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INTRODUCTION 

Problem Statement 

The cost effectiveness, performance and maintenance of joint sealants is important to  local, state - 
and federal agencies. Currently, research using various joint sealants is being conducted on new 
as well as existing pavements. The Strategic Highway Research Program (SHRP) has 
acknowledged the need for research in this area. SHRP SPS-4 (Maintenance Effectiveness Study 
of Concrete Pavements) has been developed to address problems with joint sealing. 

The purpose of this Arizona Department of Transportation (ADOT) research program is to develop 
performance data for nine joint sealants and five joint configurations over a time period of ten 
years. The information obtained from this research project will be useful to ADOT and other state 
and federal agencies that construct portland cement concrete (PCC) pavements in a dry-nonfreeze 
climatic region. 

Project Objectives 
1 

This research project was designed to  evaluate nine joint sealants and five joint configurations over 
an extended period of time on a portion of recently constructed jointed plain concrete pavement 
(JPCP) along SR360 in Mesa, Arizona. Furthermore, the intent of this research is to  relate these 
joint sealants to  the cost of installation and load transfer properties determined by falling weight 
deflectometer (FWD) data. The following objectives were established for this project: 

Compare the performance between sealed and unsealed transverse joints. This is 
a SHRP SPS-4 experiment. 

Establish the cost effectiveness of the various types of joint sealants used in this 
experimental project. This information will be valuable not only for determining life 
cycle costs for new concrete pavement but also for establishing maintenance and 
rehabilitation strategies for existing concrete pavements as far as joint sealants are 
concerned. 

Develop relationships between joint evaluation criteria and pavement performance. 
This would include the collection of FWD data at transverse joint locations. 

Evaluate alternate joint sizes and details. Small joints provide for a quieter ride, and 
results in narrower joints after rehabilitation. 



Project Location and Description 

The project was located on a 2.1 5-mile segment of newly constructed PCC pavement on the a 
Superstition Freeway (SR 360) between Power Road and Ellsworth Road in Mesa. Arizona. This 
segment of roadway was designed under ADOT Project No. F-028-1-311. The construction 
project location is shown in Figure 1. This project is approximately 25 miles east of Phoenix in 
central Arizona. The experimental portion of the project is located in the east part of Mesa, 
Arizona at a ground elevation varying from 1365 to  1465 ft. Mean annual precipitation is 
approximately 7 inches. Mean daily temperature is 75OF with yearly extremes from 30°F to  - 
11 5OF. 

The new roadway consists of a 6 lane divided highway section, with inside and outside shoulders, 
interchange ramps and overpass roadways. Mainline pavement lanes are 12  f t  wide PCC with 11 
f t  wide inside concrete shoulders and 8.5 to  10 ft wide outside concrete shoulders. The pavement 
was designed for 2,891,700, 18 kip Equivalent Single Axle Loads (ESAL), and a 20  year design 
life. 

Figure 1 - Construction Project Location 

Surface and Subsurface Soil Conditions 

The predominant soils for this roadway alignment can be described as silty sand to  sandy silt. 
These soils have been classified in accordance with the Unified Soil Classification System as SM 
to ML soil types. 



The silty sand to sandy silt extends from the surface to  the full depth of exploration (20 ft). 

a Occasional layers of sandy gravel and gravelly sand are encountered below a depth of 10  ft. 

In general the soils to  a depth of 10 feet are medium dense to  dense. Below a depth of 10 feet 
the soils are very dense as indicated by standard penetration test values. 

The pavement section consisted of 13 inch thick jointed plain concrete pavement on 4 inches of 
compacted aggregate base placed on a compacted subgrade. The transverse joint spacing plan 
was established at staggered intervals of 13, 15, 17, 15 ft, and then continually repeated. The 
joints were skewed 2 on 12. The construction joints were not doweled. 

Two experimental test zones were established on this project to  evaluate nine different joint 
sealants. Experimental Zone No. 1 (Test Section Nos. 1 - 12) commences at Station 957+75 
and extends to  Station 1005+00. Experimental Zone No. 2 (Test Section Nos. 13 - 24) begins 
at Station 892+50 and extends to Station 939+25. The test sections were located in the 
eastbound travel lane, and are bounded by Power Road on the west and Ellsworth Road on the 
east. 

Contract History 

In 1990, the Arizona Department of Transportation awarded this project (Contract # F-028-1-514) 
to  Ball, Ball and Brosamer, Inc. of Danville, California. The cost of the installation of the nine 
transverse joint sealants in the 24 test sections was included in Change Order No. 19. Joint 
sawing and sealant installation for this project were performed by Multiple Concrete Enterprises 
of Layton, Utah. 

