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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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Objective 

The objective of this report was to determine which joint sealant, silicone or preformed 

compression, has the best performance judged by durability and cost. This evaluation was also 

designed to determine which sealer will perform more effectively with the climatic changes North 

Dakota experiences. 

Scope 

This scope of this evaluation was to visually and mechanically inspect the condition of the 

silicone and preformed compression joint sealants for leaks caused by; adhesion failure (loss of 

bond), cohesion (loss of the joint materials ability to bond to itself), or spall related failures (edges 

ofconcrete saw joint deteriorating). In an effort to rate the severity levels of joint and joint sealant 

damage,the "Strategic Highway Research Program (SHRP) manual on Distress Identification for 

Long-Term Pavement Performance" was used as a reference. This manual rates joint sealant 

damage levels in the following way: 

Joint seal damage: Any condition which enables in compressible materials or a 

significant 

amount of water to infiltrate the joint from the surface. 

Low: Joint seal damage that exists over less than 10% of the joint. 

Moderate:Joint seal damage that exists between 10%-50% of the joint. 

High: Joint seal damage that exists over more than 50% of the joint. 

Location 

The joint material was installed on project IM-8-094(005)331. This project consists of the 

eastbound lanes of Interstate 94 between the Casselton Interchange and the Mapleton 

Interchange in Cass County, North Dakota. The project started at milepoint 331.04 and ends at 

milepoint 338.63. The total length of the project is 7.6 miles. The contractor was Progressive 

Contractors (PCI). Preformed compression elastomeric and silicone joint seals were placed at 

the following locations. 
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CONTRACTION JOINT SILICONE SEAL 

Station855+48.4 to Station 882+78.4 Rt 
Station983+11.1 to Station 1014+76.1 Rt 
Station1179+35 to Station 1183+05.7 Rt 

PREFORMED COMPRESSION ELASTOMERIC JOINT SEAL 

Station1060+85 to Station 1179+35 Rt 
Station1186+20.7 to Station 1250+11.8 Rt 

A detailed drawing of the project overview and the individual sections is in the project plans 

section, located in appendix A. 

Concrete pavements tend to go through many cycles of contraction and expansion due to 

changes in climatic conditions. This is especially true in North Dakota where temperatures can 

range from 40 degrees below zero Fahrenheit to 120 degrees Fahrenheit. To allow for contraction 

and expansion in the concrete pavement slabs and to reduce the uncontrolled cracking of the 

pavement surface, a system of joints are incorporated into the pavement structure. 

Transverse joints are planned breaks in the pavement structure that are typically designed 

to have a certain spacing along the length of the roadway and are skewed perpendicular to the 

roadway.  Joints are an important element of a pavement structure, but the principle disadvantage 

is that a high percentage of failures in concrete pavements occur at or near the transverse 

contractionjoints. This is due to water infiltrating through failed joint openings and because foreign 

materials can become lodged between the joint seal and the concrete. 

Many joint seals fail within a few years after construction. Some joints fail to relieve (crack) 

the pavement initially and when the joints expand they may expand farther than designed. Also, 

compressionjoint seals are not designed for tension. When the joints open farther than intended 

the joint seal can fail. The failure will then cause the compression seal to either fall into the joint or to 

become detached from the face of the joint. In either case the joint fails and will no longer properly 

sealthe joint. 
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Construction 

The contraction joint silicone sealant used on this project was a low modulus silicone rubber 

called "888 Silicone Joint Sealant" made by DOW Corning. It is a one-part cold applied material 

thatcomes ready to apply, usually in 55 gallon drums. 

The preformed compression elastomeric joint seals used on this project are a "V Series 

Delastic preformed neoprene seal" made by The D. S. Brown Company. These preformed 

compressionseals are neoprene (polychloroprene) based. A lubricant adhesive called 

"Delastiseal" was used during installation to lubricate and bond the neoprene seals to the joints. 

