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FOREWORD 
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The Principal Investigators were Drs Anastasios M. Ioannides and Issam A. Minkarah, 

Department of Civil and Environmental Engineering, University of Cincinnati. The ODOT 1 

Technical Monitor was Mr Roger Green, the Administrator for the Office of Research and 

Development at ODOT was Ms. Monique Evans, and the FRWA liaison in CoIumbus, OH was 

Mr Herman Rodrigo. The ODOT Site Engineer was Mr Greg Wright, the Site Manager for the 

Contractor (Kokosing Construction Company, Inc.) was Mr John Householder, the Contractor's 
1 

Supervisor for Sealants was Mr Steve Geb. The assistance, cooperation and fiiendship of these 

individuals was a major contributor to the success of the study, and their support is gratefully 

acknowledged. Special thanks are also extended to the following persons: Messrs Jim Sargent 

and Brian Schleppi of ODOT, together with their able profilometer crews; Mr Ed Malone and the 

rest of the Contractor's sealant installation personnel; and MR Kurt D. Smith of Applied 

Pavement Teclznology, Inc.. The personal communications of Messrs. Greg Wright, Neil I 

McKown, Aric Morse of ODOT, MR Bob McQuiston of FHWA-Columbus, OH, and of MR 

Lynn D. Evans of ERES Consultants, Inc. are acknowledged in the text of this Report. 

Portions of this Report will be submitted by Allen R. Long to the Division of Research and 

Advanced Studies of the University of Cincinnati in partial fulfillment of the requirements for the 

degree of Master of Science in the Department of Civil and Environmental Engineering, in 2002. 
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ABSTRACT 

This is the third and Final Report for a research project that entailed the 

construction and evaluation to date of a stretch of a four-lane highway near Athens, Ohio. 

The main purpose of this project has been to evaluate concrete pavement performance in 

connection with various sealant types and joint configurations in the Wet-Freeze climatic 

zone. A detailed description of previous work conducted from Fall 1996 to March 2000 

can be found in Hawkins (1999) and in Sander (2002). 

Fifteen different material-joint configuration combinations have been used. The 

new pavement consists of a 250-mm (1 0-in.) jointed reinforced concrete slab with 2 1 -A 

joint spacing, placed over a 100-mm (4-in.) free-draining base layer, constructed over a 

150-mm (6-in.) crushed aggregate subbase, resting over the predominantly silty clay local 

subgrade. The highway has a twenty year design period, with design traffic level of 11 

million ESALs. The eastbound lanes were constructed first and have been open to traffic 

since Spring 1998, whereas the westbound lanes have been serving traffic only since 

Spring 1999. 

Three joint sealant, profilometer and pavement performance surveys are described 

in this Report. These evaluations were conducted in October 2000, June 2001, and 

October 2001 in accordance with an evaluation plan developed by the University of 

Cincinnati research team based on statistical principles. Sealant effectiveness values are 

calculated and treatments are ranked according to a rating scheme that describes each 

sealant type very good, good, fair, poor, or very poor. Results fiom these evaluations are 
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analyzed and compared to those fkom earlier inspections to delineate the major trends 

exhibited by the test pavement. 

During the March 2000 evaluation, a significant flooding event was witnessed. 

Apparently in the days prior to the evaluation substantial amounts of rainfall had occurred. 

The Hocking River, whch runs along the highway, could not handle the amount of water 

fkom the storm. Several fields adjacent to the roadway were flooded and the drainage 

ditches overflowed. The extensive flooding concerned the UC research team and an 

investigation of the drainage aspects ofthe test paveqent was initiated soon after. 

Following the flooding several transverse cracks were noticed in the pavement. Both the 
I 

development of structural distresses and the drainage features of the pavement system are 

also examined in this Report. It is reported that significant mid-slab cracking has been 

observed in the test pavement, but that this distress appears unrelated to the performance 

of the sealant treatments. 

It is anticipated that pavement and sealant performance monitoring will continue 

for several years. Several recommendations for future investigations are formulated. 
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1 INTRODUCTION 

1.1 Introduction 

In 1992, a number of state, federal and industry pavement engineers fiom the 

United States (U.S.) participated in a tour of several European countries for the purpose 

of reviewing their practices and experiences with regard to improving Portland cement 

concrete (PCC) pavement performance. In the aftermath of this tour, a program was 

formulated by the Federal Highway Administration VHWA) for assessing the 

effectiveness of a number of innovative concrete pavement design and construction 

features. The ultimate aim of the program is the design and construction of high 

performance concrete pavements (HPCP). These pavements will be characterized by 

three attributes: incorporation of innovative design and construction features and 

materials; enhanced construction techniques that lead to increased productivity; and ride 

quality and prolonged service life, resulting in lower life cycle costs. The immediate goal 

of the HPCP program is to construct selected highway projects across the U.S. to 

investigate innovative PCC pavement design and construction concepts. The long-term 

objective is to improve PCC pavement performance through innovations and research into 

their design, materials, construction technology and equipment, as well as evaluation of 

promising pavement technology developments from other countries. 

Fifteen projects have been approved for funding under the HPCP program since its 
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inception in 1996, including three in the state of Ohio. All three Ohio projects, developed 

by the Ohio Department of Transportation (ODOT) in collaboration with the FHWA, are 

located along a stretch of reconstructed PCC pavement on U.S. 50, outside the city of 

Athens, Ohio. One of these projects is designed to evaluate PCC pavement performance 

in connection with various sealant types and joint configurations, including unsealed 

transverse joints. 

Since the early 1940s, joint sealants have been an integral part of practically all 

jointed plain concrete pavements (PCP) or jointed reinforced concrete pavements 

(JRCP). Previous studies in Ohio and elsewhere have demonstrated that joint sealing 

techniques have the potential of making a significant contribution to the performance of 

such pavements. Sealants are thought to provide protection to the pavement in two 

important ways. First, by sealing joints, infiltration of moisture into the pavement base 

and subgrade is reduced. Such moisture would othemvise lead to softening, pumping, and 

erosion of these layers, resulting in joint faulting and comer breaks in the slab. Secondly, 

sealing the joints prevents incompressible materials, such as small stones, from entering 

them and becoming lodged. Such incompressibles can inhibit thermal slab movement, 

increasing the stresses in pavement slabs and leading to joint spalling and transverse 

cracking. 

Serious consideration, however, must be given to the practical aspects of joint 

sealing if the sealant is to work effectively. Most importantly, the process of sealing joints 

requires carefbl and experienced installation and inspection. The joint must be washed, 

sandblasted, and cleaned before the backer rod and sealant are introduced, in order to 
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prepare vertical, intact and clean bonding surfaces that are dry and free of contaminants. 

If proper construction procedures are not followed carefully, the sealant may not form a 

good bond with the concrete slab and infiltrating moisture may not be reduced as 

effectively. Improperly installed sealants are also subject to premature deterioration fiom 

the weather and traffic. If the sealants are installed too far below the pavement surface, 

incompressibles are likely to enter the joints. Conversely, if installed at or slightly above 

the pavement surface, vehicle tires are likely to damage or destroy the sealant. Moreover, 

the sealant must be installed under suitable weather conditions, with virtually no moisture 

present in any form. Given the stringency of cleaning and installation procedures, it is 

advisable to have someone inspecting these operations as they proceed. Without such 

inspection, a great deal of effort and money could be wasted on ineffective seals. 

This is the Final Report submitted in hlfillment of the contractual obligations of 

the University of Cincinnati research team, selected by ODOT to conduct the sealant 

experiment under the TE-30 High Performance Concrete Pavement initiative of the 

FHWA. The Report describes the design and construction of the U.S. 50 test pavement, 

together with the experimental design for the sealant investigation. Monitoring activities 

are discussed and the sealant and pavement performance to date is presented, thereby 

providing an update to two prior publications published in the technical Literature 

(Hawkins, et al., 2001; Ioannides, et al., 2001), as well as two previous interim reports 

submitted to ODOT by the research team (Hawkins, 1999; Sander, 2002). Arch
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1.2 Project Objectives 

This Report describes the research experiment near Athens, Ohio involving the 

installation of various joint sealants in the transverse joints of a newly constructed FCC 

pavement. The experimental design for this project was developed in 1997 by the FHWA 

and ODOT to provide data for the evaluation of the performance of various joint seals and 

joint configurations. Fifteen combinations of materials and joint configurations are used in 

the experiment, which includes unsealed control sections. The purpose of these pavement 

test sections, located in the Wet-Freeze climatic zone, is to duplicate and complement 

similar sections constructed in other states under the Strategic Highway Research Program 

(SHRP) Specific Pavement Studies (SPS)-4 experiment. The test pavement is divided into 

fifteen test sections, each section typically being 183 m (600 ft) in length, but also includes 

some longer sections. Each test section incorporates about thirty joints. In accordance 

with the experimental design, two replicates of each of fifteen chosen material-joint 

configuration combinations are provided. Two of these combinations involve unsealed 

joints. In each case, one replicate is in the eastbound lanes, built during the 1997-98 

construction season, and the other in the westbound lanes, placed during the 1998-99 

construction season. In constructing the test sections, the following objectives were 

established: 

(a) To assess the effectiveness of a variety of joint sealing practices employed after the 

initial sawing of joints, and to examine their repercussions in terms of reduced 

construction time and life cycle costs; 

4 
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(b) To identi@ those materials and procedures that are most cost effective; and 

(c) To determine the effect ofjoint sealing techniques on pavement performance. 

1.3 Literature Survey 

1.3.1 Conventianal Wisdom 

Joint sealants are currently used in highway pavements in order to minimize 

passage of surface water through joints and cracks, in conjunction with a permeable 

subbase designed to remove water £?om the pavement system (Voigt, 1997). This leads to 

the question of whether both these lines of defense are necessary, or whether it might be 

more cost effective not to seal the joints, and to rely instead on the permeable subbase and 

on other associated subsurface drainage features to remove the water. The answer to this 

question has been the subject of increasing controversy in the U.S. in recent years. 

In a survey of state highway agencies (McGhee, 1995), the following philosophies 

on drainage were recorded. Thirty states strive to seal pavements as well as possible, 

while also attempting to control the water through use of a drainage layer, other 

subsurface drainage, or both. Nine states try to seal the pavement as we11 as possible, but 

are not concerned with subsurface drainage. The remaining eleven states take the position 

that water will inevitably enter the pavement system, and seek only to control it through 

use of 3 drainage layer, other subsurface drainage, or both, rather than relying on the 

effectiveness of joint sealants. Only one of these eleven states, Wisconsin, dispenses with 

joint sealing entirely. 
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1.3.2 The Wisconsin Experience 

The state of Wisconsin has been performing research on the desirability of joint 

sealing for the past fifty years. They have investigated this problem from a variety of 

angles, and have considered locations in both urban and rural areas, various traffic levels 

and weights, base courses and subgrades, joint spacings, load transfer means, and so on. 

From this voluminous research, the conclusion was drawn that joint sealing does not 

enhance pavement performance (Shober, 1997) and that contraction joint sealing costs 

cannot be justified (Shober, 1986). Thus, in 1990 the state of Wisconsin determined there 

were sufficient data to warrant the decision not to seal cracks or joints in PCC pavements. 

The state of Wisconsin began this research by questioning the assertion that joint seals 

enhance pavement performance by keeping incompressibles out of the joints and by 

preventing the infiltration of water. It was argued that this theory might have had merit 

when PCC slabs were constructed above the bare subgrade, but that with the present use 

of subbase and base courses to provide drainage, it may no longer be entirely true. If an 

unsealed pavement remains in as good a condition as a sealed pavement, then it is obvious 

that sealing is not a cost-effective procedure. In their research, Wisconsin investigators 

evaluated both sealed and unsealed PCC pavements in terms of distress development, ride 

quality, bridge encroachment, and materials integrity. Their findings indicate that joint 

sealing has no significant effect on any of these parameters, and reaffirm that pavements 

with shorter joint spacings perform better than pavements with Ionger joint spacings 

(Shober, 1997). 

Earlier published literature from Europe had suggested similar conclusions. In 
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1979, at the 16' World Congress of the Permanent International Association of Road 

Congresses (PIARC), the Technical Committee on Concrete Roads presented a report, 

which concluded that for joint spacings of 4 to 6 rn (13 to 20 ft), there was no 

disadvantage in leaving narrow transverse joints unsealed when: (a) traffic is light; (b) 

traffic is heavy but the climate is dry; and (c) traffic is heavy and the climate is wet, but the 

pavement is doweled (Ray, 1980). 

1.3.3 The SHRP SPS-4 Experiment 

The answer to the question of whether or not joint sealing can or does improve 

pavement performance remains the subject of intense debate. There are many variables at 

work and a myriad of questions and unknowns surrounding this issue. The SHRP SPS-4 

supplemental joint seal experiment was designed to provide valuable information on the 

subject ofjoint sealing. Long-term monitoring was performed on six research sites in the 

western United States (Smith, et al., 1999) . An interesting trend can be observed in the 

data that reflect the overall performance of transverse joint seals at each site. In preparing 

the joints for seaIant placement, water- and air-blasting were the only means of joint 

cleaning at three of the test sites (in Utah), whereas at the other test sites sandblasting was 

required, as well. The three Utah sites clearly exhibit inferior performance compared to 

the other sites. This suggests that sandblasting is probably an important factor in ensuring 

high quality, long-lasting sealed joints. It is worth noting that the experimental factorial 

adopted at the U.S. 50 joint sealant project is intended to replicate the corresponding 

factorials developed for the SHRP SPS-4 studies, so that comparable data are collected in 
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the Wet-Freeze climatic zone, heretofore absent &om similar considerations elsewhere. 

1.4 Report Organization 

This Report summarizes the monitoring and evaluation activities performed by the 

University of Cincinnati research team at the U.S. 50 joint sealant test site throughout the 

contract period (November 1996-May 2002). A brief literature review focusing on the 

recent controversy regarding the use of joint sealant materials and procedures has been 

presented in this first Chapter. Chapter 2 provides a description of the U.S. 50 test site, 

detailing the layout of the project and including the test pavement cross-section and the 

subdivision of the highway stretch into sealant test sections. Both design considerations 

and construction procedures are examined. Summarized in Chapter 3 are early sealant and 

pavsrllent performance evaluations, i.e., two visual inspections undertaken in Fall 1998 

and Spring 1999, and two quantitative evaluations performed in Fall of 1999 and Spring 

2000. The latter two were conducted in accordance to a performance evaluation plan that 

calls for the use of specially developed form in monitoring activities and cfata collection. 

Chapter 4 presents summaries of the field performance data collected in Fall 2000, Spring 

2001 and Fall 2001, pertaining to both the sealant and the overall pavement condition. In 

Chapter 5, results from a detailed statistical analysis of the sealant and pavement 

performance data are given. Trends in sealant performance are examined and the 

effectiveness of each material and joint configuration to date is surnrnarize:d. An 

evaluation of the drainage features at the US. 50 test site is presented in Chapter 6 ,  along 
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with some recommendations formulated in order to ensure their continued effectiveness. 

Finally, Chapter 7 summarizes the outcomes of this study and provides a list of 

recommendations for future investigations. 
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THE U.S. 50 TEST SITE 

2.1 Project Location and Description 

The test site under investigation is a 3.3-km (2.0-mile) section of a new 10.5-krn 

(6.5-miIe), four-lane divided highway constructed along a stretch of United States (U.S.) 

Route 50 approximately 1.3-km (0.8-mile) east of the city of Athens, in Athens County, 

southeast Ohio. The experimental pavement is part of a 10.5-km (6.5-mile) stretch of 

U.S. 50 under reconstruction. The project lies in the Wet-Freeze climatic zone, where the 

local mean annual precipitation is 980 mm (38.6 in.), Of this, 533 mm (21 in.) usually 

accumulates between the months of April and September. In the higher elevations of 

Athens County, winters are cold and snowy, with a mean annual snowfall of 447 rnm (1 7.6 

in.). h-i the valleys, it is also frequently cold, but intermittent thaws prevent a long-lasting 

snow cover. During the winter months, the average temperature is 0°C (32°F) and the 

average daily minimum temperature is -6°C (21 OF). The average summer temperature is 

22°C (71 O F ) ,  with an average daily maximum temperature of 29°C (85°F). The mean 

monthly average temperature is 12°C (53°F). The Iow average monthly temperature is 

0°C (3ZUF), whereas the high average monthly temperature is 24°C (75 OF). Construction 

of the U.S. 50 test site in the Wet-Freeze zone eliminates a gap in the on-going Strategic 

Highway Research Program (SHRP) Specific Pavement Studies (SPS)-4 experiment, 

which is investigating the effectiveness of various joint sealing techniques in different 

climatic regions across the United States. 

10 
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This reconstructed four-lane highway has a twenty year design period, with current 

(1 993) average daily traffic (ADT) of 7820 and design year (2013) ADT of 10950. The 

design traffic level is 11 million Equivalent Single Axle Loads (ESALs) and the truck 

percentage is 9%. The pavement cross-section consists of a 250-mm (10-in.) plain, 

jointed, wire-reinforced Portland cement concrete (PCC) slab (Item 45 I), placed over a 

100-mm (4-in.) crushed aggregate, fiee-draining base layer (Item Special), constructed 

over a 150-mm (6-in.) crushed aggregate subbase (Item 304), resting over the 

predominantly silty clay local subgrade. 

In both the eastbound and westbound Qrections, the hghway consists of two 3.7- 

m (12-ft) wide lanes having tied PCC shoulders. On the inner (i.e., abutting the median) 

and outer sides of the pavement, the shoulders are 1.2 and 3-m (4 and 10-fi) wide, 

respectively. Transverse joints, spaced every 6.4 rn (2 1 A), are fitted with epoxy-coated 

steel dowels that are 38 mrn (1.5 in.) in diameter and 460 mm (1 8 in.) in length. The 

dowels are supported on baskets and are placed 305 mm (12 in.) on center, starting at 

150-rnm (6-in.) fiom the shoulder joint. The longitudinal center line and shoulder joints 

are tied with 16-nm (0.625-in.) diameter, 760 mrn (30 in.) long deformed steeI bars 

spaced every 760 mm (30 in.). 

In addition to the sealants experiment, the pavement accommodates two other 

tests, all conducted under the TE-30 High Performance Concrete Pavement (HPCP) 

initiative of the Federal Highway Administration (FHWA). For the purposes of these 

tests, 25% of the cement in the PCC slab mix was replaced by ground granulated blast 
I 

furnace slag. For fi-eeze-thaw durability purposes, the coarse aggregate in the mix was 
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No. 8 gravel (9.5-mm or 3/8-in. maximum size). Some of the steel dowels in the slab 

were replaced by fiberglass ones or by stainless steel tubing filled with concrete. 

2.2 Joint Sealant Test Sections 

Test sections are the numbered portions of the highway pavement that encompass 

one of fifteen specific sealant material and joint configuration combinations, referred to as 

a treatments, for some distance or number of joints. For this experiment, the pavement is 

divided into thirty different test sections, which are typically 183 rn (600 A) in length, with 

approximately thirty transverse joints per section. In general, two replicate sections of 

each treatment were constructed, one in the eastbound and the other in the westbound 

lanes. One of the primary objectives of the experiment is to determine whether or not 

there is a distinct advantage in using one type of treatment over another as it relates to 

pavement performance. In the eastbound lanes of the project, the test sections are located 

between Stations 154+00 and 290+00, while those in the westbound lanes begin at Station 

133+60 and end at 290+00. Transverse joints between Stations 231+00 and 260+00 in 

both directions are not included in the experimental design nor in the perfm-rnance 

evaluations. This stretch corresponds to the location of the batch plant and of the 

headquarters of the project contractor (Kokosing Constmction Company, hc.), an area of 

intense and heavy truck traffic. 

Table 2.1 shows the sealant type, test section stations, joint width, length, and 

number of joints in each of the test sections. Ten different joint sealants are used in the 
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test sections, in addition to those intentionally left unsealed. Of the ten sealant types, two 

are single component, hot-applied sealants, four are silicone sealants, and three are pre- 

formed compression seals, as follows: Crafco 221 and Crafco 444; Crafco 903-SL, Dow 

890-SL, Crafco 902, and Dow 888; and Delastic V-687, Watson Bowman WB-687 and 

812, and Techstar W-050. Four test sections were intentionally left unsealed to evaluate 

the effects of unsealed joints on pavement performance. In this experiment, six joint 

configurations or designs (numbered 1 through 6) were used, as shown in Figure 2.1. 

Only configurations 1,3 and 5 received a secondary cut, and backer rod was placed in 

designs 1 ,3  and 4 only. Configurations 2 and 6 were used in unsealed test sections, 

whereas designs 1,3 and 4 were used for liquid sealants. All transverse joints requiring 

the use of a compression seal had joint configuration 5. By combining the various seaIant 

materials and joint configurations, a total of fifteen different treatments were formed. A 

detailed description of each sealant material and joint configuration installed at the U.S. 50 

project can be found in Hawkins (1999), which also presents manufacturer supplied 

product literature in the accompanying appendix. 

The two hot-applied sealants are both manufactured by Crafco Inc. of Chandler, 

Arizona. The fmt is the Crafco Superseal 444'777, a fuel resistant sealant specifically 

intended for sealing PCC pavements in moderate to hot climates. This sealant is initially 

liquid and is poured into a melter application unit, which heats the sealant to the 

ap~licztion temperature. The product data sheet advises that this sealant should only be 

applied when ambient air temperature is between 10°C (50°F) and 32°C (90°F). 

The second hot-applied sealant used is the Crafco Roadsaver 221. This petroleum-based 
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pavement crack and joint sealant is intended for use in moderate to cooler climates. It is 

initially in solid block form, and is heated before application using either a pressure feed 

melter applicator unit or a pour pot. The product data sheet recommends that appIication 

should be at pavement temperatures of 4°C (40°F) or higher, and that the joint should be 

shaped so that the sealant reservoir depth-to-width ratio does not exceed 2: 1. 

Of the four silicone sealants used, two are also manufactured by Crafco, Inc. The 

first is the Roadsaver Silicone SL (also designated as Crafco 903-SL), a self-leveling, jet- 

blast resistant, silicone sealant that can be used in all climates. It is applied using a bulk 

dispensing system unit and requires neither tooling nor the use of primers. 

The second silicone joint sealant manufactured by Crafco, Inc. is the Roadsaver 

Silicone Sealant (also called Crafco 902). This is a low modulus, non-sag silicone seaIant 

intended for use in PCC pavements without requiring any primers. It possesses the same 

qualities as the Crafco 903-SL, except that it is not self-leveling but must be tooled to 

ensure adequate contact and adhesion with the joint walls. 

The other two silicone sealants used are manufactured by Dow Corning 

Corporation of Midland, Michigan. The first is the Dow 888, a one-part, cold-applied 

silicone joint sealant that requires no use of primers and is virtually unaffected by sunlight, 

rain, snow, ozone or temperature extremes. The product data sheet recommends that the 

sealant should not be applied to damp concrete or installed in inclement weather. Since it 

is a n~n-sag silicone sealant, it must be tooled to ensure adequate contact and adhesion to 

an appropriate depth. It is applied directly fkom a bulk container into the joint by a hand- 

or an air-powered pump. 
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The last silicone sealant is the self-leveling, one-part, cold-applied Dow 890-SL, 

which requires no use of primers and is resistant to climatic extremes. It has the same 

restriction as the Dow 888, i.e., that it should not be applied if moisture is present in any 

form. Since it is self-leveling, it requires no tooling and is applied using a hand- or air- 

powered pump. 

Turning now to the compression seals included in this experiment, the Delastic V- 

687 compression seal is manufactured by 73e D.S. Brown Company of North Baltimore, 

Ohio and has a width of 17.5-mm (1 1/16-in.). It is a preformed neoprene compression 

seal and is installed with the help of an adhesive lubricant, either by hand or with the help 

of an installation machine. The data sheet advises that the seal must be installed with 3% 

or less stretch to prevent premature failure. 

Two of the compression seal types used are manufactured by Watson Bowman 

Ac~zie of Amherst, New York. In the eastbound lanes, the WB-687 compression seal was 

installed, whereas in the westbound lanes the WB-812 was called for. These are 

preformed neoprene compression seals, distinguished mainly in their width and height 

dimensions: the WB-687 is 17 rnrn (1 1/16 in.) wide by 17 rnm (1 1/16 in.) high, whereas 

the WB-8 12 is 2 1 mrn (1 3/16 in.) wide by 22 mm (7/8 in.) high. According to the product 

data sheet, the recommended installation procedures include cleaning the joint with 

compressed air and applying BonLastic adhesive to the inner faces of the joint. The 

sea!mt is then placed along the joint and compressed into place to the desired depth. 

The Techstar W-050 W-Seal is manufactured by Techstar, Inc. of Findlay, OH. 

Strictly speaking, this is not a compression seal, but it is included in this category for the 
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sake of convenience. It is made of Santoprene thermoplastic and is instaIled after a 

Techstar adhesive has been applied to the joint. The seal is initially flat but it is folded as it 

is fed into an installation tool, which inserts the seal into the adhesive-Iined joint. The 

contractor's crew reported some difficulties with the placement of this seal in the 

eastbound lanes (Steve Geib and Ed Malone, 1998: personal communication); the 

manufacturer's representatives oversaw its installation in the westbound direction. 

Information provided by the manufacturer claims that this seal is stretch-proof and 

requires less recess from the pavement surface than other seals. 

2.3 Pavement Design Considerations 

2.3.1 Input Parameters 

The 1993 American Association of State Highway and Transportation Officials 

(AASHTO) design procedure for rigid pavements was used by Parsons Brinkerhofi Inc. 

as contractor to the Ohio Department of Transportation (ODOT) in determining the 

required slab thickness. Expected 80-kN (18-kip) equivalent single axle loads (ESALs) 

over the anticipated twenty year design period of the pavement were estimated based on 

traffic survey data collected in 1991. At the start of the design period, the average daily 

traffic (ADT) count was 7820 vehicles. At that time, the percentage of trucks, T, in the 

,4DT was 16%. The directional distribution factor, D, was assumed to be 50% for the 

analysis. The design year (201 1) ADT was estimated to be 10,950. Interpolating between 

the 1991 and 201 1 ADTs, the 20-year average (2007) ADT was determined to be 10,324. 
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The U.S. 50 test pavement was given the functional classification rural principal arterial. 

Based on the information above, it was determined that the pavement would be subjected 

to approximately 1 1 million ESALs over the twenty year design life of the pavement. 

Design variables unique to concrete pavements include modulus of rupture, MR, 

concrete modulus of elasticity, E,, modulus of subgrade reaction, k, as well as the load 

transfer coefficient, J, and drainage coefficient, C. Values of E, and MR selected for the 

pavement design were 24.8 GPa (3,600,000 psi) and 4.8 MPa (700 psi), respectively. To 

characterize subgrade support, a k-value of 27 MWm3 (100 pci) was conservatively 

chosen to represent seasonal changes in the condition of the underlying soil and the impact 

it may have on design slab thickness. The load transfer coefficient is intended to reflect 

the ability of a concrete pavement to transfer load across joints and cracks. Due to the 

presence of tied concrete shoulders and dowel reinforced transverse joints in the 

pavement, a load transfer coefficient of 2.80 was selected. The quality of drainage and the 

duration of saturation levels in the underlying granular layers are reflected in the drainage 

coefficient. A coefficient of 1.0 was selected as appropriate for the drainage provisions at 

the test pavement, which include an open graded base layer. According to the AASHTO 

Guide, a value of 1.0 may characterize a material that has good to poor drainage and 

exhibits saturated moisture levels 1 to 25% of the time. 

The level of reliability selected was 85.0%, with a standard deviation of 0.39. 

Initial and terminal serviceability indices used in the design equations were selected as a 

I 
function of pavement type and construction quality. Based on the pavement surface 

texture and expected traffic volumes for the pavement, initial and terminal serviceability 
I 
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indices of 4.20 and 2.50, respectively, were chosen. 

2.3.2 Design Features Affecting Pavement Performance 

Several key elements of sound pavement design are considered below in order to 

examine whether the pavement can continue to maintain high performance levels even if 

joint sealants were to deteriorate, allowing the infiltration of moisture and debris into the 

subbase, base and subgrade. Conversely, the probability that the pavement might 

deteriorate rapidly even if all sealants continued to function properly may also be assessed. 

A more detailed discussion of these and of several additional features affecting pavement 

performance is provided by Sander (2002). 

Drainage 

Drainage at the U.S. 50 test pavement is accomplished through the use of a 100- 

mrn (4-in.) open-graded aggregate base course, a 100-mm (4411.) longitudinal pipe 

underdrain, as well as transverse collector pipes, spaced at 152 m (500 A) intervals, 

evacuating moisture out of the pavement system into adjacent drainage ditches. The 

ditches are primarily designed to transport storm water away fiom the pavement and into 

the nearby Hocking River. 

The design for the eastbound and westbound lanes of the test pavement called for 

the construction of a non-stabilized open-graded drainage base (NSDB), Item Special, 

placed in a single 100-mm (4411.) lift directly beneath the 250-mm (IO-in.) thick PCC slab 

(Item 45 1). The aggregate used for the base is an unbound crushed limestone. In the 

eastbound lanes, a "New Jersey" type NSDB satisfying the aforementioned specifications 
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was placed, whereas in the westbound lanes, an "1owa'"e NSDB was used, because of 

its perceived superior long-term performance with regard to cracking of the PCC. 

Located between the subgrade and base is a blanket of granular subbase material, 

consisting of 150-mm (6-in.) of crushed aggregate (Item 304), which meets ODOT filter 

criteria. As an additional line of defense against the migration of silt- and clay-size 

particles into the overlying drainage base layer, the surface of the subbase was treated with 

a bituminous prime coat (Item 408), which was sprayed onto the surface of the compacted 

subbase and allowed to cure before placement of the base. Without this protective coating, 

the voids in the base might become clogged over time, thereby reducing or completely 

eliminating the drainage capacity of this layer. 

Drainage design details for the test pavement called for the installation of 

longitudinal drains placed at the bottom of two trenches, one along the edge of the 

mainline PCC pavement slab and the other parallel to the outer edge of the shoulder. The 

outermost trench extended to a depth of approximately twice that of the drainage trench 

located below the PCC slab edge. The deeper trench primarily is intended to drain the 

subgrade, whereas the shallow trench is designed to evacuate water fi-om the base and 

subbase layers. The trenches were excavated to a minimum width of twice the pipe 

diameter, or 205 mrn (8 in.), and were lined with filter fabric underdrain wrap to prevent 

future clogging of the pipe. The filter fabric (Spec. 712.09, Type A) prevents fine-sized 

soil particles from entering the drain and choking the voids that would allow free passage 

of water. Granular material was used as backfill in the trenches and was placed to a 

minimum height of 300 mm (12 in.) above the top of the pipe. All longitudinal drains 
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were constructed using a 102-rnrn (4-in.) diameter shallow pipe (Item 605) that was 

installed continuously as it was unwound from a large spool. The underdrain pipes were 

then connected with transverse outlets spaced at approximately 152 m (500 fi) intervals. 

Extensive flooding occurred in March 2000, following several days of intense 

rainfall. To the south of the pavement, the Hocking River overflowed its banks, with the 

hlghway embankment itself serving as the river bank in many locations, where the water 

level rose to less than 1.5 m (5 ft) of the pavement surface. Extensive flooding was also 

observed to the north of the test pavement, covering several acres of farmland and woods. 

The pavement ditches disappeared under the flood pool and seemed unable to conduct the 

water under the pavement section and into the Hocking River for several days. 

Joint Load Transfer 

For the pavement-as-built at the U.S. 50 test site, load transfer across transverse 

joints is accomplished through regularly spaced epoxy-coated steel dowels. For the 

purposes of another experiment, these dowels are replaced at some of the joints by 

fiberglass bars or by stainless steel tubes filled with concrete. All dowels are 38-mm (1.5- 

in.) in diameter and 460-rnm (1 8411.) in length, are spaced 305 mm (12 in.) on center and 

are supported on baskets located every 6.4 m (2 1 ft). To evaluate the effectiveness of this 

design, finite element computer program ILSLZ (loamides and Khazanovich, 1994) is 

used to calculate stress and deflection load transfer efficiencies, as well as maximum 

values of deflection, bending stress, subgrade stress and concrete bearing stress. Adopting 

typical and reasonable values for the joint opening and the modulus of dowel reaction, 

calculated values of deflection load transfer efficiency range fiom 81 to 93%, while those 
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for stress load transfer eficiency vary between 39 and 61 %. Bearing stress values as high 

as 8 MPa (1 1 SO psi) are obtained, the highest values being associated with improved load 

transfer efficiencies. This may result in concrete crushing under the dowel and may 

jeopardize the long-term effectiveness of the load transfer system. 

Transverse Joint Spacing 

Ioannides and Salsilli-Mma (1989) suggested that the spacing of transverse joints 

should be based on the non-dimensional ratio (L/l), of the slab length, L, to the radius of 

relative stiffness, 1, of the slab-subgrade system, and recommended joint spacings 

corresponding to an (Ul) ratio ranging between 4 and 6 (with 5 being "a promising 

alternative"). Subsequently, on the basis of extensive field investigations, Smith, et al. 

(1997) recommended that in order to minimize transverse cracking in jointed plain 

concrete pavements, slab lengths should be designed such that the (LIT) ratio is less than 

about 4.5, The concrete pavement at the U.S. 50 test site is constructed with transverse 

contraction joints spaced every 6.4 m (21 ft). In order to assess the impact of this design 

on pavement performance, the (WZ) ratio may be calculated. A range of values, 

representative of materials at the test site, may be chosen for this purpose. Pavement 

design parameters noted above included a concrete modulus of elasticity, E,, of 24.8 GPa 

(3,600,000 psi) and a modulus of subgrade reaction, k., of 27 MN/m3 (100 pci) had been 

assumed. The corresponding (UT) ratio using these values is approximately 6.1. 

Xeiaiiring the k-value noted, the (LA) ratio is reduced to 5.3 when E, increases to 41 GPa 

(6,000,000 psi). On the other hand, values up to 7 or 8 are also within the realm of 

reasonable probability. Whether the amount of temperature steel reinforcement provided 
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in the test pavement slab warrants exceeding the recommended (LII) limit so much is 

rather debatable. 

Tied PCC Shoulders 

The new highway at the U.S. 50 test site incorporates tied FCC shoulders of 

variable width. The shoulders are designed with the same thickness as the mainline PCC 

slab, i.e., 250 mm (1 0 in.). On the outer side of the pavement (adjoining the driving lane), 

the shoulders are 3-m (10-ft) wide, whereas on the inner side (adjoining the passing lane), 

the shoulders are 1 -2-m (4-ft) wide. The longitudinal shoulder joints are tied with 16-mm 

(0.625411.) diameter steel reinforcing bars, 760 mm (30 in.) in length, and spaced every 

760 mm (30 in.). In each slab, tie bars begin and end 305 and 457 mm (12 and 18 in.), 

respectively, from the transverse joints. A mechanistic analysis using ILSLZ indicates that 

shoulder ties lower the fiee-edge bending stress by about I 1 to 20%. Reductions in free- 

edge deflection range fiom 27 to 33%, whereas the fiiee-edge subgrade stress is decreased 

by 26 to 33%. Thus, reductions in the stress and deflection levels experienced by the 

concrete slab on account of the presence of tied shoulders can be quite significant. 

Reliability 

The reliability level can be the most significant input parameter in the design 

because it defines the overall confidence level concerning the primary assertion of the 

engineer, i.e., that the pavement will serve applied traffic effectively during its projected 

Iife. A pavement engineer could produce a strong and economical design, yet a low 

reliability is certain to undermine confidence that the pavement will last its full design life. 

Although a lower level of reliability may be attractive because it dictates a thinner 
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pavement slab, consideration of life-cycle costs associated with long-term maintenance 

often demonstrates the folly of seeking a lower initial cost in this manner. For highways 

with the functional classification of rural principal arterial, AASHTO recommends a design 

reliability between 75 and 95%, a range that encompasses the level of reliability selected in 

the design of the U.S. 50 test pavement. 

Using the AASHTO design procedure, analyses are performed to study the effect 

of the selected reliability level on pavement slab thickness. It is found that upon increasing 

the reIiability to 90%, the design slab thickness remains 250 mm (10 in.). Selecting a 95% 

level, however, yields a slab thickness greater than 250 mrn (10 in.); for 99% reliability, 

the design slab thickness is over 280 rnm (1 1 in.). Selecting such a low reliability level, 

therefore, makes the pavement more likely to experience early distress compared to a 

similar pavement designed using a reliability leveI of 95% or higher. 

Construction Issues 

Two pavement construction related issues may contribute to a number of 

premature signs of distress, such as mid-slab transverse cracks and surface roughness, 

uncharacteristic of newly constructed pavements. These are the cold weather pouring of 

the PCC pavement slab and the use of ground granulated blast f inace slag in the mix 

design. 

The PCC slab for the eastbound lane test sections was cast between October 16 

and October 22, 1997, while concrete for the westbound test sections was placed from 

September 30 to October 7, 1998. National Climatic Data Center (NCDC) air 

temperature observations recorded fiom 1011 6 to 10/22/97 for the area surrounding 
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Athens, Ohio, show minimum and maximum daily temperatures of -4 and 19" C (25 and 

66"F), respectively. In the westbound Ianes, the minimum and maximum air temperatures 

recorded between 9/30 and 10/7/98 were 1 and 28" C (34 and 83"F), respectively. For 

such maximum daytime temperatures, the base was probably warm prior to being covered 

with concrete. As nightime air temperatures approached and eventually fell below 

freezing on several occasions, the top of the newly placed concrete slab must have cooled 

excessively. This may have resulted in a large thermal gradient between the cold concrete 

surface and the warmer slab bottom, leading to upward curling during cwing. Moreover, 

concrete placed and cured in cold weather may exhibit an increase in the time required to 

initial set, loss of durability and a slowed rate of strength gain. 

For the purposes of a separate study at the US. 50 test site, the PCC pavement 

slab was constructed using a mix design in which 25% of the required Portland cement 

content was replaced with ground granulated blast furnace slag (GGBFS). Blast furnace 

slag is a by-product from the production of iron and primarily consists of silicates, 

alumino-silicates and calcium alumina silicates. When crushed or processed to cement 

fineness, slag has cementitious properties which make it a suitable replacement for 

Portland cement, and is usually substituted on a 1 : 1 basis. Use of GGBFS usually 

improves the workability of fresh concrete, yet at the same time decreases the water 

demand due to the additional paste volume. The use of slag cement in fresh concrete 

te11Js to retard cement hydration, thereby slowing the time to initial set and concomitant 

rate of strength gain. When compared to normal concrete, the presence of slag cement 

tends to slow early age strength development, but increases the ultimate strength after 28 
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days. The delay in setting time caused by the use of GGBFS, coupled with the cold 

weather conditions during curing, may have contributed to upward slab warping, 

compounding the curIing gradient discussed above. 

2.4 Pavement Construction 

Construction of the test pavement occurred in two phases, the first involving the 

eastbound and the second the westbound lanes. Construction of the eastbound lanes 

began in the Summer of 1997 and these lanes were opened to traffic in Spring of 1998. 

Concreting and first sawing was completed in October 1997, while the secondary 

cut-where needed-was made in October and November, and sealing occurred in 

November. During this construction phase, both directions of traffic were served by the 

existing pavement, which incorporated a PCC slab with an asphalt concrete (AC) overlay. 