EXPERIMENTAL PLAN 

General 

This research experiment required in excess of two  miles of newly constructed PCC pavement in 
one direction. Each sealant was tested in a test section located in each experimental test zone. 
Each test section included 25 continuous transverse joints, except for one SHRP test section 
located within each experimental test zone. Twenty joints in each test section are to  be left 
undisturbed throughout the performance life of the sealant. This results in 50 joints per sealant 
product within the experiment. Nine different sealants products were used in this experiment. 

Test Sections 

Figure 2 shows the layout of Experimental Zones No. 1 and No. 2. This drawing provides the 
experimental field plan. Each test section was approximately 375 feet in length and contains 25 
joints. Two control sections (Section Nos. 3 and 17) were unsealed, and approximately 600 feet 



in length. Section No. 3 was a SHRP unsealed test section. These two  unsealed sections required 
only a primary saw cut. A secondary or reservoir cut was not required. Section No. 2 is a SHRP 
section and was sealed using a silicone joint sealant. 

EXPERIMENTAL ZONE NO. 1 
Sta. 957+75 - Sta. 1005+00 

EXPERIMENTAL ZONE NO. 2 
Sta. 892+50 - Sta. 939+25 

Figure 2 - Experimental Zones 

Joint Sealants 

Nine sealants representing four material classifications were used in this research project. These 
include compression seals, silicone, hot-pour, and silicone self leveling sealants. A product 
literature review was first conducted by Arizona Transportation Research Center (ATRC) to  
determine what joint sealant products were available and what sealants were currently being used 
in JPCP. This work was performed in conjunction with information available from.ADOT and other 
federal and state agencies. 

From the available information, nine joint sealants were recommended for use in this research 
project. The sealant installed at each test section along with the joint detail number is provided 
in Table No. 1. An Elastomer PV-687 compression seal was initially included as one of the 
sealants to  be used for this project. Watson Bowman WE-687 and WE 81 2 sealants were used 
in lieu of the Elastomer PV-687 compression seal. 



TABLE 1 -JOINT SEALANTS INSTALLED 
I I I li 

Test Section 
No. 

1 
I 

Product Installed 

Delastic V-687 Comp. Seal I 5 

- 
0 z 
Y 
z z 
-I 

2 
5 
2 
f5 
a 
5 

Joint Detail 

Mobay Baysilone S.L. 

Craf co 22 1 

Dow 890 S.L. 

Dow 890 S.L. 

Delastic V-687 Comp. Seal 

Dow 888 

2 I Crafco Silicone S.L. 
p~ 

3 

4 

5 

6 

7 

8 

9 

1 

1 

1 

4 

5 

1 

Mobay Basilone S.L. 

Unsealed 

Dow 890 S.L. 

Dow 888 S.L. 

Crafco Silicone S.L. 

1 

1 

2 

1 

1 

1. 

Crafco 221 

Watson Bowman WB-687 

Crafco 444 

Dow 890 S.L. 

Unsealed 

Dow 890 S.L. 

Watson Bowman WB-812 

Dow 888 S.L. 

Dow 888 

Crafco 444 

Dow 890 S.L. 

1 

5 

1 

3 

2 

3 

5 

1 

1 

1 

4 



Joint Configurations 

Based upon the joint sealants selected for this project, joint configurations were determined from 
manufacturer's recommendations and various state and federal agency requirements. Information 
was obtained from the Arizona, Georgia, and Colorado Departments of o ran sport at ion. The 
American Association of State Highway and Transportation Officials (AASHTO) guidelines and 
Federal Highway Administration (FHWA) Technical Advisory 89-04 were also used to  determine 
joint widths. 

The primary cut for all joints was specified as the thickness of the slab (TI divided by three (T/3), 
with a width of 118 inches. The width and depth of the secondary cut was established specifically 
for each sealant. Five joint details were formulated to  receive the various joint sealants. Detail 
2 was used for the two  unsealed test sections. Joint details are provided in Figure 3. 

Figure 3 - Joint Details 

Joint Specifications 

Specifications from the Department of Transportation for the State of Georgia were reviewed. 
along with a specification written by Purdue University for SHRP for use iri SPS-4 research 
projects. It was concluded that all transverse joints will be constructed in accordance with 
Section 401-3.06 of the 1990 ADOT Standard Specifications for Road and Bridge Construction. 

This specification was used with the following additional requirements: 

The concrete shall cure a minimum of 7 days prior to sealant installation. In the 
event of rain, the time shall be extended an additional day for each day of rain. 

