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Disclaimer 

The contents of this report reflect the views of the author or authors who are responsible for the 
facts and the accuracy of the data presented herein. The contents do not reflect the official 
views of the North Dakota Department of Transportation or the Federal Highway 
Administration. This report does not constitute a standard, specification, or regulation. 
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EPOXY-COATED REINFORCING STEEL 
Objective 

Reinforced concrete structures can experience premature deterioration due to the 

effects of corrosion of the reinforcing steel. When the reinforcing steel is exposed to moisture 

and oxygen, corrosion is formed. The addition of salt related admixtures can accelerate the 

corrosion process. The objective of this report is to determine if epoxy-coated reinforcing steel 

will serve as a corrosion-protection system for concrete structures and ultimately extend the 

service life of the structure. 

Scope 
The North Dakota Department of Transportation (NDDOT) has substituted epoxy-

coated reinforcing steel for regular reinforcing steel in a portion of the continuous reinforced 

concrete pavement project IM-1-094(017)156 (WB). This portion of roadway will serve as a test 

section and will be compared to a section of roadway containing regular reinforcing steel. 

Location 
Project IM-1-094(017)156 (WB) is 

located on I-94 from the West Midway 

Interchange east to the East Bismarck 

Interchange. The epoxy-coated reinforcing 

steel test section is located between the 

Washington and 4th Street Bridges from Station 

363+03.0 to Station 380+97.8. The control 

section will lie adjacent and to the east of the test 

section between Station 382+42.8 and Station 

400+37.6. 

1  



Project History  

Year Depth Type of Improvement Width 
1996 Grade 

1996 Geotextile Separation Fabric Type S2 43 feet 

1996 11.7" DenseGraded Base 43 feet 

1996 7.8" PCC Pavement 43 feet 

Table 1 

Traffic Data 
Highway5 from Jct. ND 18 in Cavalier, N to Corp limits. 

Year Cars Trucks TotalADT Rigid Pavement ESAL's 
1996 5705 125 5830 100 

1997 4850 200 5050 250 

1998 4995 205 5200 255 

1999-2000 No traffic data collected 

2001 No traffic data collected (Rescheduled) 

Table 2 

The difference in ESAL's from 1996 to 1997 is a result of calculations. The ESAL's for 1996  
were estimates based on a 1992 count and those for 1997 are based on an actual count from  

1996.  
Highway18 from south city limits to Jct. 5  

Year Cars Trucks TotalADT Rigid Pavement ESAL's 

1999-2000 No traffic data collected 

2001 No traffic data collected (Rescheduled) 

1996 5520 180 5700 160 
1997 5500 200 5700 230 

1998 5595 205 5800 255 

Table 3 
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Design 
Typicalsections showing roadway construction are found in Appendix A. This project was 

constructed using metric units, but the DOT switched back again the following year. The project 

planquantities show that 3848 m (12,625 FT) of preformed elastomeric compression joint seal 

was planned for the project. The longitudinal joint silicone seal quantity was 1375 m (4,511 FT). 

Construction 
Constructionon the project began on May 6, 1996. The work progressed through the 

various stages of development. As portions of the project were paved, the joints were sawed to 

relieve the concrete. Joint details are found on D-550-3 in Appendix A. 

Preformed elastomeric compression joint seal was bid for the project. Plan notes allowed 

the use of either a preformed joint seal or silicone seal. The contractor elected to use silicone. The 

silicone used was Dow Corning (R) 888. A copy of the certification is shown in Appendix B. 

RonHamm of Morton International contacted the project engineer, Morris Evens, about 

trying a polysulfide on this project. An agreement was reached between all parties to use one 

barrelof polysulfide. There would be no additional costs involved. This polysulfide sealant is 

called Thiokol 1P. It is manufactured by Morton International, Inc. of Chicago, Illinois. Thiokol 1P 

one part, is a non-sag, medium-modulus, moisture-curing polysulfide rubber joint sealant. 

