 62 +15 -2 +6 
56 - 100 - 0 2310 260 62 +10 -3 +5 
56 - 73 - 0 2100 270 60 +8 -3 +B 

t¾B 84 - 100 - 50 2390 265 63 45 -2 43 
84 - 100 - 25 2450 260 64 +1 0 +4 
B4 - 100 - 0 2620 275 64 -5 -4 +2 
84 - 73 - 0 2500 285 63 -1 -4 +4 
84 - 73 - 50 2380 265 63 +10 -2 -13 
84 - 73 - 25 2450 260 63 -2 -4 +4 

13/eC 0 - 73 - 0 1975 275 61 
28 - 100 - 50 2000 275 61 +8 -10 +5 
28 - 100 - 0 1850 300 61 +8 -26 +3 
28 - 73 - 0 1900 300 61 +10 -30 +5 

1%c 56 • 100 - 50 1900 210 62 +5 -9 +8 
56 - 100 - 0 1975 200 62 +7 +3 +5 
56 - 73 - 0 1975 230 60 +8 -13 +5 

1%c 84-100-50 1900 200 62 +12 +10 +7 
84 - 100 • 25 2000 230 63 +3 +9 +4 
84 - 100 • 0 2000 230 62 +11 +10 +5 
84 - 73 . 0 2000 230 60 -8 +2 +5 
84 - 73 . 50 2000 200 61 -2 -4 +7 
84 - 73 - 25 2000 210 61 +14 -2 +4 




