
A Concept of Preengineered, Prefabricated, 
Prestressed Modular and 
M ultimodular Sealing Systems 
for Modern Bridges and Structures 

STEWART C. WATSON, Watson-Bowman Associates, Inc., Buffalo, New York 

Single module, modular, and multimodular sealing systems appear to of
fer long-term, maintenance-free solutions to newly developing problems 
at bridge joints being brought about by new design sophistication. The 
need for armored joints and their damping effect together with improved 
embedment practices are discussed. Upward and downward vertical 
forces, rotation, deflection, and horizontal thrust movements and their 
effect on seal shapes are illustrated. The typical bridge-joint environ
ment clearly dictates the need for heavy-duty seal configurations. Web, 
top, and side minimums, depth-to-width ratios, and pressure-generation 
requirements are presented and analyzed. Some methods of reliable deck 
temperature determinations and adjustment for temperature are given. 
Creep-shrink calculations and testing of modular and multimodular sys
tems are illustrated. 

•WHETHER A BRIDGE is of a suspension, cantilever, steel arch, continuous truss, 
cable stay, concrete arch, continuous plate, orthotropic, or box girder design, there 
are marked similarities in performance requirements for sealing systems. These sim
ilarities have indicated the feasibility of solving problems at the joints by a systems 
approach. 

European engineers are frequently impressed with American mass production tech
niques and demonstrated ability to produce simple low-cost structures at a rapid rate; 
in like manner, a visitor to Europe cannot fail to marvel at the sweeping, continuous, 
architecturally pleasing freedom of design evidenced by our European counterparts. 
As a by-product of this increased latitude in design thinking, new problems have arisen 
that must be solved at the joints, as well as at the bearings, if we are to continue to 
progress. Single module, modular, and multimodular sealing systems based on the 
compression principle seem best suited to freeing engineers from the conventional be
cause they offer the greatly increased performance levels so necessary to the new 
structural sophistication that is now spreading across North America. 

This discussion is intended to better acquaint the bridge designer with what is being 
done today in modular compression sealing systems, their capabilities, some of the 
problems incurred, and certain fundamental construction practice considerations. 

European modular systems, which have preceded the North American types, have 
field-proved their reliability on literally thousands of bridges, predominately of longer 
spans, with significant displacements and deformations. As an example of this wide
spread acceptance, there exist reference lists of well over 500 modular systems on 
bridges in Switzerland alone, installed over the past decade, utilizing the popular RUB 
System. 
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Rapidly increasing costs not only of new construction but of required maintenance on 
bridges and structures is dictating the need for improvements in jointing systems. 
Bridges have changed the economy of the world because they vitally affect the accessi
bility of land. It is therefore incumbent upon bridge designers to exercise every pos
sible means at their disposal in the light of present knowledge to utilize maintenance
free concepts in the design of modern bridges and structures. 

STRENGTH AT THE JOINTS A NECESSITY 

Despite the heavy continuous loading to which the technically highly developed bridge 
superstructures are subject, economy and weight reduction are primary considerations 
in present-day designs. These considerations do not, however, apply to the design of 
deck expansion joints. Insofar as slender and light bridges are concerned, heavy, 
strong deck expansion joints appear to be much less subject to trouble and maintenance. 
Furthermore, if chosen from the outset, the total cost of a heavy-duty installation is 
lower than that of light design, which usually will require much maintenance, repair, 
and makeshift replacements, ultimately giving way to a heavy-duty installation after 
all. 

IMPROVED EMBEDMENT PRACTICE FOR 
ARMOR-PLATING OF JOINTS 

Some of the possible variables in concrete construction practice, unfortunately al
ways present, have given rise to concern on the part of bridge design eng·ineers through
out the world with regard to the ability of the average workman to produce good con
solidation of concrete under the flat surfaces of embedded angle irons, channels, and 
other items that, as an integral part of a sealing system, can be pounded loose under 
repetitive traffic loading. Studies now exist showing the merit of very heavy steel 
cross sections to provide damping to truck-induced damaging vibrations. It is the de
sign practice in a few countries to fasten armored joints to the main reinforcement of 
the structure in such a solid manner as to take no credit for lug embedment, treating 
them as a cantilever. Condition surveys of bridges in service in the United States as 
well as other countries suggest that this is an area for needed research. 

VERTICAL FORCES 

Experiences over the better part of a decade with monolithic bridge compression 
seals together with a massive dynamic compression seal failure on a large 3-mile
long bridge structure during the early part of 1968 have settled once and for all the 
question of the necessity for some mechanism to provide for resistance to vertical 
forces, both upward and downward. 