Previous studies have shown that Thiokol 1P resists the effects of sunlight, rain, snow, ozone, 

aging,shrinkage, and the daily and seasonal cyclic changes in temperature. A copy of the 

manufacturersSpec Data is included in Appendix B. A copy of the specifications covering 

sawing,widening, and filling of the joints is found in Appendix B. 

The contractor started using the polysulfide sealer on the preselected locations on the 

afternoonof October 3, 1996. Problems were encountered with installing the polysulfide sealant 

thatwere not experienced with the silicone sealant. The polysulfide is sticky when compared to 

silicone. It also needed twice as much pressure as silicone to make the product flow out of the 

filling tube. The contractor claims there is more waste than when using silicone. He said the 
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polysulfide skins over faster than silicone and does not provide enough time to use up material left 

over from tooling. This slows down his operation. 

The material recovered from tooling is usually used in curb joints and such. Many of these 

problems can be attributed to lack of knowledge or experience with a new product. Even though 

the contractor did not like working with the polysulfide sealant, he provided good workmanship. 

Evaluation 
Various joint locations were selected for leakage testing in both silicone and polysulfide 

sections.  Silicone was tested from station 361+409.8 to station 361+804.48. on the Highway 18 

portionof the project in the northbound lane. Testing began at station Polysulfide testing occurred 

onHighway 18 from station 361+804.48 to station 361+959.17 in the northbound lane and on 

Highway5 from station 504+508.7 to station 504+812.14. 

Test locations are shown on plan sheet pages 62, 63, 96, 97, and 98. These plan sheets 

are found in Appendix C. The polysulfide joints on the plans have been darkened to make them 

easier to see. The joint leakage tests were conducted using the Iowa Vacuum (I-Vac) chamber. 

Testing was done across the lane and included the parking lane. Photo 1 shows a view of the I-

Vac testing chamber and bubbles reveling areas that leak. 

Photo 1: I-Vac testing chamber and leaking areas. 
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Photo 2: I - Vac test. 

The I-Vac testing chamber is 4 feet long. To test across the driving lane and parking lane 

requires five separate tests. The type and number of leaks were not recorded this year. 

Instead,the lineal footage of leaks was measured at each joint. It is often difficult to determine the 

exact cause of each failure. To run a test, the pavement surface is first sprayed with soapy water. 

The I-Vac is placed over the joint and vacuum is applied. If the joint leaks at any point within the 

chamber, bubbles will appear as air is drawn up through the joint. The I-Vac has a soft rubber seal 

thatcontacts the pavement surface. Small or large leaks can be determined. Photo 2 shows a test 

inprogress. Photo 3 shows the leaks from testing. Just by looking at the joint condition, you can tell 

whichareas or spalls might leak. 

5  



According to the DOT's annual average bid prices, a comparison of contraction joint sealant 

usage was made and is shown below. 

Year Preformed Average 
Bid Price 

Silicone Average 
Bid PriceLineal Feet Used %Used Lineal Feet Used %Used 

1995 124,928 71% $1.05 51,384 29% $1.77 

1996 171,793 89% $1.22 21,991 11% $1.85 

1997 348,374 69% $1.12 156,676 31% $1.86 

1998 77,746 14% $1.99 482,260 86% $1.31 

1999 263,968 61% $1.71 122,254 39% $0.94 

2000 330,517 58% $1.36 240,824 42% $1.16 

Table 4 

The project plans usually left the type of joint sealant up to the contractor. Preformed 

compressionseals fluctuated from year to year. Preformed average bid prices have been slightly 

higher than silicone during the last three years. The use of each type of sealant is about even for 2000. 