The joint materials conform to the material specifications of Section 826 of the North Dakota 

Department of Transportation Standard Specifications as shown in Appendix A. 

The installation steps included the initial sawing of the pavement to the desired depth within 

24 hours of placement of the portland cement concrete (PCC), widening the joints to 

approximately 3/8" wide, sandblasting, removing any debris, and installing the joint seal. This was 

the normal procedure followed by the contractor regardless of which type of sealant was installed 

and conforms to the construction requirements specified in Section 550.04.M of the North Dakota 

Department of Transportation Standard Specifications. This part of the project was completed 

during September and October of 1994. 

The first annual evaluation was conducted in October of 1995 and January of 1996. This 

evaluationwas both visual and mechanical. The mechanical inspection involved the use of the 

Iowa Vacuum Joint Seal Tester (IA-VAC) a nondestructive broad coverage tester . The Iowa 

Vacuum Joint Seal Tester (IA-VAC), a chamber 48" long by 6" wide, uses a vacuum pump to apply 

a low vacuum (0 to 10 psi) to a joint seal that has been sprayed with a soap-water solution. Any 

unsealed area or leak that exists along the joint will become visible by the development of soap 

bubbles at the point where air is escaping past the joint sealant. 
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The IA-VAC System: 

The Iowa Vacuum Joint 

SealTester (IA-VAC) 

shown inphoto 1 , was 

utilized in the first 

evaluationof the 

transverse joint 

sealants. 

The IA-VAC 

system applies a low 

vacuum (0 to 10 psi) to 

the joint seal. The seal


has been sprayed with Photo 1. (IA-VAC) joint sealant tester


a foaming soapy-water solution as shown inphoto 2 .  This unit is operated through the use of a


vacuum pump and a portable generator.


Photo 2. Joint sprayed with soapy solution 
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Any unsealed 

areas that exist along 

the joint will become 

visible by the 

development of 

bubbles at the leak 

point as shown in 

photo 3.  This testing 

apparatus is 

nondestructive and is a 

broad coverage tester 

as opposed to


destructive testing Photo 3. Bubbles indicate a leak


methods such as


coring.


Several 

photographs of various


distress areas that were


located in the


preformed


compressionjoint


sealant sections were


takenfor explanatory


purposes.  These


photos will be


discussed in the


following paragraphs. Photo 4. (IA-VAC) in use on a neoprene seal


Photo 4 shows the IA-VAC system as it is used on a preformed compression joint sealant 

(station1074+96). 
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Photo 5. Leaks depicted through window of IA-VAC 

Photo 5, depicts several leaks by the presence of soap bubbles at the top of the IA-VAC. 

After removing the IA-VAC apparatus(photo 6) evidence of leaks is still present. 

Photo 6. Leaks depicted after IA-VAC is removed 
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These leaks were 

categorized as 

adhesionleaks since 

there was little spalling 

around the joint and the 

joint material did not 

appear to have any 

deterioration. 

A few stations later, at 

station1135+00, 

similar leaks were 

found as shown in 

photos 7 & 8. Notice 

from photos 7 &8 that 

some of the leaks 

appear very close 

together while others 

seem to be isolated. 

Some of the 

leaks produced tiny 

bubbles while others 

produced larger ones. 

This may be 

attributable to the size 

ofthe leak or it may be 

anindication of a group 

ofleaks 

Photo 7. Series of small leaks in station 1135+00 

Photo 8. Close-up of station 1135+00 
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Photos 9 &10 showa passing lane joint with a preformed compression sealant that has an 

unusualamount of leaks relative to the previous joints. 

The leaks in this joint were attributed to adhesive failure. This joint, located at station 

1094+95,is suffering a succession of leaks across nearly its entire length. 