Under a state of super-lubricity during heavy rains, it appears logical that a suc
tion force is applied by rubber tires not unlike that from a rubber sink plunger. 

Certain types of seal configurations that produce more stress at the top than at the 
bottom also tend to walk upward under rotational effects. Only field-proven seal con
figurations should be utilized because all shapes differ in their ability to resist upward 
vertical forces. Ideally, seal configurations used should incorporate a capacity to 
translate upward and downward vertical forces into a lateral force, with the forces 
being dissipated against the joint interfaces. 

There can be no question but that downward vertical forces from traffic loadings 
and, to some degree, gravitational forces must be given consideration in the design of 
any sealing solution. 

HEAVY-DUTY SEAL CONFIGURATIONS MANDATORY FOR BRIDGES 

Certain experimental light-webbed seal configurations that have recently become 
available and are being suggested as adequate for bridge joint environments have given 
cause for concern on the part of design engineers. The first experimental bridge com
pression seals were actually hybrid devices consisting of thin-webbed contraction joint 
seal shapes that were bonded together to achieve the greater width and movement nee-
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essary to the needs of bridge joints. Even 
though the seals initially appeared to be suc
cessful insofar as longitudinal stroke of 
movement was concerned, it later became 
strikingly evident that there was an absolute 
need for heavier webs, heavier tops, and 
heavier sides to structurally resist not only 
vertical forces but also the very serious ef
fect of foreign material being pounded by 
heavy traffic into the top and at the inter
faces of the joints. In the long term, this 
intrusion tended to depress a light-webbed 
seal configuration into itself in a downward 
direction. The relatively thin-webbed cross 
sections, as compared to the field-proved 
standard North American heavy-duty bridge 
seals now in wide use, tended to take intru
sions of foreign material at interfacial loca
tions as the thin tops were unsymmetrically 
depressed under the effect of traffic loadings. 

B= 

c= 

Figure 1. Field-proven heavy-duty bridge 
configuration. 

Obviously, these typical service conditions are intensified during colder weather as 
the joints open to their extreme movement stroke. Frozen snow, ice, slush, mainte
nance grits, and other debris lying on top of the seal are slammed and ground into the 
configuration, a treatment that mandates the very ultimate in brute strength. 

The design team responsible for field testing and development of these bridge com -
pression seals after experience on literally thousands of bridges in every conceivable 
type of environment throughout North America made the considered judgment that web, 
side, and top thicknesses as shown in Figure 1 represent absolute minimums. Having 
been arrived at through the committee system, the recommendations take into account 
the dictates of bridge performance need, structural considerations, rubber manufac
turers' capabilities, surface contact requirements, pressure-generation minimums, 
and ease of installation. To thin out webs in an attempt to obtain a greater movement 
stroke without taking into account the other needs is to contravene a proven concept. 

MINIMUM PRESSURE GENERATION FOR BRIDGE SEALS 

Specifications should be written to exclude flimsy, low-pressure configurations be
cause they have been proved to have no place in the difficult bridge environment. The 
following r anges of pressure generation minimums appea1· to be adequate for bridge 
seals: For 11/.,.- to 2-in. seals, the minimum pressure at 85 per cent compression (i.e., 
compressed 15 percent) should be 3 psi; for 2½- to 6 in . seals, the pressure should be 
4 psi. 

DEPTH-TO-WIDTH RATIO 

A depth-to-width ratio has been established from long-term field experience and re
peated condition surveys of seal performance. Proper seal depth is necessary to pro
vide the desired area of interfacial surface contact and friction, and to maximize the 
ability to resist vertical migration. Most important, this depth ratio must be main
tained to achieve leakproofing. Time-dependent post-installation interfacial spalling, 
edge attrition, dry shrinkage cracks, microcracking, interfacial cavitation, and other 
conditions necessitate that a maximum amount of surface contact area be provided. 
Specifications should require that the depth-to-width ratio for a bridge compression 
seal never be any less than 1 to 1. 