Project test results from the past years are shown in tables 5 and 6 on the following pages. 
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Iowa Vacuum Test of Joints 
SS-6-018(033)224 & NH-6-005(013)312 

Cavalier City Section 

North Bound Lane and Parking Lane 

Silicone 

Test 

Locations 

Joint Condition -----Leaks 

October  1996 August  1997 August  1998 

spalls adhesion total 

leak 

s 

spalls adhesion total 

leak 

s 

spalls adhesion total 

leaks 

361+409.80 0 5 1 6 10 18 28 

361+497.20 0 8 2 10 12 19 31 

361+533.20 0 3 2 5 6 5 11 

361+660.95 0 2 2 5 6 11 

361+704.95 0 4 4 7 2 9 

361+756.48 0 6 2 8 14 10 24 

361+772.48 0 14 14 15 12 27 

Column  Totals 0 49 141 

Table 5 

Tables 5 and 6 show the number of leaks detected and does not take into account the size or 

length of the leak. 
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---- ---- ----

Iowa Vacuum Test of Joints 

SS-6-018(033)224 & NH-6-005(013)312 
Cavalier City Section 

North Bound Lane and Parking Lane 

Polysulfid 

e 

Test 

Locations 

Joint Condition -----Leaks 

October  1996 August  1997 August  1998 

spall 

s 

adhesion total 

leaks 

spalls adhesion total 

leaks 

spalls adhesion total 

leaks 

361+820.48 0 9 9 10 11 21 

361+861.98 0 5 5 10 1 11 

361+893.98 0 3 2 5 5 2 7 

361+935.22 0 8 8 10 2 12 

504+524.13 0 11 11 21 1 22 

504+574.16 0 27 27 43 43 

1st Panel N 

of 6–WB 

0 6 6 13 4 17 

Column  Totals 0 71 133 

Table 6 

Tables 5 and 6 show that every joint tested had some leaks after one year of service. 

Approximately 155 lineal feet each of the silicone and polysulfide was tested. In 1997 the polysulfide 

joints had 45% more leaks than the joints with silicone. A big change took place in 1998 where the 

silicone joints now have about ¾ of 1% more leaks than the polysulfide joints. This is about a 46% 
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change. The leakage for 2001 is less than for 2000. This may be the result of individual 

measurements or differences in pavement temperature which affects the joint pressure. It can be 

said that the leaks in the silicone joints versus the polysulfide joints are near equal. Most of the leaks 

were due to spalls of various sizes. It is not known what caused the spalls, some may be from the 

sawing operation, but most spalls are attributed to traffic. Small stones or pebbles from sanding 

operations during the winter are believed to cause spalling. These pebbles located on the edges of a 

joint are driven over by vehicles and the high pressure under the pebble breaks off a small piece of 

concrete. 

In the 1999 evaluation with the I-Vac system, thenumber of leaks was changed toleak lengths. 

This results in a better comparison between the two materials. A total of 1680 lineal inches of silicone 

joints were tested. The detected leaks totaled 650 linear inches and represent a failure rating of 38.7 

percent.  A total of 1620 lineal inches were tested in the Polysulfide joints and 528 inches of leaks 

were detected. This represents a failure rate of 32.6 percent. The polysulfide sealant is performing a 

little better than the silicone. A comparison of the total length of sealant leaks on the two projects is 

shown in graphs 1 and 2. 
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A comparison of the percent leakage per joint of the two sealants is shown in graphs 3 

and 4. 
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Table 7contains the 1999 data of both types of sealants and a comparison of each joints 

percent leakage or sealant failure. 