Subsequently, traffic was diverted from the existing highway to the newly constructed 

eastbound lanes. This allowed the second phase of construction to begin in the Summer 

of 1998. Concrete placement occurred between the months of September and October 

1998, and secondary joint sawing operations occurred in December 1998. By that time, 

on1 y eight of the ten joint sealant types had been installed, but sealing was suspended due 

to low temperatures. The remaining two (hot-pour) sealants were not placed until April 

1999, when the slab temperature was above the manufact~uer's suggested minimum for 

installation. The westbound lanes were opened to traffic in May 1999. 
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2.4.1 Pavement Layers 

The test site is located on the flood plain of the Hocking River, in an area of 

unglaciated uplands. Bedrock in this area typically consists of shales, sandstones, and 

limestones of the Conemaugh and Monangahela formations, Pennsylvanian age, but it was 

not encountered in any of the borings made in the vicinity of the test site. The subgrade 

material present in the vicinity of the test site consists predominantly of reddish brown and 

grey silty clays and clays, in the A-6(11) and A-7-6(15) AASHTO classifications, with 

some sand and gravel. The upper 0.3 m (1 fi) of subgrade was compacted and brought to 

grade. The minimum compaction requirement was 100% of the standard Proctor 

maximum dry unit weight. Any soft soil encountered was removed and replaced with 

more desirable material. Compaction of the subgrade was performed using sheepsfoot 

vibratory rollers. 

The subbase consists of a single 150-mm (6-in.) lift of crushed, well-graded 

aggregate (Item 304), purchased from a local coaI strip mine, with gradation as indicated 

in Table 2.2 (a), .The minimum compaction requirement was set at 98% of the maximum 

density value obtained from an in situ test that involved the compaction of a test section, 

30 m (100 fi) long by 2.5 m (8 fi) wide. The material was delivered in dump-trucks, then 

spread to grade using a self-propelled spreader. The subbase was compacted using a 

single, smooth drum vibratory roller with a static weight of 3.6 tomes (4 tons). To 

prevent migration of fines into the overlying base layer, a bituminous prime coat (Item 

408) was applied to the top of the compacted subbase. A 100-mrn (4-in.) pipe underdrain 

was installed through the subbase layer. 
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The base for the eastbound lanes consists of a "New Jersey" type non-stabilized 

drainable base, constructed in a single 100-mrn (4-in.) lift. For the westbound lanes, a 

similar lift of "Iowa" type non-stabilized drainable base was used.. The gradations for 

both base types are reproduced in Tables 2.2 (b). A procedure similar to that used for the 

subbase, involving the construction of a test section to determine maximum density and 

optimum moisture content, was employed. A 100-rnrn (4-in.) shallow pipe underdrain 

utilizing filter fabric was installed through this layer. The material was delivered by dump- 

trucks, was placed using an asphalt paver with automatic grade control in order to 

minimize segregation, and was compacted to the level specified by ODOT using a smooth 

dntrn roller without vibration. 

The mix design for the PCC slab as developed by the contractor is presented in 

Table 2.3, calIing for the foIlowing material quantities: 244 kg/m3 (412 lb/yd3) of Type I 

cement; 82 kg/m3 (138 lb/yd3) of ground granulated blast furnace slag; 847 kg/m3 (1428 

1biyd3) of river sand with a bulk specific gravity (BSG) of 2.61; and, 810 kg/m3 (1365 

lbiyd3) of #8 gravel with a BSG of 2.57. The waterlcement ratio was kept at 0.44, with 

the help of a water reducer (Sargand, 2000). The #8 gravel was used because the #57 

gravel originally considered did not pass the fkeeze-thaw test for this area. For the sake of 

completeness, it is noted that a control mix without ground granulated blast furnace slag 

was used between stations 92+34.25 and 104+40 in the westbound lanes, i.e., beyond the 

limits o f  the joint sealant experiment. The components of the control mix were as follows: 

356 kg/m3 (600 lb/yd3) of cement; 762 kg/m3 (1285 lb/yd3) of fine aggregate; 967 kg/m3 

(1630 lb/yd3) of coarse aggregate; and 178 kg/m3 (300 Iblyd3) of water (Sargand, 2002). 
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The concrete was delivered by dump-trucks and the slab was cast by a three-paver 

slipform train, in an operation that involved a crew of about 25 people. Dowel bars on 

baskets, wire mesh reinforcement, as well as longitudinal and shoulder tie bars were 

provided. Artificial turf was dragged over the slab to give texture to the pavement 

surface, which was subsequently grooved transversely by a self-propelled grooving 

machine. Finally, a curing compound was sprayed onto the slab to seal its surface. 

Testing of the concrete was performed by ODOT technicians and consisted of slump and 

air tests performed in the field, as well as laboratory tests on beams cast in the field. The 

specified strength of these beams was a modulus of rupture of 4.2 MPa (600 psi), fiom a 

third-point loading test. A random sample of ten five-day breaks on these beams yielded 

an average modulus of rupture of 5.4 MPa (789 psi), yith a standard deviation of 0.6 MPa 

(87 psi). 

2.4.2 Pavement Joints 

Initial saw cutting took place a few hours after the paving operations, as soon as 

the concrete had developed enough strength to support the saws. Typically two saws 

were used, with one operator per saw. As a result of prevailing cold temperatures and the 

mix design adopted, it was sometimes found that the concrete had not set up uniformly 

through the slab thickness by the time the original joint cut was made, and this resulted in 

considerable joint spalling. It appeared that the concrete was setting from the bottom up, 

since the underside of the slab was warmer than its top, and some shrinkage cracks were 

initiated prior to the initial cut. After very few joints had been cut, therefore, a lighter 
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Soff-Cut saw was used, which enabled the crew to make the cuts as specified. A number 

of short sections in which premature shrinkage cracks had formed prior to the first saw- 

cut, or in which excessive joint spalling had developed, were removed and replaced after 

the concrete had cured. 

The widening cut was made with a 65-HP Core Cut saw, typically one day before 

sealant installation. Usually two saws were used, with one operator per saw. Following 

joint widening, the joints were cleaned with pressurized water and air. Joints were first 

flushed clean with water at 14 MPa (2000 psi), and then air-blasted at 0.7 MPa (100 psi), 

before being allowed to dry. Sandblasting was not deemed necessary in the interest of 

practical expediency, since the joints had already been thoroughly cleaned of all residue. 

Manufacturer specifications for some of the materials used are silent regarding the need 

for sandblasting, whereas for others they suggest it as an option, or even require it for the 

purpose of removing "remaining traces of sawing residue". This variability is probably 

explained by the logistical cost sandblasting will inevitably add to the use of any particular 

product. The Plan Notes from ODOT, reproduced in Figure 2.2, stipulate that sealants 

"shall be installed in accordance with the manufacturer's recommendations". Backer rod 

was installed into those cleaned joints that were to be sealed with silicone or hot-applied 

sealants, after such joints had been allowed to dry, typically overnight. Backer rod sizes 

of 6, 8 and 13 rnm (114,5/16 and !A in.) were used, depending on the joint configuration. 

Typically, the backer rod was 3 mm (118 in.) larger than the joint opening. The backer rod 

was laid out across the pavement surface and rolled into place using a special hand taol. 

In order to verify compliance with specifications pertaining to joint width and 
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depth to backer rod, several series of measurements were made at randomly selected test 

section locations, on three separate days during the second construction phase (1998-99 

season). Most of the joint widths were within the specified tolerance, but two sections 

were found to be outside of the specified tolerance, both exceeding the specified 

dimensions. The average measured depth to backer rod was within the specified 

dimensions for each of the four sections in which this measurement was made. 

2.5 Joint Sealing Operations 

2.5.1 Installation of Silicone Joint Sealants 

DOW 890-SL 

This self-leveling silicone sealant was used in joints of three test sections differing 

with regard to joint width and backer rod diameter, in each of the two directions. The 

general installation routine started a few days prior to sealing, when joints were widened 

(if needed) and then cleaned using water- and air-blasting. After the joints were dry, the 

backer rod was installed. Immediately before the installation of the sealant, the joints were 

air-blasted clean again. The placement of this sealant typically involved three laborers. 

One drove a truck to which the sealant pump was mounted and which towed an air 

compressor. Another air-blasted joints in fiont of the truck, while the third sealed joints 

behind the truck. A supervisor monitored the operation periodically. 

Crafco 903-SL 

This self-leveling silicone sealant was installed in three test sections in the 
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westbound lanes that differed with regard to joint width and backer rod diameter, but in 

only two sections in the eastbound lanes. Joints in a third test section in the eastbound 

lanes were filled with Crafco 902 non-sag silicone sealant, instead. The general 

installation routine for the Crafco 903-SL and the personnel involved were identical to 

those pertaining to the Dow 890-SL, described in the preceding section. 

Dow 888 

Owing to changes in the experimental plan, precipitated by the unavailability of 

certain specified materials, this non-sag silicone sealant was installed in two identical test 

sections in each of the two directions. The general installation routine began with water- 

and air-blasting of the joints after they had been widened, typically several days prior to 

sealing. Backer rod was placed in clean and dry joints, usually on the day of sealing. Air- 

blasting was performed again immediately ahead of the sealing operation, which generally 

involved four laborers. The first drove the truck carrying the sealant pump and towing the 

air compressor. Another one air-blasted joints in front of the truck, while the third sealed 

joints behind the truck. A supervisor monitored the operation periodically. A fourth 

laborer tooled the seaIant in the joint, using a piece of rubber-tubing. 

Crafco 902 

This non-sag silicone sealant was installed only in one eastbound section (Sta 

200+00 to 206+00). The installation procedure was identical to that employed for the 

Dow 888, described in the previous paragraph. Arch
ive
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2.5.2 Installation of Hot-Pour Sealants 

Crafco 444 

This hot-pour, self-leveling sealant was installed in one section in each of the two 

directions. The sealant was supplied in liquid form and was heated to between 132'C 

(270°F) and 143°C (290°F) in the melter applicator unit. Joint widening and cleaning had 

been performed several days prior to sealing. Backer rod was inserted shortly before 

sealing. Two laborers were involved in the installation. One drove the truck which towed 

the melter applicator unit, while the other delivered the sealant using a hose fitted with a 

special metal tip. 

Crafco 221 

The second hot-pour, self-leveling sealant included in this experiment was used in 

one section ofjoints in each of the two directions. The typical installation procedure was 

practically identical to that of the Crafco 444, described above. Note, however, that 

Crafco 221 is supplied in solid block form and must be heated to between 193OC (380°F) 

and 2 10°C (4 10°F) at installation. 

2.5.3 Installation of Preformed Compression Seals 

Watson Bowman WB-812 and WE-687 

The Watson Bowman WB-812 was installed in one section of the westbound 

lmes, whereas the WB-687 was installed in one section of the eastbound lanes. The only 

difference between the two seals is that WB-812 is slightly larger in cross-section than 

WB-687. The typical installation procedure began with joint widening, followed by 
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cleaning using water- and air-blasting. Afier the joints were clean and dry, an installation 

machine was used to apply the adhesive to the preformed seal and insert it into the joint. 

Three laborers were engaged in sealing: one operated the installation machine and guided 

it along the joint, while another held the seal as it was drawn into the machine and cut off 

the excess seal length. The third laborer passed over the seal with a roller device designed 

to set the seal to the desired depth. Occasionally, problems with the machine were 

encountered and seal installation was performed manually. Accordingly, one laborer used 

his hands to coat the seal with adhesive, another squeezed the seal into the joint, and the 

last used the roller device to set the seal to the appropriate depth. 

Delastic V-687 

This compression seal was installed in one section in each of the two directions. 

The typical installation procedure was identical to that for the Watson Bowman seals, 

described in the previous section. 

Techstar W-050 

This compression seal was installed in one section in each of the two directions. 

The joints had been widened and cleaned using water- and air-blasting one or two days 

prior to sealing, and they were air-blasted again on the day of seal installation. A special 

adhesive from the seal manufacturer, Techstar, Inc., was used to hold the seals in place. 

The procedure involved two or three laborers, monitored by a supervisor. Arch
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Table 2.1 Sealant type, sealant name, joint configuration, stationing and number ofjoints 

(a) Eastbound test sections 

Type 

Self-Ieveling silicone 

Self-leveling silicone 

Self-leveling silicone 

Self-leveling silicone 

Self-leveling silicone 

Non-sag silicone 
r 

Non-sag silicone 

Non-sag silicone 

Hot-pour 

Hot-pour 

Compression Sea1 

Compression Seal 

Compression Seal 

Unsealed 

Unsealed 

Sealant 

Crafco 903-SL 

Crafco 903-SL 

No. of 
Joints 

29 
- 

33 

Joint 

29 

29 

28 

29 

57 

29 

29 

76 

29 

27 

29 

29 

28 

Config. 

1 

4 

Stations 

188+00 to 194+00 

206+00 to 21 3+00 

166+00 to 172+00 

21 3+00 to 219+00 

266+00 to 272+00 

200+00 to 206+00 

272+00 to 284+00 

284+00 to 290+00 

260+00 to 266+00 

172+00 to 188+00 

225+00 to 23 1+00 

194+00 to 200+00 

154+00 to 160+00 

160+00 to 166+00 

219+00 to 225+00 

Dow 890-SL 

Dow 890-SL 

Dow 890-SL 

Crafco 902 

Dow 888 

Dow 888 

Crafco 22 1 

Crafco 444 

Delastic V-687 

Watson Bowman WB-687 

Techstar W-050 

No Sealant 

No Sealant 

3 

4 

1 

1 

1 a 

1 b 

1 

1 

5 

5 

5 

6 
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Table 2.1 (continued) 

(b) Westbound test sections 

Type 

Self-leveling silicone 

Self-leveling silicone 

Self-leveling silicone 

Self-leveling silicone 

Self-leveling silicone 

Sel f-leveling silicone 

Non-sag silicone 

Non-sag silicone 

Hot-pour 

Hot-pour 

Compression Seal 

Compression Seal 

Compression Seal 

Unsealed 

Unsealed 

No. of 
Joints 

29 

29 

28 

29 

28 

57 

28 
- 

29 

76 

33 

29 

28 

29 

126 

29 

Sealant 

Crafco 903-SL 

Crafco 903-SL 

Crafco 903-SL 

Dow 890-SL 

Dow 890-SL 

Dow 890-SL 

Dow 888 

Dow 888 

Crafco 22 1 

Joint 
Con fig. 

la 

l b  

4 

3 

1 

4 

l a  

1 b 

1 

Stations 

188+00 to 194+00 

194+00 to 200+00 

260+00 to 272+00 

166+00 to 172+00 

200+00 to 206+00 

272+00 to 284+00 

21 3+00 to 229+00 

260+00 to 266+00 

172+00 to 188+00 

206+00 to 2 13+00 

21 9+00 to 225+00 

225+00 to 23 1 +00 

133+60 to 139+60 

139+60 to 166+00 

284+00 to 290t00 

Crafco 444 

Delastic V-687 

Watson Bowman WB-812 

Techstar W-050 

No Sealant 

No Sealant 

1 

5 

5 

5 

2 
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Table 2.2 Specified aggregate gradations used 
for the pavement subbase and base materials 

a) Gradation specifications for ODOT Item 304 subbase material (ODOT, 1995) 

b) Gradations and specifications for "New Jersey" (NJ) Type and "Iowa" (LA) Type 
NSDB materials placed in eastbound and westbound lanes, respectively (Sargand, 2000) 

1 

Sieve Eo. 

1.5 in. 

1 in. 

0.5 in. 

NO. 4 

IA Type 
% Passing 

- 

100 

56 

3 1 

IA Type 
(Westbound Lanes) 
Specified Gradation 

- 

I00 

50 - 80 
- 

- 

NJ Type 
% Passing 

100 

100 

65 

42 

10 - 35 

- 
0 -  15 

0 - 6  

NO. 8 

NO. 16 

NO. 50 

NO. 200 

NJ Type 
(Eastbound Lanes) 
Specified Gradation 

100 

95 - 100 

60 - 80 

40 - 55 

14 

4 

1 

- 

5 - 25 

0 - 8  

25 

14 

0 - 5  

- 
3 
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TabIe 2.3 Portland cement concrete mix design used for the 
U.S. 50 High Performance Concrete pavement slab (Sargand, 2000) 

PCC Mix Component I Quantity 

Fine Aggregate (dry) 
- natural concrete sand - 
Coarse Aggregate (dry) 

- #8 gravel - 
Cement 

Water 

GGBFS 

Air Entrainer 1 4.2 ozlcwt 

Water Reducer 2 oz/cwt 
I 
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3 EARLY SEALANT AND PAVEMENT 

PERFORMANCE 

3.1 Introduction 

The importance of continuous monitoring throughout all phases of the United 

States (U.S.) Route 50 joint sealant experiment has been recognized since the beginning of 

the project. Field notes were kept and video records were made during each stage of 

pavement construction, including subgrade preparation, Portland Cement Concrete (PCC) 

slab placement and joint sealant installation. Following the opening of the new pavement 

to traffic, the performance of the test sections included in the sealant experiment has been 

evaluated twice a year by the University of Cincinnati research team. h ior  to the Fall of 

1999, the University of Cincinnati research team had conducted two visual inspections of 

the eastbound lanes, as well as a single visual inspection of the westbound lanes. In this 

Chapter, results from these early performance evaluations are summarized first, providing 

the context for a discussion of the data collected from the site in Fall 1999 and Spring 

2000. The latter held inspections involved the use of a quantitative statistical evaluation 

plan, developed by the University of Cincinnati research team in order to standardize joint 

sealant and PCC pavement performance data collection and interpretation, in a manner 

analogous to that followed in similar experiments elsewhere in the U.S. Three more 

recent quantitative field evaluations conducted in Fall 2000, Spring 2001 and Fall 2001 are 

discussed in detail in Chapters 4,5 and 6.  
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3.2 Visual Inspections (Fall 1998 and Spring 1999) 

Visual inspections of the condition of the joint sealants in the test sections were 

performed on two occasions. Since the project is concerned with the long-term 

performance and effectiveness of each joint sealant treatment, these early visual 

inspections provide an indicator of the initial condition, or early age performance. 

The first visual inspection occurred in October, 1998, when the University of 

Cincinnati research team accompanied by Mr Lynn Evans, of ERES Consultants, Inc., 

surveyed the newly constructed eastbound lanes, from Sta 154t-00 to Sta 290+00. Since 

both lanes served traffic at the time (one in each direction), the inspection was conducted 

from the shoulder adjacent to the outer (driving) lane. The air temperature was 21°C 

(70°F) under partly cloudy weather conditions. A second visual inspection, which 

included both the eastbound and westbound lanes, occurred over two days in May 1999. 

Both days were hot and dry. The pavement temperature on the first day was recorded as 

41°C (105°F) at 4 PM, while on the second day it was 21°C (69°F) at 9 AM, and 27°C 

(80°F) at 12 noon. The eastbound lanes had been open to traffic for over a year by the 

time of the second inspection, while the westbound lanes had been operational for about 

two weeks. Due to continuing striping operations, only one lane was opened to traffic in 

each direction and the evaluations were conducted again from the shoulder. 

Information recorded is primarily in the form of visual observations made on three 

transverse joints in each test section. The joint sealant condition was described and visual 

estimates were made of the percentage of observed adhesive, cohesive or spa11 failures. 

41 
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Also noted was the depth to which the sealant was recessed below the pavement swface 

and the intrusion of any incompressible debris into the joint. 

The following is a summary of the observations concerning the condition of the 

eastbound lanes only, at the time of the second visual inspection (May 1999). 

Crafco 903-SL (Sta 188+00 to 194+00) 

The sealant in this section was in fair condition, exhibiting loss of adhesion or 

sunken seal over about 20% of the joint length. The typical recess was approximately 3 

mrn (l/8 in.), with the sealant exposed at the surface intermittently. 

Crafco 903-SL (Sta 206+00 to 21 3+00) 

The sealant in this section was in poor condition. It was estimated that over about 

30% of the joint length, the sealant had developed hll-depth adhesion loss and had been 

pulled away by traffic or had sunk into the joint. The remainder of the sealant was 

frequently exposed at the pavement surface, exhibiting no recess. The narrow joint design 

(3 mm =1/8 in,) seems to have hindered proper sealant installation with the conventional 

sealing devices employed, which was reflected in unsatisfactory sealant condition. 

Dorv 890-SL (Sta 166+ 00 to 1 72+ 00) 

The sealant in this section was in fair condition. The sealant was recessed to less 

than 3 rnm (118 in.) over more than 50% of the joint length and was intermittently exposed 

at the surface of the pavement. Full-depth adhesion loss was evident over about 10% of 

the joint length, over which the sealant had sunk into the joint. 

Dow 890-SL (Sta 21 3+00 to 21 9+00) 

The sealant in this section was observed to be in poor condition. Some of it had 
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been pulled away by traffic or had sunk completely into the joint. The sea1a.t was 

exposed at the pavement surface over approximately 50% of the joint length, with the 

remainder showing a recess of less than 3 mm (1/8 in.). Once again, the narrow design of 

the joints (3 rnm =1/8 in.) seems to have hampered effective sealant installation, resulting 

in the poor condition noted. 

Dow 890-SL ( '  266+00 to 272+00) 

The sealant in this section was in poor condition. Inadequate recess (3 mm =1/8 

in., or less) was typically noted, with the sealant exposed to traffic wear over 

approximately 50% of the joint length. Full-depth adhesion failures were also quite 

common, typically over 40% of the joint length. 

Crafco 902 (Sta 200+00 to 206t-00) 

This sealant was observed to be in fair condition, reflecting somewhat better 

sealant installation in the 10 mm (3/8 in.) joints, yet exhibiting many of the same distresses 

as the previous silicone sealant sections. The sealant had sunk over approximately 20% of 

the joint length. Elsewhere the sealant material shows uneven recess, sometimes less than 

3 mrn (1/8 in.), and is intermittently exposed at the slab surface. 

Dolv 888 (Sta 272+00 to 284+00) 

Whereas the design of the two Dow 888 sections is identical, the sealant here 

appeared to be in worse condition. Full-depth adhesion failure accounted for at least 30% 

of the joint length, sometimes much more. Inadequate recess was common, with the 

sealant sometimes exposed to traffic wear. 
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Dow 888 (Sta 284+00 to 290+00) 

The sealant in t h s  section was in fair condition. It had experienced full-depth 

adhesion failure and had sunk over approximately 20% of the joint length, the remainder 

typically being recessed about 3 mm (1/8 in.). 

Crafco 444 (Sta 172+00 to 188+00) 

This hot-pour sealant section was in fair condition. Full-depth adhesion loss was 

estimated at about 20% of the joint length, and small bubbles were evident in the surface 

of the sealant. The typical recess was approximately 3 rnm (118 in.), with the sealant 

exposed at the pavement surface over approximately 10% of the joint length. 

Crafco 221 (Sta 260+00 to 266+00) 

The hot-pour sealant in this section was in poor condition. Over a considerable 

length of the joint (occasionally in excess of 50%) exhibited adhesive failure, with the 

sealant sometimes not even touching the joint walls. In several places (typically about 

20% of the joint length) the seaIant had sunk into the joint. Bubbles were evident in the 

sealant surface. 

Warson Bowman WB-687 (Sta 194+00 to 200+00) 

In contrast to the preceding silicone sealant sections, the compression seal in this 

section was in very good condition. No signs of compression set were observed and the 

seal remained tight and untwisted against the joint walls. The seal was typically recessed 3 

to 6 mrn (118 to 114 in.), with a minimal amount of debris accumulation above the seal. 

DeIastic V-687 (Sta 225+00 to 231 +00) 

The compression seal in this section was in very good condition with no obvious 
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distresses or signs of compression set. The sealant appeared to be adequately recessed to 

approximately 3 to 6 mm (118 to 114 in.), and remained tight and untwisted against the 

joint walls. Some debris accumulation, consisting of sand and organic matter fkom nearby 

txees, was found in most joints. 

Echstar W-0.50 (Sta 154+00 to 160+00) 

The condition of the compression seal in these joints was poor. Loss of adhesion 

between the seal and the joint walls was evident over about 30% of the joint length, with 

the seal sinking deep into the joint; elsewhere, the seal exhibited a typical recess of 3 mm 

(118 in.). In many locations, the hardened adhesive that used to hold the seal was still 

visible close to the pavement surface. 

A h  Sealant (Sta 21 9+00 to 225+00) 

The joints were observed to be in very good condition with no signs of spalling or 

joint related distresses. Only a limited amount of debris accumulation was observed but 

the joints still remained open, possibly due to the narrow design of the joint. It is recalled 

that the joints in this section were originally cut to 3 mm (118 in.) using a Soff-Cut sawing 

system and received no additional cut. 

:Yo Sealant (Sta 160+00 to 166+00) 

The unsealed joints in this section were in very good condition, with no spalling or 

other distresses observed. In the driving lanes, the joints appeared open and clean with no 

=%or infiltration of incompressibles. Over the shoulders width, however, the joints were 

almost full of sand and other debris. 

From this information, conclusions have been made concerning premature aging 
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and the relative rate of joint seal deterioration. It has been pointed out that "serious 

consideration needs to be given to the joint cleaning and sealant placing operations 

employed." More specifically, "the most significant shortcomings [at the U.S. 50 test site] 

appear to have been the omission of sandblasting at placement and inadequate sealant 

recess" (Hawkins, et al., 2001). 

3.3 Performance Evaluation Plan 

In the Fall of 1999, the University of Cincinnati research team developed a 

methodology to be used in acquiring performance data in a consistent and organized 

fashion (Sander, 2002). Thus, a joint seal evaluation form was generated suitable for 

recording the types, extents and locations of failure and distress manifestations noted in 

each sealant, both numerically and schematically. Reproduced in Figure 3.1, the form 

includes the treatment type, the number and relative location of sampled joints, the 

beginning and ending stations, as well as measured distress and failure lengths, along with 

a legend of symbols used. This form was first used during the visual inspection of 

November 1999, and is to be used for all subsequent evaluations ofjoint sealant 

performance. 

Because of the large number of transverse joints in each test section, which ranges 

fisn; as fc* as 27 to as many as 126, it is necessary to devise a statistical sa~lp'liiig plan 

for performance monitoring. This allows investigators to evaluate a representative number 

ofjoint seals in each test section and to make inferences from these as to the condition of 
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the entire section. To guarantee that no bias will be introduced into the results, the 

selection of a subset, or sample, is made on the basis of random sampling. The statistical 

sarnpIing plan used for evaluations at the U.S. 50 project involves the examination of six 

randomly selected transverse joints in each of the thirty test sections. It is considered that 

a sample of size six combines the qualities of being large enough to be representative of 

the entire set, or population, while also being small enough to allow the evaluation of the 

test sections in two full working days by the available research project personnel. The 

same six joints in each test section will be evaluated throughout the duration of the 

experiment. The first, second, second to last and last joints in every test section were 

intentionally excluded from the selection process in order to eliminate possible overlap 

effects fiom adjacent sections. 

The methodology developed for visual field inspections entails the following steps. 

Within each test section, six transverse joints are selected randomly for continual 

monitoring. Each joint selected is examined for signs of sealant failure and distress over a 

length of 1.83 m (6 ft), beginning at the outer shoulder joint and covering the right wheel- 

path of the driving lane. Each faiIure or distress type is identified according to a list of 

definitions and carried to the site by the inspector for instant reference (Table 3.1). The 

length of any noticeable distress or failure is measured and recorded on the field evaluation 

form in the space allocated to that particular joint. The record includes a schematic 

indicxing the position of each distress feature along the joint length surveyed. In the case 

of adhesive and spall distresses, the side of the joint, approach or leave, is also noted. 

These data collection activities follow closely the model established by similar 
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investigations, primarily studies performed by ERES Consultants, Inc. conducted under 

the Strategic Highway Research Program (SHRF)  (Smith, et al., 1999). 

The lengths of each observed feature are summed to give the total failure length of 

that particular joint seal. Dividing the total failure length by the overall length inspected, 

i.e., 1.83 m (6 ft), the percent overall effectiveness can be determined for each joint. From 

these values, an average effectiveness figure is determined for each section, and a seal 

performance rating category is assigned to the section according to the scheme developed 

by Belangie and Anderson (1985). Sealants exhibiting effectiveness levels between 90 arid 

100% are classified as being in very good condition, whereas those sealants showing less 

than 50% overall effectiveness are in very poor condition and are considered to have 

failed. Performance ratings of poor, fair and good are assigned appropriately to sealants 

having effectiveness levels ranging between 50 and 90%. Such a system ensures that the 

performance and condition rankings assigned to each sealant are consistent between 

ex aluations. It is noted that the same ranking scheme was also used during the SHRP H- 

106 and SPS-4 experiments (Specific Pavement Sections) (Smith, et al., 1999; Evans, et 

al. ,  1999). Consequently, results obtained in Ohio will be directly comparable to those 

from other national studies. 

3.4 Quantitative Field Evaluations (Fall 1999 and Spring 2000) 

3.4.1 Treatment Effectiveness in the Eastbound Lanes 

Quantitative data on joint seal effectiveness in the eastbound lanes in accordance to 
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the aforementioned evaluation plan were first collected in November 1999. This data set 

is code-named EBNV99. In March 2000, the University of Cincinnati research team 

collected a second set of performance data in the eastbound lanes. The corresponding 

data set code-name is EBMROO. These observations are discussed in detail by Sander 

(2002). The EBNV99 data set indicates that the Watson Bowman WB-687 (Joint 

Configuration 5) treatment exhibited the highest overall effectiveness (97.8%). The worst 

performing treatment in this data set was the Crafco 444 (I), which exhibited a sealant 

effectiveness of only 14.4%. Compression seals, with the exception of the Techstar W- 

050 (5) treatment, were in very good condition, showing greater than 95% effectiveness. 

Both of the non-sag silicone sealant treatments, namely the Dow 888 (1) and Crafco 902 

(I ) ,  showed poor performance, having Iess than 65% effectiveness. Results from the 

EBhlROO evaluation show that the Watson Bowman WB-687 (5) and the Delastic V-687 

(5) treatments continued to exhibit very little deterioration, both having an overall 

effectiveness of 95.3%. With an effectiveness of only 9.7%, the Crafco 444 (1) remained 

the \I-orst performing treatment. The other hot-pour section, Crafco 221 (I), experienced 

no deterioration over the four month period between evaluations, retaining an 

effectiveness of 71.9%. The section of Crafco 903-SL (4) between Stations 206+00 and 

2 13-1-00 exhibited the largest deterioration, decreasing approximately 38 percentage points 

in effectiveness (from 62.5 to 24.2%), whereas the Crafco 903-SL (I) treatment declined 

7 - - - - - - . . ", ,,La, :y :4 points (from 66.1 to 51.9%). Tlie thee Dow S9C-SL silicoi~z "u~atrilcnis (3, 

4, 1) continued to show fair to poor performance, ranging between 55.0 and 67.8% in 

effectiveness. 
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Another way of evaluating the performance of experimental joint sealants is 

through analysis of deterioration over time. It is assumed that all treatments exhibited an 

effectiveness level of 100% immediately after installation. Deterioration is indicative of a 

sealant treatment's performance with time, and more importantly, of its longevity while 

maintaining a minimum acceptable level of effectiveness. At the time of the EBNV99 

performance evaluation, the eastbound Ianes had been exposed to traffic and weather for 

approximately twenty months. Of the four silicone sealants, the Dow 890-SL (1, 3,4) 

treatments showed the best performance, exhibiting the lowest average joint seal 

deterioration over the four-month period between evaluations. Crafco 903-SL (1,4) 

treatments had the second lowest average deterioration at the time of the EBNV99 

evaluation, yet deteriorated rapidly in the time period between the EBNV99 and EBMROO 

sun-eys. Performance trends of the Dow 888 jl, 1) and Crafco 902 (1) silicone sealants 

indicate that their effectiveness has continued to decrease steadily over their approximate 

tu.enty four months of service. 

The two hot-pour sealant treatments exhibited a significant difference in 

pcrfomance with age. Since installation, the Crafco 444 ( I )  treatment has shown a 

considerably faster deterioration as compared to the Crafco 221 (1) treatment. At the age 

of twenty months, Crafco 221 (1) was undoubtedly the better performing hot-pour seaIant 

in terms of overall effectiveness, maintaining its resistance to environmental factors and 

traffic 4pyroximate!y twenty four months after incta!!atio-n_, the Crafccl221 (1)  SP&Z? 

treatment continued to dispIay a constant level of performance, whereas the Crafco 444 

(1) deteriorated further, exhibiting a slight decrease in effectiveness over the four month 
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period between evaluations EBNV99 and EBMROO. 

Compression seals, with the notable exception of the Techstar W-050 (5) section, 

experienced minor deterioration over the twenty four month service period. Of the three 

compression seal sections in the eastbound lanes, the Techstar W-050 (5) treatment had 

the highest rate of deterioration, casting doubts concerning its long-term durability. In 

contrast, the other two sections exhibited excellent short-term behavior and are likely to 

continue to perfom well in the future. 

Deterioration rates of all three sealant classes installed in the eastbound lanes 

suggest that silicone and hot-pour sealant treatments deteriorated more rapidly than the 

compression seals. Compression seal treatments as a group outperformed silicone and 

hot-pour treatments by about 23 and 33 percentage points, respectively. Hot-pour 

sealants showed the highest rate of deterioration up to the age of twenty months. In 

contrast, their performance between twenty and twenty four months was relatively 

constant, showing very little joint seal deterioration over that time period. Unfortunately, 

the seaIant had already deteriorated into very poor condition. 

Each of the 13 sealed treatments may be ranked according to its level of overall 

effictiveness as of each of the two visual inspection surveys (EBNV99 and EBMROO). 

Additionally, depending on the percentage deterioration of each treatment in the four 

months between these inspections, a corresponding deterioration rank may be assigned. 

Xciic: ihiii a high rank is only desirable with regard to effectiveness, but rrol with regad icr 

deterioration. The best performing sealant treatment is ranked as No. 1 in Effectiveness, 

whereas the worst performing one is ranked No. 13. In contrast, the most rapidly 
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deteriorating treatment is ranked as No. 1 in Deterioration, whereas the treatment with the 

slowest or no deterioration is ranked No. 13. Information collected shows that at the time 

of the EBNV99 evaluation, the best and worst performing treatments in terms of overall 

effectiveness were the Watson Bowman WB-687 (5) and the Crafco 444 (I), respectively. 

In terms of deterioration rate, the Crafco 903-SL (4) treatment was ranked as No. 1 and 

the Techstar W-050 (5) as No. 2. Crafco 221 (1) treatment exhibited the least amount of 

deterioration between the EBNV99 and EBMROO evaluations, earning the most desirable 

deterioration rank of 13. 

These observations reaffirm the preliminary conclusions reached following the 

early inspections by the research team that "the worst of the sealed sections [are] those 

with a narrow joint width of 3 rnrn (118 in.). In most joints with such a configuration, the 

sealant material had overflowed ... thereby being exposed to tire traffic ... Special nozzles 

or applicators need to be used, so that the sealant will be placed from the bottom up at a 

sIou rate, so that the joints are not overfilled" (Hawkins, et al., 2001). 

3.4.2 Treatment Effectiveness in the Westbound Lanes 

At the time of the November 1999 inspection, of the westbound lanes (data set: 

MfBhT799), four of the treatments, namely Dow 890-SL (I), Delastic V-687 (5) ,  Watson 

Bowman W - 6 8 7  (5) and Dow 888 (1, Replicate a), showed no distress, having an 

overall effectiveness of 100%. In fact, ten of the thirteen sealant treatments were found to 

be in Very Good condition, with an overall effectiveness above 90%, and these included 

all three compression seal types. This may be explained by the relatively early age of these 
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sections: at the time of the inspection, the westbound lanes had been exposed to traffic for 

less than six months. The Crafco 903-SL (1) and the Dow 890-SL (4) treatments had an 

overall effectiveness of 83.9 and 83.3%, respectively, i.e., they were in Good condition. 

In contrast, hot-pour seaIant Crafco 221 (1) treatment exhibited an effectiveness of only 

62.5%, and was the only treatment found to be in Poor condition at the time of the 

W N V 9 9  evaluation. 

The largest decrease in effectiveness occurring in the four months between the 

WBNV99 observations and the March 2000 inspection of the westbound lanes (data set: 

WMROO) was recorded in the Techstar W-050 (5) treatment. Compression seals in this 

section showed a 29-point reduction in overall effectiveness, dropping from 98.3 to 

69.7%. Several sealant treatments continued to remain in Very Good condition, all 

exhibiting less than a four percentage point decrease in effectiveness at the time of the 

WBMROO inspection. These included both silicone sealants, Dow 890-SL (I), Dow 890- 

SL ( 3 ) ,  Crafco 903-SL (la) and Dow 888 (la and b), arid compression seals, Defastic V- 

657 ( 5 )  and Watson Bowman WB-812 (5). The latter treatment exhibited the smallest 

decrease in effectiveness, dropping from 100% to 99.7% between the two evaluations. 

The sealant treatment showing the worst performance was the Crafco 221 (1) hot-pour 

section. The overaIl sealant effectiveness of this treatment was 49.7% at the time of the 

Vv'BMR00 inspection. 

Treatments in the westbound lanes may also be ranked according to their overall 

effectiveness and rate of deterioration. Four treatments shared the No. 1 ranking for 

effectiveness at the time of the WBNV99 evaluation, namely, Dow 890-SL (I), Dow 888 

5 3 
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(1 a), Delastic V-687 (5) and Watson Bowman WB-812 (5). Following the WBMROO 

inspection, however, only the Watson Bowman WB-812 (5) retained the honor ofbeing 

No. 1, the other three treatments having fallen to the 4 ~ ,  3rd and 6' spots, respectively. 

The Crafco 221 (1) treatment earned the lowest rank, No. 13, during both westbound lane 

evaluations. Over the four months between the WBNV99 and WBMROO inspections, two 

of the three Dow 890-SL treatments, namely, Dow 890-SL (3) and Dow 890-SL (4) 

exhibited the smallest deterioration (dropping by less than 1 percentage point), gaining the 

desirable ranks of Nos. 12 and 13, respectively, for Deterioration. Eleven of the thirteen 

sealed treatments, including all eight silicone treatments and the Watson Bowman WB- 

8 12 ( 5 ) ,  showed deterioration rates of fewer than 10 points over the four months between 

the two evaluations. 

3.5 PCC Pavement Performance 

To detennine whether sealing transverse joints has an effect on concrete pavement 

performance, the sealant inspection plan calls for the recording of distresses occurring in 

the immediate vicinity of joints, which may be indicative ofjoint seal inefficiency or failure. 

The first signs of such pavement distress were noticed on the first day of the EBMROO 

evaluation, primarily in the form of mid-slab transverse cracks revealed in several of the 

test secticns in the eastbound lanes as the wet pavement surface began to dry. The 

significant frequency and widespread distribution of these transverse cracks, however, did 

not suggest that their occurrence was necessarily related to the deterioration of any 
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particular sealant treatment. Although their usual location at mid-slab was not as 

anticipated by the original sealant evaluation plan, it now appeared unjustifiable to simply 

ignore their presence altogether. Consequently, it was decided to conduct a pilot study 

into the frequency and distribution of transverse cracks, beginning with the evaluation of 

the westbound lanes the following day. Accordingly, all transverse cracks and comer 

breaks occurring in the driving lane over the entire length of the project were counted and 

recorded by section. It is anticipated that such observations will continue in both the 

eastbound and westbound directions during future evaluations. 

Regarding the development of transverse cracks in jointed reinforced concrete 

slabs, Yoder and Witczak (1975) indicate that "the designer assumes a crack will form, 

generally at the center of the slab, and temperature steel is provided to keep this crack 

intact so that it will not open." Similarly, Bradbury (1938) notes that "the strengthening 

or so-called 'reinforcing' of concrete members, through the medium of embedded steel, 

cannot be expected to actually prevent the concrete from cracking, since in any 

case-whether the structure be a building, a bridge, or a pavement-accomplishment of 

such a result would require the use of steel at such a low unit stress as to be decidedly 

uneconomical. Hence, the economical adaptation of reinforcing steel to any type of 

structure is fundamentally a problem of preventing what may be termed 'objectionable' 

cracking." Monitoring of transverse cracks at the U.S. 50 test site, therefore, aims at 

eccessing whether such cracks become objectionable from a hnctional viewpoint and, if 

so, whether this development is related to sealant performance in any way. 
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3.5.1 Transverse Cracking 

During the WBMROO evaluation, a distress survey of PCC slabs in the westbound 

driving lane of the Project, which stretches fiom Sta 133+60 and to Sta 290+00 skipping 

the slabs between Sta 23 1+00 and 260+00, was conducted. A total of 592 slabs were 

inspected and transverse cracks were observed in ten of the fifteen test sections. h some 

slabs, cracks had propagated across both the driving and passing lanes, whereas in others, 

cracking had been arrested by the longitudinal joint. Nearly every crack noted had 

developed at approximately the middle of the 6.4-m (21-A) long slabs. The section 

displaying the greatest frequency of mid-slab cracks and the top percentage of slabs 

cracked was the one with the Dow 890-SL (1) treatment; a total of 9 cracks were noted, 

accounting for 33.3% of the 27 slabs. The section sealed with the Watson Bowman WB- 

687 (5) treatment showed the second highest percentage of cracked slabs, with 18.5% 

slabs cracked. The following sections exhibited no signs of mid-slab cracking at the time 

of the WiBMROO evaluation: Crafco 903-SL (la); Dow 888 (1 a); Crafco 903-SL (4); and 

Dow 890-SL (4). In addition, no transverse cracks were evident in the No Sealant (6) 

section. 