The rapidly moving tendency toward a systems approach to sealing where more than 
one seal is used in a modular system requires that the foregoing pressure generation 
minimums and depth-to-width ratios be maintained in order to produce a force sufficient 
to move the separator plates without distortion through their stroke of movement. 
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ROTATION, DEFLECTION AND THRUST MOVEMENTS 

Some typical movements occurring in bridge joint environments other than straight 
thermal opening and closing that must be absorbed by seal configurations are shown in 
Figure 2. Individual seals as well as modular and multimodular systems must have the 
ability to accept rotation of interfaces (Fig. 2a), resist alternating vertical d.eflection 
motion (Fig. 2b), and maintain their structural integrity under differential thrust dis
placements (Fig. 2c) without walking upwards, buckling of top portions, or other fail
ure. Light-webbed seals with little pressure generation have not worked well in these 
types of movements, while the heavy-duty shapes (Fig. 1) have proved themselves thor
oughly on thousands of bridges throughout the world. The basic seal design should be 
structurally adequate and exhibit its ability to maintain constant contact with the top 
edges of both joint walls during its full range of movement without misalignment or 
pulling away. There is an absolute necessity to field-test a seal configuration over a 
number of cycles of weather in a multiplicity of bridge-joint environments to prove its 
performance capability under the movement eccentricities noted. 

SOME SOLUTIONS TO THE PROBLEM OF VERTICAL FORCES 

Figure 3 shows the 1969 specification requirement of the bridge department in Utah 
for compression seals utilizing a seal cleat. A mating groove is machined into the 
joint armor as a solution not only to potential vertical migration but also as an effort 
toward leakproofing. One unique feature of the utah system is maintaining the cleat 
location at the same position with respect to the riding surface so that as seal sizes 
and joint widths change from bridge to bridge, the cleat position remains vertically 
constant. It has been the experience in Utah that prestressed bridge decks in a number 
of cases have sustained time-dependent shortening, probably due to creep, and after 
long-term service this has necessitated replacing some joints with larger size seals. 
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Figure 2. Typical rotation, deflection, and thrust movements. 
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Ml SCELLANEOUS JOINT Fl LLER 
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Figure 3. New State of Utah design incorporating seal cleats. 

A Swiss-German solution now in wide use throughout central and south-central Eu
rope consists of cantilevered plates, which, in addition to preventing upward vertical 
movement of a seal, also solves the problem of excessive joint width. The extent of 
the cantilever is limited to and must reflect the compression limits of the specific seal 
configuration being employed. 

Methods have been developed to mechanically lock a configuration into place to pre
clude migration in either direction (Fig. 4). A secondary effect is to provide positive 
performance in long-term use of organic elastomers, the very finest of which during 
extended periods of in-service use would exhibit a gradual stress-related pressure de
cay. A third effect is to practically guarantee a 100 percent leakproof joint. 

The importance of utilizing a good, high-solids, adhesive system with bridge-type 
compression seals must be underscored. It is now possible with the new types of ad
hesives that have been developed for compression seals to positively affix a seal to the 
joint interfaces with reliability. A recent example on Louisiana's Lake Pontchartrain 
comparison field tests of sealers clearly illustrates the importance of good adhesive 
systems for bridge compression seals. Because of the differential friction on bear-
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ings, movement unloading occurred, with 
the result that occasional joints moved in 
excess of the uncompressed width of some 
compression seals by as much as ¼ in. 
(joints opened to 2¼ in. where a 2-in. wide 
seal was installed). Still, certain com
pression seals that had been installed with 
the new high-type lubricant-adhesives are 

;~:,-J_'.d'..I performing effectively today because of 
being actually bonded in place. It should 
be the design goal of bridge specification 
writers to produce a rubber-tearing bond 
whose strength would be such that it would 
require a hammer and chisel for its re
moval. Because we cannot always predict 
with reliability the movements that will 
come on any type of structure, it is logi
cal that we should use high- type lubricant
adhesive systems. 

Figure 4. Corner locking of seal element to ensure 
leakproof joint. 
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DETERMINATION OF DECK TEMPERATURES 

The success of any attempt to install a sealing system without giving attention to 
temperature considerations would be analagous to success at Russian roulette, being 
hit-or-miss at best. It is therefore a necessity, particularly on longer spans, to make 
a reliable judgment of the temperature of a given bridge deck or span in order to acti
vate the sealing system, ideally, at the precise temperature of the span. This judg
ment can be rather complex, as evidenced by the work of Wah and Kirsey (1). In early 
spring or late fall, air temperatures and deck temperatures can differ 50 degrees be
cause of temperature lag. Obviously, complex instrumentation could be implemented 
through which the temperature judgments might be made. However, Wah and Kirsey 
have indicated the pitfalls involved and the many variables that are possible. 