Sand blasting shall be performed in two passes [one for each joint face) with the 
nozzle directed at the joint face. Both passes shall be in the same direction. 
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Just prior to  sealant installation, the joint shall be blown out in one direction only. 

The nozzle used to  install the sealant should be such that the joint is filled from the 
bottom up. 

Installation of the Crafco Hot Pour sealants will be performed in accordance with 
manufacturer's recommendations. 

Traffic will not be allowed on newly sealed joints for at least 3 days. 

Except in the compression seal test sections, all joints, including both longitudinal and transverse 
joints will utilize the sealant indicated for that section. In the sections with compression seals, 
the longitudinal joints will be sealed with the sealant material currently available at the project. 

All longitudinal joints will be sawn and sealed in accordance with project plans and specifications. 
The joint details refer only to  the transverse joints. 

Joint Measurements 

The following joint measurements were obtained as part of the experimental plan for this research 
project. Since joint details varied depending on the sealant used, all of the following 
measurements were not necessarily obtained for each transverse joint. 

Joint location 
Joint width 

, Depth (secondary cut) 
Primary joint depth 
Joint crack width 
Joint backer rod depth 
Sealant joint depth 

Nondestructive testing (NDT) was conducted in accordance with SHRP Protocol: H30F Falling 
Weight Deflectometer Deflection Testing. 

- Testing was conducted using SHRPequipment at 10 transverse joint locations in each test section 
except for sections 5 and 22. ADOT FWD equipment was used to  obtain test data at  each joint 
for sections 5 and 22. Test data were used to  develop relationships between joint evaluation 
criteria and pavement performance. 

Changes In Experimental Plan 

In the course of adopting the experimental plan to  actual field construction, several changes had 
to  be made. In March 1991, SHRP requested a 500-foot test section for testing a silicone joint 



sealant. In order to  fulfill this request, the first nine joints of section 3 adjacent to  section 2 in 
experimental zone no. 1 were cut according to  joint detail 1. This increased the number of joints 
in section No. 2 from the existing 25 to  34. These transverse joints were sealed with Crafco 
Silicone S.L. Section No. 3 was approximately 567 feet long and contained 38 unsealed joints. 

An Elastomer PV-687 Compression Seal was initially included as one of the two compression seals 
to be used in the experimental plan. A Watson Bowman WB-687 compression seal was used in 
lieu of the Elastomer PV-687. The Watson Bowman WB-687 was to  be used in Sections 5 and 
22. but a Watson Bowman WB-812 was used in Section 22. 

Transverse joints were sawn 318 inches wide instead of 1 14 inch wide by the contractor at Section 
No. 4. There is an "extra" joint (#26) at the end of Section No. 8 because it was not sawn to 
typical dimensions for this section or the next section (No. 9). It was, however, sealed with a 
Crafco 444 sealant. A construction joint is included as one of the experimental joints in Section 
Nos. 12 and 24. There is a construction joint in Section No. 18 between joints Nos. 24 and 25. 
This joint was not included in the experimental plan. 

The final section layout, test section numbering, and sealants used are provided in Figure 4. 

A 511 6-inch diameter backer rod was specified for joint detail 3. A 318-inch diameter backer rod 
reolaced the 511 6-inch diameter backer rod. 

The experimental plan recommended that the JPCP be cured for a minimum period of 7 days prior 
to  sealant installation. Ideally, all sealants were to be installed in a relatively short time period 
after the minimum cure time was achieved. Except for the Watson Bowman compression seals, 
all sealants were installed between March 18 and March 31, 1991. The Watson Bowman 
compression seals were installed on May 7, 1991, because the Elastomer PV-687 compression 
seal could not be purchased in a timely manner. 

CONSTRUCTION 

Construction Procedures 

Sawing 

The plain concrete pavement for this project was placed on February 13, 1991. The contractor 
began sawing the 4.333-inch (T13) deep primary cut as soon as the concrete attained an age at 
which extensive raveling did not occur. Primary cutting was performed on February 13, and 14, 
1991. Secondary cuts were sawn on February 15, 1991. All joints were cut using riding saws 
(Figure 5). The various sealant reservoirs were formed after all primary transverse joints were cut 
for a section. 
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The date each section was sealed is provided in Table 2. 

TABLE 2 - JOINT SEALANT INSTALLATION DATA 

Section Numbers I Product Installed 

1, 14  

2, 20 

3. 17 

5, 1 Watson Bowman WB-687 

Delastic V-687 

Crafco Silicone S.L. 