When one considers that the majority of the joint seals in the relatively "young" 

westbound driving lane were in good to very good condition, it is rather unlikely that the 

transverse cracks observed in ten of the fifteen westbound test sections were related to 

poor joint sealant performance. Rather, it appears possible that structural factors may 

have been responsible for the premature cracking observed in a significant number of 

slabs. For this reason, a variety of pavement design features affecting pavement 
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performance is discussed in a subsequent section. 

3.5.2 Corner Cracking 

Every transverse joint in the westbound driving lane of the Project was examined 

for evidence of corner cracking. There were no visible signs of comer breaks at any of the 

transverse joints in eight sections, including one that had unsealed joints. These are the 

two sections with the Crafco 903-SL (1) treatment, both sections with the Dow 888 (1) 

treatment, as well as the section of Watson Bowman WB-812 installed in joint 

configuration No. 5; the final unscathed section was the No Sealant (6) section. The other 

unsealed section in the westbound direction also fared quite well, exhibiting a single corner 

crack in one of its 125 slabs, accounting for 0.8% slabs cracked. The section with the 

Dow 890-SL (3) treatment had developed the highest percentage of slabs with corner 

cracks: four comer breaks were observed in its 28 slabs, accounting for 14.3% slabs 

cracked. 
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Table 3.1 Description of joint seaIant failure and distress types 
(Lynn D. Evans, 1999: personal communication) 

or both edges within 0.6 m (2 ft) of the joint which 

the tensile strength of the sealant, but the splitting does 
not extend vertically through the entire sealant depth. 

tion does not extend through the 

or both edges within 0.6 rn (2 ft) of the joint which 
does not extend vertically through the depth of the join 
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Table 3.1 (continued) 

I 

below the depth of the compression seal. 

Twistedlrolled Seal Condition in which the neoprene seal is misted, rolled, 
or turned in the joint leaving the surface edges of the 
seal at different elevations. 

Compression Set When the neoprene web structure loses its ability to 
exert outward pressure as a result of being in 
compression for a very long duration. 

I t  Gap Joint opens wider than the compression seal is able to 
span, allowing stones to become lodged between the 
edge of the compression seal and the edge of the joint. 

Sunken Seal Seal has sunken into the joint leaving a low area that is 
not watertight. 

Failures 

Field-Molded SeaIants 

Full Depth Adhesion 
Loss 

Full Depth Spalling 

Full Depth Cohesion 
Loss 

Sunken Seal 

I 

The sealant has separated completely from one or both 
edges of the joint, allowing infiltration of moisture and 
incompressibles. 

Cracking, breaking, or chipping of a PCC slab edge 
within 0.6 m (2 ft) of the joint that vertically extends 
below the depth of the joint sealant. 

The sealant has split verticalIy through its entire depth 
allowing infiltration of moisture and incompressibles. 

Sealant has completely separated from both edges and 
sunken into the joint leaving a low area that is not 
watertight. 

Preformed Compression Seals 

Full Depth Adhesion 
Loss 

il 

Full Depth Spalling 

Compression seal has separated completely fiorn one or 
both walls of the joint, allowing infiltration of moisture 
andlor incornpressibles. 

Craclung, breaking, or chipping of a PCC slab edge 
within 0.6 m (2 A) of the joint that vertically extends 
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4 RECENT PERFORMANCE EVALUATION DATA 

4.1 Introduction 

In October 2000, June 2001, and October 2001, the University of Cincinnati (UC) 

research team conducted three joint sealant evaluations in accordance to the quantitative 

statistical methodology described in the previous Chapter. Six joints, selected randomly, 

are closely inspected to determine the percentage of the sealant maintaining a water-tight 

bond with the joint. The evaluation process involves members of the UC research team on 

their hands and knees examining the sealant and joint using their fingers and a small 

pocketknife (Figure 4.1). The joints are inspected over a 1.83 rn (6.0 ft) length, beginning 

at the shoulder and proceeding towards the centerline. With the assistance of Ohio 

Department of Transportation (ODOT) personnel, the driving fane is blocked and traffic is 

diverted onto the passing lane. 

The length of the joint in which the sealant maintained a water-tight bond is 

divided by the length of the joint measured (1 -83 m) and expressed as a percentage, which 

is referred to as the effectiveness of the sealant. Rating categories, identical to those 

proposed by Belangie and Anderson (1 985), are used to classify the sealants' 

effectiveness. These categories are provided in Table 4.1. 

The findings of the evaluations fiom the eastbound and westbound lanes are 

explained in detail in the following sections. When appropriate, comparisons are made 
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between the results of these surveys and two prior evaluations conducted in March 2000 

and November 1999, which are described in detail by Sander (2002); the data sets from 

the latter are code named EBMROO, WBMROO and EBNV99, WBNV99, respectively. 

Each sub-section is titled with the name of the sealant, the joint configuration in 

parentheses, and the stationing interval in brackets. In the case of twin sections, the joint 

configuration is followed by either an "a" or "b" to distinguish between the two. The 

treatment evaluations are code-named by their lane direction for the first two letters (EB: 

eastbound, WB: westbound), and the month and year of the evaluation for the last four 

digits. 

4.2 FaH 2000 Performance Evaluation of the Eastbound Lanes 
(EBOCOO) 

The eastbound lanes were surveyed for the third time on Tuesday, October 10, 

2000, when the sealants were approximately 35 months old and the pavement had served 

traffic for 29 months. The survey began at 9:30 a.m. at Station 154+00 and proceeded 

east. The air temperature was recorded as 8.3"C (47°F) at the early stages of the survey; 

by the end of the survey (2: 15 p.m.), the air temperatQre had risen to 17.g°C (64°F) under 

clear skies. The pavement temperature was measured as 9.4"C (49°F) at the beginning of 

the survey, and 261°C (79°F) near the completion of the survey. 

4.2.1 Techstar W-050 (5) [Sta 154+00 to 160+00] 

The effectiveness of the compression seals in this section has deteriorated by 6% 
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since the EBMROO survey. The notation % indicates that performance has decreased from 

33 to 27%. The six joints in this section have sunken seals over one-third of the measured 

length and adhesion failure over 38%. Joints 13,22, and 26 are by far the worst. Joint 13 

has adhesion failure over 95% of the measured span, whereas Joints 22 and 26 experience 

sunken sea1 failure over 100 and 93% of the length, respectively. Joints 7,9, and 1 1  have 

no sunken seal failure but averaged 48% adhesion failure. 

4.2.2 No Sealant (6) [Sta 160+00 to 166+00] 

These unsealed joints are in very good condition; five of the six joints surveyed 

show no distress. Joint 6 experiences some spalling at two separate locations, totaling 102 

mrn (4 in.). Joints 6 and 20 opened to a width of 11 rnm (7/16 in.) from a nominal width 

of 6 1 2 mm (114 * 1/16 in.). A few small incompressibles are noted in all six joints. 

Some vegetation is growing in Joints 7, 15, and 26, over a total length of 584 mrn (23 in.). 

4.2.3 Dow 890-SL (3) [Sta 166+00 to 172+00] 

The effectiveness of the silicone sealant in this section has deteriorated by 12%, 

$0111 68% during EBMROO to 56% in EBOCOO. Joints 22 and 26 have experienced 75 

and 80% hI1-depth adhesion failure, respectively. Joint 25 has some small vegetation 

gro~vth where the seal has sunk, accounting for 25 mm (1 in.). Joints 5 and 7 have 76 mrn 

(7 in ) and 5 1 mm (2 in.) of spalling on the lip, respectively. In contrast, during the 

EBMROO survey, 102 mrn (4 in.) and 5 1 mm (2 in.) of spalling are recorded for Joints 5 

and 7, respectively, suggesting a small inconsistency between successive evaluation crews. 
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4.2.4 Crafco 444 (1) [Sta 172+00 to 188+00] 

This sealant continues to exhibit the lowest effectiveness among the sealants 

tested. The joints containing this hot-applied sealant are noted to be in very poor 

condition, achieving an effectiveness rating of only 6%. During the EBMROO survey, this 

seal had an effectiveness of lo%, and its deterioration has been 4% since then. Four of 

the six joints (Joints 3 1,40,44, and 5 1) currently have an effectiveness of 0%. Joints 5, 

3 l ,40, and 44 each have sunken seal over 30% of the measured length. In Joint 55 over 

50% of the seal is completely missing. Some smaIl incompressibles are observed in the 

portions of the joints where the seal has either sunk into the joint or is completely missing. 

3.2.5 Crafco 903-SL (1) [Sta 188+00 to 194+00] 

The sealant in these joints is observed to be in very poor condition, having an 

effectiveness of 48%. This section has lost 4% effectiveness from its previous 52% value, 

recorded in EBMROO. The six joints surveyed average 47% adhesion failure. Joints 12, 

1 7 ,  and 2 1 have a combined length of 0.3 m (1 A) of sunken seal in the joints. Since the 

EBMROO survey, Joint 10 has developed some new spalling in the first 51 mm (2 in.) of 

the joint near the shoulder. No incompressibles are noted in any of the joints. 

4.2.6 Watson Bowman 687 (5) [Sta 194+00 to 200+00] 

The compression seals in this section have experienced no deterioration since the 

EBMROO survey reported by Sander (2002). The effectiveness is, in fact, recorded as 

97% in the EBOCOO survey, compared to 95% calculated after the EBMROO survey. Five 
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of the six joints exhibit no distresses. Joint 23 has 254 rnrn (1 0 in.) of the seal missing, but 

this appears to be the result of poor workmanship rather than deterioration under traffic. 

Some small incompressibles are noted on top of the seal in all the surveyed joints with the 

exception of Joint 18. 

4.2.7 Crafco 902 (1) [Sta 200+00 to 206+00] 

Sealed with non-sag silicone sealant, this section is noted to be in very poor 

condition. The sealant maintains an effectiveness of 37%, down from 41% measured 

previously in EBMROO. Individual joints, however, exhibit a wide range of effectiveness. 

Joints 6 and 11 have failed completely (i.e., exhibit 0% effectiveness) and Joint 8 has an 

effectiveness of only 5%. These three joints have a combined span of 3.4 m (I 1 fl) of 

sunken seal failure, accounting for 62% of the measured length; Joint 6 has 13% of its seal 

completely missing. In contrast, Joints 16, 19, and 24 has effectiveness ratings of 68, 92, 

and 5 8%, respectively. 

4.2.8 Crafco 903-SL (4) [Sta 206+00 to 213+00] 

The sealants in this section have deteriorated by 18% since the EBMROO survey. 

With an effectiveness of only 7%, these silicone-filled joints are observed to be in very 

poor condition. Joints 8, 10, 15, and 18 exhibit 0% effectiveness, averaging 81% full- 

Ze;.:,l: ~d!:esion and 1% sunken seal failures. Some smaI1 vegetation pgrovdh is r i~tzd in 

Joint 15 near the shoulder, where the seal has sunk into the joint; sunken seal failure 

accounts for 23% of this joint's measured length. 
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4.2.9 Dow 890-SL (4) [Sta 213+00 to 219+00] 

Since the EBMROO survey, these silicone-filled joints have deteriorated the most 

among all joints surveyed, losing 43% of their effectiveness value. The sealant is observed 

to be in very poor condition, with an effectiveness of only 13%. Joints 8, 10, and 13 have 

failed completely, with hll-depth adhesion failure accounting for an average of 76% over 

the span examined. Joints 9 and 24 have effectiveness values of 8 and lo%, respectively. 

Sunken seal failure is measured over 23% of the length of all six joints surveyed in this 

section. 

4.2.10 No Sealant (2) [Sta 219+00 to 225+00] 

The joints in this unsealed section are performing very well. The only distress 

observed is over a 25-mm (1-in.) segment of Joint 9, where some spalling is noted. This 

spalling failure has also been noted in both the EBNV99 and EBMROO surveys and can be 

attributed to a poor joint cut. At this point, both sides of the joint exhibit spalling failure. 

All the joints are observed to be clean and tight. 

4.2.1 1 Delastic V-687 (5) [Sta 2251-00 to 231+00] 

This compression seal has the second highest overall effectiveness among the 

eastbound sections, maintaining a value of 97%. The seal appears to have gained 2% in 

effectiveness since the EBMROO survey, during which an effectiveness of 95% had been 

recorded. Five of the six joints surveyed exhibit no distresses whatsoever. Joint 15 is 

observed to have a sunken seal over 15% of the measured length. This may be attributed 
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to poor workmanship during the installation of the seal, as had also been postulated in the 

previous two surveys (Sander, 2002). A few small incompressibles are noted on top of 

the seal in Joints 5 and 7. 

4.2.12 Crafco 221 (1) [Sta 260+00 to 266+00] 

The hot-applied sealants in this section have deteriorated just over 1% since the 

previous survey; they are observed to be in fair condition with 71% effectiveness. Small 

bubbles are frequently noted and appear to have contributed to partial-depth cohesion and 

adhesion failures. In such areas of partial-depth failure, the sealant is still water tight, and 

its effectiveness rating is not affected. Joints 18, 19, and 25 have effectiveness values of 

90, 97, and 98%, respectively. With 38% effectiveness, Joint 8 has some small vegetation 

growing over 51 mm (2 in.) near the shoulder, where the seal has sunken to the bottom of 

the joint. Some small incompressibles are also noted on top of the seal. Joint 21 is in very 

poor condition (27% effectiveness), exhibiting major spalling and comer cracking. The 

poor appearance of the joint appears to be the result of poor workmanship during the cut. 

Sealant is present in the corner cracks and in the areas of spalling, confirming that these 

distresses predate the seal application. 

4.2.13 Dow 890-SL (1) [Sta 266+00 to 272+00] 

This sealant has an overall effectiveness of 64% and is in poor condition. The 

silicone-filled joints have deteriorated only 4% since EBMROO. Their effectiveness values 

range from 52 to 82%. Joints 19 and 23 have seal missing near the shoulder over 51 mm 

Arch
ive

d



(2 in.) and 127 rnm (5 in. j, respectively. In the six joints surveyed, the average full-depth 

adhesion and sunken seal failures are 27 and 8%, respectively. No incompressibles are 

observed in the joints. 

4.2.14 Dow 888 (la) [Sta 272+00 to 284+00] 

The silicone sealants in this section are very poor, maintaining 41% effectiveness. 

This is down 9% since the EBMROO survey, when these sealants were described as poor, 

and had an effectiveness of 50% (Sander, 2002). Full-depth adhesion and sunken seal 

failures are equally responsible for the loss in effectiveness recorded; no spalling is 

observed. A small area of incompressibles is noted in Joint 52, whereas the remaining 

joints contain no incompressibles. 

4.2.15 Dow 888 ( l b j  [Sta 284+00 to 290+00] 

The last section of the eastbound lanes is in very poor condition, with an average 

effectiveness of 41%. These silicone sealants have lost 8% effectiveness since the 

previous survey, when an effectiveness of 49% had been noted. No spalling is observed in 

this section either. All of the effectiveness loss is attributed to full-depth adhesion and 

sunken seal failures, which total 44 and 15% of the measured length, respectively. 

Effectiveness values range from 13% in Joint 12, to 97% in Joint 26. Some small 

ir?ccmpressibles are noted in Joint 12, where the seal has sunken into the joint. No 

incompressibles are observed in the rest of the joints. 
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4.3 Spring 2001 Performance Evaluation of the Eastbound Lanes 
(EBJNOl) 

The eastbound lanes were surveyed for the fourth time on Monday, June 4,2001, 

when the sealants were 43 months old and the pavement had served traffic for 37 months. 

The survey began at 8:00 a.m. at Station 154+00 and proceeded eastward; the air 

temperature at this time was 13.3"C (56°F) under sunny skies. By 1:40 p.m., when the 

suniey ended, the air temperature had only risen to 1 8.g°C (66°F) due to cloudy 

conditions. The pavement temperature was measured as 16.1 "C (61 OF) at the beginning 

of the survey and 25.6"C (78°F) near the completion of the survey, although temperatures 

up to 29.4OC (85OF) were recorded during the course of the survey. 

4.3.1 Techstar W7-050 (5) [Sta 154+00 to 160+00] 

The seals in this section have the worst performance among the compression seals 

and nearly the worst one overall, maintaining only 22% effectiveness. These sealants also 

h a ~ e  the highest deterioration at 5% since the fast inspection. Joints 22 and 26 have 

failures over 100% of the measured length of the joint. In these two joints, the seal is 

sunken for 1.73 and 1.70 m (5.7 and 5.6 fi.) of the measured length, respectively. Joints 

7 ,  9, and 13 have adhesion failure over 1.40, 1.35, and 1.37 rn (4.6, 4.4, and 4.5 A.) of 

their respective measured lengths. Several of the joints inspected have large amounts of 

sand and gravel in their joints. Arch
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4.3.2 No Sealant (6) [Sta 160+00 to 166+00] 

These unsealed joints are in very good condition; five of the six joints surveyed 

show no distress. Joint 6 exhbits some minor spalling at two separate locations, totaling 

127 mm (5 in.). Joint 20 has small longitudinal cracks forming near the middle of the 

measured joint length. Most of the joints have large amounts of sand and gravel at their 

bottoms. Joints 7, 15, and 26 have some vegetation growing in them. Joint 15 is open to 

a width of 11 rnm (7/16 in.) from a nominal width of 6 * 2 mrn (1/4 * 1/16 in.). 

4.3.3 Dow 890-SL (3) [Sta 166+00 to 172+00] 

The silicone filled joints in this section are found to be in poor condition, 

maintaining only 62% effectiveness. Joints 25 and 26 have a combined span of 178 mm (7 

in.) over which the sealant is completely missing. Joints 5,7, and 13 are in relatively good 

condition, with only a combined loss of adhesion of 762 mm (30 in.), whereas Joints 22, 

25. and 26 have a combined adhesion loss of 2.96 m (9.7 R.). 

4.3.4 Crafco 444 (1) [Sta 172+00 to 188+00] 

This seaIant continues to exhibit the lowest effectiveness among those tested. The 

joints containing this hot-applied sealant are in very poor condition, with an effectiveness 

rating of only 11%. Joints 40 and 51 have 0% effectiveness, and Joint 44 is only 3% 

tffec:i:-s. These three joints have a combined total of 2.77 m (3.1 fi.) of :heir seslzts 

completely missing. Joint 40 is found with its backer rod protruding, and with large 

amounts of sand and gravel in its place. In all the joints, the sealant is very brittle and 
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large pieces of the sealant are found along the shoulder. A 102 mrn (4 in.) spall, 13 rnm 

(% in.) deep, is found in Joint 12. A random measurement indicates that Joint 31 is 11 

mm (7/16 in.) wide, a value that is within the nominal width dimensions of 10 2 mm (318 

1116 in.). 

4.3.5 Crafco 903-SL (1) [Sta 188+00 to 194+00] 

This silicone sealant averaged 63% effectiveness, indicating that it is in poor 

condition. Joints 10 and 21 have a combined 279 mm (1 1 in.) of their sealant missing. 

These two joints also have 102 rnrn (4 in.) of spalling failures, measuring 6 mm (1/4 in.) 

and 10 rnm (3/8 in.) deep, respectively. Joints 12 and 21 exhibit rare cohesion failures, 

accounting for 102 mm (4 in.) of measured length. Joint 17 has a width of 13 rnm (% in.), 

which is wider than the nominal 10 * 2 rnrn (3/8 * 1/16 in.). In all the joints, the measured 

faiiures are intermittent rather than continuous. No incornpressiblss are noted in any of 

the joints. 

4.3.6 Watson Bowman 687 (5) [Sta 194+00 to 200+00] 

The compression seals in this section remain the most effective sealant treatment, 

being 95?& effective and losing only 3% since EBOCOO. Joints 6 and 7 have no distresses 

at all. Joints 9 and 18 have two spalls accounting for 5 1 mm (2 in.); both are only 6 mm 

(1/4 in.) deep. Joint 23 has 152 rnrn (6 in.) of adhesion failure, but this seems to be the 

result of a poor cut. One half of the joint is cut wider than the other half, and instead of a 

smooth transition between the two widths there is a sudden sharp change, making it 
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difficult for the seal to conform to the edge. At this transition point, the wider portion of 

the joint is measured at a remarkable 22 rnm (718 in.). No incompressibles are noted in 

any of the joints. 

4.3.7 Crafco 902 (1) [Sta 200+00 to 206+00] 

This non-sag silicone sealant maintained nearly all of its effectiveness since the 

previous survey, losing only 1%. The section remained in very poor condition, however, 

achieving only 36% effectiveness. Most of the sealants suffer from sunken seal failure, 

which measures a total of 4.54 m (14.9 ft.) of the 10.97 m (36 A) measured length. In 

many of the joints, the sealant wavers as it loses and gains adhesion. Joints 6 and 24 have 

483 rnrn (1 9 in.) of their sealants completely missing. No incompressibles are noted in any 

of the joints. 

4 . 3  Crafco 903-SL (4) [Sta 206+00 to 213+00] 

These sealants are found in poor condition with an effectiveness of 56%. This 

comes as a surprise since they had been only 7% effective during the last survey, 

EBOCOO. Such a dramatic rise in effectiveness is observed in other sections with joint 

configuration No. 4 as well and will be explained subsequently. Half on the joints, namely, 

Joints 5, 15, and 18, have portions of their sealants missing, totaling 279 mm (1 1 in.). 

J u i ~ i s  5 ,  8, and 10 each have a small spalling failure or, their edge, mezrs.;,rir,g nc more 

than 13 rnm (54 in.) deep. No incompressibles are noted in any of the joints. 
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4.3.9 Dow 890-SL (4) [Sta 213+00 to 219+00] 

Between EBMROO and EBOCOO, this section had the largest decrease in 

effectiveness (43%), yet since EBOCOO this section has had the largest increase in 

effectiveness (53%). This silicone section has gone from very poor in EBOCOO to a fair 

rating in EBJNOI, currently having an effectiveness value of 65%. No missing sealant or 

spalling failures are observed in the joints. These sealants have predominantly sunken seal 

failures, accounting for 3.35 m (1 1.0 ft.) of the total 3.84 m (12.6 ft.) measured length of 

failures. Joint 13 has a small spall failure measuring 5 1 mm (2 in.) long and 13 mm (% in.) 

deep. A randomly measured joint width of 3 rnrn (1/8 in.) in Joint 8 is found to be within 

the nominal dimension range. 

4.3.10 No Sealant (2) [Sta 219+00 to 225+003 

Two spalling failures are found in this section, one in each of Joints 9 and 18. The 

spall in Joint 18 is 25 rnrn (1 in.) long and 10 mm (318 in.) deep, while the spall in Joint 9 

is 25 mrn (1 in.) long and 32 mrn (1 114 in.) deep. Joint 9 is found to have some 

illcompressibles lodged in it, as well. Most of the other joints found in this section are 

relatively clean, with just a few small incompressibles found at their bottom. 

4.3.1 1 Delastic V-687 (5) [Sta 225+00 to 231+00] 

Tllis compression seal has the secoild highest overall effectiveness in the eastbound 

lanes, maintaining a value of 94%. Three of the joints exhibit no sealant failures 

whatsoever. Joints 9, 10, and 15 have a combined length of 559 mm (22 in.) over which 
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the seal has sunken into the joint. Joints 10 and 15 have some minor spalIing failures, 

measuring 25 and 5 1 rnm (1 and 2 in.), respectively. These two joints have maximum 

widths of 16 and 14 mm (518 and 9/16 in.), respectively, which are outside the nominal 

dimensions of 10 mm * 2 rnm (3/8 in. * 1/16 in.). A few small incompressibIes are noted 

on top of the seal in Joint 5. 

4.3.12 Crafco 221 (1) [Sta 260+00 to 266+00] 

The hot-applied sealants in this section have maintained their fair rating, gaining, in 

fact, nearly 5%. Joints 18, 19, and 25 are in very good condition, maintaining 

effectiveness values of 97,98, and 95%, respectively. Joint 25 has a very small spalling 

failure. Joints 4 and 8 exhibit rare cohesion failures, each measuring 102 mm (4 in.). Joint 

21 is badly cut and has 965 mrn (38 in.) of spalling failure, as well as 178 rnm (7 in.) of 

adhesion failure. Joints 18 and 19 have partial adhesion and cohesion failures over nearly 

thelr entire measured length, attributable to bubbles in the sealant. No incompressibles are 

noted in any of the joints. 

4.3.13 Dow 890-SL (1) [Sta 266+00 to 272+00] 

Averaging 79.7% effectiveness, these silicone sealants are in fair condition. 

During the last survey, they were found to be in poor condition, with an effectiveness of 

0406. Joints 18, 19, and 23 have sealants missing over a combined length of 279 mm (1 1 

in.). Joints 8, 12, and 23 have sunken seal failure over 51,356, and 152 mm (2,14, and 6 

in.), respectively. Joint 17 has a remarkable 406 mm (16 in.) of kI1-depth cohesion 

Arch
ive

d



failure. The rest of the effectiveness loss is attributed to adhesion failure. Joint 23 has a 

measured width of 16 mrn, which is more than the nominal width of 10 mrn * 2 mm (3/8 

in, i 111 6 in.). Two very small longitudinal cracks are beginning to form at the edges of 

Joints 17 and 18. No incompressibles are noted in any of the joints. 

4.3.14 Dow 888 (la) [Sta 272+00 to 284+00] 

This silicone sealant section is in poor condition, maintaining 56% effectiveness. 

During the last survey, these sealants had only a 41% effectiveness value. With the 

exception of Joint 4, every joint had sunken seal failure, which totaled 3.75 m (12.3 A,). 

Joint 52 experiences sunken seal failure over nearly its entire measured length or 1.63 nl 

(5.3 ft.). Joint 4 is in very good condition (95%), but is the only joint to have part of its 

sealant missing. Joint 20 has 102 mm (4 in.) of cohesion failure. A small spalling failure 

measuring 25 rnm (1 in.) long and 6 mm (1/4 in.) deep is found in Joint 10. Joint 20 has a 

width of 13 mm (% in.), slightly wider than its nominal width. 

4.3.1 5 Dow 888 (1 b) [Sta 284+00 to 290+00j 

The last section of the eastbound lanes is in poor condition, with an average 

effectiveness of 61%. Like its twin in the previous section, this silicone sealant has 

improved its effectiveness rating; in this case by 20%. Every joint has experienced some 

r&",si~ii fail-~re, rarrging f ion 25 mm (1 in.) in J o i ~ t  26, to 414 FUXI (36 in.) in Jaizt 226. 

The aforementioned Joint 26 is in very good condition, maintaining 98% effectiveness. 

Joint 12 is in very poor condition with 1.42 m (4.7 ft.) of sunken seal failure. Joints 4,S, 
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and 13 have 102, 152, and 203 rnrn (4,6, and 8 in.) of sunken seal failure, respectively. 

Joint 4 has a measured width of 13 mm (% in.), which is wider than the nominal width. 

No incompressibles are noted in any of the joints. 

4.4 Fall 2001 Performance Evaluation of the Eastbound Lanes 
(EBOCO 1) 

On Monday, October 15,2001, the fifth and final test site evaluation for the 

eastbound lanes was conducted. The sealants are nearly four years old and the pavement 

has sewed traffic for 3 1/3 years. The survey began at 8:45 a.m. under partly cloudy skies 

and an air temperature of 6.7"C (44°F); it was concluded at 2:45 p.m. under sunny skies 

and an air temperature of 18.3"C (65OF). Pavement temperatures ranged fiom 7.2"C 

(45°F) at the beginning of the day to 27.8"C (82°F) at the end. The University of 

Cincinnati research team began the inspection at Station 154+00, proceeded eastward and 

finished at Station 290+00. The stretch corresponding to the location of the batch plant 

and of the headquarters of the project contractor (Kokosing Construction Company, Inc.), 

an area of intense and heavy truck traffic (Stations 23 1+00 to 260+00), was not included 

in the evaluation. The paragraphs below give general descriptions of the sealants' 

co~dition. 

4.4.1 Techstar Rr-050 (5) [Sta 154+00 to 160+00] 

These sealants remain the worst of the pre-formed compression seals, maintaining 

only 19% effectiveness, which is down 3% from the previous survey (June 2001). Two of 
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the joints, 22 and 26, have failure over 100% of their measured length. Most of their 

faiIure is attributed to sunken seal, accounting for 94 and 93%, respectively. The 

remaining four joints have mostly adhesion failure. Large incompressibles are found on 

top of all the joints, and some small vegetation growth is seen in Joint 7. Joint 26 has a 

measured width of 13 mm (% in.), which is larger than the nominal width of 10 k 2 mm 

(318 * 1/16 in.). 

4.4.2 No Sealant (6) [Sta 160+00 to 166+00] 

These unsealed joints are in very good condition; five of the six joints surveyed 

show no distress. Joint 6 has some minor spalling at two separate locations, totaling 51 

rnrn (2 in.). Most of the joints have large amounts of sand and gravel at their bottom. 

Joints 7, 15, and 26 have small amounts of vegetation growing in them. They also had 

vegetation in them during the last survey. Joint 6 has opened to a width of I1 mm (7/16 

in.) from a nominal width of 6 f 2 mm (1/4 f 1/16 in,). 

4.4.3 Dow 890-SL (3) [Sta 166+00 to 172+00] 

These silicone sealants have lost only 5% since the previous survey, but remain in 

poor condition with an effectiveness vaIue of 57%. Joints 5, 7, and 13 are in good 

condition (>SO%), but the remaining joints, 22,25, and 26, are less than 40% effective, 

Nearly all of the failure in this section is attributed to loss of adhesion. Joint 26 has a 25- 

mm (I  -in.) spalling faiIure. A random measurement of the width of this joint found it to be 

within its nominal specification. 
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4.4.4 Crafco 444 (1) [Sta 172+00 to 188+00] 

For the fifth consecutive evaluation, the sealants in this section have the lowest 

effectiveness values in the eastbound lanes. These hot-poured sealants deteriorated 2% to 

9% since the previous survey. Two joints, 40 and 44, are 0% effective, and Joints 3 1 and 

5 1 are only 3 and 7% effective, respectively. The sealants are dry, hard, and brittle, which 

prevents them from maintaining a bond with the joint wall. Parts of the sealant can be 

found along the shoulder of the highway. Joints 40,44, and 51 have missing sealant over 

a total of 2.90 m (9.5 A.) of the length inspected. At these locations, the joint is filled with 

sand and gravel. 

4.4.5 Crafco 903-SL (1) [Sta 188+00 to 194+00] 

This silicone filled section has lost only 5% since the previous survey, but remains 

in poor condition with an effectiveness value of 58%. Most of the failure comes fiom 

small incremental losses of adhesion, which account for 91% of the length inspected. 

Joints 10 and 21 have a total of 279 mm (1 1 in.) of missing sealant. Joint 17 has a joint 

width of 13 mm (% in.), which is more than the nominal width of 10 f 2 nun (3/5 f 1/16 

in.). No incornpressibles are noted in any of the joints. 

4.4.6 Watson Bowman 687 (5) [Sta 194+00 to 200+00] 

These compression seals are no longer the single most effective sealant treatment, 

as they now share that title with the Delastic V-687 (5) section: both sections have 

effectiveness values of 94%. The Watson Bowman 687 (5) section has three joints (6, 7, 
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and 9) with no failures whatsoever. Joint 12 is nearly failure free, with only 25 mm (1 in.) 

of adhesion failure. Joint 23 has some small vegetation growth where the sealant has 

sunken into the joint. At one location, this joint has been either cut or expanded to a 

width of 22 mrn (718 in,); 203 mm (8 in.) of adhesion failure is found here. There is some 

minor spalling in Joint 18, accounting for 25 mm (I in.). No incompressibles are found in 

any of the joints. 

4.4.7 Crafco 902 ( 3 )  [Sta 200+00 to 206+00] 

T b s  section is only 3 1% effective but has lost only 5% since the previous survey. 

Two of these non-sag silicone filled joints, 6 and 11, have failed over at least 95% of the 

length inspected. Most of the failures are attributed to sunken seal in this section. No 

incompressibles are noted in any of the joints. 

4.4.8 Crafco 903-SL (4) [Sta 206+00 to 213+00] 

These sealants have by far the largest amount of deterioration (44%) and currently 

average 12% effectiveness. Joint 5 has failed over its entire length and Joint 8 is only 3% 

effective. The remaining joints range in effectiveness from 13 to 23%. Several of the 

joints have rough lips, probably due to their narrow joint width. A random measurement 

of Joint 13 found its width to be 6 rnm (114 in.), which is larger than the nominal range of 

3 Ekhil I 2 inn1 (l/8 in. k 1/16 in.). Because the joint is completely filled with ths sealant. 

no incornpressibles are found in it. 
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4.4.9 Dow 890-SL (4) [Sta 213+00 to 219+00j 

This is another section with the narrow No. 4 joint configuration; it has lost a 

significant amount of effectiveness (23%) since the previous survey. Effectiveness values 

varied widely from 32% in Joint 24 to 77% in Joint 25. Sunken seal and adhesion failures 

account for all loss of effectiveness in this section. Some vegetation growth is observed in 

Joint 24 near the shoulder. No incompressibles are found in these joints. 

4.4.1 0 No Sealant (2) [Sta 219+00 to 225+00] 

There are several small spalling failures in this unsealed section. Joints 9, 12, 18, 

and 25 each have 25-mm (1-in.) spalls on their edges. No incompressibles or vegetation 

growth is found in this section. Joint 18 has a joint width of 3 rnrn (1/8 in.), which is 

within the nominal range for this joint configuration. 

4.4.1 1 Delastic V-687 (5) [Sta 225+00 to 231+00] 

This sealant continues to average a high effectiveness value (94%); no 

effectiveness has been lost since the previous survey. Joints 7,9, and 20 have no failures 

whatsoever. Joints 10 and 15 have a combined length of 508 mm (20 in.) over which the 

seal has sunk, but this is probably the result of poor installation. A few small 

incompressibles are noted on top of the seal in Joint 9; no other joint has incompressibles 

ehse!7;ed i ~ ?  them. Arch
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4.4.12 Crafco 221 (1) [Sta 260+00 to 266+00] 

These hot-applied sealants essentially maintain their original effectiveness value of 

79% measured two years earlier during the EBNV99 survey. Joint 19 is 100% effective, 

while Joints 4, 18, and 25 are all over 95% effective. Joint 21 is the result of a bad cut 

and has spalling failures over 60% of its measured length. 

4.4.13 Dow 890-SL (1) [Sta 266+00 to 272+00] 

The sealants in this section are in fair condition with effectiveness value of 71%. 

A11 of the joints are performing very similarly. With the exception of Joint 18, all the 

joints range in effectiveness from 67 to 70%; Joint 18 is 88% effective. About half of the 

effectiveness loss is attributed to adhesion failure. Joints 18, 19, and 23 have a combined 

measured length of 330 mm (1 3 in.) of missing sealants. Joint 17 has a rare cohesion 

failure, measuring 406 rnrn (1 6 in.) in length. It appears that the sealant has corroded at 

this point. No incompressibles are found in any of these joints. 

4.4.14 Dow 888 (1 a) [Sta 272+00 to 284+00] 

The first of two identical silicone sections in this stretch is in very poor condition, 

achieving only 47% sealant effectiveness. Joints 45 and 52 have 1.52 m (5.0 ft) and 1.65 

(5.4 fi.) of sunken seal failure, respectively. Joints 10 and 20 combine for 1.50 m (4.9 ft.) 

of sunken seal failure. Joint 4 has 127 rnm (5 in.) of its sealant missing and Joint 21 has 

8 13 mm (32 in.) of adhesion failure. No incompressibles are noted in these joints. Arch
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4.4.15 Dow 888 (lb) [Sta 284+00 to 290+00] 

The second Dow 888 section continues to perform like its identical twin. It is 49% 

effective, losing 12% since the previous survey. Sealant effectiveness values range from 

5% in Joint 12 to 90% in Joint 26. Loss of adhesion accounts for 53% of the failures, 

while sunken seal contributes 43%. Joint 5 has 203 mrn (8 in.) of its sealant missing. A 

random measurement of Joint 4 found its width to be within the tolerances for the No. 1 

joint configuration. No incompressibles are found in these joints. 

4.5 Fall 2000 Performance Evaluation of the Westbound Lanes 
(WBOCOO) 

The westbound lanes were surveyed for the third time on Wednesday, October 1 1, 

2000, ~vhen the sealants were approximately 22 months old and the pavement had served 

traffic for 17 months. The hot-applied sealants were not installed until 4 months after the 

otl~crs and are that much younger. The survey began at approximately 8:00 a.m. at 

Station 133+60 and proceeded eastward. The weather was unseasonably cold that 

morning, with an air temperature of -1.7"C (29°F). This rose to 21.7'C (71 O F )  by the end 

of the sumrey, approximately at 1 :30 p.m., under clear skies. 

4.5.1 Techstar W-050 (5)  [Sta 1331-60 to 138 +60f 

I he compression seals in this section have deteriorated much more rapidly than 

any of the westbound sections since the previous survey, earning the lowest effectiveness 

rating of 27%. At the time of WBMROO, the seals had been noted to be in fair condition, 
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with an effectiveness of 70%. Joints 22 and 25 have full-depth adhesion failure of 92 and 

loo%, respectively. The four other joints average 62% effectiveness. All failures in this 

section are attributed to full-depth adhesion failure; no sunken seals or spalling failures are 

encountered. Many incompressibles are observed in all joints in this section. 

4.5.2 No Sealant (2) [Sta 139+60 to 166+00] 

This section is observed to be in very good condition. Joints 37,46, 84, and 106 

have no visible distresses. Small vegetation growth is observed in Joint 84 over a length 

of 5 1 mm (2 in.). Joints 50 and 60 are each observed to have 25 mm (1 in.) of spalling on 

their leave-sides. These spalling distresses were not recorded in the previous survey. An 

interesting observation is made in Joint 37: during the WBMROO survey, a 25-mm (I-in.) 

spaIIing failure had been noted, yet during WBOCOO no spalling failure is observed. As 

long as such inconsistencies are small and infrequent, they have no significant 

repercussions. 

4.5.3 Dow 890-SL (3) [Sta 166+00 to 172+00] 

'The silicone sealants in this section exhibit essentially no deterioration, averaging 

99.?'?4 effectiveness; during the WBMROO survey, an effectiveness of 99.4% had been 

measured. Five of the six joints surveyed currently have no distresses. Three of these five 

joizts, however, Joints 11, 15, and 18, have corner breaks, but these do not affect sealant 

effectiveness since the sealant maintains its water-tight bond with the joint. Joint 10 is the 

only joint that exhibits some form of sealant distress: it has 25 mm (1 in.) of full-depth 
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adhesion failure. 

4.5.4 Crafco 221 (1) [Sta 172+00 to 188+00] 

These hot-applied sealants are in very poor condition, maintaining only 46% 

effectiveness. This is down 4% since the WBMROO survey, when the section had an 

effectiveness rating of 50%. The sealant effectiveness varies widely, from zero to 95%. 