Photo 9. Severe leakage of joint at Station 1094+95 

Photo 10. Close-up of Station 1094+95 
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Photo 11 shows a leak that was detected which was classed as being an adhesion leak, 

however, upon further inspection it was determined that the joint itself was irregular in shape. The 

irregularitymay have been caused by improper saw cutting practices. This may have caused the 

sealant to not be flush with the wall of the joint, thereby creating an opportunity for leakage. 

Photo 11. View of sealant in an irregular sawed joint 
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Evaluation of Preformed Compression Joint Sealants During Winter Months 

For the cold weather inspection Materials and Research selected certain joints that were 

included in the warm weather inspection of the preformed compression sealants. Many of these 

joints ranged in width from 3/8" to ½". The sealants in these joints looked to be in good condition. 

Approximately one in twenty (1 in 20) joints would be encountered that would be extra wide (5/8" to 

3/4").  In several of these extra wide joints the preformed compression seal was breaking away 

from the wall of the joint and was starting to sink down into the joint. This is depicted inphoto 12. 

Photo 12. Failing neoprene seal 
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Photo 13. Close-up view of failing neoprene joint 

Photo 13 is a close up view of the same joint. On the bottom center ofphoto 13,pea size 

pebbles are present and have managed to lodge themselves between the joint wall and the 

neoprene seal. The pea sized pebbles will in all probability remain lodged between the joint wall 

and the sealant. When the concrete starts to expand as the weather warms the pebbles will keep 

the sealants from flushing up to the joint walls and create an opportunity for moisture to leak into the 

joint. 
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Contraction Joint Silicone Sealants Evaluation


Photos 14 &15 show evidence of leakage using the IA-VAC system. Some of the leaks in these


photos (Station 877+00) were attributed to spalling along the joint.


Photo 14. Leakage depicted in silicone sealed joint 

Photo 15. Leakage depicted in silicone sealed joint 
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Photo 16 shows a close-up of a spall related distress that was leaking near a joint 

installed with silicone sealant (station 995+00). 

Photo 16. Spall related distress in a silicone sealed joint. 

Some of the leaks incurred under the "other" category were considered to be bubbles in 

the silicone sealant. They were probably formed during the construction of the joints. 

Differences in air pressure in the applicator pump may have contributed to the forming of the 

bubbles.  This category includes leaks caused by an overlapping of the silicone material. 

Conditions  occur during installation when the contractor either loses pressure in the applicator 

wand or tries to apply the material too fast leaving a gap and trying to restart the application 

again. 
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Evaluation of the 

Contraction Joint 

Silicone Sealers 

Photo 17 

shows a typical 

transverse joint 

where silicone 

sealant was 

installed. The joint 

located at station 

990+00 is an 

example of a joint in


good condition. 
Photo 17. Typical joint where silicone sealant is applied


The width of the joint was measured to be 3/8". This was the same width of the joint when 

itwas sawed in the fall of 1994. This appeared to be the case with many of the joints. Upon 

further inspection it was found that on the average, approximately 1 out of every 20 sawed joints 

were extra wide (5/8" to 7/8"). In several locations the silicone sealant was beginning to break 

awayfrom the walls of the joints. 

Summary: 

The comparison of leaks relative to each of the two different sealants is obvious. In the 

336 linear feet of joint sealant tested, the preformed compression sealant had an increase 

from a total of 485 leaks to 533 leaks during the period between the 1994 post construction 

evaluationand the 1995 evaluation but decreased to 227 in the 1996 evaluation and remained 

approximately the same in the 1997 and the 1998 evaluation. The decrease from previous 

levels was probably attributable to the smaller leaks developing into larger leaks, making the 

count less but the effective leaking area remained the same or is increasing. During the 

evaluationthere appeared to be as many leaks in the passing lane as in the driving lane. A 

comparisonof the leaks, as shown in tables 1 and 2, include where joints had a greater number 

ofleaks in the 1994 post construction evaluation than what was tabulated for that same joint in 

the 1997 and 1998 evaluations. In most of these cases the leaks were so numerous that only an 

estimate could be made. 
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TABLE 1. RESULTS OF THE PREFORMED COMPRESSION JOINT SEALANT INSPECTION 