Iowa Vacuum Test of Joints 

SS-6-018(033)224 & NH-6-005(013)312 

9 - 4 - 1999 

Location Sealant 
Type 

Joint 
Lengt

h -
Inche 

s 

Leak 
in 

Inche 
s 

% 
Leakin 

g 

Location Sealant 
Type 

Joint 
Lengt

h -
Inche 

s 

Leak 
in 

Inches 

% 
Leakin 

g 

361+409.8 
0 

Silicone 240 98 40.8 361+820.4 
8 

Polysulfid 
e 

240 90 37.5 

361+497.2 
0 

Silicone 240 127 52.9 361+861.9 
8 

Polysulfid 
e 

240 36 15.0 

361+533.2 
0 

Silicone 240 93 38.8 361+893.9 
8 

Polysulfid 
e 

240 35 14.6 

361+660.9 
5 

Silicone 240 63 26.3 361+935.2 
2 

Polysulfid 
e 

240 47 19.6 

361+704.9 
5 

Silicone 240 63 26.3 504+524.1 
3 

Polysulfid 
e 

144 68 47.2 

361+756.4 
8 

Silicone 240 103 42.9 504+574.1 
6 

Polysulfid 
e 

240 83 34.6 

361+772.4 
8 

Silicone 240 103 42.9 1st Panel 
N of 6– 

WB 

Polysulfid 
e 

276 169 61.2 

Totals 1680 650 38.7 Totals 1620 528 32.6 
Table 7 
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2000 Evaluation 
The test sections were checked for leaks on 8-23-00. The following table shows the data 

collected which indicates the condition of the sealants. 

Iowa Vacuum Test of Joints 

SS-6-018(033)224 & NH-6-005(013)312 

8-23-2000 

Location Sealant 

Type 

Joint 

Length -

Inches 

Leak in 

Inches 

% 

Leaking 

Location Sealant 

Type 

Joint 

Length 

-

Inches 

Leak in 

Inches 

%Leaking 

361+409.80 Silicone 240 116 48 361+820.48 Polysulfide 240 148 62 

361+497.20 Silicone 240 141 59 361+861.98 Polysulfide 240 82 34 

361+533.20 Silicone 240 115 48 361+893.98 Polysulfide 240 52 22 

361+660.95 Silicone 240 56 23 361+935.22 Polysulfide 240 83 35 

361+704.95 Silicone 240 95 40 504+524.13 Polysulfide 144 109 76 

361+756.48 Silicone 240 179 75 504+574.16 Polysulfide 240 151 63 

361+772.48 Silicone 240 139 58 1st Panel N 

of 6–WB 

Polysulfide 276 224 81 

Totals 1680 841 50 Totals 1620 849 52 

Table 8 

The total per cent of leaks has increased by 10% from 1999 to 2000. Both sealants are performing much 

the same at this time. Photos 4 and 5 show some typical joint conditions in 2000. 

Photo 4 Typical Joint. Photo 5 Typical Joint Close-up. 
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The failures in the silicone section are about equal with 50% adhesion and 50% spalls. The 

silicone is very dirty, but is still soft. More spall failures were noticed in the Polysulfide section than 

adhesionand they were larger in size. The Polysulfide sealant is whiter looking than the silicone, but is 

harder or less flexible. Both sealants are staying in the joint and do keep most of the incompressible 

materialout. The joints in the intersection exhibit the most lineal leakage. 

2001 Evaluation 
The fifth and final evaluation was conducted on 8-29-01. Table 9 contains the I-Vac data collected 

and comparisons between the two sealants. 

Iowa Vacuum Test of Joints 

SS-6-018(033)224 & NH-6-005(013)312 

8-29-2001 

Location Sealant 

Type 

Joint 

Length -

Inches 

Leak in 

Inches 

% 

Leaking 

Location Sealant 

Type 

Joint 

Length -

Inches 

Leak in 

Inches 

% 

Leaking 

361+409.80 Silicone 240 120 50 361+820.48 Polysulfide 240 120 50 

361+497.20 Silicone 240 129 54 361+861.98 Polysulfide 240 81 34 

361+533.20 Silicone 240 107 45 361+893.98 Polysulfide 240 59 25 

361+660.95 Silicone 240 50 21 361+935.22 Polysulfide 240 69 29 

361+704.95 Silicone 240 81 34 504+524.13 Polysulfide 144 90 63 

361+756.48 Silicone 240 131 55 504+574.16 Polysulfide 240 127 53 

361+772.48 Silicone 240 138 58 1st Panel N 

of 6–WB 

Polysulfide 276 179 65 

Totals 1680 756 45 Totals 1620 725 45 

Table 9 

Spalling and adhesion loss are the two main reasons for failure of these sealants to keep moisture 