Full-depth adhesion failure occurs over the entire measured length of Joint 22; Joint 40 

experiences onIy 5% full-depth cohesion failure. Joints 60 and 68 have 10 and 8% 

effectiveness, respectively. Joints 56 and 70 have effectiveness values of 92 arid 72%, 

respectively. Several of the seals are noted to have small bubbles, which account for some 

partial-depth cohesion loss. These bubbles are also noted in the WBNV99 survey, six 

months after the installation of the sealant (Sander, 2002). 

4.5.5 Crafco 903-SL (la) (Sta 188+00 to 194t-001 

The six silicone sealants evaluated in this section are 98% effective during this 

suniey (W;f30C00), whereas during the WBMROO evaluation they had been only 95% 

effective. Small differences like this may be considered insignificant, arising from 

inevitable discrepancies in the rating practices of individual research team members. Joints 

4 and 5 have no distresses, and the four other joints (Joints 10, 14,25, and 26) average 

377,; cffcctiveness. Joint 26 has experienced spalling in a 5 I-mil (2-in.) area, as 

previously reported in the WBMROO survey (Sander, 2002). No incompressibIes are 

observed in any of the joints. 
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4.5.6 Crafco 903-SL (lb) [Sta 194+00 to 200+00] 

The silicone sealants in this section have not performed nearly as well as those in 

their previously discussed twin section. The sealants in this section may be described as 

fair, with 79% effectiveness, up 2% from 77% measured during the WBMROO survey. 

Joint performance ranges fiom 60% (Joint 26) to 98% (Joint 12). Joint width 

measurements were randomly taken in Joints 12 and 18, whose widths are both 1 1 mm 

(7/16 in.), a value within the specified range for this joint configuration, i.e., 10 mm i 2 

rnm (3/8 in. i 1/16 in.). Joint 26 has a measured width of 16 mm (5/8 in.), which is well 

outside the corresponding specification, suggesting an expansion of the joint. Joint 10 has 

a spalling failure measured over 5 1 mm (2 in.). During the WBMROO survey, spalling has 

been observed in Joint 10, as well as in Joints 12 and 26. The latter two joints had been 

noted as having 203 mm (8 in.) of spalling, but this is not observed in the WBOCOO 

sun ey. This discrepancy accounts for the apparent 2% improvement in effectiveness 

betxveen the two surveys noted above. 

4.5.7 Dow 890-SL (1) [Sta 200+00 to 206+00] 

The joints in this silicone filled section are performing very well, achieving 97% 

effectiveness. The sealants have deteriorated only 1% since the WBMROO survey. Three 

of the joints (Joints 5, 17, and 24) sustain no distresses over the entire measured length. 

!nintc 4, 9, and 25 have 88,98, and 97% effectiveness, respectively. Snme small 

incompressibles are noted on top of the seal in Joint 9; no other incompressibles are 

observed in the section. Joints 4 and 25 have experienced some spalling failure at the joint 

8 5 
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lips. Only the spalling in Joint 25 had been observed in the WBMROO survey, as well. 

4.5.8 Crafco 444 (1) [Sta 206+00 to 213+00] 

These hot-applied sealants are 96% effective, and may be described as very good. 

Observations in this section suggest the highest effectiveness increase, up 7% since the 

previous survey. Consequently, the rating description changes from good during the 

WBMROO survey, to very good during WBOCOO. Most of the difference in effectiveness 

is attributed to Joints 18 and 25, in which 787 mm (31 in.) and 279 mm (1 1 in.), 

respectively, of adhesion failure were noted during WBMROO, yet during WBOCOO there 

was only 559 rnm (22 in.) and O rnm (0 in.). The field logs for WBOCOO note that these 

joints have partial-depth adhesion failure over much of their sealants. Recall that this type 

of sealant distress does not count towards loss of effectiveness. 

Four of the six joints surveyed (Joints 4,21,24, and 25) suffer from no distresses. 

Joint 18 has comer breaks on both sides of the joint at the shoulder, yet it maintains 90% 

effectiveness with failures in the form of hll-depth adhesion failure. Some small 

incompressibles are noted on top of the seal in Joints 4,21,24, and 28. 

4.5.9 Dow 888 (1 a) [Sta 213+00 to 219+00] 

The silicone sealant in this section maintains 96% effectiveness, achieving a very 

gooci condi~ion rating. The joints examined have deteriorated oniy 3% since the previous 

survey when they were 99% effective. Every joint surveyed has an effectiveness value 

above 90%; Joint 18 has no recorded distresses. On its approach side, Joint 2 1 suffers 
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from a spalling failure, which had not been observed in previous surveys. 

4.5.10 Delastic V-687 (5) [Sta 219+00 to 225+00] 

These compression seals may be described as being in very good condition. They 

achieve an effectiveness of 99%, which represents an increase of 3% compared to the 

value of 96% recorded during the WBMROO survey. Four of the six joints examined have 

no recorded distresses; these are Joints 8, 10, 18, and 22. The two other joints (Joints 9 

and 13) are 93 and 98% effective, respectively. Joint 13 has spalling failure for a 

measured length of 25 rnm (1 in.) on the approach side of the joint; during WBMROO, a 

gap in the seal was observed, instead. It is apparent that spalling occurred after the 

UrBMROO survey, as a result of the missing seal. Some small incornpressibles are noted 

on top of the seal in Joints 8,9, and 13. 

4.5.1 1 Watson Bowman 812 (5) [Sta 225+00 to 231+00)1 

No distresses are observed in any of the joints examined and, therefore, this 

compression seal section achieves a remarkable 100% effectiveness. The same 

obsepation had been made in the WBMROO survey, as well. Joints 19 and 24 are noted 

to have some small incompressible intrusions, although there are no distresses. The other 

joints have small incompressibles lying on the top of the seals. Joint 7 has a measured 

....i . &I. of 13 mm (% in.), which is greater than the nominal width of 10 i 2 mm (3% * 1 /1 6 

in.). 
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4.5.12 Dow 888 (1 b) [Sta 260+00 to 2661t-001 

These silicone sealants have sustained no deterioration since the previous survey, 

achieving 98% effectiveness. The sealants in Joints 8 and 24 show no distress. The 

remaining four joints maintain at least 95% effectiveness. Joints 12, 15, and 21 have 25 

mrn (1 in.) of spalling failure each. The spalling in Joint 12 had been noted in the 

WBhV99 and WBMROO surveys, as well, and can be attributed to a poor initial cut. In 

contrast, the spalling in Joints 15 and 21 is more recent, since no previous mention of it 

has been made. No incompressibles are observed in any of the joints surveyed. 

4.5.13 Crafco 903-SL (4) [Sta 266+00 to 272+00] 

The silicone sealants in this section may be described as being in very good 

condition, having 91% effectiveness. This is up 2% since the WBMROO survey, when 

these sealants had been 89% effective and had been described to be in good condition. 

The recorded increase in effectiveness is insignificant, yet the apparent improvement in 

rating description may influence an engineer's perception of sealant performance. 

The six joints in this section average 8% adhesion failure, the remaining 1 % 

effectiveness loss being due to sunken seal and spalling distresses. Joints 8 and 14 each 

show 25 mrn (1 in.) of spalling over their measured length. Both spalling incidents are 

recent, occurring since WBMROO. The width of Joint 8 is measured to be 6 mm (114 in.), 

which is larger than the joint's specified cut configuration of 3 * 2 mm (1/8 & 1/16 in.). 

No incompressibles are obsewed in any of the joints examined. 
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4.5.14 Dow 890-SL (4) [Sta 272+00 to 284+00] 

The silicone sealants in these joints have lost 29% effectiveness since the 

WBMROO survey. FolIowing UTBOCOO, the sealants may be described as poor, being 

57% effective, Full-depth adhesion and sunken seal failures account for 34 and 8% loss of 

effectiveness, respectively; the remaining 1% is due to spalling. Joint 7 causes some 

concern to the survey team. This joint is in very poor condition, having only 13% 

effectiveness. The dismal appearance of this joint is evidently the result of very poor 

workrnanship. As noted in previous surveys (Sander, 2002), severe spalling, sunken seal, 

and full-depth adhesion failures are evident. The width of the joint varies from 0 mm (0 

in.) to 32 rnm (1 ?4 in.), whereas the nominal width of the joint is 3 A 2 mm (1/8 A 1/16 

in.). The remainder of the joints average 27 and 7% loss of effectiveness due to full-depth 

adhesion and sunken seal failures, respectively. No incompressibles are observed in any of 

the joints surveyed. 

4.5.15 No Sealant (6) [Sta 284+00 to 290+001 

Five of the six joints examined show no distresses. Joint 20 suffers from 25 mm ( 1  

in.) of spalling over its measured length, as reported in the previous survey, as well. Some 

small veget&ttion growth is observed in Joints 7, 12, 20, and 21, accounting for 4% of the 

measured length. Several small incompressibles are observed at the bottom of all the Arch
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4.6 Spring 2001 Performance Evaluation of the Westbound Lanes 
(WBJNOI) 

The westbound lanes were surveyed for the fourth time on Tuesday, June 5,2001, 

when the sealants were 30 months old and the pavement had served traffic for 25 months. 

Recall that the hot-applied sealants are 4 months younger than the other sealants due to a 

later installation date. The survey began at approximately 8:05 a.m. at Station 133+60 

and proceeded eastward. Under partly cloudy skies, the air temperature was recorded at 

16.7"C (62"F), whereas the pavement temperature was slightly higher, at 17.g°C (64°F). 

With variable cloudiness throughout the day, the air temperature was 23.9OC (75°F) when 

the survey was concluded, at approximately 1 :30 p.m. The pavement temperature, 

warmed by periods of clear skies, had risen to a maximum of 31.7OC (89°F). 

4.6.1 Techstar W-050 (5)  [Sta 133+60 to 138 +60] 

These compression seals are the worst performing sealants in the westbound lanes 

and have also deteriorated more than my other section since the last survey. This section 

has an average effectiveness of 14%, down 13% from the previous survey. Joints 23 and 

25 have failed completely and Joint 22 is only 3% effective. Joint 23 even has some small 

vegetation growth in it. The majority of the failure comes in the form of adhesion loss, 

which combines to 3.44 m (1 1.3 ft.). Joints 5 and 15 each have 25 mm (1 in.) long 

spalling failures. Many incompressibles are noted in some of the joints. Arch
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4.6.2 No Sealant (2) [Sta 139+60 to 166+00] 

This section is observed to be in very good condition. No spalls are noted in any 

of the joints, although Joint 50 and 60 are observed to have very rough lips, which may 

appear as minor spalling. Joints 37 and 46 are found to be nearly filled to the surface with 

sand and fine gravel. No vegetation growth is noted in any of the joints. 

4.6.3 Dow 890-SL (3) [Sta 166+00 to 172+00] 

These silicone sealants remain in very good condition, maintaining 98% 

effectiveness and losing only less than 2% effectiveness since the previous survey. Four of 

the six joints have no distresses (Joints 7, 11, 15, and 18). Joint 10 has 152 mm (6 in.) of 

adhesion failure and Joint 22 has 104 (4 in.) of sunken seal failure. Joints 11 and 18 have 

corner breaks measuring 61 0 x 152 mrn (24 x 6 in.) and 76 x 5 1 mm (3 x 2 in.), 

respectively, but these comer breaks do not count against effectiveness values. In most of 

the joints, the sealant is found to be near or at the surface of the pavement, yet no failures 

are occumng at these locations, which is remarkable. 

4.6.4 Crafco 221 (1) [Sta 172+00 to 188+00] 

These hot-applied sealants averaged 58% effectiveness, up 12% fiom the last 

survey. This apparent rise in effectiveness improved the rating category from very poor to 

pool. The bond between the sealant and joint wall is very weak. When inspecting the 

sealant, it is very easy to break the bond, which makes it very difficult to distinguish 

between full- or partial-depth adhesion loss. This may be the cause of the apparent 
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increase in effectiveness. 

Joints 60,68, and 70 have 203,432, and 203 rnm (8,17, and 8 in.) of sunken seal 

failure, respectively. Joint 60 has 330 mm (1 3 in.) of its sealant missing. Joint 22 has fill- 

depth adhesion loss over nearly all of its length. A11 of the joints have small bubbles in 

their sealants; the sealants are also brittle. No spalls or incompressibles have been 

observed in any of the joints. 

4.6.5 Crafco 903-SL (1 a) [Sta 188+00 to 194+001 

The six silicone sealants evaluated in this section remain in very good condition. 

They have only lost 2% effectiveness since the last survey, giving them a 96% 

effectiveness value. The joints have a combined 279 mm ( 5  1 in.) of adhesion failure. 

Joint 14 has two 25 rnm (1 in.) long spalling failures, measuring no more than 13 mm (% 

in.) deep. Joint 26 has a 5  1 mrn (2 in.) long spaIling failure, also less than 13 mm (% in.) 

deep. Joint 5 is the only joint suffering from sunken seal failure, with only 25 mm (1 in.) 

measured. No incompressibIes are observed in any of the joints. 

4.6.6 Crafco 903-SL (lb) [Sta 194+00 to 200+00] 

The silicone sealants in this duplicate section have not deteriorated very much 

either, but continue to perform inferior to their counterparts in the previous section. The 

sealants have lost less than 1% effectiveness, but are still only 79% effective. Joints 18 

and 24 have 152 mm (6 in.) and 5 1 rnm (2 in.) of sunken seal failure, respectively. Both 

Joints 10 and 26 have 51 mm (2 in.) long spalling failures measuring no more than 6 mm 
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(1 14 in.) deep. Joint 12 has no sealant failures whatsoever. No incompressibles are 

observed in any of the joints. 

4.6.7 Dow 890-SL (1) [Sta 200+00 to 206+00J 

The joints in this silicone filled section are performing very well, achieving 97% 

effectiveness. The sealants have deteriorated less than 1% since the WBOCOO survey. 

Joints 9 and 17 sustain no distresses over their entire measured length. The remaining 

joints (4, 5, 17, and 25) are all 95% effective. Joints 5,24, and 25 all have 102 mm (4 in.) 

of spalling failure. Joint 5 has two spalls, measuring 25 and 51 mm (1 and 2 in.) long and 

each 13 mm (% in.) deep. Joint 24 also has two spafls, measuring 25 and 5 1 mm (1 and 2 

in.) l o n ~  and each 6 mm (1/4 in.) deep. Joint 25 has one spalling failure measuring 102 

mm (4 in.) long and 13 mm (% in.) deep. This joint also has some incompressibles lodged 

in its sealant. Joint width measurements in Joints 4 and 17 indicate that the joints are 

\\ithin the given tolerances. With the exception of Joint 25, no incompressibles are 

observed in any of the joints. 

4.6.8 Crafco 444 (1) [Sta 206+00 to 213+00] 

These hot-applied sealants are 98% effective, and may be described as very good. 

During the previous survey these sealants had been found to be 96% effective. Four of 

thfs e x  jcints measured (21,24,25, and 28) have no distresses in their sealmts. The only 

sealant distresses are found in Joints 4 and 18 in the form of full-depth adhesion failure, 

which measures 25 and 178 mm (1 and 7 in.), respectively. Joint 18 also has comer 
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breaks on both sides of the joint at the northern shoulder. These breaks are 5 1 and 102 

mrn (2 and 4 in.) long and both 76 mm (3 in.) wide. The sealant in all joints is very soft 

due to the high pavement temperatures ranging fiom 28.3 to 29.4OC (83 to 85°F). Joint 

24 has some small incompressibles lodged in its sealant. 

4.6.9 Dow 888 (la) [Sta 213+00 to 219+00] 

The sealants in these silicone section are in very good condition, maintaining 

99.7% effectiveness. This is up fiom 96.4% measured during the previous survey. The 

only distress observed is a 25 mm (I in.) spalling failure in Joint 21, which is 13 mm 1% 

in.) deep. Joint width measurements in Joints 7 and 20 reveal widths of 10 mm and 8 mm 

(318 and 5/16 in.), respectively. Both of these are within the nominal width range of 10 * 
2 mm (318 * 1/16 in.). Joint 20 has a small incompressible lodged in it; no other 

incompressibles are observed in any of the joints. 

4.6.10 Delastic V-687 (5) [Sta 219-1-00 to 225+00] 

These compression seals have maintained 99.7% effectiveness, up 1% from 

iJd3OCOO. These seals are in very good condition, only Joint 13 has a sealant distress. A 

25 rnm (1 in.) spalling failure, measuring less than 6 mm (114 in.) is found. Some standing 

water is found on top of the seal in Joint 18, verifying its water tightness. Joint 22 has 

qnme nf i t s  seal at the pavement surface, but the joint is distress free Joint 9 hss a few 

incompressibles on top of its seal, but no other incompressib1es are observed in any of the 

joints. 
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4.6.1 1 U'atson Bowman 812 (5) [Sta 225+00 to 231+00)] 

Like the previous section, this compression seal section only has one distress in 

one of its joints, making it 99.7% effective. Joint 20 has the only distress, 25 mm (1 in.) 

of adhesion loss. Some incompressibles are found on top of the seal in many of the joints. 

Moisture is also found on the surface of the sealants, confirming the effectiveness of the 

seal in preventing water infiltration. A measurement of Joint 24's width found it to be 11 

mrn (7116 in.), within the tolerable dimensions. 

4.6.12 Dow 888 (lb) [Sta 260t-00 to 266+00] 

Like those in the other Dow 888 (1) section, these silicone sealants are in very 

good condition. The sealants average 98.1% effectiveness, essentially experiencing no 

loss since the previous survey. Joints 8 and 24 have no distresses whatsoever, remaining 

liru"/o effective. Joints 15 and 22 have 25 and 127 mm (1 and 5 in.) of adhesion failure, 

respectively. Joints 12 and 21 each have 25 mrn (1 in.) of spalling failure, measuring no 

more than 6 mm (1/4 in.) deep. Both spalls had been noted during the WBOCOO survey. 

No inco~npressibles are observed in any of the joints. 

4.6.13 Crafco 903-SL (4) [Sta 266+00 to 272+00] 

The silicone sealants in this section are in very good condition, having an 

eiiect~veness of 96%, up 5% since WBOCOO. Joints 8, 13, and 17 have a combined 

adhesion loss length of 152 mm (6 in.). Joints 7 and 11 have 25 and 279 mrn (1 and 11 

in.) of sunken seal failure, respectively. In most of the joints, the sealant is observed to be 
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at the surface of the joint. Joint 7 has a measured width of 5 mm (311 6 in.), which is 

within the nominal joint width of 3 k 2 rnm (1/8 * 1/16 in.). 

4.6.14 Dow 890-SL (4) [Sta 272+00 to 284+00] 

The silicone sealants in these joints averaged 79% effectiveness, rating their 

condition as fair. This section has increased in effectiveness by 23% since the previous 

survey when their condition was described as poor. AII of the sealants have a wavy, "up- 

and-down" pattern to them, indicating that the sealant suffers fiorn small incremental 

sunken seal failures; this form of distress accounts for 1.63 m (5.3 ft.). Only Joints 7 and 

43 exhibit adhesion failure, measuring 25 and 102 rnm (1 and 4 in.), respectively. Joint 7 

has 559 rnrn (22 in.) of spalIing failure and is the result of a poor initial cut. The joint lip is 

very rough and the joint width varies from 0 rnm (0 in.) to 19 mm (314 in.). A width 

measurement of Joint 3 1 reveals it to be 6 rnrn (114 in.), which is more than the tolerable 

amount. Some surface extrusion is found in the sealants of many of the joints suweyed. 

KO incompressibles are observed in any of the joints. 

4.6.15 No Sealant (6) [Sta 284+00 to 290+00] 

Five of the six joints examined show no distresses. Joint 20 suffers ?%om 5 1 mm (2 

in.) of spalling over its measured length. Some small vegetation growth is also observed 

in this joint. Several small incompressibles are observed at the bottom of all the joints 

examined. Joint 21 is observed to have a large amount of sand and gravel in the bottom. 

A joint width of 6 mm (114 in.) exists in Joint 12; the nominal width is 6 * 2 mm (114 i 
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1/16 in.). 

4.7 Fall 2001 Performance Evaluation of the Westbound Lanes 
(WBOCOl) 

The westbound lanes were surveyed for the fifth and final time on Tuesday, 

October 16,2001. The sealants in this direction are nearly three years old and the 

pavement has served traffic for about 2 '/z years. The survey did not begin until 10:OO 

a.m. due to rainy weather. The remainder of the day was cold and blustery, with short 

periods of rainfall. The air temperature at the beginning of the survey was 9.4OC (4g°F), 

and ranged from 73°C (46°F) to 10.6OC (51°F) throughout the day under cloudy skies. 

The survey concluded at 3:00 p.m. with an air temperature of 8.3 OC (47°F). Pavement 

temperatures ranged from 8.3"C (47OF) to 13.g°C (57°F). As in previous surveys, the 

current evaluation started at Station 133+60, proceeded eastward, and finished at Station 

290+00. The stretch corresponding to the location of the batch plant and of the 

headquarters of the project contractor (Kokosing Construction Company, Inc.), an area of 

intense and heavy truck traffic (Stations 23 I+OO to 260+00), was not included in the 

evaluation. 

4.7.1 Techstar W-050 (5) [Sta 133+60 to 138 +60] 

These pre-formed compression seals are the worst performing seals anywhere on 

the project. Only 4% of the measured length of these sealants remains effective. The 

section continues to deteriorate; it is down 10% from the previous survey. Three joints, 
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22,23, and 25, have failures over 100% of their length. The remaining joints, 4,5, and 

15, are 8,2, and 17% effective, respectively. Adhesion failure accounts for 94% of the 

failures in this section. A spalling failure, measuring 5 1 mm (2 in.), is found in Joint 15. 

Joints 4, 5, and 15 are filled with sand and gravel. A random joint width measurement in 

Joint 22 found it to be within the specified tolerances of 10 * 2 mm (318 1/16 in.). 

4.7.2 No Sealant (2) [Sta 139+60 to 166+00] 

No spalling faiIures are observed in this section, although Joint 46 has a segment ' 

exhibiting a rough lip. Joints 37 and 106 are nearly filled to the top with sand and gravel. 

Standing water is visible in Joint 84 from a passing shower that halted the survey 

temporarily. A measurement of Joint 46 found its joint width to be within the allowable 

limits of 3 i 2 mm (118 i 1/16 in.). No vegetation growth is noted in any of the joints. 

4.7.3 Dow 890-SL (3) [Sta 166+00 to 172+00] 

This section, whose joints contain a self-leveling silicone sealant, is the best 

performing one in the westbound lanes. Only 5 1 mm (2 in.) of failure are found, giving 

the section an effectiveness value of 99%, which is essentially unchanged since the 

previous sun7ey. Joints 7 and 10 each have 25-mm (l-in.) adhesion failures, which are the 

only failures in this section. Some minor chipping is observed in the corners of Joints 15 

and 18 along the shoulder. No incompressible are found in these joints. Standing water i s  

observed on top of all the sealants. Arch
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4.7.4 Crafco 221 (1) [Sta 172+00 to 188+00] 

This hot-pour section has suffered the second largest effectiveness loss (1 5%) 

since the previous survey making its current effectiveness value 43%. Joint 22 is 

completely failed and Joint 68 is 97% ineffective. Joint 40 is in very good condition with 

only 25 rnrn (1 in.) of adhesion failure and 102 m (4 in.) of spalling failure, the latter 

being due to a poor cut. Joints 56 and 79 have tiny bubbles in their sealants, created 

during the installation of the sealant. No incompressibles are found in these joints. 

4.7.5 Crafco 903-SL (la) [Sta 188+00 to 194+00] 

These silicone sealants have essentially lost no effectiveness since the last survey, 

maintaining their 96% value. Every measured joint in this section has an effectiveness 

value above 90%; in fact, Joint 5 is 100% effective. Nearly all of the failures are small 

incremental losses of adhesion (5 25 mm). Joint 25 is the only one with a substantial 

length of failure: a 127-mm (5-in.) span of adhesion failure. Joint 26 has 51 mm (2 in.) of 

spalling failure. No incompressibles are observed in this sectibn. 

4.7.6 Crafco 903-SL (1 b) [Sta 194+00 to 200+00] 

This duplicate sealant section is identical to the previous one, but continues to 

perform less adequately. It has deteriorated 6% since the previous survey to exhibit 72% 

..CE^..+:..,,,"" 
rA.iliri L11L55 and receive a fair rating. All failures are attributed to loss of adhesion. 

Individual joint sealant effectiveness values range from 45% in Joint 18 to 97% in Joint 

12. No incompressibles are found in this section. 
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4.7.7 Dow 890-SL (1) [Sta 200+00 to 206+00] 

The sealants in this section have not deteriorated at all since the previous survey 

and maintain a 97% effectiveness vaIue. Every joint has sealants that are more than 90% 

effective, including Joint 25, which is 100% effective. The most common failure, 

however, is spalling. Joints 5, 17, and 24 have spalls of 51 mrn (2 in.), 25 mm (1 in.), and 

152 mm (6 in.), respectively. Joints 4 and 9 have 127 rnrn (5 in.) and 25 mrn (1 in.) of 

adhesion failure, respectively. No joints are observed to have incompressibles. 

4.7.8 Crafco 444 (1) [Sta 206+00 to 213+00] 

Unlike its counterpart in the eastbound lanes, this hot-pour section is performing 

very well. These sealants have lost only 6% effectiveness and currently have a 93% value. 

Three of the joints have no failures at all; these are Joints 4,21, and 25. Joints 24 and 28 

are 93 and 98% effective, respectively. Joint 18 is the exception in this section with an 

effectiveness of only 63%. Along with its 660 rnrn (26 in.) of adhesion failure, it exhibits a 

corner break at the shoulder joint. All failures in all of these sealants are attributed to loss 

of adhesion. No incornpressibles are found in these joints. 

4.7.9 Dow 888 (la) [Sta 213+00 to 219+00] 

These silicone sealants lost 9% since the WBJNO1 survey, but are still in very good 

cci12iti;~!15vit!1 a 91% effectiveness value. The joint sealmts in this section are all 

performing very similarly, ranging from 88% to 97% effectiveness. Nearly all of the 

failure is due to loss of adhesion. Joint 21 has a small 25-mm (1-in.) spalling failure. No 
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incompressibles are noted in this section. 

4.7.10 Delastic V-687 (5) [Sta 219+00 to 225+00] 

These pre-formed compression seals continue to comprise one of the best 

performing sections. Only 3% effectiveness has been lost since the last survey and this 

section now has a 97% value. Every joint is at least 90% effective and Joints 8, 13, and 

22 have no failures whatsoever. Adhesion failure is the only contributor to loss of 

effectiveness. No incompressibles are found in these joints. 

4.7.11 Watson Bowman 812 (5) [Sta 225+00 to 231+00)) 

Also containing compression seals, this section has the second largest effectiveness 

value in the westbound lanes at 98%. These seals have lost only 2% since WBJNOI. 

Joints 10 and 24 are 100% effective, while the remaining joint sealants are at least 95% 

effective. The lone failure type found in all of the joints is loss of adhesion. No 

inconlpressibles are present on these seals. 

4.7.12 Dow 888 (lb) [Sta 260+00 to 266+00] 

This section has essentially lost no effectiveness since the previous survey, 

maintaining 98% effectiveness. Every joint is in very good condition (2 90%) and two 

joints, nameiy Joints 8 and 2 1, have no failures at all. Joint 12 has 5 1 mm (2  in.) of 

spalIing failure. All other failures in this sealant section are attributed to loss of adhesion. 

No incompressibles are noted in these joints. 
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4.7.13 Crafco 903-SL (4) [Sta 266+00 to 272+00] I 

These silicone sealants are in good condition after losing 11% effectiveness since 

the last survey; they currently stand at 85%. Mostly adhesion failure is found in these 

sealants, although Joint 1 1 has 254 mm (1 0 in.) of sunken seal and 25 mm (1 in.) of 

spalling failure. Joint 7 also has 25 mm (1 in.) of spalling failure. Sealant effectiveness 

values range fiom 77% in Joint 13 to 95% in Joint 14. No incompressibles are found in 

any of the selected joints. 

4.7.14 Dow 890-SL (4) [Sta 272+00 to 284+00] 

This section has the largest decrease in effectiveness, losing 35% since June 2001. 

This section is currently averaging 44% effectiveness, rating it as very poor. Joints 3 1,43, 

and 54 account for a total of 610 mrn (24 in.) of sunken seal failure. All joints average 

46% of adhesion failure. Joint 7 is the result of a very poor cut, and exhibits 508 mm (20 

in.) of spalfing failure and 1.07 m (3.5 fi.) of adhesion failure. In most of these sealants, a 

color difference is observed in those portions where adhesion failure has taken place. The 

normal color for these sealants is light gray, but the failed portions are black. 

4.7.15 No Sealant (6) [Sta 284+00 to 290+00] 

Only one joint in this section shows any sign of distress: Joint 20 has a 51-mm (2- 

in.; ;pd!ing failure. All of the joints have large amounts of sand and gravel at their 

bottoms. Joints 12, 20, and 25 have small vegetation growing in them. 
Arch
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4.8 Profilometer Surveys 

Along with the sealant evaluations, pavement surface profilometer surveys were 

conducted. These surveys were performed by ODOT personnel at about the same time as 

the sealant evaluations, using the K.J. Law Non-Contact Inertial Profilometer, Model 

690DNC. The profilometer van made three passes along the driving and three along the 

passing lane, in each of the eastbound and westbound directions, recording relative 

pavement surface elevations every 50 rnm (2 in.) of distance traveled. Through the use of 

a mathematical algorithm, these elevation data permit the calculation of the left wheel- 

track International Roughness Index (IRIlf), of the right wheel-track International 

Roughness Index (IRIrt), and of the average of both values of International Roughness 

Index (IRTbh). Additional mathematical manipulations can then be used to establish 

supplementary indices, purporting to simulate the Mays Number (MAYS)-originally 

obtained using a suspension response vehicle-as well as the highly empirical Present 

Serviceability Index (PSI), originally established with reference to road user panel ratings 

that were correlated through statistical regression to measured pavement distresses. The 

data generated in this manner on each occasion at the U.S. 50 joint sealant test pavement 

were later sent by ODOT to the University of Cincinnati research team for analysis. 

Values are recorded over the entire length of the test pavement (Stations 133+60 to 

260+00), except for the stretch corresponding to the location of the batch plant and of the 

headquarters of the project contractor (Kokosing Construction Company, Inc.), an area of 

intense and heavy truck traffic (Stations 23 l+OO to 260+00). Higher profilometer index 
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values are associated with rougher surfaces, except when PSI values are considered: these 

decrease with increasing roughness. It is noted, however, that for the sake of convenience 

and clarity in the discussion below, a rougher surface is referred to as having a "higher" 

index (i.e., a "higher-roughness" index), even when the PSI is concerned (for which such 

an index is numerically lower). A detailed yet succinct presentation of the profilometer 

data from each traveling lane collected during the three most recent surveys, conducted in 

October 2000, June 2001 and October 2001, is provided below. In each case, values are 

calculated of the average, maximum and minimum values, standard deviation, and 

coefficient of variation for the five indices noted above, as well as of the average, 

maximum and minimum values for each sealant section. It is acknowledged that unlike the 

IN, for which the relationship between profile variations and its values is linear, the PSI 

and Mays Number are highly non-linear indices (Karamihas, 1998). This introduces an 

inherent shortcoming in any discussion of changes in the value of these two measures, and 

in any calculation of their statistics, such as the mean and the standard deviation. Such 

mathematical figures are presented here for the sake of completeness, and need not 

introduce any confusion if they are interpreted merely as such. Hawkins (1999) and 

Sander (2002) have each presented similar information from two earlier profilometer 

evaluations, performed in June 1998, May 1999, December 1999, and March 2000, 

respectively. It is recalled that the June 1998 survey included only the eastbound lanes, 

since tine westbound lanes had not been constructed yet. Arch
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4.8.1 Fifth Profile Survey of Eastbound Lanes (PEBOCOO) 

Table 4.2 presents a statistical analysis of the profilometer readings for the fifth 

profile survey of the eastbound lanes, the data set from which is code-named PEBOCOO. 

The top portion of the Table gives averages, maximum and minimum values, standard 

deviations, and coefficients of variation for the five indices noted above. The lower 

portion of Table 4.2 contains average values for each sealant section. The maximum and 

minimum values of the section averages are also provided. 

Data for the eastbound driving lane is listed in Tables 4.2 (a) and (b). It is difficult 

to compare the various profile indices for each section, although there are a few sections 

that stand out. The Crafco 221 (1) section in the driving lane, located between Stations 

2601-00 and 266+00, is the roughest section. Four out of its five indices captured the 

highest roughness rating, even though the sealant has the third best effectiveness ranking 

with 7 1 %. The smoothest section observed is the No Sealant (6) section located between 

Stations 160+00 to 166+00; four of its five indices attain the lowest roughness ratings. 

This section achieved the smoothest ride without containing any sealants in its joints. 

Tables 4.2 (c) and (d) show the results from the eastbound passing lane, which 

exhibits similar trends to those found in the driving lane. As in the driving lane, the Crafco 

22 1 (1) section exhibits the roughest surface, but in the passing lane the Delastic V-687 

(5) section is the smoothest. 

The preceding examples show that a correlation betwec~l seal& eEeciiveness aid 

surface roughness does not exist. The section with the highest amount of roughness 

contains the third most effective sealant, and the section that has the lowest measured 
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roughness contains no sealants whatsoever. This would lead the research team to believe 

that the degree of roughness or smoothness is unrelated to joint sealant ineffectiveness. 

4.8.2 Sixth Profile Survey of Eastbound Lanes (PEBJNO1) 

Data collected in the driving lane during the PEBJNOl survey are averaged and 

compared in Tables 4.3 (a) and (b). The section containing Dow 890-SL (4) between 

Stations 213+00 and 219+00 is the smoothest section, as indicated by all but one indices 

(IRIrt). The roughest section in this lane is found between Stations 260+00 and 266+00, 

and is sealed with Crafco 221 (1). All five indices recorded attain their highest values in 

this section, and these values are significantly higher than in any other section. This 

stretch has also had significantly higher values in all previous surveys to date (Hawkins, 

1999; Sander, 2002). A review of the raw data collected fiom the profilometer shows 

very large values (e.g., IRJ between 105 and 135) towards the latter half of this section, 

between Stations 263+00 and 266+00. Some of these are more than twice the measured 

01 era11 average of the test pavement. Figure 4.2 shows Joint 21, which is poorly cut with 

sek era1 large cracks and spalls. This joint is located within the latter half of the section, 

yet i t  cannot be the only source of these high profilometer values. Interestingly, transverse 

and comer cracking levels in t h s  section are among the lowest. It is postulated that other 

contributors to roughness include faulting, warping, curling, and built-in gradients at the 

rime of construction. The Crafco 22 1 (1) and Dow 890-SL (4) sections have similar 

sealant effectiveness rankings (viz. fourth and fifth, respectively), yet their profilometer 

values could not be more different. This is further evidence that sealant effectiveness does 
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not correlate to surface smoothness. 

Tables 4.3 (c) and (d) list the results fiom the data taken in the passing lane and 

show that the Crafco 221 (1) section exhibits the roughest surface, as well. All five 

indices reach their highest averages here. The passing lane in this section also had the 

highest roughness measurement during the previous profilometer survey. 

The smoothest section recorded in Table 4.3 (d) is Delastic V-687 ( S ) ,  in which 

three of the five indices (MAYS, IRZrt, and IRIbh) attain their lowest values. This section 

also had the smoothest average in the previous survey (PEBOCOO). In both the previous 

and current surveys, this section has had a sealant effectiveness above 94%, evincing a 

match between surface smoothness and sealant effectiveness in this case. 

4.8.3 Seventh Profile Survey of Eastbound Lanes (PEBOCOl) 

T)n Tuesday, October 9,2001, profilometer data were collected by an ODOT crew 

from all traffic lanes. The statistical summary of the seventh profilometer survey 

conducted in the eastbound driving lane is presented in Tables 4.4 (a) and (b). 

The roughest section continues to be Crafco 221 (1). Four of the five indices 

recorded their highest values here, while the fifth, PSI, attained the second roughest value. 

Thc smoo:f;cst section is No Sealant (6),  between Stations 160+00 and 166+00. The 

MAYS and IRnf recorded their smoothest value here. In PEBOCOO, this section was also 

the smoothest one, but it was not the smoothest during the previous survey (PEBJNOl). 

Considering the passing lane, Tables 4.4 (c) and (d) show that Crafco 22 1 (1) has 

again the roughest surface. All indices exhibit their roughest values here. This section has 
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been the roughest in both directions for all profilometer surveys to date, i.e., the three in 

this Report, and all the previous ones reported by Hawkins (1999) and Sander (2002). 

Delastic V-687 (5) exhibits the smoothest profile, as it did in the previous survey; three 

indices (MAYS, DRlrt, and IFUbh) record their smallest values in this section. 

4.8.4 Fourth Profile Survey of Westbound Lanes (PWBOCOO) 

The profilometer survey of October 2000 (PWOCOO) is the fourth one 

conducted in the westbound lanes. The results from the survey are listed in Tables 4.5 (a) 

and (b). The driving lane section between Stations 260+00 and 266+00, containing Dow 

888 (lb), exhibits the roughest surface. Three of the five indices reach their highest 

averages in this section. The Watson Bowman 8 12 (5) compressive seal section, located 

between Stations 225+00 and 23 1 +00, has the smoothest surface in Table 4.5 (b). Three 

of the five indices have their lowest averages in this section. The westbound driving lane 

is significantly rougher than the passing lane. 

The passing lane Dow 888 (lb) section located between Stations 260+00 and 

266+00 also exhibits the highest amount of roughness, yet it has a sealant effectiveness of 

98%. The Crafco 903-SL (la) section between Statipns 188t-00 and 194+00 also shows 

an effectiveness of 98%, but exhibits the lowest amount of roughness in the passing lane. 

These two sealant sections have identical joint configurations and effectiveness values, yet 

ihe~r i~b~ec t ive  surface roughness profiles are con~yletely diIlc~c~h:llt. Arch
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4.8.5 Fifth Profile Survey of Westbound Lanes (PWBJNOI) 

The results of the fifth profilometer survey in the westbound lanes, conducted in 

June 2001, are presented in Table 4.6. The roughest section in the driving lane again is 

found between Stations 260+00 and 266+00, where it is filled with Dow 888 (lb) sealant. 

rU1 but one indices (PSI) achieved their highest values in this section. It is noted that the 

International Roughness Indices in the two wheel-paths are practically identical. The 

values of the lRUf and IRIrt are 73.35 and 73.63, respectively. The IRIbh, which is the 

average of these two, is therefore also very similar, with a value of 73.49. This trend 

persists throughout the entire length of the test pavement. The averages for IRIlf, IRTrt, 

and lRIbh over the length of the project in Table 4.6 (a) are 66.60,65.40, and 66.00, 

respectively. 

The smoothest driving lane section is Crafco 903-SL (I  b), for which four of the 

five iridices (MAYS, IRIlf, IRTrt, and IRIbh) show their lowest values. This section is 

Iacated between Stations 194+00 and 200+00. Recall that Crafco 903-SL (la), the twin 

of this section and located adjacent to it, had the smoothest section during PWBOCOO. 

The Techstar W-050 (5) section, is a close second in terms of smoothness in the driving 

lane. 

In the passing lane, the section containing the sealant Dow 888 (lb) between 

Stations 260+00 and 266+00 is once again the roughest section: all indices but the PSI 

show their highest roughness averages in this section. In contrast, the sealants in this 

stretch exhibited an effectiveness of 98%, which is the fourth highest value in the 

westbound lanes. 
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The smoothest section is found between Stations 133+60 and 139+60, which 

contains Techstar W-050 (5). Three of the five indices (MAYS, PSI, and IRZrt) show 

their lowest roughness values here. Recall that this section has the worst sealant 

performance in the westbound lanes, maintaining only 14% effectiveness. 

4.8.6 Sixth Profile Survey of Westbound Lanes (lPWBOCO1) 

The results of the sixth profilometer survey in ,the westbound lanes are tabulated in 

Table 4.7. The averages for the westbound driving lane are given in Table 4.7 (a), and the 

statistics for each individual sealant section are presented in Table 4.7 (b). It is apparent 

that the roughest section is Dow 890-SL (4). The RIl f  and IRIbh record their highest 

values in this section, while the MAYS, PSI, and IRZrt record their second roughest values 

here. The Dow 888 (lb) section had been the roughest section for the three previous 

surveys. 