(1994,1995, 1996, AND 1997) 

TEST 

LOCATION 

TYPEOF LEAK 

TOTAL LEAKS 

PER 

JOINT 

SPALL ADHESION OTHER 94 95 96 97 

94 95 96 97 94 95 96 97 94 95 96 97 

1065+00 0 4 3 3 17 17 15 15 0 0 1 1 17 21 19 19 

1074+96 0 0 1 1 28 39 22 30 0 0 1 1 28 39 24 X 

1085+02 0 0 1 1 46 45 14 14 0 0 1 1 46 45 15 16 

1094+95 0 0 0 0 66 54 25 X 0 0 1 1 66 54 28 XX 

1105+00 0 1 0 0 35 48 19 2 0 0 0 0 35 49 19 2 

1115+00 2 1 1 1 44 28 25 X 0 0 1 1 46 29 26 XX 

1125+00 0 0 0 0 45 35 29 X 0 0 1 1 45 35 29 XX 

1135+00 0 0 0 2 43 37 24 20 0 0 1 1 43 37 24 23 

1145+00 0 0 0 0 18 28 16 16 0 0 0 0 18 28 16 16 

1155+00 0 0 1 1 23 37 21 25 0 0 0 0 23 37 22 26 

1165+00 0 0 0 1 35 37 17 10 0 0 0 0 35 37 17 11 

1175+00 0 0 0 0 33 39 12 6 0 0 1 1 33 39 12 7 

1188+00 0 0 0 3 35 43 11 4 0 0 0 0 35 43 11 7 

1195+00 0 0 3 3 15 40 13 30 1 0 1 0 16 40 16 33 

TOTAL NUMBER OF LEAKS IN SECTION: 485 533 277 

Other represents: bubbles, overlaps, unknown 

A"X" REPRESENTS A LOCATION WHERE THERE WERE SO MANY LEAKS IT WAS


IMPOSSIBLE TO DETERMINE A NUMBER. A"XX" REPRESENTS A JOINT THAT IS


CONSIDERED FAILED.


THE 1998 EVALUATIONS REVEALED THAT THE JOINTS WERE ESSENTIALLY IN THE SAME


CONDITION AS IN THE 1997 EVALUATION. THE JOINTS FAIL TO HOLD VACUUM BUT ARE IN


PLACE AND KEEPING INCOMPRESSIBLES OUT OF THE JOINT.
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TABLE 2: RESULTS OF THE CONTRACTION JOINT SILICONE SEALANT 

INSPECTION (1994, 1995, 1996, and 1997) 