Unsealed 

4, 9, 12, 13, 18, 24 

22 I Watson Bowman WB-812 

Dow 890 S.L. 

6. 19 1 Dow 888 S.L. 

7, 15 I Dow 888 

8, 23 Crafco 444 

10.16 I Mobav Bavsilone S.L. 

Date Installed 

Construction Problems 

The most paramount problems in the construction of the experimental sections were the changes 
in joint details, the acquisition of the various joint sealants, concrete cuttings in the joints, and the 
change over from one sealant t o  another sealant. 

Joint Details 

The first problem was highlighted in Section No. 4 when the transverse joints were sawn 318 inch 
wide instead of 114 inch wide. There is also an "extra" joint at the end of Sectio-n No. 8 because 
it was not sawn t o  the typical dimension for this section, or the next section (No. 9). 

The location of construction joints in the experimental sections also became a problem. For 
Section Nos. 12  and 24 construction joints were included as experimental joints, in Section 18 

- 
the construction joint was not included. 

Product Acquisition 

Another major conSruction problem was acquiring the Elastomer PV-687 compression seal. All 
sealants were installed by late March of 1991, except for this compression seal. After this 



product could not be obtained, Watson Bowman WB-687 and WB-812 compression seals were 
used in lieu of the Elastomer PV-687 compression seal. 

Compression Seals 

The Watson Bowman WB-687 was to  be used in place of the Elastomer PV-687 in Section Nos. 
5 and 22. The Watson Bowman WB-687 was installed in Section No. 5, but was not installed in 
Section No. 22. Because of the lack of material. a Watson Bowman WB-812 was used in Section 
No. 22. 

Hot-Poured Sealants 

Crafco 444 is a hot-applied sealant that was used in Section Nos. 8 and 23. Personnel from 
Crafco Inc. applied this sealant to  Section No. 8 on March 18, 1991. After completion of Section 
No. 8, the equipment was moved to Section No 23. The Crafco 444 sealant that was in the kettle 
could not be used because it had reached initial set. Multiple-Concrete Enterprises sealed Section 
No. 23, using Crafco 444 (same lot number), on March 31, 1991. Therefore, the material used 
for filling the last five or more joints in Section No. 8 may be defective due to  the start of initial 
setting of the sealant. 

Self-Leveling Sealants 

A wave-like profile was produced on the top surface of all self-leveling sealants used in this 
experimental project. This condition was caused by the continuous surges in sealant from the 
pump. Surges of sealant produced higher areas that did not completely self-level. If low spots 
developed in a self-leveling sealant, additional material was added to  produce an acceptable joint. 

Contamination of one sealant by another sealant due to incomplete cleaning after application was 
a problem. This was especially noted when the Mobay Baysilone material was used. It appeared 
that this sealant was somewhat contaminated by the Dow 890 S.L. material. 

The silicone sealant (Dow 888) that required tooling appeared to  be more uniform and have better 
adhesion to  the side of the concrete than the self leveling sealants. 

Concrete Cuttings and Construction Traffic 

Concrete cuttings from the joint sawing operations were removed from the joints by means of 
compressed air and dry sawing. During the time period when sealants were applied, several days 
of rain occurred. The rain washed cuttings back into the unsealed joints. Furthermore, 
compressibles from construction traffic became embedded into some unsealed joints. This 
material was wet and would not blow out. Therefore, the joints were again dry sawed and water 
jetted. A rock rake was used for removing large incornpressibles. The joints were also air jetted 
prior t o  sealant placement. At  some joint locations 118 to  318 inches of wet paste material 







TABLE 3 - TEST SECTION STATIONING 

a 
900 + 24' 1 " 903+98' 11" 

. 

a 
2 1 



Transverse Joint Measurements 

The following transverse joint measurements, if applicable, were obtained for each test section. 

Primary joint depth 

Joint width, and depth of secondary cut 
Backer rod depth 
Top of sealant depth 

The primary transverse joint depth, joint width, and depth of secondary cut were measured shortly 
after the sawing operation was completed. If a delay occurred between when the joints were 
measured and when the sealant was actually placed, the joint width was again measured just 
before sealant application. 

Onlyone measurement, for each dimension, was obtained from each joint. Measurement locations 
were spaced at staggered intervals consisting of near shoulder joint, middle of joint, and near 
longitudinal joint. This sequence of measurement locations was then repeated. The temperature 
of the concrete slabs varied from 56OF to 72OF, and the ambient temperature varied from 57OF 
to 7g°F at the time measurements were recorded. Field measurements for all transverse joints 
are provided in Appendix D. 