It would be most desirable to be able to take the deck temperature without relying 
on complex and potentially unreliable as well as costly instrumentation. Because Eu
ropean bridge designers have been working for some time with longer spans, some 
actual working practices are included here. The British have used a measurement of 
shade air temperature beneath the deck at the time of setting a joint, or in the case of 
box girder construction, a measurement taken inside, to give an indication of the mean 
bridge temperatu1·e to within ±5 C (±9 F). This is normaliy accurate enough for setting 
an expansion gap capable of accommodating horizontal movements of up to 5 in., but 
when further accuracy is required, thermocouples or thermometers at representative 
points within the structure can reduce the error to ±2 C (±4 F). A German-Swiss 
engineer-contractor firm uses a small copper tube with its lower end squeezed or 
closed imbedded in the concrete at different locations for placing copper constantan 
thermocouples. A very simple system in use by one active British bridge expansion 
joint installation firm is to construct a small plaster of paris dam in a shaded area, 
fill it with water, and place a thermometer in the water. 

Once a deck temperature judgment has been made, the sealing system is then pre
stressed to correspond. A sealing system that is not properly activated at the correct 
temperature or one that does not include this consideration in its design is capable of 
self-destruction, damage to the bridge, or a combination of the two. 

PLACEMENT OF SYSTEM IN A DECK 

Two methods of placement exist-the blackout method and cast-in-place method. 

Blackout Method 

The blackout method appears to be the safest method and is probably preferred be
cause it is simple and eliminates many problem areas in construction. There is the 
consideration of having a construction joint at the blockout, but recent improvements 
in placement methods have operated to solve the ridability, concrete-to-concrete bond
ing, and leakage difficulties. 

Figure 5 shows a modular system with a 6-in. movement capability that has been 
adjusted for temperature-width and is to be welded to the main reinforcement of the 
bridge deck. This offers ideal performance since the system becomes a part of the 
bridge structurally. The excellent ridability obtained by this method is very simply 
and positively achieved by means of low-cost, recoverable, positioning support mem
bers that longitudinally span the blockout and accurately suspend the sealing system 
while the concrete is being placed. 

Cast-in-Place Method 

The cast-in-place method has the advantage of eliminating the construction joints 
that are a part of blocking out. However, it presents opportunities for aborting the 
system if field personnel are unfamiliar with the intricacies of these somewhat sophis
ticated sealing devices. 

Once a sealing system has been prestressed for temperature width and fixed for 
placement, the threaded rods, centroid to the device, must be removed in order for 
it to reflect the anticipated movement eccentricities of the structure. It then becomes 
obvious that the setting of the proper prestressing, the fixing of the device, and the 
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Figure 5. Plan view of 4-tube, 6-in. movement modular system. 
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placement of the concrete must necessarily be in concert with elevating thermocentri
petal displacement. In plain language, prestressed sealing systems should be installed 
and placed beginning in the morning or as the deck temperature is rising, because the 
prestressing mechanisms will then self-loosen themselves for ease of removal. An 
improvement to single module and modular systems has now been developed that would 
permit some slab-end regression, such as would be occasioned by a dynamic tempera
ture drop (cold front moving in), excessive wind-chill effects, or inordinate creep or 
shrink, prior to relieving or activation of the prestressment mechanism. 

IMPROVED BEARINGS AND THEIR RELATIONSHIP 
TO THE SEALING PROBLEM 

With respect to the new continuous bridges of longer spans, the old rigid plus the 
newer elastomeric bearings have definite structural, rotational, unilateral, multilate
ral, and longitudinal movement as well as height and economic limitations. Particu
larly with longer spans where higher loads and significant displacements occur, the 
design of the bearings and the design of the sealing system should be interrelated. 

The new pot bearings were developed in Germany and are designed to minimize 
strains on a structure as well as its foundations, and eliminate undesirable friction 
and costly maintenance by utilizing primarily inorganic materials such as stainless 
steel. A typical pot bearing consists of a rubber disk set inside of a shallow piston/ 
cylinder assembly. Behavior resembles a hydraulic cylinder containing a viscous 
fluid. Because rubber is in reality a liquid, the neoprene used in this application ~an -
not be affected by prolonged stress inasmuch as it is actually taking the place of the 
oil in a piston assembly. This allows the bearing to accept rotation with negligible 
shift in the center of pressure. For unilateral and multilateral bearings, one face is 
equipped with a Teflon pad sliding against a polished stainless steel plate permitting 
horizontal movement. The resulting sliding friction coefficient of 1 percent or less 
permits lowest bending moments and shear forces. 