TEST 

LOCATION 

TYPEOF LEAK 

TOTAL LEAKS 

PER 

JOINT 

SPALL ADHESION OTHER 

94 95 96 9794 95 96 97 94 95 96 97 94 95 96 97 

856+00 0 8 14 X 1 3 10 10 0 0 0 0 1 11 24 X 

859+00 0 1 1 5 1 0 7 8 0 0 1 1 1 1 8 14 

862+00 0 2 2 6 0 2 2 4 0 0 0 2 0 4 4 12 

865+00 0 3 5 10 0 0 5 7 0 2 0 1 0 5 10 18 

868+03 0 0 2 3 0 1 3 3 0 0 0 4 0 1 5 10 

871+00 0 1 3 6 0 0 1 1 0 0 0 3 0 1 4 10 

873+95 3 5 10 20 0 2 3 4 0 0 0 2 3 7 13 26 

877+00 2 4 5 10 1 5 13 20 0 1 0 4 3 9 18 34 

881+00 3 13 19 X 5 11 13 X 0 1 1 X 0 25 32 XX 

883+00 0 2 5 X 0 5 8 X 0 0 1 X 0 7 13 XX 

885+95 1 3 7 X 0 3 9 X 0 3 1 X 1 9 16 XX 

888+97 0 7 4 X 0 3 39 X 0 4 1 X 0 14 43 XX 

893+00 1 4 9 X 0 0 6 X 0 0 1 X 1 4 15 XX 

895+03 0 6 7 X 0 0 10 X 0 3 1 X 1 3 17 X 

TOTAL NUMBER OF LEAKS IN SECTION: 19 107 222 

Other represents: bubbles, overlaps, unknown 

A"X" REPRESENTS A LOCATION WHERE THERE WERE SO MANY LEAKS IT WAS 

IMPOSSIBLE TO DETERMINE A NUMBER. A"XX" REPRESENTS A JOINT THAT IS 

CONSIDERED FAILED. 

THE 1998 EVALUATION HAS REVEALED THAT THE SILICONE JOINTS HAVE FAILED OVER 

MOST OF THE PROJECT. DUE MOSTLY TO EXCESSIVE SPALLING OF THE CONCRETE 

ALONGTHE JOINT. MOST OF THE SILICONE MATERIAL HAS REMAINED IN THE JOINT, BUT 

MUCH OF THE MATERIAL HAS FALLEN INTO THE JOINT OR IS SO BADLY SPALLED THAT 

INCOMPRESSIBLES ARE GETTING INTO THE JOINTS. 
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The results of the evaluation of the contraction joint silicone sealant show an increase in total 

leaks.  Of the 336 linear feet evaluated, the total leaks have increased from 19 to 107 to 222 to very 

severe failure in 1997 and even more so in 1998. In 1996 this seemed attributable to many spall 

and puncture failures but inspection of the joints in 1997 and 1998 show a dramatic increase in the 

amount of spalling failures, so much so that the joints are considered to have failed. The joint 

details in the construction plans show the silicone sealant to be installed in these joints at a 

thickness of 1/4" and a width of 3/8", which results in an acceptable shape factor of 0.67. The typical 

newer low modulus silicone material used on this project can stretch up to 100% of its applied width 

or be compressed to about 50% of the applied width. In theory it can stretch to approximately 3/4 of 

aninch, making the widest joints be at the limit of the sealants capabilities. It is possible that the 

silicone is pulling apart the concrete. 

The degree of damage to the sections utilizing the preformed compression joint sealant 

was assessed to be moderate to high severity. The degree of damage to the sections utilizing the 

silicone joint sealant was assessed to be of high severity to total failure. 

Atthis time the preformed compression joint seals are out-performing the contraction joint 

silicone seals by a wide margin. During the 1997 evaluation it appeared that both types of joints 

were failing at an accelerated rate, however, since the evaluation of 1997 the silicone joint seal has 

continued to fail at even more accelerated rate and has essentially failed. On the other hand, the 

preformed compression joint seals have remained relatively the same as in 1997. 

Anobservation made while testing the joints is that the silicone joints have a preponderance 

ofthe spall failures. This could be due to improper construction techniques, improper sawing 

(sawing too green) or the properties of the silicone may be such that when the joints expand the 

adhesive strength of the silicone is enough to pull the concrete apart at the edges of the joints. The 

number of punctures developing in the silicone appears to remain constant with the 1997 findings 

but the spalling failures have essentially caused total failure of the joints. The preformed 

compressionjoint seals appear to be failing due to loss of adhesion of the material to the side walls 

ofthe joint either from poor application of adhesive or failure of the adhesive. It is rather obvious 

from the 1998 evaluation that the silicone joint seals have failed, there are a preponderance of 

spalls and the joints leaked over approximately 75% of their lengths. 
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Recommendations

In this study neither the silicone nor the preformed joint sealer achieved the results desired, 

neither worked as a joint sealant. Both keep the incompressible material out of the joint but neither 

keep moisture out of the joint. The preformed because of loss of adhesion and the silicone because 

ofspalling. NDDOT is continuing to evaluate different types of joints and also is evaluating sections 

with unsealed joints. 
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