The depth to  the top of the backer rod was measured at each joint in each section requiring the 
use of a backer rod. These measurements were obtained from March 18 through 25, 1991. 
These data are provided in Appendix E. 

On April 1 and 2, 1991, the depth to  the top of sealant in each joint was measured. These data 
are provided in Appendix E. 

Nondestructive Testing 

Nondestructive testing was conducted from April 4 through 7, 1991, by SHRP personnel. 
Deflection testing using a falling weight deflectometer was performed on all sections except for 
Sections 5 and 22. ADOT personnel performed FWD tests on these sections on August 7 and 8, 
1991. All FWD data were obtained using SHRP Protocol: H30F. The FWD camera used to  locate 
the transverse joints is shown in Figure 18, and Figure 19 shows the load being applied adjacent 
to  a joint. FWD data are provided in Appendix F. 

FWD testing was conducted at three load levels ranging from approximately 9,000 lbs to  17,000 
Ibs. Data were reduced by normalizing deflections to  a 9,000-lb load. Load transfer efficiency 
was obtained by dividing the measured deflection across the joint from the load by the measured 
deflection at the load, and applying a bending correction obtained from midslab deflection testing. 







TABLE 4 - MATERIAL COSTS 

Sealant Costlft 

Watson Bowman Compression Seal '0.62 
Lubricant 

= Total 

Elastomer PV-687 Compression Seal 
Lubricant 
Total 

Crafco 221 Hot Pour 
Flush Oil 
Total 

11 Dow 888 0.41 11 

Crafco 444 Hot Pour 
Flush Oil 
Total 

Dow 890 S.L. 

Dow 888 S.L. 

Mobay Baysilone S.L. 

Crafco Silicone S.L. I 0.41 

Used in place of Elastomer PV-687 

0.09 
0.02 
0.1 1 

0.50 

0.50 

0.49 

Laboratory Test Program 

A laboratory test program was formulated by the Arizona Transportation Research Center (ATRC) 
for the testing of the various sealants used in this research project. Laboratory testing of the 
various joint sealants was performed by Western Technologies Inc. located in Phoenix, Arizona. 
Laboratory test results are provided in Appendix C, and product literature is provided in Appendix 
B. 

Compression Seals 

A sample of the Delastic V-687 compression seal was obtained by ATRC personnel on March 31, - 
1991. This sample was submitted to  Western Technologies on September 18, 1991, for testing. 
This sealant met the required American Society For Testing and Materials (ASTM) specifications, 
except for ASTM D2628. Recovery at 70  hours for 21 2OF and 50 percent deflection did not meet 
the minimum value required in ASTM D2628. 



Samples of the Watson Bowman WB-687 and WE-8 12 compression seals were obtained by ATRC 
personnel and submitted to  Western Technologies on February 11, 1992. These compression 
seals met the required ASTM specifications, except of ASTM D2628. Recovery at 70 hours for 
212OF and 50 percent deflection did not meet the minimum value required by ASTM D2628. 

The Ozone Resistance (ASTM D l  149-Modified) was not performed on any of the compression 
seals. 

Hot Poured Sealants 

Samples of Crafco 221 and Crafco 444 hot poured sealants were submitted to  Western 
Technologies by ATRC personnel on March 21,1991, and October 22,1991, respectively. These 
sealants were tested in accordance with ASTM D3405-78 "Joint Sealant, Hot Poured, for 
Concrete and Asphalt Pavements." Test results indicate that both sealants met the physical 
requirements as listed in ASTM D3405-78. An artificial weathering test was not performed on 
either of the hot poured sealants. 

Self Leveling Sealants 

The self leveling silicone joint sealants were tested in accordance with SHRP protocol, which 
generally follows the State of Georgia Department of Transportation Method (GDT-106). A sample 
of each sealant was obtained from job site containers. Typical samples were obtained as shown 
in Figure 20. 

A sample of Dow 890 S.L. sealant was obtained by ADOT personnel on March 25, 1991. This 
sample was submitted for testing on March 28, 1991. The Dow 890 S.L. sealant met GDT-106 
specifications, except for Durometer Hardness (Shore A). A test value of 3 was obtained, which 
is less than the test requirement of 10 to  25. 

A sample of Mobay Eaysilone S.L. 960 sealant was also tested. Test results for this sealant did 
not meet GDT-106 specifications for movement capability and adhesion (10 cycles, +50%/0% 
at O°F). 