The smoothest section is again Crafco 903-SL (lb). Three of the five indices 

(MAYS, IRTrt, and IRlbh) exhibit their lowest values in this section, which is Iocated 

between Stations 194+00 and 200+00. During the current sealant survey, this section 
I 

exhibits one of the lowest effectiveness values (72%). 

Table 4.7 (c) and (d) lists the results of the pr~filometer survey in the westbound 

passing lane. The Dow 888 (lb) section is again the toughest, as it had been for all four 

preceding surveys to date in the westbound passing lane. Four of the five illdices (MAYS, 

IRIlf, IRlrt, and IRIbh) show their highest values in this section, which has the second 

highest effectiveness ranking 98%. Recall that this Iane could not be visually evaluated in 

Arch
ive

d



detail at the time of the first profilometer survey (PWBMR99), due to continuing 

construction activity (Hawkins, 1999). 

Whereas in the westbound driving lane Crafco 903-SL (lb) is the smoothest 

section, its twin, Crafco 903-SL (la), claims the honor in the passing lane, exhibiting 

slightly smoother values for all but the PSI measure. This has been the smoothest section 

during two of the three most recent surveys (PWBOCOO and PWBOCOI), and followed as 

a close second smoothest the Techstar W-050 section during the third (PWBJNOI). 
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Table 4.1 Sealant performance rating categories (Belangie and Anderson, 1985) 

Rating 
Very Good 

Good 

Fair 

Overall Effectiveness Level, % 

90 to 100 

80.0 to 89.9 

65.0 to 79.9 

Poor 50.0 to 64.9 

Very Poor (Failed) 0 to 49.9 
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Table 4.2 Statistical summary of profile survey PEBOCOO of the eastbound lanes 

a) Statistics of individual values for all three passes in the driving lane 

b) Statistics of the means for each test section in the driving lane 
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Table 4.2 (continued) 

e)  Statistics of individual values for all three passes in the passing lane 

d) Statistics of the means for each test section in the passing lane 
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Table 4.3 Statistical summary of profile survey PEBJNOl of the eastbound lanes 

a) Statistics of individual values for all three passes in the driving lane 

b) Statistics of the means for each test section in the driving lane 
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Table 4.3 (continued) 

c) Statistics of individual values for all three passes in the passing lane 

d) Statistics of the means for each test section in the passing lane 

Station Material MAYS I PSI I I R I ~ ~  
68.61 1 3.92 1 81.16 

Imrt 
62.06 

I R I ~ ~  
71.60 
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Table 4.4 Statistical summary of profile survey PEBOCOl of the eastbound lanes 

a) Statistics of individual values for all three passes in the driving lane 

b) Statistics of the means for each test section in the driving lane 
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Table 4.4 (continued) 

c) Statistics of individual values for all three passes in the passing lane 

d) Statistics of the means for each test section in the passing lane 
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Table 4.5 Statistical summary of profile survey PWBOCOO of the westbound lanes 

a) Statistics of individual values for all three passes in the driving lane 

b) Statistics of the means for each test section in the driving lane 
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Table 4.5 (continued) 

c) Statistics of individual values for all three passes in the passing lane 

d) Statistics of the means for each test section in the passing lane 
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Table 4.6 Statistical summary of profile survey PWBJNOl of the westbound lanes 

a) Statistics of individual values for all three passes in the driving lane 

b) Statistics of the means for each test section in the driving lane 
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Table 4.6 (continued) 

c) Statistics of individual values for all three passes in the passing lane 

d) Statistics of the means for each test section in the passing lane 
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Table 4.7 Statistical summary of profile survey PWOGOI of the westbound lanes 

a) Statistics of individual values for all three passes in the driving lane 

b) Statistics of the means for each test section in the driving lane 
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Table 4.7 (continued) 

c) Statistics of individual values for all three passes in the passing lane 

d) Statistics of the means for each test section in the passing lane 
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Figure 4.1 Members of the UC research team examining a joint 
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Figure 4.2 Severe cracking and spalling in Joint 21 of the eastbound Crafco 221 (1 )  section 
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5 ANALYSIS OF RECENT FIELD 

PERFORMANCE DATA 

5.1 General Information 

Since the inception of this project, there have been two initial visual surveys of the 

eastbound lanes and one of the westbound (Hawkins, 1999), in addition to five subsequent 

detailed statistical performance evaluations in both directions. Two of the latter have been 

described in detail by Sander (2002); the three most recent surveys, conducted in October 

2000, June 2001, and October 2001, are documented in this Report. Sealant condition as 

encountered during these three evaluations was detailed in Chapter 4, above. 

This Chapter presents an analysis of the data collected during these three most 

recent suneys. The information is examined to delineate trends in sealant and pavement 

performance, and to assess a possible correlation between the two. Statistical analyses 

n.ere conducted immediately following each evaluation and were completed before the 

next excursion of the research team to the site. Comments in the paragraphs below, 

therefore. represent opinions and ideas formulated at the time of each performance 

mnnitoring activity. 

The data sets from the three evaluations considered in this Chapter are code- 

named kHC)COO, EBJNOl and EBOCOl for the eastbound and WBOCOO, WBJNOl and 

WBOCOl for the westbound lanes, respectively. The data collection, analysis and 

interpretation techniques first used on this project by Sander (2002) are also implemented 
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for the three surveys conducted in the Fall 2000, Spring 2001 and Fall 2001, respectively. 

5.2 Joint Sealant Treatment Effectiveness 

Joint sealant treatment is defined herein as the combination of a specific sealant 

type and joint configuration. Each such treatment is referred to by the name of the sealant 

followed by the joint configuration in parentheses. The following sub-sections analyze the 

effectiveness of the joint sealant treatments in the eastbound and westbound fanes as 

encountered during each survey. The effectiveness ~f a sealant is expressed as a 

percentage by dividing the measured length of sealant that remains watertight by the total 

length measured. FOP this project, a total length of 1.83 m (6 fi) in each of six joints from 

each of the test sections was selected for inspection; this length represents the outer half- 

width of the driving lane in each direction. Failures that suggest watertight conditions are 

no longer present include full-depth adhesion or cohesion failures, sunken seal, missing 

seal, and spalling at the joint. Deficiencies in the sealant that may still preserve watertight 

coniritions include partial-depth adhesion or cohesion failures, and intrusion of 

incompressibles. 

5.2.3 Treatment Effectiveness in the Eastbound Lanes during the EBOCOO Survey 

On Tuesday, October 10,2000, the University of Cincimatiti research teaii 

performed the third survey of the condition of the joint sealant in the eastbound driving 

lane. The data set collected is code-named EBOCOO. The evaluation was conducted in 
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the manner described previously by Sander (2002). The effectiveness of the sealants is 

shown in the bar graph of Figure. 5.1. The sealants are categorized by sealant type, 

(silicone, hot-applied, or pre-formed compression), for which average effectiveness values 

are listed. The joint configuration for each sealant is denoted by the number in 

parentheses. 

It is observed that in general the compression seals are performing far better than 

the hot-applied or silicone sealants. During this survey, the former averaged 74% 

effectiveness, while each of the latter averaged 38%. This is partly attributable to the fact 

that compression seals do not rely on adhesive binders for maintaining a bond with the 

joint walls. Although an adhesive is used with compression seals, it is not the only 

mechanism for preserving this bond. The compression seal, as its name implies, remains in 

colnpression as it expands and contracts, and thus always maintains contact with the joint 

wall. It is interesting to note that the Techstar W-050 (5) compression seal, which relies 

partially on the adhesive for maintaining contact with the face of the joint, is not 

performing as well as the other two compression seals. The deterioration of the Techstar 

seals to an effectiveness of only 27% as of the EBOCOO survey gives rise to concerns with 

regard to the procedures used during installation in the eastbound lanes. Even though an 

employee of Techstar Inc. supervised the installation of the seals in the westbound lanes 

(Hawkins, 1999), a similar deterioration was observed for that section, as well. It is 

;ccc!!cZ :hz: this is the first installation of Techstar seals in a concrete pavement; the 

material is manufactured as a sealant for bridge decks. In the case of hot-applied and 

silicone sealants, a chemical bond is responsible for maintaining contact with the joint wall. 
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They are thus more susceptible to adhesion failure over time. 

The silicone sealants are in very poor condition, averaging only 38% effectiveness. 

Figure 5.1 suggests that their value is influenced greatly by the joint configuration. In 

general, silicone sealants with the wider joint configuration No. 1 seem to perform 

significantly better than those with the narrower joint configuration No. 4. The former are 

averaging 46% effectiveness, compared to only 10% for the latter. Moreover, self- 

leveling silicones appear superior to non-sag ones, even when the somewhat narrower 

joint configuration No. 3 is used: the Dow 890-SL (3) section has an effectiveness value 

of 56%. Joint configurations 1,3, and 4 have nominal widths of 10 + 2 rnm (31'8 2 1/16 

in.), 6 1 2 mm (114 IfI 1/16 in.), and 3 + 2 mm (1/8 + 1/16 in.), respectively. 

The two hot-applied sealant sections have very different effectiveness ratings. The 

Crafco 221 (1)  section is 71% effective, whereas the Crafco 444 (1) section is rated at 

onli 6"b. The latter is the worst performing sealant in the eastbound sections at the time 

of EBOCOO. Such a difference in effectiveness is surprising, since both sections have 

identical joint configurations. An explanation may be found in the intended use for each of 

the t~vo sealants: Crafco 221 is intended for use in moderate to cooler climates, whereas 

Crafco 433 is intended for moderate to hot climates (Hawkins, 1999). This suggests that 

C'rafcn 112 1 may be better suited for the weather found in the region of the test site than 

Crafco 444 is, but this assertion is not corroborated by observations in the westbound 

ianes, wnicn are discussed in a subsequent section. 

Figure 5.2 presents a comparison between results obtained during the EBOCOO 

survey and those collected in the previous one, conducted in Spring 2000 (code-named 
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EBMROO). The values shown in the Figure are listed in Table 5.1. Each sealant section is 

ranked according to effectiveness. A ranking of 1 in the Table is assigned to the section 

with the highest effectiveness and a ranking of 13 to the one with the lowest. The 

corresponding effectiveness rating category, in accordance with a scheme proposed by 

Belangie and Anderson (1 985), is given in parentheses next to each effectiveness value. 

The rating categories are: very good (VG), good (G), fair (F), poor (P), and very poor 

(VP). The last two columns in Table 5.1 examine the percentage reduction in 

effectiveness (or deterioration) that occurred in each section between the two evaluations. 

The loss of effectiveness in each section is also ranked. A ranking of 1 corresponds to the 

sealant with the greatest loss of effectiveness and a radung of 13 corresponds to the one 

with the smallest deterioration. A negative loss of effectiveness would suggest a self- 

healing tendency. Because it is unlikely that a joint would be able to heal itself, such 

discrepancies can be attributed to small incompatibilities in the survey procedures 

employed by the two different crews responsible for these surveys. As long as these 

discrepancies account for a small percentage in the effectiveness (i.e., less than 3%), they 

are considered negligible. The notation % indicates a percentage point change: for 

example. 20% to 23% represents a 3% rise. 

The two superior compression seal sections, DeIastic V-687 (5) and Watson 

Bowman W3-687 (5), have the least loss in effectiveness, retaining values above 97% as 

of EEZCOO. The remaining compression seal, Techstar Xr-050 (5): has the sixth highest 

loss of effectiveness. 

Albeit very different in their respective effectiveness vaIues, the two hot-applied 

13 1 
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sections have experienced a similar loss of effectiveness from the previous survey, 

amounting to less than 5%. The small loss of effectiveness of the Crafco 444 (1) section, 

however, requires clarification. The section had only 10% effectiveness during the 

EBMROO survey; this fact made it difficult to lose much more. 

The two self-leveling silicone sections with a No. 4 joint configuration suffered the 

highest deterioration losses. In fact, Dow 890-SL (4) has lost over three-fourths of its 

effectiveness since the EBMROO survey, dropping by 42y6, from 55 to 13%. The two 

identical sections sealed with the non-sag silicone sealant Dow 888 (1) exhibit a similar 

performance. They have lost 8 and 9?4, respectively, leaving each with 41% effectiveness. 

The similarity in effectiveness of these twin sections validates the consistency of the 

evaluation process. 

In order to reach sound conclusions regarding the effectiveness of each sealant, 

monitoring must continue for a substantial period oftime. Figure 5.3 shows the 

eifect~veness trends for all sealant sections emerging from the three surveys conducted as 

of EBOCOO. Separate Figures for each sealant type, i.e. compression, hot-applied, and 

silicone, are provided as well (Figures 5.4 to 5.6). 

As noted earlier, the compression seals are exhibiting the smallest degree of 

detenoration. Two of the compression seal sections, Delastic V-687 (5) and Watson 

Bowman hB-687  ( 5 ) ,  have had essentially no deterioration since the first survey in 

Nc:rember 1999 as shown in Figure 5.4. The reliance of the compression seals or. 

mechanical rather than chemical bonding appears to be the major attribute that makes 

these seals withstand the toll of time. 
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Figure 5.5 indicates that the Crafco 221 (1) section has experienced no loss of 

effectiveness since November 1999, yet its current effectiveness is only 71%. This gives 

rise to a concern that poor workrnanship during installation may have resulted in a rather 

low initial effectiveness. A visual inspection conducted from the pavement shoulder in 

October 1998, however, indicated an initial effectiveness of this sealant in excess of 95%; 

by May 1999, this value had decreased significantly (Hawkins, 1999). Evidently, there 

was a very rapid, if brief, deterioration in the earliest stages of this sealant's service life, 

but it is not possible to ascertain whether poor workmanship was exclusively responsible 

for this behavior. 

The other hot-applied sealant section, Crafco 444 (I), had a very low effectiveness 

rating (only 14%) at the time of the earliest of the three surveys (November 1999). Visual 

inspections conducted from the shoulder in October 1998 and ,May 1999 suggest that the 

effectiveness at those times was about 90% and 70%, respectively (Hawkins, 1999). A 

s1:alIow recess and air bubbles in the sealant had been observed in those early inspections. 

These characteristics may be responsible for the rapid deterioration of the sealant during 

the summer of 1999. The current (Fall 2000) sealant effectiveness in this section is 6%. 

Silicone sealant sections with the joint configuration No. 1 appear to be 

undergoing a slow deterioration over time (Figure 5.6). The effectiveness loss of these 

sealants over the preceding twelve months is only about 10%. Their current mediocre 

effecti:reness seems primarily to be due to the rapid deterioration that occurred prior to t h ~  

first survey under this Project (Fall 1999). Deficiencies in installation workrnanship, 

reported by Hawkins (1 999), appear to be largely responsible for these observations. In 
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contrast, the two silicone sections with joint configuration No. 4 have exhibited rapid loss 

of effectiveness since the first survey, deteriorating fkom about 70% to about 10% during 

the last year of service. The narrower joint configuration width, No. 4, is the most likely 

attribute responsible for this difference. Among the three sealant types included in this 

experiment, silicone sealants have suffered the most drastic deterioration since the 

November 1999 survey, averaging a 13% effectiveness loss as of EBOCOO. 

5.2.2 Treatment Effectiveness in the Eastbound Lanes during the EBJNOl Survey 

On Monday, June 4,2001, the University of Cincinnati research team performed 

the fourth survey of the joint sealants condition in the eastbound driving lane. The data 

set collected is code-named EBJNO1. The evaluation was conducted in the manner 

described previously by Sander (2002). The effectiveness of the sealants is shown in the 

bar graph of Figure. 5.7. The sealants are categorized by sealant type, (silicone, hot- 

applied, or pre-formed compression), for which average effectiveness values are listed. 

The joint configuration for each sealant is denoted by the number in parentheses. 

In general, it is observed that the pre-formed compression seals are superior to the 

hot-applied and silicone sealants. The average effectiveness of the compression, hot- 

applied, and silicone sealants are 70,43, and 60%, respectively. The average of the 

compression seals, however, rise to 95% with the exclusion of Techstar W-050 (9, which 

exhibits a very poor effectiveness of 22%. The Watson Bowman 687 (5) and Delastic V- 

687 (5) compression seals are by far the best performing seals in the eastbound lane; they 

exhibit 95 and 94%, respectively. 
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The two hot-applied sealant sections continue to show a remarkable difference in 

performance. The Crafco 221 (1) section has an effectiveness of 75%, yet the section 

containing Crafco 444 (1) is exhibiting only 1 1 %, which is the worst effectiveness value in 

the eastbound lanes. The average effectiveness of these sections is 43%, but since the two 

values are so different, the average is not very meaningfbl. 

The silicone sealant sections average 60% effectiveness and have a much lower 

variance than the hot-applied. Dow 890-SL (1) is the best silicone sealant with an 

effectiveness of 80%, while Crafco 902 (1) is the worst at 36%. The correlation between 

joint width and sealant performance encountered in the EBOCOO survey is no longer 

evident. The average effectiveness values for the silicone sealants with joint configuration 

1.3. and 4 are 59,62, and 61%, respectively. The discussion below will elucidate this 

obsen7ation. 

The results of the previous two surveys are shown in Figure 5.8. Table 5.2 lists 

the effectiveness values for the past two surveys and ranks them accordingly. Differences 

bebyeen the two surveys are also tabulated and ranked; a rank of 1 indicates the greatest 

Iess of effectiveness and a rank of 13 means the least. The most striking observation is that 

nine of the thirteen sections exhibit increases in effectiveness. The increase is mainly in the 

silicone and hot-applied sections. The compression seals show a decrease of effectiveness 

of less than 5%. 

The two hot-applied sections (Crafco 221 and Crafco 444) shnw limited increases 

in effectiveness (5%). These apparent improvements are too small to cause any concern 

to the research team. 
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Several of the silicone sealants, however, exhibit much larger increases in 

effectiveness. The two sections with joint configuration No. 4 are most notable, 

displaying 49 and 53% increases of effectiveness, respectively. The effectiveness value of 

Dow 890-SL (4) rose fiom 13 to 65%, while that of Crafco 903-SL (4) rose from 7 to 

56%. With one exception, the other silicone filled sections reveal somewhat smaller 

increases in effectiveness, ranging fiom 6 % in the Dow 890-SL (3) section to 20% in the 

Dow 888 (lb) section. Crafco 902 (1) is the only silicone section that shows a small 

decrease in effectiveness (1%). 

Effectiveness increases in so many sections are a great concern to the University of 

Cincinnati research team. The larger increases are confined to the silicone sections, which 

s h o ~ ~ s  how difficult to evaluate this type of sealant. The very large increases (about 50%) 

are found in the sections with No. 4 joint configurations. These joints are the narrowest of 

the test joints, with a nominal width of 3 f 2 mm (118 f 1/16 in.), a feature that makes it 

difficult to determine objectively and with confidence whether a water-tight bond exists 

bet\$ een the joint walls and the sealant. It should be ~ o t e d  that for the sake of objectivity 

1h2 University of Cincinnati research team does not refer to previous data sets prior to 

collectin, a nevi one. 

A possible explanation for the apparent improvements in effectiveness is offered in 

Figure 5.9, which shows the field logs for Joint 15 in the Crafco 903-SL (4) section, 

r~cn-Qed during the EBOCOO and EBJNOl evaluations. The latter appears to be 

detailed, revealing a series of increments of sunken seal or adhesion failures, interspersed 

~vi th  short intact segments. In contrast, the earlier log shows longer increments of failure 
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with no intact segments. It is apparent from this example that the scale and degree of 

detail of the observations, as well as the subjective opinion of the evaluator, may play a 

more significant role than previously realized. 

Figure 5.10 graphs the results of all sealant sections and all surveys to date. Figure 

5.1 1 shows the deterioration of the preformed compression seals since their installation. 

As expected, the two superior seals (Watson Bowman 687 and Delastic V-687) continue 

to maintain most of their original effectiveness. Techstar W-050, on the other hand, 

continues to deteriorate, albeit more slowly after each survey. 

Figure 5.12 illustrates the corresponding trends for the hot-applied sealants, Crafco 

22 1 (1) and Crafco 444 (1). Both have fluctuated very little since the first survey and 

have remained within 5% of their EBNV99 value. This Iack of variation seems to 

reinforce the hypothesis that these sections were never at 100% effectiveness, even 

immediately after installation. 

The deterioration of the silicone sealants is plotted in Figure 5.13. The sudden 

increase in effectiveness recorded in June 2001 does not f i t  the previous downward trend 

of these sections. The two No. 4 section configurations regained nearly all of the 

effectiveness they lost since the first survey. The sections containing Dow 890-SL (1) and 

Dow 888 (1 a) increased to values above their initial EBNV99 values. Only Crafco 902 

(1) continues to foIlow a steady but slow deterioration path. 

5.2.3 Treatment Effectiveness in the Eastbound Lanes during the EBOCOl Survey 

On Monday, October 15,2001, the University of Cincinnati research team 
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performed the fifth and final sealant survey in the eastbound lanes. This evaluation, code- 

named, EBOCOI, was conducted in the manner described previously (Sander, 2002). The 

effectiveness of the sealants is shown in the bar graph of Figure 5.14. The sealants are 

categorized by sealant type, as silicone sealants, hot-applied sealants, or compression 

seals, and also by joint configuration, which is denoted by the number in parentheses. 

Average effectiveness values for each sealant type are listed in the text box. 

Excluding Techstar W-050 (5) , the compression seals are once again outstanding, 

averaging 94% effectiveness. Techstar W-050 (5) is only 19% effective, whereas Watson 

Bowman 687 (5) and Delastic V-687 (5) are both at 94%. 

The two hot-applied sealants continue to differ quite dramatically from one 

another. Crafco 221 ( I )  has the third highest effectiveness value (79%), yet Crafco 444 

(1) has the lowest value (9%). These two sections average 44% effectiveness, the lowest 

among the three sealant types. 

The silicone sealants average 46% effectiveness, which is only slightly better than 

the hot-applied. The two self-leveling sealants with the No. 1 joint configuration are the 

best performing silicone sections to date. Dow 890-SL (1) and Crafco 903-SL (I )  have 

effectiveness values of 71 and 58%, respectively. Only one other silicone section is above 

50%, namely Dow 890-SL (3), which is 57% effective. The remaining five sections are 

below 50% effectiveness, including Crafco 903-SL (4), which is only 12% effective. Any 

P ~ ' C * P I  ,, ,.,,,,,on l+; between joint configuration and sealant performance continues to be faint; 

there is considerably more variance within identical joint configuration sections than in 

previous surveys. 
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Figure 5.15 shows the results of the current survey, which are compared to the 

previous evaluation. Table 5.3 lists the effectiveness values and corresponding rankings 

for these two surveys, as well as the deterioration of the sealants from the previous survey 

with corresponding rankings. 

The three compression seals lost only a total of 4% effectiveness, although most of 

this is attributable to the Techstar W-050 (5) section, which lost 3%. Delastic V-687 (5) 

gained an insignificant 0.2% in effectiveness. The only other section exhibiting an increase 

in effectiveness is Crafco 221 (I), which gained 4%. Crafco 444 (1) dropped below 10% 

by losing 2% and has practically no intact sealant left. 

The silicone sealants display decreased effectiveness values ranging from 5 to 44%. 

The largest decreases are found in the two narrow No. 4 joint section configurations, 

which lost 23 and 44%. Much of the apparent gain in effectiveness recorded during the 

p r e ~  ious survey (EBJNOl) appears to have dissipated. The twin sections of Dow 888 (1) 

lost 9 and 12%, respectively, while the remaining silicone sections lost less than 10% in 

effectiveness. 

The effectiveness values for all sections and surveys to date are shown in Figure 

5 .  I 6, \+,hich clearly portrays the performance trend over time for these sealants. Similarly, 

Figure 5.17 tracks the performance of the compression seals. Since a thorough evaluation 

of the sealants was not possible immediately after their installation (Hawkins, 1999), all 

O C C D P + ; T I ~  . . , . , , . . ., . ;~AJ-S  1, n are assumed to have been 1 00% to begin with. This zssumption is 

brought into question by the results of several sections, but it is used for practical 

purposes. The performance, or lack thereof, of Techstar W-050 (5) is evident, as it falls 
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precipitously well below that of the other compression seals. The Watson Bowman 687 

(5) and Delastic V-687 (5) seals emulate each other's excellent performance. The 

effectiveness values of these two seals never differ by more than 1%. Their long-term 

performance looks promising, whereas Techstar W-050 (5) seems doomed for a quick 

ultimate failure. 

The performance to date of the hot-applied sealant sections is shown in Figure 

5.18. It is apparent that Crafco 444 (1) began deteriorating at a faster rate than the other 

hot-applied sealant, Crafco 221 (1). The former appears to be at a terminal effectiveness 

level since it does not have much more effectiveness to lose. The latter is maintaining an 

effectiveness between 70 and 80%. 

Figure 5.19 displays the effectiveness values of the silicone sealants over their life- 

span to date. The effectiveness increases observed during EBJNOl make the graph 

difficult to decipher. The majority of the effectiveness apparently gained during the last 

suney (EBJNOI) appears to have been lost during the current survey (EBOCOI) and 

throws into doubt the results of the former survey. Only Crafco 902 (1) exhibits no 

effectiveness increases at all during its lifetime. The current effectiveness values for 

almost all sections are still above those from a year ago (EBOCOO). Most of the sections, 

however, are only a few percentage points above their October 2000 value. 

5.2.4 Treatment Effectiveness in the Westbound Lanes during the WBOCOO 
Survey 

On Wednesday, October 11,2000, the University of Cincinnati research team 
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performed the third joint sealant evaluation in the westbound driving lane. The data set 

collected is code-named WBOCOO, and was performed in the same manner as previously 

described by Sander (2002). Effectiveness values calculated from the results of this survey 

are shown in Figure 5.20. The sections are grouped by sealant type: silicone, hot-applied, 

or compression seals. The joint configuration for each sealant is denoted by the number in 

parentheses. Average effectiveness values for the three sealant types are also displayed in 

the Figure. 

The westbound lanes have been open to traffic for approximately thirteen months 

fewer than the eastbound lanes, and the sealants here have generally suffered less damage. 

In the westbound lanes, the silicone sealants have maintained 90% effectiveness, higher 

than any other sealant type in the westbound lanes. The compression seals and hot- 

applied sealants average 75 and 71% effectiveness, respectively. 

The relatively poor performance of the compression seals compared to the silicone 

sealants is attributable exclusively to the very poor effectiveness rating of the Techstar W- 

050 (5) section. AS in the eastbound lanes, Techstar W-050 (5) is performing very poorly, 

achie~ing only 27% effectiveness. In contrast, the other two compression seals maintain 

100 and 99% effectiveness, respectively. If the effectiveness value of Techstar W-050 (5) 

is excIuded from the compression seal average these seals have a nearly perfect 

effectiveness average (99.5%), which surpasses that of the silicone sealants. The 

nc.-p,,-tc,,.t ,,,,,l,L,,,. +.,.n- ,,,, performance of the Techstar W-050 seal in both the eastboui~d aud 

westbound lanes demonstrates its inadequacy as a sealant in a Portland cement concrete 

(PCC) pavement. 

Arch
ive

d



The two hot-appIied sealants have very different effectiveness values. The Crafco 

444 f 1) sealant maintains more than twice the effectiveness of Crafco 221 (1). The former 

averages 96% effectiveness, while the latter maintains only 46%. In contrast, recall that in 

the eastbound lanes Crafco 221 (1) performed far better than Crafco 444 (1). 

Consequently, the argument proposed earlier that Crafco 221 (1) is better suited to the 

temperature regime at the test site no longer holds. 

The majority of the silicone-filled joints maintain at least 90% sealant effectiveness. 

The Dow 890-SL (3) section e h b i t s  a remarkably high 99.7% effectiveness rating. The 

correlation between poor sealant performance and joint configuration is again present, 

although it is not as pronounced here as in the eastbound lanes. Dow 890-SL (4) sealants 

ha\.e the lowest effectiveness among the silicone sections, exhibiting 57% effectiveness. 

14'ith one exception, there is little difference among the sealants placed in joints with the 

xv~der No. 1 configuration. Four of the five silicone sealants with joint configuration No. 1 
I 

i ary frorn 96 to 98% effectiveness. The fifth, Crafco 903-SL (lb) has only 79% 

effectiveness. 

As in the previous section, a table is provi 

sealant fro111 the Fall 2000 survey to the previous 

5.4 lists the loss of effectiveness and ranks the se in a manner analogous to what was 

described earlier. The rating categories are included again for the reader's convenience. 

F; - t . : : ~  - - 5 ' 1 graphs these effectiveness values so that the reader can gain a better 

understanding of the results. 

As is the case for the eastbound lanes, the Watson Bowman and Delastic 
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compressive seals are performing better than almost all of the sealants, ranking first and 

third in the westbound lanes, respectively. The other compression seal, Techstar W-050 

( 5 ) ,  is the worst seal in terms of effectiveness and also loss of effectiveness since the 

previous survey. 

The Dow 890-SL (4) silicone sealant section is the only section other than 

Techstar W-050 (5) to experience significant deterioration (i.e., more than 5%): it has lost 

29% of its effectiveness. Most sections have somewhat higher effectiveness values than 

what was observed in the previous survey. As mentioned previously, these limited 

increases are the result of inevitable discrepancies in the rating practices of individual 

research team members. 

Figure 5.22 shows the effectiveness trend for each sealaqt since the first survey 

conducted in Fall 1999. With few exceptions, all sections have kxperienced little or no 

loss in effectiveness. 

The deterioration of the compression seals is displayed in Figure 5.23. The 

Watson Bowman 812 (5) and Delastic V-687 (5) compressive seals continue to exhibit 

superior effectiveness values, with very little or no deterioration. The former shows no 

loss of effectiveness in any of the inspected joints. The Techstar W-050 (5) section, on 

the other hand, is again the exception among the compression seals, losing 43% since 

Spring 2000 and 72% since Fall 1999. 

n..- UUb + ,o the fact that the westbound sealants arc one year y~oiiiiger i h a ~  fl~ost; in 

eastbound sections, they can provide valuable information concerning early age 

performance. The westbound Techstar W-050 (5) section initially had a high effectiveness 
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value but began deteriorating immediately. Therefore, it may be concluded that the poor 

performance initially observed in the eastbound lanes is a result of rapid sealant 

deterioration rather than poor installation, as previously suspected. 

The two hot-applied sealants have very different deterioration rates again, as 

shown in Figure 5.24. The Crafco 444 (1) section has experienced no loss of sealant 

effectiveness since the original survey, whereas the Crafco 221 (1) section has lost nearly 

20%. Incidentally, these two sealants are the youngest ones: they were instalIed four 

months after the rest in the westbound lanes. 

A concern about the installation of the Crafco 221 (1) sealant was discussed 

earlier, but it is still difficult to decipher if the relatively poor performance of the sealant is 

due to poor installation or sealant deterioration. The initial evaluation of the sealant in the 

eastbound lane (EBNV99) was conducted when the sealant had already been in place for 

ttvo years, and, therefore, the loss of effectiveness could have been caused by distresses 

related to vehicle traffic. An evaluation of the Crafco 221 (1) sealant in the westbound 

lanes during the WBNV99 survey allows an evaluation of the seaIant at a relatively young 

age (seven months). In the WBNV99 survey, the Crafco 221 (1) section is found to have 

maintained only 63% of its effectiveness, a value similar to the initial effectiveness found in 

the eastbound lane (71%). This may give some additional evidence that the installation of 

the Crafco 221 sealant may not have yielded an initial effectiveness at or near 100%. 

Similar concerns were discussed earlier in conjunction with the silicone sections in 

the eastbound lanes. Again, the westbound lanes are used as an indication of the sealants" 

early age performance. The silicone sealants in the westbound lanes are generally 
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observed to have high initial effectiveness values and experience little or no loss of 

effectiveness in later surveys (Figure 5.25). In view of the lack of deterioration in the 

westbound lanes, it is likely that it is poor installation led to the loss of effectiveness in the 

siIicone sealants in the eastbound lanes. 

The effectiveness on the westbound sections is in great contrast to those in the 

eastbound lanes. This difference is only partly due to the relative age of the sealants; the 

sealants in the westbound lanes were installed approximately one year after those in the 

eastbound lanes and, consequently, the latter have been exposed to the harsh environment 

for a longer period of time. To evaluate performance at the same age, data from the 

WBOCOO survey are compared to those from the EBNV99 survey, when both sealants 

lvere approximately two years old. A graphical illustration of this comparison is shown in 

Figure 5.26. In general, the 2-year old westbound sealants (WBOCOO) performed much 

better than the 2-year old eastbound sealants (EBNV99). Note that in Figure 5.26, the 

comparison in some cases is between similar but not identical sections, in view of small 

diflerences in the experimental layout of the eastbound and westbound sealant sections. 

Thus. Watson Bowman 687 (5) is compared to Watson Bowman 81 2 (5), and Crafco 902 

(1 )  is contrasted to Crafco 903-SL (la). 

The performance of the westbound compressive seals manufactured by Watson 

Bo\tfrnan and Delastic is very similar to their counterparts in the opposite lane direction 

;i;i;s ;;.me has experienced an effective~ess loss. The Tecfistzr V!-05C! ( 5 )  zez!s cffer cce 

of the few exceptions found in Figure 5.26. The eastbound Techstar seals performed 

much better than those in the westbound lanes. The former maintained 60% effectiveness 
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and the latter only 27%, despite the fact that the manufacturer's representative was 

present during installation in the westbound lanes. 

The eastbound section of the Crafco 22 1 (1) sealant achieved 7 1 % effectiveness 

whereas the westbound attained only 46%. The other hot-applied sections, Crafco 444 

(11, are significantly different. The westbound section maintained nearly all of its 

effectiveness with 96%, yet the eastbound section exhibited only 14% effectiveness. 

All but one of the westbound silicone sections exceeded the effectiveness of their 

counterparts in the eastbound lanes. The WBOCOO sections have surpassed the EBNV99 

ones by an average of 17%. Only the westbound Dow 890-SL (4) section achieved a 

lower effectiveness value than the corresponding eastbound section, maintaining 57 and 

76%, respectively. 

The superior performance of the westbound over the eastbound sealant sections, 

even when comparing similar ages, suggests that favbrable conditions exist in the 

v,.estSound lanes. Possible factors contributing to this difference in sealant performance 

include the experience of the installation crew and weather conditions during sealant 

installation. 

5.2.5 Treatment Effectiveness in the Westbound Lanes during the WBJNOl 
Survey 

On Tuesday, June 5,2001, the University of Cincinnati research team performed 

ille Iruuli l~ sedlant evaluation in the westbound driving lane. The survey was performed in 

the same manner as previous inspections (Sander, 2002), and the data set collected is 
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code-named WBJNO1. Effectiveness values calculated are shown in Figure 5.27. The 

sections are grouped by sealant type: silicone, hot-applied, or compression, for which 

average effectiveness values are listed. The joint configuration is denoted by the number 

in parentheses. 

The compression seals, with the exception of Techstar W-050 (5), have lost very 

little effectiveness. Watson Bowman 812 (5) and Delastic V-687 (5) have effectiveness 

values of 99.7%, with only 25 mm (1 in.) of failure in each. The Techstar W-050 (5) seal 

continues to perfom poorly with an effectiveness value of only 14%. The three 

conlpression seals average 71% effectiveness, which is not representative of the excellent 

performance of the two superior compression seals. 

The average effectiveness of the hot-applied sealants is 78%. Crafco 444 (1) is 

98% effective and Crafco 221 (1) is at 58%. The former value is in great contrast to the 

effectiveness value in the corresponding eastbound section, which is only 1 1%. Such a 

large disparity has been observed in every survey to date. If it is assumed that conditions 

in the eastbound lane are identical to those in the westbound lane, this would suggest a 

possible flaw in the installation process in the eastbound section. On the other hand, there 

is a considerable age difference between the two Crafco 444 (1) sections; this will be 

discu~sed siabsequently in more detail. 

The silicone sealants are far superior to the hot-applied materials and to the 

Techsr- W-050 (5) compression seal. Six silicone sections have effectiveness values 

abo1.e 95%; the other two, Crafco 903-SL (lb) and Dow 890-SL (4), have values of 79% 

each. In this case, there is no apparent correlation between sealant effectiveness and joint 
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configuration. 

The silicone sealants in the westbound lane have two pairs of identical sections; 

tsvo Dow 888 (1) and two Crafco 903-SL (1) sections. The Dow 888 (1) sections are 

performing very similarly: one is 99.7% effective and the other 98%. The performance of 

the Crafco 903-SL sections, however, show a considerable difference in effectiveness. 

Crafco 903-SL (1 a), located between stations 188+00 and 194+00, is 96% effective, 

whereas Crafco 903-SL (lb), between stations 1941-00 and 200+00, is only 79% effective. 

This is peculiar since both were installed on the same day, immediately following one 

I 

another (Hawkins, 1999). The sealant instalIation crew moved eastward and installed I 

Crafco 903-SL (1 b) before Crafco 903-SL (la). It is postulated that the crew gained 

useful experience with the installation of the former and applied it to the installation of the 

latter. 

The results of the last two surveys are compared in Figure 5.28. Table 5.5 also 

iisrs the effectiveness values and differences from the previous two surveys and ranks the 

sections accordingly. Techstar W-050 ( I )  lost more effectiveness (1 3%) than all other 

sealant sections. The effectiveness values for the compression seal sections, Watson 

Bn~ i .~nan  8 12 ( 5 )  and Delastic V-687 (51, has varied by only 1%. Both of the hot-applied 

sections have increased in effectiveness. The 12% increase in Crafco 221 (1) is the second 

highest; the Crafco 444 (1) apparently improved by 2% The large increases in 

~ffec t ive~~ess  observed previously in the eastbound lanes are generally nonexistent in the 

westbound lanes; this is because most of the latter sections are already near 100% 

effectiveness. Six of the eight silicone sections had previous effectiveness values above 
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90%, and of these six sections, only three exhibit small increases in effectiveness. Both 

silicone sections involving a No. 4 joint configuration display increases in effectiveness. 

Crafco 903-SL (4) has only a 5% increase, but its previous effectiveness was 91 %. Dow 

890-SL (4) has the largest increase: 23% since the previous survey. 

The deterioration of all westbound sealant sections since the first survey (Fall 

1999) is displayed in Figure 5.29. The long-term loss of effectiveness for the pre-formed 

compression seals is also shown in Figure 5.30. Watson Bowman 812 (5) and Delastic V- 

687 (5) continue to maintain most of their effectiveness. It is unlikely that these two 

superior seals will lose much effectiveness in the near future. Techstar W-050 (5) has 

already failed and continues to decline toward 0% effectiveness. After failing in just a 

short period of time, the Techstar seals in both the eastbound and westbound lanes have 

no long-term durability. 

Figure 5.3 1 illustrates the results of the past four surveys for the hot-applied 

sealants. The section containing Crafco 444 (I)  has increased slightly in effectiveness 

during the past two surveys, but this total increase accounts to only 9%. Crafco 221 (1) 

M ;IS thought to be steadily losing effectiveness but it seems to have stabilized and even 

shox~s a slight increase. 

The trendline for the silicone sealants over the past four surveys is shown in Figure 

5.32. With the exception of Dow 890-SL (4) at the time of WBOCOO, all of these 

n n ~ + r n n n  ,,,,, ,;,,,, , h n t r n  ,,,. , maintained most of their effectiveness as mcasurcd during ihe first survey 

(WBNV99). The performance of these sealants is unlike the performance of their 

counterparts in the eastbound lanes, where a steady Ioss of effectiveness is observed. 
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The eastbound and westbound lanes need to be compared at a similar age for the 

evaluation to be more meaningful. The westbound sealants are approximately one year 

younger than those in the eastbound lane. As done for the previous survey, the results of 

the current survey for the westbound lanes (WBJNO1) are compared to the results of the 

survey of the eastbound lanes conducted one year earlier (EBMROO). The age of the 

sealants at the time of these two surveys is approximately 2.5 years. 