from entering the roadway. Of the 45% silicone joint failure, 21% is from spalls and 24% is due to 

adhesionloss. And of the 45% polysulfide joint failure, 28% is from spalls and 17% is due 

to adhesion loss. 
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The polysulfide has less adhesion failures and more spalling than silicone. This supports what 

was stated earlier in this report, that polysulfide is very sticky when applied and stiff yet pliable when 

cured. 

Summary 
Both silicone and polysulfide joints had many leaks when tested with the I-Vac system. Thiokol 1P 

polysulfide sealants have been used in the private sector but never in a government project. The Cavalier 

project is one of the first to use this product. 

No leaks were found in any of the sections right after construction in 1996. Approximately 155 

linealfeet of joints were tested of each sealant. The same joints were tested in 1997 and 1998. 

The polysulfide sealant performed better than silicone sealant for the first 2 to 3 years , then rapidly 

deteriorated to a point where it is equal to silicone after 5 years of performance. In 1997 there were 45% 

more leaks in the polysulfide than in the silicone section. In 1998 there was a 46% increase in leaks in the 

silicone section compared to the polysulfide section. Thus, both sealants are performing about the same 

in1998. In most cases, the spalled material is still adhering to the sealant whether it be silicone or 

polysulfide. It should be mentioned that many of the leaks counted in the polysulfide section were 

concentrated in a few joints. These joints with the most leaks are located near a stop bar or at turning 

points. 

The number of leaks counted in 1998 increased from 1997 by 188% in the silicone joints and 87% 

inthe polysulfide joints. The same joints tested in 1998 were again tested in 1999 for leakage using the 

I-Vac system. The largest or longest spalls were found in the polysulfide joints. The polysulfide sealant is 

stiffer than the silicone and could increase spalling. 

As of the August 2000 evaluation, both the silicone and polysulfide sealants have a 45% failure 

rating. See table 10 for the last 3 years data. The silicone sealant had a 21% failure due to spalling and 

24% due to adhesion loss. The polysulfide sealant had a 28% failure due to spalling and 17% due to 

adhesionloss. Each type of failure was measured with a ruler and recorded. These sealants are 

performing very similar at this point. It is questionable that the polysulfide sealant will meet our objective of 

providing long-term performance. 

The cost of polysulfide at the time of construction was $32.00/gal. Compared to $26.00/ gal. for 

silicone. However, the contractor agreed to install polysulfide at the silicone bid price. 
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Iowa Vacuum Test of Joints 

SS-6-018(033)224 & NH-6-005(013)312 

8-29-2001 

Year Sealant 

Type 

Total 

Length -

Inches 

Total 

Leak in 

Inches 

% 

Leakin 

g 

Sealant 

Type 

Total 

Length -

Inches 

Total 

Leak in 

Inches 

% 

Leaking 

1999 Silicone 1680 650 39 Polysulfide 1620 528 33 

2000 Silicone 1680 841 50 Polysulfide 1620 849 52 

2001 Silicone 1680 756 45 Polysulfide 1620 725 45 

Table 10 

Recommendation 
Based on physical properties and the results of the study, the polysulfide sealant did not perform 

anybetter than the silicone; The use of polysulfide rubber joint sealants is not recommended. 

Present research has revealed that the PolySpec Corporation had acquired Morton’s line of 

formulated polysulfide products in 1998. According to a PolySpec representative they have stopped 

productionof two unprofitable products in 1999 which are the 1P and 2P sealant types. Thus, the Thiokol 

1P polysulfide product used on this project is no longer available. 
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