A sample of Dow 888 S.L. (Lot GA 110415) was obtained by ADOT personnel on March 29, 
1991. This sample was submitted for testing on April 8, 1991. The Dow 888 S.L. sealant met 
GDT-106 specifications. 

A sample of Crafco Silicone S.L. was obtained by ADOT personnel on March 30, 1991. This 
sample was submitted for testing on April 8, 1991. The Crafco Silicone S.L. met GDT-106 
specifications, except for Durometer Hardness (Shore A) and Tack Free Time. A test value of 2 
was obtained for Durometer Hardness, which is less than the test requirements of 10 to  25. The 
maximum tack free time of 90  minutes was exceeded by 45 minutes for this sealant. 





Joint Sawing 

As described earlier in this report, primary saw cuts to  control shrinkage cracking were made 
shortly after placement and finishing of the PCC pavement. Because all mainline concrete placed 
was to  a specified depth of 13 inches, the required saw cut depth of T/3, given in the plans, was 
4.333 inches. There were no tolerances for this requirement shown in the plans. The actual 
depths measured and reported were analyzed herein by treating the specified depth as a minimum, 
while considering whether the saw cut depth reached the specified depth. This approach was 
taken due to  the importance of an adequate depth to  control shrinkage cracking. 

Table 5 is a comparison of the depths of primary saw cuts to  the specified depth. It will be noted 
that only 6 of the 22 sections (7, 14, 15.16. 25, and 23) for which data were available had mean 
depths greater than the requirement. The calculated mean depth for each section was increased 
by the value of that section's standard deviation. This would result in a depth which statistically 
is greater than approximately 84 percent of the actual depths for that section. Six sections (1,  
8, 11, 12, 18 and 22) had depths, when computed in this manner, less than the specified depth. 

The widths of the final saw cuts were compared to the specified ranges. Joints in the unsealed 
sections and 118 inch wide filled joints did not require a secondary saw cut, and the primary saw 
cut served as the final joint width. Only those joints that were recorded as uncracked were used 
for this analysis. The portion of the cracks outside the specified limits was computed using a 
normal distribution and the mean and standard deviation for each section. The results of this 
analysis are presented in Table 6. Table 7 is a comparison of the saw cut widths for the initial and 
final measurements where these had both been taken in a section. It was concluded that there 
was no significant difference between initial and final measurements. The data used in Table 5 
are final measurements where they were taken, and initial measurements if there were no final 
measurements. 

An examination of the portion of the crack width measurements beyond the specified limits 
indicates that the sections with 118 inch wide joints 19, 13 and 17) exceeded the upper limit a 
great deal of the time. The same can be concluded for the one section with 114 inch wide joints 
(24); although not to  the extent of the 118 inch joints. Three of the sections with 318 inch wide 
joints (8, 18 and 20) statistically indicated more than one-third of the joints to be beyond the' 
specified limits. The vast majority of the deviations from the specified limits was the result of 
crack widths greater than the upper limit. 

Table 8 is a comparison of the mean widths of cracked and uncracked joints for each section for 
which data were available. 



TABLE 5 - COMPARISON OF PRIMARY SAW CUT DEPTH TO SPECIFIED TI3 " 
Section 

No. - 
1 

38 No Data, Unsealed Section II 

No. of 
Joints 

25 

25 1 No Data 11 

25 1 No Data 

34 4.204 0.216 4.420 -0.1 29 

- Depth, inches Mean Depth + 
Std. Dev. (inches) 

4.219. 

Mean 

4.030 

Mean Depth - 
Spec. Depth (inchesl 

-0.303 

Std. Dev. 

0.189 



tion Nos. 9, 13 and 17; 511 6 inch for Section No. 24: 

TABLE 6 - COMPARISON OF SAW CUT WIDTHS TO SPECIFIED WIDTHS 

Section 
No. 

1 

2 

Portion Beyond Specified Limits Std Dev's to 

Total 

0.000 

0.020 

LL 

0.000 

0.001 

UL 

4.26 

3.00 

Saw Cut Width (inches) 

UL 

0.000 

0.01 9 

LL 

3.76 

2.08 

Mean 

0.3789 

0.3864 

Std Dev 

0.01 56 

0.0246 



TABLE 7 - COMPARISON OF SAW CUT WIDTHS FOR ALL JOINTS 
h n 

Section 
No. 