Results from these two surveys are compared in Figure 5.33, which shows that the 

sealants in the westbound lane continue to outperform those in the eastbound. This trend 

is the same as had been observed in the last comparison. All but two of the westbound 

sections retain greater effectiveness values than their eastbound counterparts. In fact, the 

difference between the two lane directions is more pronounced now than before. The 

average difference is now 31%, up from 17% in the last comparison. This shows that the 

westbound sealants are not deteriorating nearly as rapidly their counterparts in the 

eastbound lanes. 

The eastbound and westbound performance of the two superior compression seals, 

Watson Bowman 812i687 (5) and Delastic V-687 (51, remains excellent and very similar 

since neither seal has deteriorated significantly. The eastbound Techstar W-050 (5) 

section is performing better than the westbound section, although the difference has 

decreased since the last survey. This section is one of the few exceptions to the general 

trend of superior performance in the westbound lanes. The other exception in this 

comparison is offered by the Crafco 221 (1) sections, for which the eastbound is 

outperforming the westbound by 14%. 
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The largest difference in effectiveness is displayed by the Crafco 444 (1) sections; 

the westbound is nearly 90% more effective. It is noted that because the hot-poured 

sealants were installed later than the other westbound sections, they are five months 

younger than the corresponding eastbound sections. It is unlikely, however, that this age 

difference accounts for the observed disparity. Although it is not possible to ascertain at 

this time the cause of this large discrepancy, it is reasonable to attribute it to differences in 

weather conditions and quality of workmanship during installation. It is assumed that 

traffic loads and other distress causing factors are similar in both directions. The disparity 

in the hot-poured sealants and possibly other sealant types may be weather related. The 

installation of the westbound hot-poured sealants was delayed waiting for wanner 
I 

temperatures; the pavement temperature was recorded at 16' C (61' F), which is within 

the Crafco specifications of 10-32" C (50-90" F) (Hawkins, 1999). In contrast, since the 

eastbound hot-poured sections were installed in November, it is possible that the 

pal-ernent temperature was below the minimum specified temperature, and as a result the 

I 

I sealant did not create a good bond with the joint walls. No pavement temperatures are 
I 

I available for the November 1999 installation. Also, the Crafco 444 sealant applied in the 

I , 1% estbound lane was heated to a temperature of 143'C (29OeF), which is within the 
I 

I 

recommended temperature range (Hawkins, 1999). Unfortunately no additional 

I 
I 
I information is available describing the installation process of Crafco 444 in the eastbound 

The silicone-filled sections average a difference of 42% between the westbound 

and eastbound directions. The Iargest contrast is found in the Crafco 903-SL (4) sections 
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(72%). The causes of so many large differences in effectiveness between the eastbound 

and westbound silicone sections are not clearly understood. The manufacturers' 

specifications for the silicone sealants make no mention of required temperature ranges 

(Hawkins, 1999). If temperature is indeed not a factor affecting the perfomance of these 

materials, then poor workmanship may be to blame. 

5.2.6 Treatment Effectiveness in the Westbound Lanes during the WBOCOl 
Survey 

On the day following the inspection of the eastbound lanes, i.e., on Tuesday, 

October 16,2001, the westbound lanes were inspected. Code-named Wl3OG01, this 

evaluation was the fifth and final evaluation for these materials. The results of the current 

survey are presented in Figure 5.34, where the sealants are separated into compression, 

hot-applied, and silicone sealants, and are further arranged according to their joint 

configuration. The average effectiveness values for each sealant type are also provided. 

The compression seals, with the exception of Techstar W-050 (5), continue to 

perform exceptionally well. Watson Bowman 812 (5) and Delastic V-687 (5) are 98 and 

97% effective, respectively. The average of the compression seals (66%) is depressed due 

to the ineffectiveness of the Techstar W-050 (5) section. Excluding this section yields an 

ai  crags of 98%, which is best amongst all the sealants. The difference in effectiveness 

between the two superior compression seal sections and Techstar W-050 ( 5 )  could not be 

greater. The latter is only 4% effective, which indicates that the sealant has failed since it 

cannot keep any water out of the joint. 

Arch
ive

d



The difference between the two hot-applied sections continues to increase: Crafco 

444 (1) is 93% effective, yet Crafco 221 (1) is onIy 43% making the difference 50%. 

During the previous survey this difference was 40%. 

The silicone sealants average 85% effectiveness, which is the best for the 

westbound lanes (when Techstar W-050 is included for the compression seals). All 

silicone sealants with the No. 1 configuration, with the exception of Crafco 903-SL (I), 

are in very good condition C> 90%). The only No. 3 configured section, Dow-SL 890 (3), 

has the highest effectiveness value (99%) out of all the westbound sections. The two No. 

4 configured silicone sections, Crafco 903-SL (4) and Dow 890-SL (4), have effectiveness 

values of 85 and 44%, respectively. It is apparent that the No. 4 joint configuration 

continues to produce poor effectiveness values. 

In Figure 5.35, the results of the current survey are compared to those from the 

previous one. Numerical values for effectiveness and deterioration, as well as 

corresponding rankings, are listed in Table 5.6. Watson Bowman 812 (5) and Delastic V- 

687 ( 5 ) ,  which were both 99.7% effective during WBJNOI, maintained their excellent 

performance. each decreasing by only 2%. Techstar W-050 (5), which had little 

effectiveness left, lost I OO/o, falling to 4% effectiveness. The Crafco 444 (I)  section lost 

646, but it is still in very good condition e g o % ) .  Crafco 22 1 (1) fell fiom a poor to very 

poor rating by losing 15'3, and so ranks second in terms of lost effectiveness. The section 

containins Dow 890-SL (4) exhibits the largest decrease in effectiveness (35%). down 

from the unexpectedly high value recorded during the previous survey. The other No. 4 

configured section, Crafco 903-SL (41, also lost all of its previous apparent gain in 
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effectiveness; it lost 11% since the previous survey. The remaining silicone sections lost 

less than 1 0%; Dow 888 (1 a), which was 99.7% effective during the last survey 

(UBJNO1 ), dropped 9% during the current survey (WBOCOI). The only section 

exhibiting an increase in effectiveness is Dow 890-SL (31, which gained 2%. 

The performance of all the westbound sections over their entire life to date is 

sh0u.n in Figure 5.36. The sealant type sections are also displayed individually in Figures 

5.37 to 5.39 and are examined in detail in the following paragraphs. 

Figure 5.37 indicates that Techstar W-050 (5) may have at one time been 100% 

effective, but deteriorated quickly soon afier its installation. It is clear that this section has 

been steadily declining in effectiveness over the past three years and has virtually no 

effectiveness left. The other two compression seals, Watson Bowman 812 (5) and 

Delastic V-687 ( 5 ) ,  have maintained nearly all of their original effectiveness and promises 

excellent performance in the future. 

The performance of the hot-applied sealants is shown in Figure 5.38. These 

sealants were not installed until April 1999, whereas all other seals in the westbound lanes 

h a d  heen installed in December 1998. Unlike the eastbound lanes, where Crafco 444 f 1) 

began deteriorating very rapidly and dramatically, the corresponding westbound section 

has lost very little in effectiveness. It has generally maintained effectiveness values above 

9096 for its lifetime. Crafco 221 (1) deteriorated rapidly early on, but more recently it has 

maiz~ained a steady effectiveness value, the June 2001 evalu~tion, which produced many 

effectiveness increases, notwithstanding. 

Most of the silicone sealants have maintained much of their original effectiveness 

Arch
ive

d



throughout their lifetime as shown by Figure 5.39. Four sections, Dow 890-SL (3), Dow 

888 (I b), Dow 890-SL (I), and Crafco 903-SL (la), have never dropped below 95% 

effectiveness. Dow 888 (la) recently dropped to 91%, but it had been above 95% in all 

previous surveys. Crafco 903-SL (4) and Crafco 903-SL (Ib) had deteriorated to 89% 

and 77%, respectively, during EBMROO, but they have essentially maintained those values 

since then. The two identical Crafco 903-SL (1) sections are performing quite differently. 

Crafco 903-SL (la), which is between Stations 188+00 and 194+00, is outperforming its 

twin by approximately 20% throughout the time span considered. The effectiveness value 

of Dow 890-SL (4) fluctuates dramatically since it is very hard to survey due to the very 

narrow joint width, which makes it difficult to determine adhesion failure. 

The westbound sections are still performing significantly better than the eastbound 

sections, even after accounting for the difference in their ages. Figure 5.40 compares the 

current westbound survey (WBOCOl) to the eastbound survey conducted one year earlier 

(EBOCOO). At the time of these two evaluations, all sections were approximately three 

years old. 

The superior performance of the westbound sections is glaring, especially when 

considering the silicone sealants, where every westbound section outperforms its 

corresponding eastbound counterpart by at least 30%. The largest difference among 

silicone sealants is found in the Crafco 903-SL (4) joints, where the westbound lanes are 

?E;5 higher than the corresponding eastbound lanes. The largcn: ~vcrall diffcrcncs is 

between the two Crafco 444 (1) sections. The westbound section is outperforming the 

eastbound by 86%, which is actually down from 88% observed during the June 2001 
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evaluation. The other hot-applied sealant, Crafco 221 (1 j, does not follow the same trend: 

the eastbound is outperforming the westbound section by 28%. Similarly, the Techstar 

W-050 (5) eastbound section is outperforming its westbound counterpart by 23%. The 

other two compression seals are performing identically in both directions. The Watson 

Bowman sections are both achieving 98% effectiveness, while both the Delastic V-687 (5) 

sections are maintaining 97% effectiveness, 

It is now possible to compare the eastbound and westbound sections over an 

extended period of time. The effectiveness of the compression seals in the eastbound and 

westbound lanes is plotted in Figure 5.41. The ordinate is age in months, measured since 

the time of installation. The Watson Bowman and Delastic seals in the eastbound and 

westbound lanes are performing extremely well. The eastbound Techstar section is 

outperforming its westbound counterpart, but the effectiveness trends of both sections are 

pitifully poor. In both directions, this material exhibits less than 20% effectiveness, and 

continues to deteriorate. 

Figure 5.42 depicts the hot-applied sealants in the same manner. The large 

discrepancy between the turo Crafco 444 (1) sections is again evident. The eastbound 

section never performed as well as the westbound, which hints at possible deficiencies in 

the installation of the former. It is possible that the construction crew gained experience 

~vith the installation of the eastbound section, and used this effectively during instaIlation 

iii i l i e  westbound sections. Moreover, it is possible that delaying the wc~:ho~ind 

installation until the following Spring was very beneficial. The Crafco 221 (1) sections, 

however, do not support these postulates. Just the opposite is observed in these sections, 
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albeit to a much lesser degree: the eastbound are outperforming the westbound. The 

difference in effectiveness here is about 25%, whereas for the Crafco 444 (1) sections this 

difference is about 80%. 

To elucidate the behavior of the silicone sealants, their performance trends are 

shown in three separate figures. Figure 5.43 shows the self-leveling sealants with the No. 

I joint configuration. Note, however, that whereas there are two duplicate sections of 

Crafco 903-SL (1) in the westbound lanes, there is only one such section in the eastbound 

direction. Consequently, the westbound Crafco 903-SL (I b) section is compared to the 

eastbound section sealed using Crafco 902 (I), ignoring the fact that the latter is a non-sag 

silicone sealant. To date, all of the westbound sections are outperforming their eastbound 

counterparts by a large margin. It is apparent that all eastbound sections never performed 

as \\ell as their westbound counterparts. 

Figure 5.44 displays the performance ofthe four non-sag Dow 888 (1) sections. It 

i i  obssn-ed again that the westbound sections are outperforming the eastbound by a 

considerable margin. The former have never dropped below 90% effectiveness, whereas 

the latter deteriorated drastically very early on and are about 50_%below the westbound 

lanes as of the WBOCOl survey. This graph strongly suggests that poor workrnanship is 

responsible for the dismal performance of the eastbound silicone sealants. 

The performance of the No. 3 and 4 configured self-leveling silicone sealants in the 

east- and westbound lanes is shown in Figure 5.45. Despite the fluctuations in values from 

suwey to survey, this graph also shows the continuing superior performance trend of the 

wrestbound sections. Westbound Dow 890-SL (3) and Crafco 903-SL (4) have 
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outperformed their eastbound counterparts over the entire time span considered. The 

Dow 890-SL (3) section has maintained an effectiveness of at least 95% in the westbound 

lanes, yet its counterpart in the eastbound direction has deteriorated steadily to below 

60%. The westbound Crafco 903-SL (4) section has never dropped below 80%, yet the 

corresponding eastbound section began deteriorating quickly and never came close to the 

westbound performance. The eastbound section of Dow 890-SL (4) had better 

effectiveness values than the westbound section in early life, yet at approximately 25 

months, it began to lose effectiveness very quickly and has since dropped below the latter. 

Additional surveys are needed to further study the performance of these sealants in view 

of the strong fluctuations in effectiveness values. 

5.3 PCC Pavement Performance 

Collection of data pertaining to PCC pavement performance was initiated during 

the Spring 2000 evaluation, after several mid-slab cracks had been noticed (Sander, 2002). 

Only the westbound dnving lane was included at this initial survey, results from which are 

discussed by Sander (2002). During the Fall 2000 evaluation, the initial pavement 

performance survey of the eastbound driving lane and the second such survey of the 

westbound driving lane were conducted. Additional surveys were conducted during the 

Sp i11~  2601 and Fall 2001 evaluations; all three data sets are described subsequenriy. T ie  

number of slabs containing transverse cracks and slabs with comer breaks are recorded; 

examples of these distresses are shown in Figures 5.46 and 5.47, respectively. Slabs 
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containing more than one transverse crack or corner break are counted as just one. The 

degree of joint spalIing, measured by length, is calculated as well; examples of this type of 

deterioration are shown in Figure 5.48. These three pavement distresses are analyzed in 

the following subsections. 

5.3.1 Pavement Distresses in the Eastbound Lanes during the EBOCOO Survey 

The initial pavement performance evaluation in the eastbound lanes was conducted 

on Wednesday, October 11,2000. Analysis of the extents of transverse cracking, corner 

breaking, and joint spalling is provided below. 

Transverse Cracking 

Table 5.7 shows a summary of transverse cracking observations recorded during 

the EBOCOO sun7ey in the eastbound lanes. T h s  is the first such pavement performance 

evaluation in this direction. Every section exhibits transverse cracking to some extent and 

the test pavement as a whole has 24% cracked slabs. 

The section of the non-sag silicone sealant Dow 888 (la) displays the most 

transverse cracking (48%). The other non-sag silicone filled sections, Dow 888 ( I  b) and 

Crafco 902 (I),  have 25 and 32% of the slabs cracked, respectively. 

The unsealed section between Stations 2 19+00 and 225+00 shows the second 

largest amount of transverse cracking at 48%, as well as the most comer breaks, as noted 

in a subseyriznt paragraph. The two Crafco 903-SL sections have the least transverse 

cracking: Crafco 903-SL (1) has 7% slabs cracked and Crafco 903-SL (4) only 6%. 

There is no bias with respect to sealant type when transverse cracking is 
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considered. The top four pavement sections in terms of percentage of cracked slabs, viz. 

Dow 888 (la), No Sealant (2), Watson Bowman WB-687 (5) and Crafco 221 (11, each 

have a different sealant type (silicone, unsealed, compression seal, and hot-applied), as 

well as a wide range of effectiveness values (41, 0,98,7 1 %, respectively). Note that the 

unsealed section is assigned a 0% sealant effectiveness to facilitate the comparison. 

Comer Breaking 

The pavement performance evaluation conducted in Fall 2000 was the first time 

comer breaks were counted in the eastbound lanes. Table 5.8 shows the number of comer 

breaks and percentage of comer breaks in the eastbound driving lane encountered during 

the EBOCOO survey. 

Comer breaks are observed only in two sectiqns, Techstar W-050 (5) and No 

Sealanl (2). Two broken slabs are found in the former, accounting for 7%. The latter has 

SIX slabs with comer breaks, accounting for a remarkably high 22% of the slabs in this 

section. KO other unsealed section in either the eastbound or the westbound Ianes was 

observed to have any comer breaks. 

Sp~1!1:t!,o 

Table 5.9 lists the measured length of spalling, spalling increases, and rankings for 

each sealant section. The total recorded length for this survey is also provided. There are 

six sections that currently have spalling distresses observed in their joints. Of these, two 

zre si!icone filled, two are hot-applied, and bvo are unsealed. RecaIl that there are only 

t h o  hot-applied and two unsealed sections in the eastbound lanes. None of the three 

compression sections have any spalling failures. 
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Crafco 22 1 (1) has significantly more spalling than any other section; it measures 

1.25 m (4.1 R). As shown in Figure 5.48 (a), Joint 2 1 was poorly cut and exhibits 1.19 rn 

(3.9 R) of spalling, which accounts for over 95% of the total spalling failure length in this 

section. The section with the second highest degree of spalling is Dow 890-SL (31, which 

has a total 152 mm (6 in.) and is limited to just two joints, 5 and 7. Only four other 

sections have spalling distress in their joints: No Sealant (6), Crafco 444 (I), Crafco 903- 

SL (I) ,  and No Sealant (2), which have 102 mm (4 in.), 51 mm (2 in.), 51 mm (2 in.), and 

25 rnrn (1 in.), respectively. 

A concern to the University of Cincinnati research team is the fluctuations in the 

measured spalling length. A careful investigation into this problem revealed that nine of 

the fifteen sections exhibit a decrease in spalling distress length at one time or another. 

Three of these involve a decrease of only 25 mm (1 in.). The following questions are 

raised: Are the distresses being overlooked; is the definition of a spall dependent on the 

inspec tor; or is it a matter of the length of the spall being measured? Through the 

investigation of previous surveys, several measuring inconsistencies were found. Of the 

nine sections containing spalling decreases, four were determined to be length differences. 

For example, a spalling distress was measured as 51 mm (2 in.) in Spring 2000. During 

the next survey, the same spall was measured as only 25 mm (1 in.), which causes a 

decrease in the measured length. The five remaining increases were either overlooked or 

Luu3i;lcrec.l noi to be spalling distresses. Arch
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5.3.2 Pavement Distresses in the Eastbound Lanes during the EBJNOI Survey 

The second pavement performance evaluation in the eastbound lanes was 

conducted on Monday, June 4,2001. Analysis of the degree of transverse cracking, 

comer breaking, and joint spalling is provided below. 

Transverse Cracking 

The number of transverse cracks, slab percentage, and corresponding rank for the 

eastbound driving lane is listed in Table 5.10 (a). The No Sealant (2) section, between 

Stations 219+00 and 225100, has the largest percentage of cracked slabs with 66.7%. 

The other unsealed section, found between Stations 160+00 and 166+00, has the fourth 

highest percentage with 54%. These sections are performing worse than their westbound 

counterparts, which rank eleventh and fifteenth, respectively. The section with the lowest 

cracked slab percentage is Crafco 444 (I),  which contains ten cracked slabs accounting for 

only 1396 of the slabs in this section. Recall that this section had the lowest effectiveness 

value ( I  1 %) at the same time (June 2001). 

Table 5.10 (b) shows the increases in transverse cracks from the previous survey. 

Kegative values indicate a decrease in observed cracking. Ranking is according to 

percentage of cracked slabs. The Techstar W-050 (5) section has the largest increase in 

transverse cracks (29%). A different compression seal section, Watson Bowman V-687 

( 5 ) ,  has no increase in transverse cracks. The two hat-applied sections, Crafco 22 1 (1) 

an? Crafco 444 (I), exhibit very little increase in transverse crachng. The two sections 

each have increases of 4%, ranking 14 and 13, respectively. The two Dow 888 sections 

also show similar increases with respect to each other. Dow 888 (la) has a 13% increase 
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and Dow 888 (Ib) a 14% increase. These increases rank these sections at 9 and 8, 

respectively. No section exhibits a decrease in transverse cracks. 

Comer Breaking 

The number of comer breaks found in the eastbound driving lane is presented in 

Table 5.1 1 (a). No Sealant (2) and Techstar W-050 (5) have two comer breaks, more 

than the other sections, but since the former has one slab less than the latter, its slab 

percentage is slightly larger. The only other section that exhibits corner breaking is Crafco 

902 (I ) ,  which has one comer break that accounts for 4% of the slabs. 

Table 5.11 (b) lists the increase in breaks from the previous survey. The No 

Sealant (2) section has a decrease of four corner breaks from the previous survey. A 

review of the field logs is not insightful because none of the comer breaks are found in any 

of the evaluated joints. The four missing breaks can be attributed to either oversight or 

classification interpretation. Chipping can often be mistaken for small comer breaks and 

may be the reason for the decrease. 

The Crafco 902 (1) section is the only one to have an increase in breaks; it has one 

additional break since the previous survey. Techstar W-050 (5) has the same number of 

breaks as before. 

STQ!! '?~~ 

The measured length of spalling failures, as well as the increase in length of 

spalling, in each section are ranked in Table 5.12. The Crafco 221 (1) section, between 

Stations 260+00 and 266+00, continues to exhibit more spalling than any other one. This 

fact is not a surprise because during the previous survey it had at least 1.10 rn (3.6 A) 
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more spalling failure than the other sections. Joint 21 remains in poor condition and is stilI 

believed to be the result of poor workmanship. Only 1 .OO m (3.3 ft) of spalling failure was 

measured in this section during this survey, compared to 1.25 m (4.1 ft) measured in 

October 2000. f i s  discrepancy is due to the extremely bad shape of Joint 21, which is 

often difficult to evaluate due to its dismal condition. The Dow 890-SL (3) section is also 

observed to have a significant decrease in spalling failure. The severity of the spalls in this 

section is so small that the evaluator discounted them, during the next survey. In October 

2000, five separate spalling failures were found in Joints 5 and 7, accounting for 152 mrn 

(6 in.). During the June 2001 survey, the evaluator noted that there was very minor 

spalling in these joints and that it is too small to be considered spalling failure. 

Unfortunately, this example shows how the discretion of the evaluator can affect the 

outcome of the data. 

Five sections have spalling failures that have not been previously recorded. These 

include Crafco 903-SL (4), Dow 890-SL (4), Dow 888 (la), and Delastic V-687 (5). The 

total length of spalling is up by 127 mrn (5 in.) since the previous survey, to a current 

length of 1.78 m (5.8 ft). 

5.3.3 Pavement Distresses in the Eastbound Lanes during the EBOCOl Survey 

The third and final pavement performance evaluation in the eastbound lanes was 

conducted on Monday, October 15,2001. Analysis of the degree of transverse cracking, 

comer breaking, and joint spalling is provided below. Arch
ive
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Transverse Cracking 

Table 5.13 (a) lists the number of transverse cracks, percentage of slabs cracked, 

and corresponding ranking for the eastbound sections. Overall, the eastbound lanes are in 

better condition than the westbound lanes. This fact is surprising because the eastbound 

lanes are approximately one year older than the westbound lanes. The eastbound lanes 

have 39% of their slabs cracked, compared to 44% in the westbound lanes. In the 

eastbound Ianes, there are no sections with more than 75% cracked slabs and only four 

sections with more than 50%; eleven sections have 25% or more of their slabs cracked. 

The compression sealed sections are performing similar to each other, Watson 

Bowman 687 (5) and Techstar W-050 (5) have 50% of their slabs cracked and Delastic V- 

657 (5) has 43% cracked. These values rank the two former at fifth and the latter at 

seventh. 

The Wo unsealed sections are performing on the opposite end of the spectra as 

their westbound counterparts, which have very little cracking. The eastbound sections 

rank first and fourth in terms of transverse cracking. The No Sealant (2) section has two 

out of every three slabs cracked (67%) and No Sealant (6) has 54% cracked. 

As stated previously, there does not appear to be a correlation between sealant 

effectiveness and pavement performance. For example, Dow 890-SL (1) has the fourth 

highest effectiveness value (71%), but has the largest degree of transverse cracks (67%). 

'-.." r.. .. 
,,ul,v 444 (I), which has the lowest effectiveness value (9S'aj, lias a ~ T S ~ ~ ~ ~ L . Z I B C  ir ackiug 

rank of thirteen with 15% of its slabs cracked. These examples, with others, suggest that 

poor sealant effectiveness does not imply poor pavement performance. 
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Table 5.1 3 (b) lists the increase in the number of cracked slabs, increased 

percentage, and corresponding ranking since the previous survey. The Watson Bowman 

687 (5) section, which showed virtually no decrease in effectiveness, has the largest 

increase in cracked slabs (1 5%). Delastic V-687 (5) exhibits a 7% increase and Techstar 

W-050 (5) shows no increase at all. The unsealed sections show no increase in transverse 

cracking. Four sections, Crafco 903-SL (4), Dow 890-SL (3), Crafco 902 (I), and Dow 

888 ( I  b), exhibit decreases in cracking of 6,4, 1 1, and 4%, respectively. Most of the 

sections exhibit an increase in cracking of less than 10%. 

Corner Breaking 

Table 5.14 (a) lists the number of slabs experiencing corner breaks, as well as the 

percentage of slabs with cracks, and the corresponding ranking. As had also been the case 

during the previous survey, only Crafco 902 (I), Techstar W-050 ( 5 ) ,  and No Sealant (2) 

sections have corner breaks. In fact, Table 5.14 (b) indicates that there have been no 

changes in the number of comer breaks observed in any of the sealant sections since the 

pre\ ious survey. 

Ftl ir'l7l'q 

The length of spalling observed during the EBOCOl evaluation is listed in Table 

5.15. The Crafco 221 (1) section continues to exhibit the largest degree of spalling. 

Recall that this section includes Joint 2 1, which currently has 1.12 m (3.7 I?) of spalling 

and accounts for 100% of the observed spalling in this section. This joint is the result of 

either a bad cut or an end of the day construction joint. 

Dow 890-SL (31, which previously did not have any spalling, is observed to have 
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25 rnrn (1 in.) of such failure. No Sealant (2), which had 51 mm (2 in.), now has 102 mm 

(4 in.) and ranks second among the eastbound sections. The increase is the result of two 

additional spalling failures located in separate joints. The other unsealed section, NO 

Sealant (6), has the third largest degree of spalling with 51 rnrn (2 in.). It is pssible that 

the lack of sealant may cause spalling in these sections. 

Overall, the eastbound joints exhibit 1.47 m (4.8 ft) of spalling, which is 305 mm 

( I  2 in.) less than what was observed in the previous survey. Seven sections exhibit 

decreases in spalling length. The Crafco 903-SL (4) section has the largest decrease in 

spalling with 152 mrn (6 in.); no spalling was observed here during this survey. In the 

previous survey, three joints accounted for the 152 mm (6 in.) of spalling. It is noted in 

the field logs that some joints have rough lips, but they are not recordcd as spalling 

failures; previously, however, it was noted that the spalling was minor. This fact shows 

that a classification discrepancy exists, rather than a lack of care in the evaluation process. 

After reviewing a11 seven sections that have decreases in spalling, three, including 

Crafco 903-SL (4), are definitely classification discrepancies, three are most likely such 

discrepancies, and one is a measuring discrepancy, in which spalling failures where 

recognized but the lengths were measured less than the previous survey. 

5.3.4 Pavement Distresses in the Westbound Lanes during the WBOCOO Survey 

The second pavement performance eva!uation in the xvestbound lams was 

conducted on Wednesday, October 1 1, 2000. Analysis of the degree of transverse 

cracking, comer breaking, and joint spalling is provided below. 
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Transverse Cracking 

Table 5.16 (a) lists the number of transverse cracks, percentage of slabs cracked, 

and corresponding ranking. A slab that exhibits two or more cracks is counted as only 

one cracked slab. All but two sections in the westbound driving lane have transverse 

cracking in their slabs; these are Dow 890-SL (4) and No Sealant (6) .  In contrast, only 

ten of the fifteen sections had experienced transverse cracking during the previous survey 

(WBMROO). 

The appearance of cracking is minimal in the,hot-applied sealant and unsealed 

sections. In the former category, Crafco 444 (1) and Crafco 221 (I) rank 12th and 13th, 

respectively, whereas the two unsealed sections rank 10th and 14th, respectively. The 

majority of the cracking is observed in the superior compressive seal sections, Delastic V- 

687 (5) and Watson Bowman 812 ( 5 ) ,  which rank 1st and 3rd, respectively. This suggests 

that there is no correlation between sealant performamce and transverse cracking, since 

these seals are highly effective. 

The increase in transverse cracking and percentage of slabs cracked from the 

previous survey are listed and ranked accordingly in Table 5.16 (b). The number of 

increased slabs cracked, percentage of slabs cracked, and corresponding rank are provided 

as ~vell. Dow 888 (la) exhibits the largest increase in transverse cracking (22%). The 

other Dow 888 (1) section, Dow 888 (lb), has 14% more of its slabs cracked, ranking it 

thc fcurth highest. Dour 890-SL (4) and No Sealant (6) have the same number of cracked 

slabs as in the previous survey. Dow 890-SL (I), Crafco 221 (I), and Crafco 444 (1) 

have slightly fewer cracks. 
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Corner Breaking 

The number of comer breaks in each section, percentage of slabs cracked, and 

corresponding rank are presented in Table 5.17 (a). Only four sections in the westbound 

driving lane exhibit comer breaks: Dow 890-SL (3), Dow 888 (la), Crafco 444 (1), and 

Techstar W-050 (5). Among these, Dow 890-SL (3) has the most comer breaks (1 1 %). 

A total of seven breaks are observed in all the sections. 

The occurrence of comer breaks does not appear to correlate with sealant type 

because the four sections containing comer breaks are well distributed: two silicone 

sealant sections, one hot-applied sealant section, and one compressive seal section. Also, 

the effectiveness of the sealant does not appear to be a major factor in the appearance of 

corner breaks. The sections containing comer breaks, Dow 890-SL (3), Dow 888 (1 a), 

Crafco 444 (1), and Techstar W-050 (5), have effectiveness ratings of 100,96,96, and 

27%. respectively. Even though the Techstar W-050 (5) section has a very poor 

effectiveness value, the occurrence of comer breaks in the other highly effective sections 

suggest that sealant effectiveness is not necessarily a factor. 

The increase in observed comer breaks, percentage point increase, and 

corresponding rank are listed in Table 5.1 7 (b). Only Dow 888 (la) and Crafco 444 (1) 

exhibit increases in the number of breaks. Five sections have fewer comer breaks: Crafco 

903-SL (4), Dow 890-SL (3), Crafco 221 (I), Delastic V-687 (5), and No Sealant (2). 

A l l  of these sections have one fewer break. 

Spalling 

Table 5.18 lists the measured length and increase in length of spalling in the 
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westbound sections. The total length of spalling in all the sections is also given in the 

Table. 

There are ten sections exhibiting some degree of spalling. Among these, seven are 

sealed with a silicone and one with a compression seal, whereas the other two are left 

unsealed. Neither of the two hot-applied sections shows any spalling distress. The Dow 

890-SL (4) section has 203 mm (8 in.) of spalling failure, which is the highest in the 

westbound lanes, however, all of the measured spalling length is found in Joint 7, which is 

believed to be the result of a very poor initial cut rather than normal pavement 

deterioration. The Dow 890-SL (1) silicone section exhibits the second largest degree of 

spalling; 127 mrn (5 in.) were recorded. There has been a steady increase in spalling in 

this section. No spalls were measured in the Fall 1999 survey, 51 mrn (2 in.) of spalling in 

Spring 2000, and now 127 mm (5 in.) in this survey. 

Dow 888 (lb) has the third highest degree of'spalling with 102 mm (4 in.). There 

are four sections that have 5 1 mm (2 in.) of spallingi all three Crafco silicone sections and 

the No Sealant (6) section. One of these Crafco sections, Crafco 903-SL (lb), has 

significant differences in measured failure lengths &ong the three surveys. This section 

I 

has recordings of 356 rnrn (14 in.), 279 mm (1 1 in.), and 51 mm (2 in.), in Fall 2000, 

Spring 2001, and Fall 2001 surveys, respectively. The decrease of 305 mm (12 in.) from 

the first survey to this one is a major concern for thd research team. The majority of the 

n n n l l ; t - m  ;r ,,,,,,,,, ., located in Joint 10, which was noted to hajre 305 pun (12 in.) of spalling du-ir?,~ P 

the Fall 1999 survey, but only 51 mm (2 in.) in Fall 2000. The difference in length is a 

combination of a measured length discrepancy and $ spalling classification dissimilarity. 
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Of the ten sections containing spalling distresses, six have decreases in spalling at one 

point in the surveys. After a thorough investigation, it appears four of these discrepancies 

were due to differences in length measurement, and two were due to disparities in spa11 

classification. 

5.3.5 Pavement Distresses in the Westbound Lanes during the WBJNOl Survey 

The third pavement performance evaluation in the westbound lanes was conducted 

on Tuesday, June 15,2001. Analysis of the degree of transverse cracking, comer 

breaking, and joint spalling is provided below. 

Transverse Cracking 

Table 5.19 (a) lists the number slabs with transverse cracking, percentage of slabs 

with transverse cracks, and corresponding ranking. The Delastic V-687 (5) section, 

between Stations 219+00 and 225+00, has the highest percentage of cracked slabs (64%), 

which accounts for eighteen slabs. This section, however, has a nearly perfect sealant 

effecti~eness (99.7%). The other two compression sealed sections have similar pavement 

performance results. Techstar W-050 (5) and Watson Bowman 812 (5) have 61 and 48% 

of their slabs cracked, respectively. Clearly, highly effective sealants do not prevent the 

occurrence of transverse cracks in the slabs, which is governed more by spacing of the 

joints as well as other factors. 

Thc unsealed sections remain in good condition. The No. 6 configiircd scction, 

between Stations 284100 and 290+00, remains crack free. No transverse cracks were 

found in this section during the October 2000 survey either. The other unsealed section 
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has 26% of its slabs cracked, ranking it 11 out of the 15 sections. 

I Table 5.19 (b) compares the number of transverse cracks from the current survey 

(%iBJNOl) to the previous one (WBOCOO). The section that exhibits the largest increase 

in cracks is Techstar W-050 ( 9 ,  which also has the largest increase in the eastbound lanes. 

Thirteen new cracks, which raise its percentage from 14 to 61%, were observed. The 

other two sections with compression seals exhibit increases of 32 and 26%, respectively. 

Twelve of the fifteen sections show increases of at least 15%. No section exhibits a 

decrease in cracked slabs. 

Corner Breaking 

The number of comer breaks observed in each section of the westbound driving 

lane are listed in Table 5.20 (a), along with the percentage of slabs cracked and 

corresponding rank. The section with the largest percentage of comer breaks is Dow 890- 

SL (3), between Stations 166+00 and 172+00. This stretch of pavement exhibits two 

comer breaks, accounting for 7.1% of the slabs. Dow 890-SL (4), between Stations 

272-00 and 2841-00, also has two corner breaks but since this section is twice as long as 

Don. 890-SL (3) the percentage of slabs cracked is half as much. Four other sections have 

0111) one comer break observed: Dow 888 (lb), Crafco 444 (I), Delastic V-687 ( 9 ,  and 

the KO Sealant (2) section between Stations 139+60 and 1661-00. 

Table 5.20 (b) shows the incremental gain or loss of comer breaks since the last 

I -  Tt is apparent that four sections exhibit increases in comer breaks, yet four other 

sections show decreases in breaks. Dow 890-SL (41, Dow 888 (lb), and Delastic V-687 

(5) display the largest percentage increase (4%). In addition to these three sections, No 
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Sealant (2) exhibits a small increase in comer breaks (1%). Four sections have one fewer 

break observed: Dow 890-SL (3), Dow 888 (la), Crafco 444 (I), and Techstar W-050 

(5). 

Spalling 

The recorded length of spalling failures in each section and the corresponding rank 

of each section in the westbound driving lane are listed in Table 5.21. The Dow-890 SL 

(4) section has an additional 635 mm (25 in.) of spaltlling, which is attributed to newly 

observed spalling on the north end of Joint 7. Recall that this joint is poorly cut and as a 

result contains several distresses. As in the previous survey, this section contains the most 

spalling failure, which measures 864 mm (34 in.). Another section with a significant 

increase in spalling is Dow 890-SL (I), which has 152 (6 in.) of additional failure. Joints 5 

and 23, which were previously free of spalling, have a combined 152 mm (6 in.) of newly 

developed failure. 

In the first survey, conducted in November 1999, 102 rnrn (4 in.) of spalling was 

observed in Joint 15 of the Techstar W-050 (5) section. No spalling was observed in any 

subsequent sunreys until this one, which measures 127 mm (5 in.). Crafco 903-SL (4) 

exhibits a decrease of 51 mm (2 in.); No Sealant (2) and Delastic V-687 (5) show 

decreases of 25 mrn (1 in.) each. Dow-890 SL (3), Crafco 221 (I) ,  Crafco 444 (I), and 

Watson Bowman 81 2 (5) all continue to exhibit no spalling failures. Although there are 

m--., ...,., r n r t c r ~ o o  ;,,,,,,,,s and decreases in the measured spalling length thrcughoct the Project. the 

total length remains unchanged from the previous survey. 
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5.3.6 Pavement Distresses in the Westbound Lanes during the WBOCOl Survey 

The fourth pavement performance evaluation in the westbound lanes was 

conducted on Tuesday, October 16,2001. Analysis of the degree of transverse cracking, 

comer breaking, and joint spalling is provided below. 

Transverse Cracking 

Table 5.22 (a) lists the number slabs with transverse cracking, percentage of slabs, 

and corresponding rank for the westbound driving lane. The three sections containing 

compression seals exhbit the most mid-slab transverse cracking. Recall that with the 

exception of Techstar W-050 (9, these seals have some of the highest effectiveness 

values. Watson Bowman 812 (5), Techstar W-050 (51, and Delastic V-687 (5) have 89, 

82, and 79% of their slabs cracked, respectively. Although it is highly unlikely that the 

compression seals are aiding premature cracking, it  is an issue that may need to be 

~nvestigated more closely. 

The two unsealed sections, which are essentially 0% effective, exhbit some of the 

lowest transverse cracking. The No Sealant (6) and No Sealant (2) sections have 25 and 

30% of their slabs cracked, respectively, which ranks them twelfth and fourteenth. The 

section with the least transverse cracking is Dow 890-SL (4), which exhibits 16%. 

Six sections, including those with compression seals, have over 50% (1 in 2 slabs) 

of their slabs cracked; eleven of the fifteen sections have at least 33% (1 in 3 slabs); and all 

L..* - -  - - - -  
L)UL wc ae~iion have at least 25% (1 in 4 slabs). Overall, 274 of the 592 (43%) slabs are 

found to have at least one transverse crack. 

The degree of cracking increase is shown in Table 5.22 (b). The compression seal 
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Watson Bowman 812 (5) has 11 additional cracks, accounting for a 41% increase. 

Another compression section, Techstar W-050 (5),  exhibits a 21% increase, which ranks it 

third. The No Sealant (6)  section, between Stations 284-1-00 and 290+00, has the se~ond 

highest increase with 25%. The other unsealed section, between Stations 13W60 and 

166+00, only shows a 4% increase. Two sections, namely Dow 888 (I b) and Dow 890- 

SL (3), show a small decrease in the number of cracked slabs. 

Corner Breaking 

The number of comer breaks observed per section in the westbound driving lane is 

listed in Table 5.23 (a). Also listed is the percentage of dabs with corner breaks and the 

corresponding rank. Dow 890-SL (3) and Delastic V-687 (5) have the highest percentage 

of corner breaks (7%). Recall that both of these sections have effectiveness values above 

97%. Three other sections, Dow 890-SL (4), Crafco 444 (I) ,  and No Sealant (2), have 

t\vo comer breaks but lower percentage values. Five other sections have just one corner 

break. Crafco 903-SL (la), Crafco 903-SL (lb), Dow 888 (lb), Crafco 221 (I), and 

Techstar W-050 ( 5 ) .  AH of these sections have percentages less than 4%. The remaining 

fii-e sections, Crafco 903-SL (4), Dow 890-SL (I), Dow 888 (la), Watson Bowman 812 

( 5 ) ,  and No Sealant (6), have no comer breaks at all. The data presented above suggest 

no correlation between comer breaks and sealant type. 