Bridge engineers should proceed with caution in the selection 'of bearings incor
porating fluorocarbon sliding surfaces. Certain new designs have recently appeared 
in which resultant horizontal forces and frictions could produce a crushing overstress 
to the fluorocarbon. Furthermore, the concrete stress in the outer area of the bear
ings can become dangerously high. One should be suspicious of the calote-type bear
ings where horizontal forces are absorbed in the outer sector of the bearing only and 
not centered. 
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SPECIAL DESIGN FOR SNOW-ICE ENVIRONMENT 

Because jointing systems on bridges in snow and ice areas are more vulnerable to 
the increased demands of this environment, special attention in design is obviously a 
necessity. It would appear logical that all exposed surfaces of the jointing system 
should be lower than the riding surface of the deck by ¼ in. In addition, all exposed 
corners or edges should exhibit a radius. Special attention should be given to salt 
brine attack, and vulnerable portions of the system should be designed for ease of re
placement should unusual damage from plows occur. In very low temperature areas 
where temperatures are considerably below -20 F for sustained periods of time, the 
seal-lock concept should be given consideration. 

MODULAR SYSTEMS AND DAMPING EFFECT 

Interest in orthotropic bridges has increased greatly in North America, and a num -
ber of structures utilizing this design currently under construction are incorporating 
modular ' and multimodular sealing systems not only for their ability to perform with 
adequacy under large longitudinal displacements but also because of their natural damp
ing effect in compression. Obviously welcome economies are incumbent through ortho
tropic designs, but an inherent loss of stiffness and responses of these decks to the 
forces of excitation offer a challenge to the designer of the jointing system. 

The Halifax-Dartmouth Narrows Bridge has specified a multimodular system for the 
expansion joints under the main towers with a performance requirement of 18 in. in 
longitudinal movement and its resultant damping effect is expected to contribute toward 
a reduction in vibration on this orthotropic structure (Fig. 6) . 

Papineau Bridge, which will link the north end of Montreal Island with the mainland 
over Riviere des Prairies, has been designed with cable stays utilizing two slender 
126-ft high towers and an orthotropic deck, the center span being 336 ft. Aerodynamic 
model studies that have been conducted on this design have shown that vibrations of 2-
in. amplitude could over a period of time be destructuve while an amplitude of 9-in. 
during an extremely high wind could also be serious. Four modular systems with 9 in. 
of movement each have been designed for installation in this interesting Canadian struc
ture. The Bayonne River Bridge in Quebec, the first orthotropic bridge in North Amer
ica to utilize a concrete wearing surface on its decks, has incorporated 4 modular 
packages, each with 4½ in. of movement . 

CREEP AND SHRINKAGE 

Construction practice permitting, a modular system should be installed when most 
of the creep and shrink has taken place. When bridges are constructed of prestressed 
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Figure 6. Modular sealing system incorporating 18-in. movement capability for Halifax Narrows 
Bridge. 
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beams and in situ concrete, the rate and 
amount of creep appear to be difficult to 
calculate. To a greater or lesser extent, 
under continuous loading all construction 
materials and all types of structures 
will incur irreversible dimensional loss. 
Shrinkage of a concrete structure, not to 
be confused with the lessening of a di
mension due to creep, occurs mainly due 
to the moisture loss during curing. 

A typical example of movement calcu
lation using Swiss SIA Standards follows. 
Assume the effective length of bridge = 
100 m (332 ft); the centric stress from 
prestressing = 60 kg/cum; the tempera-

Figure 7. Full-scale testing of an 18-in. modular 

ture at fitting of joint is approximately 
+10 C; and a modular system of 100 mm (4 in.) movement. 
adjustment of the Modular System is as follows: 

Creep 
Shrink 
Temp. decrease down - 10 C 

1.5cm 
2.0 cm 
2.5 cm 

system . 

The calculation for pre-

Total shortening 6.0 cm (theoretical pre-adjustment 
measurement) 

Temperature increase up to +30 C 1. 5 cm 
Effective displacement of joint 7. 5 cm 
Reserve movement of modular system 2.5 cm 
Total movement of modular system 10.0 cm 

It may be safe to say that the phenomenon of creep and shrink is still not thoroughly 
understood or completely defined. In view of this, it is of utmost importance to de
velop a practical, reliable, empirical method of creep-shrink calculation that works 
well for the modular system employed, construction method used, type, age, and ge
ometrics of materials, loads involved, and environmental conditions, because the ef
fects are irreversible and must be pre-adjusted at the moment of activation of any 
sealing system. 

TESTING OF MODULAR SYSTEMS 

Even though single module, modular, and multimodular systems can be fabricated 
for a wide range of movements and performance conditions, the assumption cannot be 
made that if a single module performs well, a four-, eight-, or twelve-tube modular 
system merely involves sandwiching up whatever elements are necessary to match 
calculated movements. Full-scale working sections should be run through their total 
anticipated ranges and types of movement in advance of fabrication to predict the re
liability and practicality of a design. Figure 7 shows a full-scale working device 6 ft 
long built to accommodate 18 in. of longitudinal movement. 
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