Std Dev 0.0205 0.01 36 

Pooled Std Dev = 0.01 74 
t(calc) = 1.496 
t(table, n = 20, a=0.05) = 1.725 

23 

Mean 

Again, the final measurements were used where they were available, and initial measurements 
used if final measurements were not available. Findings from this analysis had mixed results. Ten 
of the 23 sections for which data were available had mean widths for the cracked sections less 
than that for the uncracked sections. However, of these, only one section (7)  was found to  have 
a significant difference. Eight of the 13 sections with mean widths of the cracked joints greater 
than the uncracked joints, were found t o  have significantly different widths between cracked and 
uncracked joints. . 

Mean Saw Width (inches) 

Initial 

0.3925 

0.4056 

Final 

0.3925 

0.3945 



TABLE 8 - COMPARISON OF MEAN WIDTHS FOR CRACKED AND UNCRACKED JOINTS 

* 

* Indicates that uncracked joints are significantly wider than cracked joints. 
*Y indicates significant difference. 



a Joint Sealant 

- 
The depth to  the top of the sealant for all sealed joints was specified to  be between 114 and 318 
inch. These two  limits were compared to  the depths measured to  the top of the completed joint 
sealant. By using the means and standard deviations of this depth for each section and assuming 
a normal distribution, the proportion of the depths outside these limits was computed. The results 
of this analysis are shown on Table 9. There were no data available for Sections 5 and 22 which 
had joints sealed with Watson Bowman compression seals. Statistically, 10 of the 20 sections 
measured for this property had more than 50 percent of the depths outside the specified limits. 
The other 10  sections had from 18.8 to  49.5 percent of the depths outside the limits. By far, the 

1 majority of the depths outside the limits were less than the lower limit of 114 inch. The one 
exception to  this was Section 14 where joints were sealed with Delastic V-687 compression seal. 

The depth t o  the backer rod is not as closely defined, since its vertical position is specified 
according to  the depth to  the top of the sealant plus the depth of the sealant. Consequently, the 
backer rod could be as deep as 314 inch or as shallow as 112 inch and still comply with the plan 
detail. Table 10  is a summary of a statistical analysis comparing the depths t o  the backer rods 
to  the required depth range by section, assuming a normal distribution of the data. The depths 
to  the backer road for most of the sections have at least 85 percent within the specified range. 

An important parameter for poured joints is the shape factor of the cross-section of the joint 
sealant. In particular, if the depth of the joint sealant is large compared t o  the width, large strains 
will be introduced into the joint sealant with only small movements of the joint. For the joint 
sealant details specified for this project, the shape factor would be the distance between the top 
of the backer rod and the top of the joint sealant divided into the width of the joint. The smallest 
shape factor that would comply with the specified joint detail would be the maximum depth of 
joint sealant and the minimum crack width, and would calculate to  0.83. 

The shape factor was computed for each poured joint, and the mean and standard deviation for 
each section are summarized in Table 1 1. Seven of the 18 sections had a mean shape factor of 
less than 1.00. and 4 of these were less than 0.83. The remaining 11 sections had mean shape 
factors between 1 .OO and 1.25. 

Joint Load Transfer 

Load transfer data were collected within all sections by use of a FWD. These data were collected 
by SHRP using their testing device for 22  of the 24 sections. Two of the sections (5 and 22) 
were not sealed at the time that SHRP performed their work, and were tested by ADOT using their 
test device at a later date. Data were collected by applying the FWD load near a joint and 
measuring the deflection at the load and at a point on the other side of the joint. This procedure 
was performed with the FWD load applied on both sides of the joint. Similar readings were taken 
at midslab, a significant distance from any joint, to  allow for correction of the data for the distance 



between the load sensor and the sensor across the joint. This correction is necessary to  allow for 
the reduced deflection away from the load even if there was not a crack or joint present. 

TABLE 9 - COMPARISON OF DEPTHS TO TOP OF SEALANT TO SPECIFIED RANGE 
R 

LL is Lower Limit of 114 inch. 
Limit of 318 inch. 





TABLE 11 - SUMMARY FOR SEALANT SHAPE FACTORS 



The Load Transfer Efficiency (LTE) was calculated by dividing the deflection at the FWD load into 
the deflection measured for the sensor on the other side of the joint. The factor was then 
multiplied by the midslab correction factor. A correction factor of 1.10 was used for the SHRP 
data. and a factor of 1.22 was used for the ADOT data. 

The LTE was determined for each joint tested for both sides of the joint. The mean and standard 
deviation for the LTE for each section was determined separately for cracked and uncracked joints. 
A linear regression analysis was performed using the depth of the primary saw cut as the 
independent variable and the mean LTE for both sides of the joint as the dependent variable. 