Table 5.23 (b) lists the sealant sections with comer break increases, percentage 

point increase, and corresponding rank. Seven of the fifteen sections exhibit increases in 

comer breaks although no section has an increase of more than one break. Crafco 903-SL 

(1 a), Crafco 903-SL (I b), Crafco 22 1 (11, and Techstar W-050 (5) developed their first 
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corner break, while Crafco 444 (I), Delastic V-687 (9, and No Sealant (2) developed 

their second. 

Spalling 

The measured length of spalling failure in each section and the corresponding rank 

of each section for the westbound driving lane are listed in Table 5.24. Overall, the 

westbound lanes have 1.19 m (3.9 fi) of such failure, which is a decrease of 457 rnm (18 

in.) since the previous survey in June 2001. Most of the decrease in failure comes from 

the Dow 890-SL (4) section, which has a 330 mm (13 in.) decrease. This decrease is 

attributed to Joint 7. Recall that this joint is the result of a poor cut or an end of the day 

construction joint, which is so badly disfigured that it is difficult to measure. Four other 

sections have decreases as well and most of these are due to classification discrepancies. 

The discrepancy in the Dow 890-SL ( I )  section is due to measurement, although it is a 

decrease ofjust 25 rnrn (1 in.) from the previous survey. 

Two sections have increases in spaIling failure; both of these did not have any 

spalling recorded during the previous survey. Crafco 221 (1) and Crafco 903-SL (4) were 

obsened with 102 mm (4 in.) and 5 1 mm (2 in.) of spalling, respectively. The failure in 

the former, however, appears to have been present before sealing because the sealant is 

present around it, as shown in Figure 5.48 (b). 

5.4 Pavement Surface Profile 

At approximately the same time period that the sealant and pavement evaluations 
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are conducted, surface profilometer surveys are performed by Ohio Department of 

Transportation (ODOT) personnel. Data are collected in the driving and passing lanes in 

both directions by a profilometer van, which makes three passes in each lane. The data are 

later sent by ODOT to the University of Cincinnati research team for analysis. Included 

are three measures of pavement surface roughness calculated using a mathematical 

algorithm from relative surface elevation data collected using ODOT's K.J. Law Non- 

Contact Inertial Profilometer, Model 690DNC. These are the left wheel-track 

International Roughness Index (IRIlf), the right wheel-track International Roughness 

Index (IRLrt), and the average of both values of International Roughness Index (IRIbh). 

In addition to these indices, two supplementary sets of values are presented referred to as 

the Mays Number (MAYS) and the Present Serviceability Index (PSI). This terminology 

reflects the expectation that these mathematically determined measures somehow simulate 

the corresponding conventional indices, which should be established instead using a 

suspension response vehicle, or with reference to road user panel ratings that have been 

correlated through statistical regression to measured pavement distresses, respectively. 

Presented below is a detailed analysis of the profilometer data collected since Fall 2000. 

Haukins (1 999) and Sander (2002) have discussed similar information from four earlier 

profi lometer evaluations. 

5.4.1 Profile Trends in the Eastbound Lanes as of October 2000 (PEBOCOO) 

Table 5.25 shows a comparison of the profilometer values collected during the 

current (PEBOCOO) evaluation, to those ffom the previous survey (PEBMROO), presented 
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by Sander (2002). The values listed are percentage changes; negative values indicate a 

rougher surface than the previous survey and positive values represent a smoother surface. 

The signs in front of the PSI values have been switched so that an increase in smoothness 

or roughness is shown in the same manner as the other indices. 

Table 5.25 (a) lists the percentage change for the passing lane, whlch exhibits a 

rougher surface in all the scales. The PSI and IlUrt scales have small percentage 

decreases in smoothness with 0.94 and 0.36%, respectively. IRIlf has the largest decrease; 

it measures 14.19%. The MAYS and IRbh indices record 7.96 and 7.55% decreases, 

respectively. 

The section containing Crafco 903-SL (4) has the largest decrease in smoothness; 

all but one of the indices exhibit their largest decrease. Percentage decreases range from 

2.88% in the PSI to 26.91 % in the IRIlI-: The largest increase in smoothness is found 

between Stations 266+00 and 272+00, which contains Dow 890-SL (1). Three of the 

indices record their largest increase; values range from 0.51 to 10.55%. 

The difference and the variability in the indices make it difficult to determine what 

exactly is happening to the pavement surface in terms of roughness. Some indices may be 

more se~~sitive to pavement curling than others, while others are more sensitive to surface 

texture or cracking. Temperature differences can affect the degree of curling. On the 

morning of October 10,2000, the pavement temperature was 9.4" C (49' F). Later on the 

>alllc day, ilir: pavenlent ten~perature was recorded as li;& as 26.1" C (79' Fj. Tiis wuulcl 

suggest that the degree of curling in the pavement would vary throughout the day and may 

influence the results of the profilometer readings. 
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The pavement surface is expected to get rougher with time (i.e. after several 

years). The time period between profilometer readings in this project is approximately 6 

months, which may not be long enough to observe pavement deterioration; the change in 

the indices may only be showing the results of cyclic curling. An evaluation of the 

profilometer data over several years is needed to give an understanding of the condition of 

the pavement surface. 

As of the October 2000 survey (PEBOCOO), there have been four profilometer 

surveys in the eastbound passing lane. A survey in this lane was not conducted in Spring 

1999 because it had been closed to traffic. Figure 5.49 presents the profilometer data as a 

trendline, which plots all five indices versus time. The indices are normalized so that the 

scale is more representative. For each survey, every index is divided by its respective 

original value (PEBJN98), because it is assumed that the initial condition of the pavement 

surface is at 100% of its smoothness potential. The roughness indices (MAYS, IRIrt, 

IKIlf, and IRIbh) were inverted to represent a downward trend for deterioration. A 

clearer understanding of the deterioration of the pavement surface can now be obtained. 

Aii indices, with the exception of IRIrt, show a general decline in pavement smoothness. 

The IRlrt continues to show readings above its original profilometer value. Three of the 

indices, MAYS, Rl l f ,  and IRIbh, seem to follow a similar trend, meaning if one index 

increases slightly in roughness so do the others. The IRlrt and PSI, however, do not 

4'-11-.-. +ha +..n- .,,,, v v  ,,,, LL,iS of the other indices. The former increases between june i998 and 

December 1999 when the other indices decline, and after December 1999 it changes very 

little even though the other indices fluctuate somewhat. The latter, after decreasing 
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initially like the three other indices, does not substantially change after December 1999. 

Given the wavy appearance of the profilometer trendlines, it is difficult to determine how 

much or at what rate the pavement surface is deteriorating. 

Percentage changes for the driving lane are listed in Table 5.25 (b). The Mays 

Number, LRIlf, and IRIbh show small decreases in smoothness, while the PSI and IRIrt 

measure increases in smoothness. Observed percentage decreases for the MAYS, IRIlf, 

and IRTbh are 0.88, 5.25, and 1.07%, respectively. Percentage increases for the PSI and 

IRTrt indices are 0.61 and 3.05%, respectively. 

The Techstar W-050 (5) section displays the largest decrease in smoothness as 

every index shows its largest decrease here. All of the roughness indices (MAYS, IRIlf, 

IRlrt, and LRIbh) record changes above 13%, the PSI records a change of only 1.96%. 

This section, along with Crafco 903-SL (3), has some of the largest decreases in 

smoothness in both of the eastbound lanes. The section sealed with Crafco 902 (1) shows 

the largest increase in smoothness. All indices but the IMif record their largest increase in 

this section. Values range from 2.90% in the PSI to 13.66% in the IRM. 

As of the October 2000 survey, five profilometer surveys have been completed in 

the eastbound driving lane. The overall profilometer readings from each of these surveys 

are plotted versus time in Figure 5.50. The IRTrt index increases in smoothness initially, as 

it also does in the eastbound passing lane (Figure 5.49); all other indices show gradual 

srnnoihness decreases. After its initial rise, the & index follows the trend of the other 

indices until the survey in March 2000, after which iit increases in smoothness again while 

most of the other indices decrease. Generally, the MAYS, PSI, IRIlf, and IRIbh follow 
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the same trend as they do in the eastbound passing lane. 

5.4.2 Profile Trends in the Eastbound Lanes as of June 2001 (PEBJNOI) 

Table 5.26 (a) lists the percentage change of the profilometer data taken in the 

eastbound passing lane from PEBOCOO to PEBJNOI. Overall, the pavement surface here 

has gotten smoother, rather than rougher. The average over the entire test pavement 

ranges from 1.39 to 8.57% in the PSI and IRIrt scales, respectively. The section with the 

most deterioration is Dow 890-SL (I), which is located between Stations 266+00 and 

272-1-00. Three of the five indices (MAYS, IRIrt, and IRTbh) produce their highest 

percentage change in t h ~ s  section, with values ranging from -0.96 to -6.93%. Recall, 

duriirg the previous survey this section had the largest increase in smoothness. Although 

the pavement surface deteriorated more than any other section during this survey, the 

sealants in this section have the largest increase in effectiveness. This and other examples 

like i r  show the lack of correlation between sealant deterioration and pavement surface 

deterioration. The largest increase in smoothness is located in the Crafco 903-SL (4) 

section. which had the largest decrease during the previous survey. This section and Dow 

8.30-SL (1) show the extreme fluctuations in the profilometer data. 

Over a span of three years, five profilometer surveys have been collected in this 

lane. Figure 5.51 plots these results normalized to their original profilometer reading. 

Tlii; ,i;;ghless indices (MAYS, IRIrt, IRIlf, a~d fRI'u11) a e  inver Led su Lilai a Jowriwarcl 

trend represents a deterioration of the pavement surface. Over the time span of the entire 

project, most of the indices show a somewhat downward trend in smoothness. Only the 
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IRIrt scale remains above its original value, which was recorded in June 1998. T h s  scale 

only decreased in smoothness two times, both of which accounted for less than 0.5% of 

the previously recorded value. The IRIrt index is currently 25% above its original value. 

The other four indices are following a wavy pattern, which means that they decrease in 

smoothness but then increase after the next survey and so on. After a large initial 

decrease, they continue to remain below their original profilometer reading. The MAYS 

and IRIlf, which have respective values of 70 and 64% currently, are considerably lower 

than the other indices. The PSI and INbh are just slightly down from their original 

reading with values of 92 and 90%, respectively. 

Table 5.26 (b) compares the current profilon?eter readings to those from the 

previous survey for the eastbound driving lane. DOW 890-SL (I),  which is between 

Stations 266+00 and 272+00, exhibits the largest degree of deterioration. Four of the five 

indices (MAYS, IRflf, IRlrt, and IRIbh) show their largest percentage decrease in this 

section. The decreases for all indices in this section range from 4.34% in the PSI scale to 

19.42% in the MAYS scale. Recall that the Dow 890-SL (1) sections in the passing lane 

also has the largest decrease in smoothness. 

The section with the largest increase in smoothness is Crafco 903-SL (41, which is 

bemeen Stations 206+00 and 213+00. All five scal:es show their largest increase in 

smoothness in this section, ranging from 2.07% in the PSI to 16.83% in the MAYS scale. 

This section also has the largest increase in the passing lane. 

Figure 5.52 shows the long-term perfomanqe of the pavement surface. The 

eastbound driving Iane has more profilometer surveys than any other lane; a total of six 
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have been conducted. Because of the larger number of profilometer runs, it is easier to 

get a feel of its long-term performance. All of the indices are currently below their 

original profilometer readings, but exhibit large increases between the December 1999 and 

March 2000 surveys, which are only three months apart. The MAYS and PSI scales 

continue to increase after the March 2000 survey but show a decrease in the current 

survey (June 2001). The remaining International Roughness Indices (IRIlf, IRIrt, and 

LRIbh) decline after the March 2000 survey and continue to do so. 

5.4.3 Profile Trends in the Eastbound Lanes as of October 2001 (PEBOCOI) 

Table 5.27 (a) lists the percentage change of the profilometer data taken in the 

eastbound passing lane from PEBJNOl to PEBOCOI. The average profile of the entire 

passing lane in all five indices has increased in smoothness since the previous survey. 

Values range fi-om 0.25% in the PSI, to 2.77% in the IRIrt. The Dow 890-SL (1) section 

exhibits the largest decrease in smoothness, as it did in the previous survey. All five 

indices measure their largest decrease in this section. Values are very similar in all indices 

except for the PSI; these values range fiom -4.48 to -4.96%, whereas the PSI is -1 34%. 

The Crafco 903-SL (4) section exhibits the largest increase in smoothness in all but one of 

the indices (IRIlf). This section had the largest increase during the previous survey as 

well. Although the surface in this section shows the largest improvement, the sealant has 

+ & -  ulL ~ d r ~ b s t  I n  n n n  dccrease in effectiveness (44%). 

The current profilometer survey is the sixth in the eastbound passing lane. The 

averages of all five indices for all six surveys are plotted in Figure 5.53. For the second 
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straight survey, all five indices show an increase in smoothness. Four of these, however, 

remain below their original reading. Only IRlrt is above its original value; it has increased 

in smoothness more times than it has decreased and is currently at 128%. The PSI and 

IRIbh are both at 92% of their original readings, MAYS and IRIIf are at 77 and 64%, 

respectively. 

Table 5.27 (b) compares the current profilometer readings to those from the 

previous survey for the eastbound driving lane. Crafco 903-SL (4) has the largest 

decrease in smoothness for this lane. Recall that the same section in the passing fane also 

has the largest increase in smoothness. It is peculiar that two identical adjacent sections 

can behave so differently. The data were collected on the same day for both traffic lanes 

so curling and warping effects would be nearly identical. It is unclear at this point why 

there is such a discrepancy. The Crafco 444 (1) section exhibits the largest increase in 

smootlmess for the driving lane. Four of the indices (MAYS, PSI, IRIrt, and IRIbh) show 

their maximum values in thls section. Values range from 3.27 to 9.29% in the PSI and 

MAYS, respectively. 

Figure 5.54 shows the long-term perfonnance of the pavement surface by plotting 

the results of the past seven surveys, which is more than the other three fanes. Since 

PEBOCGO, the profilometer values for all indices hape remained relatively stable. All 

indices except for lRLrt are below their original readings. The IRIrt scale has risen to 

!L'2?/6 in the current survey and is the only index to dxhibit an increase in smoothness. Arch
ive
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5.4.4 Profile Trends in the Westbound Lanes as of October 2000 (PWBOCOO) 

The percentage changes for the westbound lanes from the previous survey to 

PWBOCOO are presented in Table 5.28. The passing lane in the westbound direction 

generally exhibits a decrease in smoothness from the previous survey, as seen in Table 

5.28 (a). All but the PSI scale record a decrease in smoothness; the IRIIf scale records the 

highest change (1 1.08%). The other two IRI scales, IRTrt and IRTbh, record decreases of 

2.65 and 6.73%, respectively. The PSI scale exhibits only a slight increase in smoothness 

(0.14%), while the MAYS measures a 6.91 % decrease. 

The unsealed section between Stations 284+00 and 290+00 has the largest 

decrease in smoothness. Three of the five scales, PSI, IRIlf, and IRPbh, measure their 

highest percentage decrease in this section. These three have decreases in smoothness of 

2.75,36.04, and 19.89%, respectively. The MAYS and RIrt record decreases of 5.42 

and 4.499'0, respectively. 

The section with the largest increase in smoothness contains the self-leveling 

sealant Crafco 903-SL (la). The Mays Number, IRIlf, and fRIbh record their highest 

snloothness increases in this section. Values range from 2.13% in the PSI to 13.05% in 

the IRIrt. 

Figure 5 .55  is a plot of the results of the three profifometer surveys versus time. 

Very little can be ascertained because of the relatively short time span it covers. All of the 

indices increase in smoothness after the second survey and then decrease after the thlrd. 

Only the IRIrt drops below its initial value. 

The percentage change for the westbound driving lane is shown in Table 5.28 (b). 
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This lane has significantly more surface deterioration since the previous suvey than the 

other lanes in both directions. All profilometer measurements average decreases in 

smoothness. The highest of these is IRIlf, which has a 21.59% decrease, the MAYS and 

IRIbh follow with decreases of 15.30 and 14.25%, respectively, and the IFUrt and PSI 

exhibit smoothness decreases of 7.50 and 1.46%, respectively. 

As in the passing lane, the unsealed section between Stations 284+00 and 290+00 

experienced the highest degree of surface deterioration. All indices but the IRIlf record 

their largest value here. The MAYS and IRI scales have decreases over 30%, while the 

PSI has only a 6.81% decrease. 

The section containing Crafco 903-SL (1 a) has the highest increase in smoothness. 

A11 of the indices, with the exception of IRTlf, show increases. The highest value is found 

in the IWrt scale, which measures an 8.96% increase in smoothness. The MAYS, PSI, 

and lRIbh report increases of 1.40,2.73, and 2.75%, respectively. The IMlf exhibits a 

3.87% decrease in smoothness. 

The trendlines for the four profilometer surveys to date are presented in Figure 

5.56. A11 measurements, except for the PSI scale, follow the same pattern and are 

remarkably close to each other. The PSI scale, however, does not fluctuate very much. 

All sections decline in smoothness after March 1999, increase after December 1999, and 

then decline again after March 2000. The PSI is currently at 98% of its original value and 

the remaining indices range fiom 79% to 85%. Arch
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5.4.5 Profile Trends in the Westbound Lanes as of June 2001 (PWBJNO1) 

Table 5.29 (a) lists the percentage changes found in the previous two surveys for 

the westbound passing lane. Most of the sections exhibit increases in smoothness, only a 

few show decreases. The averages for the entire test pavement show increases in 

smoothness for all indices. The Delastic V-687 (5) section located between Stations 

2 19+00 and 225+00 shows slightly more deterioration than the other sections, as 

measured by the MAYS and IRIlf scales. The percentage changes are -0.88 and -7.76, 

respectively. Recall that this section has one of the best performing sealants. The section 

with the largest increase in smoothness is more pronounced. Four of the five indices 

(MAYS, PSI, IRIrt, and IRIbh) record their largest percentage change in the Techstar W- 

050 (5) section. Values range from 6.28 to 29.32% in the PSI and MAYS indices, 

respectively. This section saw the largest decrease in sealant effectiveness over the past 

two surveys, yet the pavement surface shows the largest increase in smoothness. 

The westbound passing lane has the fewest number of profilometer surveys 

conducted on it due to various construction related reasons (Hawkins, 1999). It is 

difficult to evaluate the long-term performance of this lane because only 1.5 years have 

passed since its original survey. Figure 5.57 shows the results of the four surveys 

conducted to date. 

After the current survey, all of the indices are above the their original values. This 

may be misleading because the original survey, conducted in December 1999, produced 

very low smoothness values. All four lanes recorded their smoothest values during the 

December 1999 survey. Because all surveys are normalized to the initial survey, which in 
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this case is very low, it makes subsequent surveys appear to be high. There is very little 

variation between the MAYS and IRIbh scales, as well as between the PSI and IRIrt 

scales. Since the original survey, the difference between the MAYS and IRIbh scales is 

never more than 1%, and 4% for the PSI and IRIrt scales. 

Table 5.29 (b) lists the percentage changes for the driving lane. As in the passing 

lane, the driving lane shows mostly increases in smoothness. Only three sections exhibit 

some decrease in smoothness in any of the indices: Dow 890-SL (3), Crafco 221 (1) and 

Watson Bowman 812 (5). The latter section, located between Stations 2251-00 and 

23 1 +00, exhibits the largest degree of deterioration. Three indices (MAYS, PSI, and 

IRIlf) record small decreases of 0.35, 0.91, and 0.64%, respectively. 

By far the largest increase in smoothness is found in the Techstar W-050 (5) 

section. All five indices record their largest smoothness increases in this section. The 

percentages calculated in this section are more than twice the overall averages of the entire 

project length. Increases in this section range fiom 6.24 to 3 1.18% and averages for the 

entire pavement range fiom 1.88 to 15.03%. 

The results of the past five profilometer surveys are presented in Figure 5.58. The 

waky nature of these surveys is very apparent. Eac4 large decline in smoothness is 

foliowed by a nearly equal increase in smoothness. The PSI scale increases and decreases 

as well, although not to the degree of the other scale/;. It is uncertain if these fluctuations 

are attributable to seasonal temperature changes. ~ d ~ e m e n t  temperatures can vary widely 

during a day. Recall that during the WBOCOO surv&y, pavement temperatures ranged 

from 1.1 to21.7OC(34to 71°F). 
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5.4.6 Profile Trends in the Westbound Lanes as of October 2001 (PWBOCO1) 

Table 5.30 (a) lists the percentage changes in the westbound passing lane fiom the 

previous survey. Generally, this lane has decreased slightly in surface smoothness. Four 

of the five indices suggest a decline, while the fRTrt shows an increase. Values range £iom 

-2.64 in the MAYS to 1.03 in the IRIrt. The section with the largest decrease in 

smoothness is Techstar W-050 (5). Three indices (MAYS, IRIrt, and IRIbh) show their 

largest decrease in this section; values range from -2.06 (PSI) to -16.20% (MAYS). The 

Crafco 903-SL ( I  a) section has the largest increase in smoothness; all indices except for 

the IFUlf scale measure their largest gain. Increases range from 0.84 to 6.73% in the IRIlf 

and IRIrt, respectively. 

The five profilometer surveys to date are shown in Figure 5.59. All five indices 

remain above their original value and all but one declined during this current survey, which 

follows the up-and-down pattern that has been observed to date. 

TabIe 5.30 (b) lists the percentage changes for the driving lane. This lane has 

decreased in smoothness much more than the other three lanes. Values range fi-om 

-2.22% in the PSI to -14.06% in the IRIlf. The largest decrease in smoothness is found in 

the Techstar UT-050 (5) section. During the previous survey, this section exhibited the 

largest increase in smoothness, which would suggest that cyclic curling and warping 

conditions existed in the pavement slab. The indices range in value firom -3.28 (PSI) to - 

?? 754!, (TRTlf). Dow 890-SL (3) exhibits the largest increase in srnoothncss; all five 

indices record their highest gain in this section. Values range from 0.72 to 6.46% in the 

PSI and IRIrt, respectively. 
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The results of the past six profilometer surveys are shown in Figure 5.60. As in 

the passing lane, the wavy nature of the surveys are apparent but to a larger degree. All 

five indices decreased in smoothness during t h s  survey, yet during the previous survey all 

five increased. This pattern is repeated throughout the Iife of the pavement, which would 

suggest cyclic warping and curling effects as postulated for the passing lane. 
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Table 5.4 Effectiveness rankings for westbound lane treatments after the WBOCOO survey 

Description 
% Eff in % Eff Rank Deterioration % Eff in % Eff Rank WBOCOO 

Rank of % 
Sealant 'Type WBMROO Deterioration 

Crafco 903-SL ( la)  95.0 (VG) 7 97.8 (VG) 5 -2.8 11 
i 
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Table 5.5 Effectiveness rankings for westbound lane treatments during the WBJNOl survey 
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Table 5.7 EBOCOO survey of transverse cracks in the eastbound lanes 
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Table 5.8 EBOCOO survey of corner breaks in the eastbound lanes 
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Table 5.9 EBOCOO survey of observed spaIling in the eastbound lanes 

HM-Applied 

C ~ r e s s ~ o n  

Unsealed 

Crafco 22 1 (1) 
Crafco 444 (1) 
Delastic V-687 ( 5 )  
Watson Bowman 687 (5) 
Techstar W-050 (5) 
No Sealant (2) 
No Sealant ( 6 )  

Z 

260+00 - 266+00 
172+00 - 188+00 
225+00 - 23 1 +00 
194+00 - 200+00 
154+00 - 160+00 
219+00 - 2251-00 
160+00 - l66+00 

5.4 -2.6 

4.1 
0.2 
0 
0 
0 

0.1 
0.3 

1 
4 
7 
7 
7 
6 
3 

-0.5 
-0.1 
-0.3 
-0.4 
0 

-0.1 
-0.4 

14 
8 
10 
13 
2 
9 
12 
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Table 5.1 1 (a) EBJNOl survey of comer breaks in the eastbound lanes 

TabIe 5.1 1 @) Increase in corner breaks since previous survey 
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Table 5.12 EBJNOl survey of observed spalling in the eastbound lanes 

DOW 890-SL (1) 266+00 - 272+00 0 11 0 10 
Crafco 902 (1) 200+00 - 206+00 0 11 0 10 
Dow 888 (la) 272+00 - 284+00 0.1 10 0.1 6 1 

Hot-Applied 

Compress~on 

Unsealed 

DOW 888 (lb) 
Crafco 22 1 (1) 

Crafco 444 (1) 
Delastic V-687 (5) 
Watson Bowman 687 (5) 
Techstar W-050 (5) 

o Sealant (2) 
,No Sealant (6) 

C 4 5.8 

284+00 - 290+00 
260+00 - 266+00 

172+00 - l88+00 
225+00 - 23 1+00 
194+00 - 200+00 

1 0.4 

0 
3.3 , 
0.3 
0.3 
0.2 

11 

I 
4 

4 
7 

154+00 - 160+00 
2 19+00 - 225t00 

160+00 - 166+00 

1 t 

7 
0 

0.2 
0.4 

0 

-0.8 
0.1 
0.3 
0.2 

10 

15 

8 
2 
3 

0 

0.1 
10 
6 

3 1 0.1 5 
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Table 5.13 (a) EBOCOl survey of transverse cracks in the eastbound lanes 

Table 5.13 (b) Increase in transverse cracks since previous survey 

Sealant Material 
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Table 5.15 EBOCOl survey of observed spalling in the eastbound lanes 

Sealant 
Crafco 903-SL (1) 
Crafco 903-SL (4) 
DOW 890-SL (3) 

Stations 
188+00 to 194+00 
206+00 to 213+00 
166+00 to 172+00 

Fall '01 
(ft) 
0 
0 
0.1 

Fall '01 
Rank 

7 
7 
6 

Increase 
(ft) 
-0.3 
-0.5 
0.1 

Increase 
Rank 

13 
15 
3 
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Table 5.16 (a) WBOCOO survey of transverse cracks in the westbound lanes 

Table 5.16 (b) Increase in transverse cracks since previous survey 
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Table 5.17 (a) WBOCOO survey of corner breaks in the westbound lanes 

Table 5.17 (b) Increase in comer breaks since previous survey 
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Table 5.18 WBOCOO survey of observed spalling in the westbound lanes 
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Table 5.19 (a) WBJNOl survey of transverse cracks in the westbound lanes 

Table 5.19 (b) Increase in transverse cracks since previous survey 
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Table 5.20 (a) WBJNO1 survey of comer breaks in the westbound lanes 

Table 5.20 (b) Increase in comer breaks since previous survey 

Sealant Material 
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Table 5.21 WBJNOl survey of observed spalling in the westbound lanes 

Dow 890-SL ( I )  2WOO - 206+00 0.9 2 1 0.5 2 
DOW 890-SL (4) 272+00 - 284t00 2.8 1 2.1 1 
Dow 888 (la) 213+00 - 219+00 0.1 8 0 6 
DOW 888 (Ib) 260+00 - 266+00 0.2 6 -0.1 12 

Hot-Applied Crafco 22 1 ( 1 )  206+00 - 2 13+00 0 9 0 6 - 
Crafco 444 (1) 172+00 - I88+00 0 9 0 6 
3elastic V-687 (5) 2 19+00 - 225+00 0 9 -0.1 13 

Compression Watson Bowman 812 (5) 133+60 - 139+60 0 9 0 6 
Techstar W-050 (5) 225+00 - 231+00 0.4 3 0.4 3 

Unsealed . No Sealant (2) 139+60 - 166+00 0 9 -0.1 13 
,No Sealant (6 )  , 284+00 - 290+00 0.2 6 0 6 

E 5.4 2.9 
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Table 5.22 (a) WBOCOl survey of transverse cracks in the westbound lanes 

Table 5.22 (b) Increase in transverse cracks since previous survey 

Arch
ive

d



Table 5.23 (a) WBOCOl survey of comer breaks in the westbound lanes 

Table 5.23 (b) Increase in corner breaks since previous survey 
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Table 5.24 WBOCOl survey of observed spalling in the westbound lanes 
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Table 5.25 Percent change in surface roughness for the eastbound lanes 
(PEBMROO to PEBOCOO) 

(a) Eastbound passing lane 
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Table 5.25 (continued) 

(b) Eastbound driving lane 
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Table 5.26 Percent change in surface roughness for the eastbound lanes 
(PEBOCOO to PEBJNO1) 

(a) Eastbound passing lane 

Arch
ive

d



Table 5.26 (continued) 

(b) Eastbound driving lane 
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Table 5.27 Percent change in surface roughness for the eastbound lanes 
(PEBJNOI to PEBOCOl) 

(a) Eastbound passing lane 
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Table 5.27 (continued) 

(b) Eastbound driving lane 

Arch
ive

d



Table 5.28 Percent change in surface roughness for the westbound lanes 
(PWBMROO to PWBOCOO) 

(a) Westbound passing lane 
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Table 5.28 (continued) 

(b) Westbound driving lane 
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Table 5.29 Percent change in surface roughness for the westbound lanes 
(PWBOCOO to P-JNOl) 

(a) Westbound passing lane 
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Table 5.29 (continued) 

(b) Westbound driving lane 
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Table 5.30 Percent change in surface roughness for the westbound lanes 
(PWBJNOI to PWBOCOI) 

(a) Westbound passing lane 
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Table 5.30 (continued) 

(b) Westbound driving lane 
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EBNV99 
(24 mos.) 

O EBMROO 
(28 mos.) 

LP EBOCOO 
(35 mos.) 

Figure 5.3 Deterioration of sealants from EBNV99 to EBOCOO Arch
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Age, months 

Figure 5.6 Deterioration of silicone sealants in the eastbound lanes as of EBOCQO Arch
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(a) From Survey EBOCOO 

(b) From Survey EBJNO 1 

Figure 5.9 Comparison between field logs from EBOCOO and EBJNOl for Joint 15 in 
the Crafco 903-SL (4) section. 
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Figure 5.13 Deterioration of silicone sealants in the eastbound lanes as of EBJNOl Arch
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Figure 5.19 Deterioration of silicone sealants in the eastbound lanes as of EBOCOl Arch
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Figure 5.25 Deterioration of silicone sealants in the westbound lanes as of WBOCOO Arch
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Figure 5.46 Examples of transverse cracks 
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Figure 5.47 Examples of comer breaks 
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Figure 5.48 ExampIes of spafling failures 

[Top: Joint 7 of WB Dow 890 (4); Bottom: Joint 40 of WB Crafco 221 (1); 
both appear to been created at the time of joint sawing] 
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6 DRAINAGE EVALUATION 

6.1 General Information 

Along with the sealant materials examined, the U.S. 50 Athens test site contains an 

experimental fkee draining base (FDB), which is designed to allow water to discharge 

away from the pavement quickly. This non-stabilized 100 mm (4 in.)-thick layer consists 
* b 

of granular materials of the New Jersey type in the eastbound lanes, and of the Iowa tqpe 

in the westbound lanes (Hawkins, 1999). The infiltrating water is transferred to roadside 

drainage ditches via longitudinal and transverse collector pipes. 

The University of Cincinnati (UC) research team, concerned with the drainage 

aspects of the project site, undertook to investigate the concrete outlets. The initial 

ewiuarion was planned for Wednesday, June 6,2001, i.e., the day after the survey code- 

named WBJNOI. The investigators were able to work for a short period of time before 

inclement weather caused this effort to be interrupted, after only one outlet had been 

examined. All of the outlets were subsequently inspected on Wednesday, October 17, 

2001, following the Fall 2001 sealant evaluation, and the researchers' findings are 

described in the following sections. 

6.1.1 Collector Pipes 

It is impossible to view the collector pipes without the aid of special equipment, 
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namely a borehole camera. This device can be fed through the system of coIlector pipes 

and relay a visual output to a monitor. The camera, along with the necessary accessories, 

can cost as much as $60,000 (Steffes, et al., 1991). An expenditure of this magnitude 

could not be justified on the current project, and such devices were not used. 

Consequently, collector pipes could be viewed only near the outlet, with the help of a 

flashlight (Figure 6.1). At one of the outlets, a video camera was placed near the end of 

the collector pipe and 

obtained (Figure 6.2). 

using the infrared feature, a picture of the inside of the pipe was 

Large amounts of silt and debris, which impede the flbw of water, 

are observed. If the collector pipes cannot discharge the infiltrating water quickly, the 

base may become saturated and significantly weaker, which may explain some of the 

obsened transverse cracking. 

6.1.2 Outlets 

Table 6.1 lists the location of outlets between Stations 133+60 and 291+00, not 

including the stretch that corresponds to the location of the batch plant and of the 

headquarters of the project contractor (Kokosing Construction Company, Inc. ), an area of 

intense and heavy truck traffic (Stations 23 1+00 to 260t-00). Although the sealant 

~ ~ p e r i m e n t  reaches only up to Station 290+00 in the easternly direction, the drainage 

evaluation is extended to Station 291+00 to aIlow for the inspection of two additional 

ou~iers. one on each of the northern and southern shouiders. Ourlet ho .  2U9, at Station 

257+00, was also included. The Table also records if the outlet was actually found, if 

the rodent screen was in place, the amount of silt and vegetation present, and the presence 
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of standing or flowing water. 

Some of the outlets that listed on the Ohio Department of Transportation (ODOT) 

specifications and plans (ODOT, 1995) were not found. Of the 26 outlets listed in the 

project span, 19 were found (73%). Many of the outlets were engulfed by tall vegetation 

growth (Figure 6.3), which had to be cleared before they could be examined (Figure 6.4). 

The area adjacent to the shoulder had been mowed, but the region further back, where the 

outlets are located, had not been (Figure 6.5). Such regions are intentionally left 

unmowed for environmental conservation reasons (Bob McQuiston, 2001 : personal 
' 

communication). It is believed that some of the outlets were not found because of the 

thick vegetation, even after the area had been thoroughly searched. Other locations, 

Iloivever, did not have large amounts of vegetation, yet some outlets were not found there 

either. These outIets were probably never constructed in accordance with the ODOT 

ti 995) plans. The experience of the UC research team is not untypical. Baldwin and 

Long (1  987) conducted a similar evaluation in the mid-1 980s, inspecting drain outlets 

once a year for three years. During their inspections, they never found more than 60% of 

h e  total 533 possible outlets. Compared to their efforts, the number of outlets discovered 

at the Athens project site may be considered remarkable. 

Most of the outlets that were found had large amounts of silt, moss. and weeds in 

them, and at times this combination was several inches thick (Figure 6.6). One outlet even 

I,,: n :~i&i; weed growing out of its rodent scresn (rigu~e 6.7). All U L L ~ ; G C ~  ~+C;IC  LIICLLG~; 

for standing or flowing water, which is a telltale sign as to whether the collector pipes are 

hctioning properly. If water is found flowing out of the outlet, the drain is obviously 
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working (Figure 6.8), but if the water is standing, the drain is probably not capable of 

removing the water quickly enough (Figure 6.9). Some drains are found completely dry, 

which may indicate that the pipe is broken or clogged and that water is not reaching the 

outlet. It is unlikely that the water had already drained away leaving the pipe dry, since 

there was rainfall during the day prior to the inspection. 

Upon observing several of the outlets, the UC research team noticed that those 

that had a considerable gradient were relatively fi-ee of silt and free flowing; the ODOT 

(1995) specifications call for a 1 % slope of the outlet drains. It is difficult to ascertain 

precisely if the drains are at the required gradient, but there is an obvious correlation 

between steeper slopes and freely draining outlets. 

None of the outlets in the eastbound lanes have rodent screens, whereas all but one 

of the outlets in the westbound lanes have them. The investigators found that the absence 

of a screen may actually be beneficial. At the outlets with the rodent screens, moss, 

weeds. and eventually silt is allowed to gather on them (Figure 6.10), transforming them in 

some cases into small dams that prevent any drainage water from flowing out. When the 

screen was temporarily removed during the survey, water was able to flow out. The 

rodent screen did not appear capable of serving its intended purpose: several of the 

screens had been bent, creating a gap large enough far small rodents to fit through (Figure 

6.1 I ) .  It is unclear why these screens had been bent, but two hypotheses emerge: (a) The 

S C I C Z ~ ~ S  iicid beell bent on purpose during constmction, p~s s i ' u ;~  tu provide a snuggex 

with the concrete outlet, even though this is not a method endorsed by ODOT; and (b) 

they had been bent accidentally during construction or subsequent periodic mowing 

290 
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operations. 

Once the outlet was visually inspected and recorded, the vegetation and sediments 

were removed. In most outlets, this permitted the trapped water to flow fast and freely 

(Figure 6.12). Figure 6.13 displays the difference cleaning an outlet makes. Figure 6.13 

(a) shows a clogged outlet before cleaning, whereas in Figure 6.13 (b) the water is 

observed flowing freely once the silt and weeds are removed. Such observations reaffirm 

the need for regular maintenance of the outlets. If the outlets are kept free of 

obstructions, water from the base layer will be h e  to escape preventing prolonged 

exposure of the material to saturation levels. The underdrains should be periodically 

cleaned or flushed, and this process can be aided by the placement of clean-out boxes 

(Moulton, 1980). No such clean-out boxes are located on the U.S. 50 project site, and, 

therefore, flushing may be more difficult and not as effective. 

The precast reinforced concrete outlets are generally in good condition, with only 

few distresses observed. Outlet No. 209 appears to be recycled from another roadway 

(Figure 6.14). It is noticeably older as evidenced by the discoloration and deterioration of 

the cmcrete. This concrete outlet has been improperly placed and does not provide 

adequate protection to the conduit. Consequently, the pipe has been crushed and its lip 

forms a "V" at the tip, impeding water flow. Standing water is found inside the pipe. 

Outlet No. 143 has slipped down the hillside, leaving the underdrain pipe completely 

e x ~ u s e J  (Figure 6.15). The pipe seems to be in good condition, but it was not inspec~ed 

very closely because of the presence of a snake, which was sunbathing on the concrete 

outlet (Figure 6.16). The UC research team felt it was better to Ieave the pipe uninspected 
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rather than disturb the reptile! 

6.1.3 Markers 

An outlet marker is a posted sign that clearIy shows the location of an outlet. It 

should be on a protective post tall enough to be sem over the vegetation growth. There 

are no outlet markers of any kind found at the Athens project site. The researchers had 

difficulty finding the outlets due to the extensive overgrowth. Some of the outlets are not 

located as specified in the ODOT specifications and plans (ODOT, 19951, but are often 

found within about 15 m (45 ft). Outlet markers would be most beneficial in locating such 

outlets. 

