
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 
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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. 
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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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