The results of the linear regression analysis by section are shown in Table 12. The very low - coefficient of determination (rZ) of 0.033 indicates poor correlation between saw cut depth and 
LTE at this time. The regression coefficient does have a negative sign indicating that LTE would 
be reduced with increase in saw cut depth, as would be expected. Since the vast majority of the 
LTE values are near 1.00, indicating complete load transfer at this time, a strong correlation to  any 
other variables would not be expected. It is expected that with time and usage, the LTE will be 
reduced and a stronger correlation with other factors may develop. 

A similar regression analysis was performed using the mean saw cut depth and LTE for each 
section as variables. This included the mean LTE for both cracked and uncracked joints in the 
same test section. The results of the linear regression analysis by section are shown in Table 13. 

SUMMARY 

This research project was constructed to  evaluate the performance of various types of joint 
sealant and joint configurations for portland cement concrete pavement. Nine types of joint 
sealant, two  sections of unsealed joints and three joint configurations were included in the work. 
Joint sealant materials studied included preformed compression seals, hot poured sealant, tooled 
silicone sealant and silicone self leveling sealant. Most sealants were placed in 318 inch wide 
joints; however, some 118 and 114 inch wide sealed joints were constructed. Joints in the 
unsealed section consisted of only the 118 inch wide primary saw cut. 

Cost for the work was negotiated with the paving contractor as a change order. Proposed 
sealants were laboratory tested for specification compliance. The primary saw cut for transverse 
joints was detailed in the plans to  be 118 inch wide and to  a depth of one-third the thickness of 
the 13  inch thick portland cement concrete slab. Secondary saw cuts were made to  widen the 
joints to  1 14 or 318 inch, where required. 

Joint sawing took place during February, 1991, and joints were sealed during March, 1991, 
except for two  sections with compression seals that were sealed during May, 1991. 



TABLE 12 - COMPARISON OF LTE TO PRIMARY SAW CUT DEPTH BY SECTIONS 

Linear regression using 21 points: 
LTE = 1.243 - 0.0638d, d is sawcut depth 
r2 = 0.033 

Mean Sawcut Depth (inches) 

4.0625 

4.1 979 

No Data 

4 

5 

6 

. 

0.91 

1.02 

1 .O1 

9 

24 

9 

No. of Joints 

9 

12 

13 

Section No. 

1 

2 

3 

4.0625 

No Data 

4.2222 

Mean LTE 

0.82 

1 .OO 

1.01 



I I 1 1 NO Saw cut Data II 

TABLE 13 - SUMMARY OF LOAD TRANSFER EFFICIENCY DATA 

4 

5 

16 

T 

Section No. 

0.70 

1.02 

Mean LTE 

Cracked I Uncracked 

Linear Regression LTE vs. Saw Cut Depth 

17 I 1.01 I 1 .OO I No Saw Cut Data 

1 .OO 

1 .OO 

1.02 

r2 A 

0.99 

B 

1.24 

0.78 

No Saw Cut Data 

-0.081 8 0.045 

0.0483 0.108 



During construction of the experimental work, the dimensions and condition of the sawed joints 
were recorded. The vertical positions for joint sealant materials were measured. Following the 
completion of joint sealing, falling weight deflectometer data were taken at selected transverse 
joints in all sections to  study the joint's load transfer ability. FWD data were obtained by SHRP 

for all but two  of the sections during April, 1991. ADOT obtained the FWD data for the other two 
sections during August, 1991. 

Data collected from joint sawing were examined. Generally, the primary saw cut depth was less 
than the specified amount of one-third the slab thickness. An appreciable proportion of the widths 
of uncracked final saw cuts exceeded the specified maximum width; however, the majority of the 
widths measured were within specified tolerances. Very few of the final saw cut widths were less 
than the lower limit of the specified range. 

The tops of the joint sealant materials were above the specified range for a large portion of the 
joints. The vertical positions of the backer rods, where they were required, were generally within 
the allowable range. The combination of correct crack width, correct backer rod placement and 
higher than specified top of joint sealant, where it occurred, resulted in thicker than intended joint 
sealant applications. The result of this was shape factors of depth compared to  width smaller 
than expected for some sections. 

Load transfer efficiency calculated from FWD data generally indicated full load transfer across the 
joints at this early age. Consequently, the correlation with other factors such as depth of primary 
saw cut is not good. Generally, the joints observed to  be uncracked, demonstrated better load 
transfer than the cracked joints. Specifically, four sections had LTE for cracked joints equal to  or 
less than 0.80, while the uncracked joints in those sections were near 1 .O. 

Future studies of the performance of these joints are intended. It is expected that these later 
observations will provide additional information on joint configuration and joint sealant 
performances. 