6.2 Drainage Recommendations 

The inclusion of open-graded bases in the design of Portland Cement Concrete 

(PCC) pa~ements seeks to ensure adequate drainage, but such layers must be properly 

!??aintained. If silt, moss, and other debris are allowed to accumulate in the drains, the 

x i  ater 1% ill  not be able to escape and the base will become saturated. To keep the drains 

draining freely, a routine maintenance program must be implemented. Maintenance should 

consist of cleaning the outlets of any vegetation overgrowth that may hamper future 

efforts to locate the outlet. Once the outlet is found, a marker should be installed that 

clearly identifies its location, so that it may be found & a d y  in the future. All silt, moss, 
4 

and debris should be removed at the outlet and from the rodent screen. Flushing is 
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suggested by Moulton (1980), but without the aid of clean-out boxes it may be rather 

difficult to perform. The use of a device similar to a plumber's snake may be enough to 

clear the drains of any debris. The rodent screens should be inspected for damage, such as 

bending. A redesign of the rodent screen may also be necessary to ensure that it will fit 

snugly into the head wall without any gaps. The present design allows small rodents to 

pass through between the head wall and screen. The gradient of the transverse collector 

pipes should be increased to produce a higher exit velocity, so that silt and debris cannot 

gather in the pipe. Nonperforated metal or smooth, rigid pipes may'resist clogging more 

effectively. 
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Table 6.1 Location and condition of underdrains 
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Figure 6.1 Inspecting the inside of a drain 
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Figure 6.2 View of inside of collector pipe using the infrared device 
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Figure 6.3 Tall vegetation made finding the outlets difficult 
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Figure 6.4 Clearing the growth so that the outlet can be observed 
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Figure 6.5 Mowed and unmowed areas 
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Figure 6.6 Combination of silt, moss and weeds that has collected in the outlet 

Arch
ive

d



Figure 6.7 A large weed growing out of one of the outlets 
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Figure 6.8 Water flowing out of the outlet 
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Figure 6.9 Standing water, approximately I" deep, unable to flow out 
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Figure 6.10 Moss and silt that has gathered on the rodent screen 
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Figure 6.1 1 The rodent screen has been bent back, creating a gap for small rodents 
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Figure 6.12 A large amount of water is able to drain after removing sediments 
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(b) 

Figure 6.13 Typical outlet, as found and after sediments were removed 
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Figure 6.14 An older concrete outlet, which appears to have been recycled 
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Figure 6.3 5 A concrete outlet that has slipped down the hillside, exposing the drain 
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accordance to the same evaluation plan first implemented in Fall 1999, conducted in Fall 

2000, Spring 2001 and Fall 2001. The latter three evaluations are examined in detail in 

this Final Report. In addition, additional structuraI distress data are analyzed in order to 

determine whether any correlation exists between sealant performance and pavement slab 

condition. Finally, this Report presents the results of an evaluation of the drainage 

features of the highway, since these are related in various ways to both the sealant 

effectiveness and structural response of the pavement system. 

7.2 Conclusions 

The deteriorating condition of the sealants in the eastbound lanes was first 

reported by Hawkins (1999), when that stretch of ths pavement had been open to traffic 

fc)r a i i~t ie  longer than a year. The following is excerpted from the Corlciusions Chapter 

of Hawkins (1999), since the observations made then are still valid three years later for 

both the eastbound and westbound lanes: 

"Consider, for example, the condition of the silicone and hot-pour sealants in the 

eastbound lanes. After only one year of service, these sealants are in very poor condition. 

The n~ajority of these sections have already experienced significant full-depth adhesion 

failure, with the sealant either sinking completely into the joint or being pulled away by 

traffic. In this condition, the sealants might as well not be present, thus rendering the 

unsealed sections significantly more cost effective. In fact, joints in which the sealant 

becomes ineffective over a significant length may be considered as partially sealed joints, 
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and may exhibit worse performance than unsealed joints of the same configuration 

(Shober, 1986). 

"Since the sealants have remained effective for less than one year, serious 

consideration needs to be given to the joint cleaning and sealant placing operations 

currently employed. The worst of the sealed sections were obviously those with a narrow 

joint width of 3 mrn (1/8 in.). In most joints with such a configuration, the sealant 

material had overflowed and m onto the pavement surface, thereby being exposed to tire 

traffic. Oversight and inspection provided were ineffective in averting the use of 

equipment and procedures that were obviously inadequate. Special nozzles or applicators 

need to be used, so that the sealant will be placed from the bottom up at a slow rate, 

ensuring that the joints are not overfilled. 

"Moreover, since even some of the wider joints also exhibited overfilling, more 

than just the equipment employed needs to be reconsidered. The placement o f  the backer 

rod should be performed with care, subject to stringent inspection, so that the proper 

depth and continuity are maintained. Another extremely important consideration is that of 

joint cleaning, and joint condition at the time of placement. The joints in this experiment 

were cleaned only by water- and air-blasting, even though the manufacturers' 

recr?n::ner,dations usually called for sandblasting. [The Plari hTotes from the Ohio 

Department of Transportation (ODOT), reproduced in Figure 2.2, stipulate that sealants 

"snaii be installed in accordance with the manufacturer's recommendations".] Ir is 

possible that the extensive adhesion loss already noted is related to the joint cleaning 

procedures. Sandblasting provides a rougher surface for the sealant to bond to, but even 
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this may not be enough. The surfaces of the joints need to be subjected to inspection 

before sealing, to ensure that they are clean and free of moisture, as this is an important 

detail in obtaining effective, long-lasting sealed joints. If the equipment and procedures 

employed in placing silicone and hot-pour sealants during this experiment represent the 

conditions on a typical highway construction site, it is apparent that not sealing would 

have been a preferable alternative, in terms of convenience as well as cost. 

"With the exception of the TechStar W-050, the preformed compression seals have 

exhibited significantly better performance to date than liquid sealants. Both the Watson 

Bowman and Delastic seals are performing very well, with no visible signs of adhesion loss 

or other distress at the time of the second visual analysis. It appears that the adhesive 

used with these seals results in a more durable bond between the seal and joint walls. 

"The TechStar seal has not performed as had been anticipated if only by its much 

higher cost, and had developed significant adhesive failure by the time of the second visual 

inspection. The seal had simply broken free of the proprietary adhesive and had sunk into 

the joint, leaving the dried-out adhesive visibIe on the joint walls near the pavement 

surface. Although it is not possible to verify the causes of such widespread adhesion 

failure at this time, incompatibility between the adhesive and the seal cannot be ruled out, 

either 

"The unsealed sections are also performing very well, exhibiting no visible signs at 

inis time oidistress at the joints (e.g., spaliing) or in the pavement slabs. Small-size debris 

has entered the shoulder joints, but the traffic lane joints are still fairly open and clean. No 

blowups or loss of subbase support have occurred. In fact, the surface profile of the 
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unsealed sections shows them to be performing as well, if not better, than most of the 

sealed sections. Interestingly, no mention is made of any distresses or problems with the 

unsealed sections in the Strategic Highway Research Program (SHRP) Specific Pavement 

Studies (SPS)-4 supplemental joint seal experiment (Smith, et al., 1999), either. It will be 

interesting to continue monitoring unsealed sections and comparing their performance to 

that of sealed sections. If no significant differences in performance can be found, leaving 

Portland cement concrete (PCC) pavement joints unsealed should be considered a cost- 

effective design feature. 

"It is reiterated that as t h s  project will undergo several more years of evaluation, 

conclusions reached thus far are based only on relatively early observations. It is hoped 

that future evaluation of both the westbound and eastbound lanes will provide significant 

feedback regarding the effectiveness of current joint sealing procedures. It is also noted 

that the performance of the pavement to date as indicated by the profile surveys does not 

appear to be related directly to the effectiveness of the joint seals. Rather, the roughness 

indices recorded provide a measure of the driver response to the overall pavement surface, 

In a manner that probably reflects most immediately the overall condition of the concrete 

slab. Whether the latter will deteriorate with time on account of ineffective sealants can 

only be ascertained after long-term evaluation, The provision of several drainage features 

(e.g., underdrain in subgrade, drainable base layer) and the tightly controlled pavement 

cons~ruction procedures followed on t h s  site may well counterbalance any deficienc~es in 

joint sealants, ensuring satisfactory service of the highway for many years to come." 

Early evaluations of sealant performance reported by Hawkins (1 999) were 
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hampered by the continuing construction operations on the test site. Consequently, 

research team members were obliged to observe the joints standing at the pavement 

shoulder, and were unable to make measurements of the extents of developing distresses. 

To provide consistent and comparable performance evaluations during subsequent visual 

inspections of sealant and pavement condition, a performance evaluation plan was 

developed, as described by Sander (2002). The data collected according to the 

performance plan, which was first implemented during the Fall 1999 evaluation ofjoint 

sealants at the U.S. 50 project, are analyzed to determine the average effectiveness of a 

sealed joint treatment, which is the combination of a particular joint configuration and 

sealant material. The rating scheme developed by Belangie and Anderson (1 985) is used 

to assign the treatment to a particular category, i.e., very good, good, fair, etc. The 

thirteen joint sealant treatments are also ranked according to their level of effectiveness, as 

n ell as the percentage point deterioration, %, of each treatment in the time period 

behxxen each pair of successive performance evaluations. 

In addition to the visual inspections, results from four profile surveys of pavement 

surface roughness performed in the eastbound and westbound traffic lanes are analyzed, in 

an attempt to establish general trends in pavement surface condition based on measured 

roughness. 

Sander (2002) examined in detail the data collected during the performance 

c i  ;~;;liioiis ~f Fall 1999 and Spring 2000. At the time of the Iatta., the p a v ~ i ~ l c l ~ i  fiad 

served traffic for two and one years along the eastbound and westbound lanes, 

respectively. Commenting on these data, Sander (2002) stated: 
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"Regarding sealant performance, the general indications are that joint seals 

installed in the westbound lanes appear to be exhibiting higher effectiveness levels 

compared to those in the eastbound lanes. The weighted average effectiveness of sealed 

treatments installed in the westbound lanes is 84%, compared to only 50% total average 

effectiveness of the sealed treatments in the eastbound lanes. The difference in 

effectiveness levels is certainly to be attributed to age; the sealants in the westbound lanes 

are approximately eleven months 'younger' than those installed in the eastbound directions 

of traffic, and, therefore, have not been subjected to traffic and environmental stress.org for 

quite as long a time period. 

''After two years of service in the eastbound lanes, compression seals, with the 

exception of the TechStar W-050, significantly outperform the other two sealant classes, 

i.e., silicone and hot-pour types, retaining an average effectiveness of 75%, or 95% 

without the inclusion of the TechStar W-050 seals. Silicone and hot-pour sealants exhibit 

average effectiveness values of 50 and 40%, respectively. It appears likely that these 

general trends will be replicated in the westbound lanes as time goes by. Of the fifteen 

treatments, the Watson Bowman WB-687 (5) and WE!-812 (5 ) ,  as well as the Delastic V- 

687 (5) treatments, exhibit the least deterioration (fewer than 5 percentage points) 

between the Fall 1999 and Spring 2000 inspections. The Watson Bowman treatments in 

the eastbound lanes retained the No. 1 rank, with an average effectiveness of 98% and 

93% at ths time of the Fall 1999 and Spring 2000 performance evaluations, respectrvely. 

Delastic V-687 (5) was a close second in this ranking system. In both the eastbound and 

westbound lanes, the TechStar W-050 material has failed to maintain an effective seal 
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between the joint walls. 

"Among the four silicone sealants installed in the eastbound lanes, the Dow 890- 

SL treatments exhibit better performance than the other three silicone sealants, having an 

average effectiveness of 63%. The Crafco 903-SL, Crafco 902 and Dow 888 treatments 

show combined average effectiveness levels of 38,41 and 49%, respectively. The three 

treatments of Dow 890-SL self-leveling silicone sealant captured the rankings of 4 ,5  and 

6 during the Spring 2000 inspection of the eastbound lanes. In the westbound lanes, the 

Dow 888 non-sag treatments outperforni the Dow 890-SL and Crafco 903-SL joint 

sealant treatments, retaining an average effectiveness of 99%. 

"The hot-pour sealants were found to show the worst performance of the three 

sealant types with an average effectiveness of 40% in the eastbound lanes and 69% in the 

'younger' westbound lanes. Hot-pour sealants showed the fastest rate of deterioration up 

to the age of twenty months. In contrast, their performance between twenty and twenty- 

four months was relatively constant, showing very little joint seal deterioration over that 

time period. Variations are noted in the performance of the Crafco 444 treatment; in the 

westbound lanes the joint seal was about 89% effective, whereas in the eastbound lanes 

the average effectiveness is only 10%. The hot-pour sealants appear to have aged 

prematurely, as the surface of the sealants exhibit signs of hairline cracking, and the 

sealant material is brittle in the joint. 

"I he sections containing unsealed joints are performing very well. In fact, the 

unsealed sections are continuing to perform better than most of the test sections with 

sealed joints, however, such a comparison between sealed and unsealed joints is limited 
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and can only be based on the presence of structural distresses at the joint. The only visible 

distress in unsealed test sections at the time of the Fall 1999 and Spring 2000 inspections 

is spalling of the lips in several isolated joints. It is likely that most of the joint lip spalls 

observed may have been caused at the time of initial sawing. Debris in the form of small 

stones and sand had entered and accumulated on the bottom of many of the unsealed 

joints, however, this has not affected their performance. For the most part, the joints 

remain free of incompressibles lodged between the joint walls. Moreover, no blowups or 

signs of pumping are evident in the unsealed test sections, and there is no evidence that 

any of the observed corner breaks or transverse cracks formed as a result of unsealed 

contraction joints, as might be expected. 

"Results fiom the four profiles of surface roughness conducted in the eastbound 

and westbound lanes are used to draw general inferences pertaining to pavement 

perfomlance. The profile measures indicate that afier approximately one and a half years 

of a deteriorating pavement condition, or decreasing serviceability, the surface has 

exh~bited increased smoothness and serviceability. This observation of increasing 

roughness is observed between the Fall 1999 profiles of surface roughness and the Spring 

2000 roughness assessments in both the eastbound and westbound lanes. Comparisons 

are made between the various profile roughness measures and the average treatment 

effectiveness recorded in each test section. The tabulated and graphical results presented 

i i i i i c ~ i ~  that a correlation does not exist between the two perfur~naict: categories; the 

average treatment effectiveness, i.e., seaIant performance, cannot be confidently estimated 

from the values of pavement surface roughness. 
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"The sealant inspection plan calls for the recording of distresses occurring in the 

immediate vicinity of joints which may be indicative of joint seal inefficiency or failure. 

The first signs of such pavement distress are in the form of mid-slab transverse cracks 

revealed in several of the test sections in the eastbound lanes as the wet pavement surface 

began to dry. The frequency and widespread distribution of these transverse cracks, does 

not suggest that their occurrence is necessarily related to joint seal failure. 

"A pilot study into the frequency and distribution of transverse cracks in the 

westbound driving lane shows that mid-slab cracks occur in ten of the fifteen test sections, 

whereas corner cracks were observed in seven test sections. The test section displaying 

the greatest frequency of mid-slab cracks and the top percentage of slabs cracked is the 

Dow 890-SL (1) treatment, with a total of 9 transverse cracks, accounting for 33.3% slabs 

cracked. The section sealed with the Watson Bowman WB-812 (5) treatment has the 

second highest percentage of cracked slabs, with 18.5% slabs cracked. No transverse 

cracks are evident in the No Sealant (6) section, as well as Crafco 903-SL (la), Dow 888 

(la), Crafco 903-SL (4), and Dow 890-SL (4) treatments. 

"There are no visible signs of corner breaks at any of the transverse joints in eight 

test sections in the westbound driving lane, including one that has unsealed joints. The 

other unsealed section in the westbound direction exhibits a single comer crack in one of 

its 125 slabs, accounting for 0.8% slabs cracked. The section with the Dow 890-SL (3) 

treatment had developed the highest percentage of slabs with comer cracks: four comer 

breaks were observed in its 28 slabs, accounting for 14.3% slabs cracked. 

"Mid-slab cracking of significant extent was first observed in both the eastbound 
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and westbound lanes in the Spring of 2000, following an extreme flooding event, which 

inundated a extensive area on both sides of the highway embankment. Neither the 

drainage provisions in the pavement, nor the nearby Hocking River appeared to be able to 

handle the amount of precipitation received during this event." 

Sander (2002) also examined a number of features associated with sound 

pavement design. The features analyzed apply to the U.S. 50 experimental joint sealant 

test site and include drainage provisions, load transfer, tied shoulders and transverse joint 

spacing. Their influence at the U.S. 50 test site was determined through a series of 

mechanistic computations using a variety of existing pavement engineering software. The 

concept behind the mechanistic evaluations is to investigate whether the PCC pavement 

could maintain a high performance level even ifjoint sealants were to deteriorate, or 

whether the pavement might deteriorate rapidly even if all sealants continued to function 

properly. The following is a summary of these efforts, excerpted from Sander (2002): 

"The mechanistic analyses focused primarily on the effects of subgrade support, 

load transfer, transverse joint spacing and tied PCC shoulders. Values representative of 

ihosc at the U.S. 50 test pavement were chosen for the soil, concrete and dowel properties 

used in the analyses. The effects of complete saturation and corresponding softening of 

the subgrade due to poor drainage were modeled, and it was found that weakening the 

subgrade soil due to prolonged flooding led to increases in maximum bending stress, om,, 

- r l n  13 
ci -, and !?% at the interior, edge and corner of the slab, respectively. The effect on 

the maximum slab deflection, 6,, is considerably more pronounced, leading increases of 

144, 159 and 164% under interior, edge and comer loads, respectively. In contrast, the 
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maximum subgrade stress, q,,, decreases by 58,57 and 55%, at the slab interior, edge 

and comer, respectively. 

"In a separate investigation concerning saturation and subsequent weakening of the 

base and subbase layers, it was found that the effects of strength Ioss in the base and 

subbase layers were insignificant. As the base and s~bbase  layer stifhesses are reduced by 

about 90%, the interior bending stress increases only by 1%. The subgrade stress and 

suhgrade deflection are reduced by less than 4%. In contrast, slab deflections exhibit an 

increase of 4.2% over'the range of parameters considered. These results indicate that 

softening of the base and subbase layers can result in significant plastic and permanent 

deformations which produces non-uniform support conditions. 

"Shoulder ties and transverse load transfer provisions were also investigated for 

this Report. Through analysis, it was noted that load transfer devices installed 

siq~liicantly reduced the level of edge stress and deflection at the transverse and shoulder 

joints. Adopting typical and reasonable values for the joint opening and the modulus of 

don el reaction, calculated values of deflection load transfer efficiency range from 81 to 

9396. while those for stress load transfer efficiency vary between 40 and 60%. It is shown 

that a,,,: and q,, at doweled joints are reduced by about 30 to 60%, respectively, 

rnmyared to the free edge responses. The corresponding value of 6,, is reduced by 

60%. Bearing stress values as high as 8 MPa (1 1 SO psi) are obtained, the highest values 

being associated with improved load transfer efficiencies. A mechanistic analysis using 

ILSL2 indicates that shoulder ties lower the free edge bending stress by about 11 to 20%. 

Reductions in free edge deflection range from 27 to 33%, whereas the free edge subgrade 
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stress is decreased by 26 to 33%. 

"Several popuIar fatigue models were utilized to examine the benefits of load 

transfer in terms of pavement longevity. The results showed that by effectively reducing 

bending stress levels at the joint, the pavement was capable of withstanding a significantly 

increased number of load repetitions until failure. The Austin Research Engineers, Inc. 

(ARE) fatigue model shows that the number of load repetitions to failure with transverse 

load transfer devices increases from 1.56 to 3.76 times to that for a fiee edge condition. 

Similarly, N, increases by 2.51 io 7.04 times according to the Resource International, Inc. 

(RISC) equation. The effect of providing shoulder ties in the pavement is similar; 

according to the ARE formula, the bending stress reduction leads to an increase in the 

number of load repetitions to failure by about 1.5 to 2.1 times compared to free edge 

conditions. Similar trends are observed when applying the RISC model; the allowable 

number of repetitions to failure increases by about 1.7 to 2.7 times. 

"The factor having the most pronounced affect on pavement performance was 

transyerse joint spacing. The ratio of the slab length, L, to the radius of relative stiffness, 

I ,  and referred to as the (LIT) concept, was utilized to determine the theoretical maximum 

joint spacing. The results clearly showed that the 6.4-m (21-ft) joint spacing in the U.S. 

50 pavement, and corresponding (LII) of about 6.1, exceeded the maximum recommended 

(Lil) ratio of 4.5 for jointed plain concrete pavements (Smith, et al., 1997). Based on an 

(5'; ;f ?.5, transverse joints should have been provided at sspacings r,o greater t!;= 4.6 ml 

(1 5 A) in order to prevent or minimize slab cracking. This unfortunate discrepancy may 

lead to premature pavement distress in the form of transverse cracking throughout the 
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concrete slab. 

"Computations were performed to study the effect of the selected reliability level 

on pavement slab thickness. Using input values identical to those used in the original 

pavement design for the U.S. 50 pavement, and varying the reliability &om 85% to 99%, it 

was shown that selecting a hlgher level of reliability (>95%) requires a slab thickness 

greater than 250 mm (10 in.). 

"Several construction issues were suggested as possible contributors to rnid-slab 

transverse cracks observed in the eastbound and westbound lanes of the experimental 

pavement. The two primary concerns are the low curing temperatures of the PCC 

pavement slab and the use of ground granulated blast furnace slag (GGBFS) cement as a 

replacement for some of the Portland cement in the mix design. These factors along with 

se\.eral others led to a delay in the time to initial set, as a result, promoting drying 

shrinkage. which would add to the concave upward distortion of the slab. 

The three latest visits to the test site by the University of Cincinnati research team 

are detailed in this Final Report; these visits occurred in October 2000, June 2001, and 

October 2001 . During each of these visits, the team conducted a visual evaluation of the 

condition of the sealants and of the structural performance of the pavement slab, collecting 

n i r rn~r ica l  data for subsequent analysis. Moreover, the ODOT profilometer crew 

performed surveys of the highway profile in each of the two directions, on each of the 

di"li iiig and passing ianes. The profiiometer surveys occurred within a few d&ys oi the 

visual inspections, depending on the practicality of sqheduling them in the framework of 

the ODOT crew's other assignments. 
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The following is a summary of the observations regarding the sealants in the 

eastbound and westbound lanes, respectively, following the most recent of the three 

e~aIuations discussed in this Final Report. 

Performance of Eastbound Lane Seals as of EBOCOl 

The compression seals are the superior sealant material in the eastbound lanes, 

averaging 69% effectiveness, even when including the TechStar W-050 (5) section, which 

is only 19% effective. If this section is excluded, the compression seals' average becomes 

94%, which is the effectiveness value for both Watson Bowman 687 (5) and Delastic V- 

687 (5). The two hot-applied sealants differ quite dramatically from one another. Crafco 

221 (1) has the third highest effectiveness value (79%), yet Crafco 444 (1) has the lowest 

value (9%). These two sections average 44% effectiveness, the lowest among the three 

sealant types. The silicone sealants average 46% effectiveness, which is only slightly 

better than the hot-applied. The two self-leveling sealants with the No. I joint 

cfinfiguration are the best performing silicone sections to date. Dow 890-SL (1) and 

Crafco 903-SL (1) have effectiveness values of 71 and 58%, respectively. Only one other 

s;!lcone section is above 50%, namely Dow 890-SL (3), which is 57% effective. The 

remaining five sections are below 50% effectiveness, including Crafco 903-SL (4), which 

is onl> 12% effective. 

Pe~:fonnance of Westbound Lane Seals as of KBOCOI 

?artially due to their 'younger' age, the west.bourrd S P I ~ E ~ ~ S  21-.re aerf~rming muck 

better than those in the eastbound lanes. The westbound compression seals, with the 

exception of TechStar W-050 (5), continue to perform exceptionally well. Watson 
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Bowman 812 (5) and Delastic V-687 (5) are 98 and 97% effective, respectively. The 

average of the compression seals (66%) is depressed due to the ineffectiveness of the 

TechStar W-050 (5) section. Excluding this section yields an average of 98%, which is 

best amongst all the seaIants. The difference in effectiveness between the two superior 

compression seal sections and TechStar W-050 (5) could not be greater. The latter is only 

4% effective, and its ability to keep any water out of the joint is extremely questionable. 

The difference between the two hot-applied sections continues to increase: Crafco 444 ( I )  

is 93% effective, yet Crafco 221 (1) is only 43% effective making the difference 50%. 

The silicone sealants average 85% effectiveness, which is the best for the westbound lanes 

(when TechStar W-050 is included for the compression seals). All silicone sealants with 

the No. 1 configuration, with the exception of Crafco 903-SL (lb), are in very good 

condition (2 90%). The only No. 3 configured section, Dow-SL 890 (3), has the highest 

effectiveness value (99%) out of all the westbound sections. The two No. 4 configured 

silicone sections, Crafco 903-SL (4) and Dow 890-SL (4), have effectiveness values of 85 

and 44%, respectively. It is apparent that the No. 4 joint configuration continues to 

produce poor effectiveness values. 

It is interesting to examine the performance of the sealants over the entire length of 

the project. and to compare the observations made in each of the two directions of the 

highway, accounting for the difference in age between the eastbound and westbound lanes. 

Tilt: I'uiiowing is a summary of this information. , 

Performance ofEastbound Lane Seals Over Entire Project 

Over the course of the Project, the nearly identical excellent performance of the 
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two compression seal sections, Watson Bowman 687 (5) and Delastic V-687 (5), is most 

noteworthy. The effectiveness values of these two seals never differ by more than 1% 

from one another. Their long-term performance looks promising, whereas the third 

compression seal, TechStar W-050 (5), seems doomed for a quick ultimate failure; the 

performance of the latter has fallen precipitously well below that of the other two 

compression seals. It is apparent that fkom the beginning Crafco 444 (1) began 

deteriorating at a faster rate than the other hot-applied section, Crafco 221 (1). The 

former appears to be at a terminal effectiveness level since it does not have much more 

effectiveness to lose, whereas the latter is maintaining its mediocre effectiveness. 

Generally, the silicone sealants have steadily declined in effectiveness since their 

installation. No section is currently above 75%, and five of the eight are below 50%, 

including Crafco 903-SL (4), which is only 12% effective. These sealants do not show 

much promise for the long-term. 

Pe~folnzance of Westbound Lane Seals Over Entire Project 

A review of the westbound sealants7 effectiveness values for all surveys indicates 

ihat nvo of the compression seals, Watson Bowman 812 (5) and Delastic V-687 (5 ) ,  have 

maintained nearly all of their original effectiveness, which promises excellent performance 

in the future, as well. In contrast, the third compression seal, TechStar W-050 (9, may 

have at one time been 100% effective, but deteriorated quickly soon after its installation. 

I:. is ~ ! s z  that tlis section has been steadily declining in efffectivenzss ovc: :bc past 2 ~ ; c  

years. The hot-applied sealants were not installed until April 1999, whereas all other seals 

in the westbound lanes had been installed in December 1998. Unlike the eastbound lanes, 
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where Crafco 444 (1) began deteriorating very rapidly and dramatically, the corresponding 

westbound section has lost very little effectiveness. It has generally maintained 

effectiveness values above 90% for its lifetime to date. Crafco 22 1 (1) deteriorated 

rapidly early on, but more recently it has maintained a steady effectiveness value. Most of 

the silicone sealants have maintained much of their original effectiveness throughout their 

lifetime. Four sections, Dow 890-SL (3), Dow 888 (I b), Dow 890-SL (I), and Crafco 

903-SL (1 a), have never dropped below 95% effectiveness. Dow 888 (la) recently 

dropped to 91%, but it had been above 95% in all previous surveys. Crafco 903-SL (4) 

and Crafco 903-SL (Ib) had deteriorated to 89% and 77%, respectively, during 

WBMROO, but they have essentially maintained those vaIues since then. The two identical 

Crafco 903-SL (1) sections are performing quite differently. Crafco 903-SL (la), which is 

betu een Stations 188+00 and 194+00, is outperforming its twin by approximately 20% 

throughout the time span considered. The Dow 890-SL (4) section is very hard to survey 

due to the very narrow joint width, which makes it difficult to determine adhesion failure. 

Conrparison of Performance of Eastbound and Westbound Lane Seals Over Entire 

t;l-ojecr 

It is impossible to make a direct comparison between the eastbound and 

\i estbound sealants during any single survey. Consequently, the data from each survey 

must be expressed in terms of time elapsed since the hghway was opened to traffic in each 

- L- +I- - 6-- -  
vl clLL r n u  directions, so that sealants of a SLT~IX age cia be c~mpixed. C v ~ i i  i;vllsii 

compared to the eastbound sealants at the same age, the westbound lane seals are 

performing much better than the those in the eastbound lanes. Only the compression seals 
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are performing similarly to their opposite lane direction counterparts. The westbound 

silicone sealants are outperforming the eastbound sealants at the same age by 47%. The 

same comparison for the hot-applied sealants yields an average difference of 29% in favor 

of the westbound sealants. The U.S. 50 sealant experiment incIudes many sealant 

materials and joint configurations not normally utilized in Ohio. It is reasonable to expect 

that the sealant installation crew was less familiar with some treatments than with others. 

Because the westbound sealants were installed a year after those in the eastbound lanes, 

the crew may have benefitted &om their first year experience, making the installation 

process more effective in the second. The similarity in the behavior of the eastbound and 

westbound lane compression seals that are commonly used in Ohio, corroborates this 

assertion. 

The Watson Bowman and Delastic seals in both the eastbound and westbound 

lanes are performing extremely well. The eastbound Techstar section is outperforming its 

5% estbound counterpart, but effectiveness trends are pitifully poor. In both directions, this 

material exhibits less than 20% effectiveness, and continues to deteriorate. It is believed 

that these sealants are not designed to adhere to PCC since they are manufactured 

specifically for bridge decks. A large discrepancy between the two Crafco 444 (1) 

s~r t inns  is evident. The eastbound section never performed as well as the westbound, 

which hints at possible deficiencies in the installation of the former. It is possible that the 

Lvllsil uction crew gained experience with the installation of the eastbound section, and 

used this effectively during the installation of the westbound. Moreover, it is possible that 

delaying the westbound installation until the following Spring was very beneficial. The 
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Crafco 221 (1) sections, however, do not support these postulates. Just the opposite is 

observed in these sections, albeit to a much lesser degree: the eastbound are 

outperforming the westbound. The effectiveness difference between the two lane 

directions is about 25% for the Crafco 221 (I), whereas for the Crafco 444 (1) sections 

this difference is about 80%. All of the westbound silicone sealant sections are 

outperforming their eastbound counterparts by a large margin over their lifespan to date. 

Every section currently has at least 25% more effectiveness than its counterpart. It is 

apparent that all eastbound sections never performed as well as their westbound 

counterparts. The westbound Dow 888 (1) sections former have never dropped below 

90% effectiveness, whereas the eastbound deteriorated drastically very early on and are 

currently about 50% below the westbound lanes. This suggests that poor workmanship 

nlay be responsible for the dismal performance of the eastbound silicone sealants. 

Westbound Dow 890-SL (3) and Crafco 903-SL (4) have outperformed their eastbound 

counterparts over the entire time span considered. The Dow 890-SL (3) section has 

maintained an effectiveness of at least 95% in the westbound lanes, yet its counterpart in 

the eastbound direction has deteriorated steadily to below 60%. The westbound Crafco 

903-SL (4) section has never dropped below 80%, yet the corresponding eastbound 

section began deteriorating quickly and never came close to matching the westbound 

performance. The eastbound section of Dow 890-SL (4) had better effectiveness values 

inan ine westbound section in early life, yet at approximately 25 months, it began to Iose 

effectiveness very quickly and has since dropped below the latter. Additional surveys are 

needed to decipher the performance of these sealants over an extended period of time. 
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Turning now to the obsex-vations regarding the structural performance of the 

pavement slab discussed in this Final Report, the following remarks may be usefbl in 

summarizing the results obtained by the research team. 

Unlike sealant performance, in which the westbound lanes are superior to the 

eastbound, pavement structural performance in the eastbound lanes is higher than in the 

westbound lanes, judging by the corresponding frequencies of transverse cracking. As of 

the latest survey (October 2001), the westbound lanes have 44% of their slabs cracked, 

but the eastbound only have 39%. This is surprising since the eastbound lanes are 

approximately one year older than the westbound. The fact that the westbound lanes have 

superior sealants but more extensive transverse cracking suggests that no correlation 

exists between sealant effectiveness and transverse cracking; a closer inspection verifies 

this assumption. It is observed that many of the sealant sections that have high 

effectiveness values also exhibit high percentages of transverse cracking. In addition, 

many of the sections with low effectiveness values have very little transverse cracking. 

Finally, the distribution of craclung is generally random, corroborating the assertion that 

no correIation exists between sealant effectiveness and transverse cracking. 

There are only three sections with comer breaks in the eastbound lanes accounting 

fer five slabs. Two of these sections are sealed with a compression seal and a silicone, 

respectively, whereas the third is unsealed. Therefore, it can be inferred that corner 

breaklng has no correlation with sealant effectiveness, either. 

The structural performance of the eastbound lanes suggests that the mere presence 

of a sealant may prevent spalling at the joints. Excluding a poorly constructed joint in the 
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hot-applied section of Crafco 222 (11, the two sections that contain the most amount of 

spalling are the two unsealed sections. Among the sealed sections, however, those 

containing the highly effective compression seals also exhibit the highest extents of 

spalling, suggesting that the effectiveness of a seal is not a guarantee against this type of 

distress. Yet, to complicate matters, the westbound lanes do not always exhibit the same 

pavement distress trends as the eastbound lanes. 

The extent of transverse cracking in the westbound lanes is surprisingly high: 

almost half of the slabs are cracked. Obviously, the highly effective sealants did not 

prevent such cracking. The compression sealed sections, which generally are the best 

performing seals, have the top three rankings in terms of transverse cracking. The 

unsealed sections, on the other hand, have some of the lowest percentages of slabs 

cracked. It is apparent that excellent sealant performance does not promote good 

pavement performance in the westbound lanes any more than it did in the eastbound 

direction. 

There are more than twice the number of corner breaks in the westbound lanes as 

there are in the eastbound lanes. Corner breaks in the westbound lanes are distributed 

evenly among the sealant sections, which suggests that no correlation exists between 

sealant effectiveness and comer breaking. The degree of spalling in the westbound lanes 

may suggest a faint correlation with sealant effectiveness: the top four sealant sections in 

terms uiseaiant effectiveness have a total of only 5 1 mrn (2 in.) of spalling. 

The profrlometer sunreys for a11 four lanes follow similar, if not identical, trends. 

Since December 1999, all four Ianes have been surveyed at the same time. With few 
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exceptions, all indices in all lanes follow the same trend. Between the December 1999 and 

March 2000 surveys, nearly every index demonstrates a significant increase in smoothness, 

foIlowed by an equivalent decrease during the following survey (October 2000). After the 

latter survey, the profile surface for the eastbound lanes is fairly constant, while the 

westbound lanes increase and decrease during the last two surveys. The remarkable 

similarity in the trendlines between all four lanes suggests that climatic factors, e.g., 

curling and warping, may be responsible for the fluctuations in the pavement profile, rather 

than pavement deterioration. If true, this would make it difficult to rely on firture 

profiIometer data to show deterioration in the pavement. Also, while analyzing the 

profilometer data on a section by section basis, it is apparent that no correlation exists 

between sealant effectiveness and pavement surface deterioration. Many of the superior 

sealant sections exhibit decreases in pavement surface smoothness, while many of the 

inferior sealant sections show increases in smoothness. Additional insights may be 

obtained by reviewing the profile data directly as recorded by the computer on board the 

profilometer van, but these are no longer available. 

Along with the sealant and pavement inspections, the University of Cincinnati 

research team conducted an evaluation of the underdrain outlets since they too play a 

pivotal role in the performance of the pavement. The outlets and outlet pipes were viewed 

without the assistance of any special borehole video equipment. By viewing the outside of 

the outlets, however, substantial evidence could be gathered to determine the condition ol 

the outlet pipes in that area. Many of the outlets (27%) could not be found either due to 

high vegetation growth or simply because the outlet was not located per ODOT 
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specifications (1995). Many of the outlets contained Iarge amounts of silt and debris, so 

that water fiom the underdrains could not flow out. Some of the clogged debris is due to 

the presence of rodent screens, which allowed moss to grow and trapped silt, creating a 

dam. None of the eastbound outlets contain rodent screens, but nearly all the westbound 

outlets do. Some of the outlets are completely dry, and due to the large amounts of 

rainfall from the previous day it can be assumed that the pipe is either completely blocked 

firrther inside or it has been broken inside and water is traveling a different route. A 

correlation between steeper outlet pipe gradients and lack of silt and debris is'apparent. 

The steeper slope causes the water to discharge at a higher velocity allowing the silt and 

debris to be carried with it. 

7.3 Recommendations 

The following recommendations can be made at this time: 

( a )  Remove and replace all sealants having an average effectiveness below 75%, and 

thus are ineffective at preventing water and incompressibles into the joint. This 

recommendation is based on the statements made by Shober (1997) warning of the 

dangers of partially sealed joints. Based on the results presented earlier in this 

Report, all sealants in the eastbound lanes, except for two of the compression 

seals, should be removed. The TechStar W-050 seals should be replaced with 

another compression seal such as Watson Bowman WB-687 or WB-812. 

Alternatively, the deteriorated sealants may be replaced only in the eastbound 

lanes, leaving the westbound lanes unchanged, for the purpose of a less expensive 
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yet useful comparison, so as to possibly verify conclusions from studies elsewhere, 

notably in Wisconsin. 

(b) Monitoring of joint sealant and pavement performance should continue for at least 

another five years to collect long-term performance data. The performance 

evaluation plan developed by the University of Cincinnati research team and 

implemented in the five evaluations since Fall 1999 should be used for all future 

evaluations of joint seal condition. This will provide consistent evaluations and 

will generate informatibn that is reliable and comparable to that collected during 

future inspections. Performance monitoring of the sealed and unsealed test 

sections should continue under the established survey routine. 

(c) Monitoring of pavement surface roughness via profile surveys should continue for 

the purpose of affirming or clarifyrng the trends revealed to date regarding the 

comparative performance of sections in the eastbound and westbound lanes. and 

providing a record of the progressive deterioration of each section. Attempts 

should be made to establish general roughness trends of the pavement, as well as 

to correlate seasonal curling and warping with roughness trends. The possibility of 

equipment malfunctions should be considered. There were several instances where 

data co!lected during the profile assessment was inconsistent and error plagued. 

(d) Implement a drainage outlet maintenance program, according to which the outlets 

wiii be cleaned of silt and debris on an annual basis. This will allow the outlets to 

drain more fi-eely, as was the case when the research team performed such cleaning 

during their inspection of the drainage features. The maintenance program would 
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be aided by the presence of outlet markers, which would dearly show the location 

of the outlet so that maintenance personnel could find the outlet without much 

delay. During the Spring 2000 evaluation, large areas of ponded water were noted 

in the drainage swales alongside both directions of the highway, with water levels 

appearing to be almost at the elevation of the pavement subgrade surface. 

Additional investigations into the effectiveness of the open graded base material 

and the elevations and pitch of the drainage ditches shouId also be conducted. 

(e) Transverse contraction joint spacing in PCC pavements should be determined 

using the (WT) concept of the ratio of the slab length to the radius of relative 

stiffness of the slab-subgrade system. Although this concept was originally 

formulated with reference to plain jointed PCC pavements, its applicability to 

jointed reinforced slabs such as those at the U.S. 50 test site appears to be 

warranted, as well. 

(f) Pending the results of additional investigations into the effectiveness of sealants in 

the Wet-Freeze climatic zone, the use of compression seals, e.g., Watson Bowman 

and Delastic should continue. The use of Techstar W-050 should be discouraged 

as this material has been proven to be unsuitable for pavement applications. 
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APPENDIX 

Output from Profilometer Runs (Eastbound and Westbound Lanes) 

October 2000 Profile Survey of Eastbound Lanes, Driving Lane (PEBOCOO) 
October 2000 Profile Survey of Eastbound Lanes, Passing Lane (PEBOCOO) 

October 2000 Profile Survey of Westbound Lanes, Driving Lane (PWBOCOO) 
October 2000 Profile Survey of Westbound Lanes, Passing Lane (PWBOCOO) 

June 2001 Profile Survey of Eastbound Lanes, Driving Lane (PEBJNOI) 
June 2001 Profile Survey of Eastbound Lanes, Passing Lane (PEBJNOI) 

June 2001 Profile Survey of Westbound Lanes, Driving Lane (PWBJNOI) 
June 2001 Profile Survey of Westbound Lanes, Passing Lane (PWBJNO1) 

October 2001 Profile Survey of Eastbound Lanes, Driving Lane (PEBOCOl) 
October 2001 Profile Survey of Eastbound Lanes, Passing Lane (PEBOCOl) 

October 2001 Profile Survey of Westbound Lanes, Driving Lane (PWBOCO1) 
October 2001 Profile Survey of Westbound Lanes, Passing Lane (PWBOCO1) 
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October 2000 Profile Survey of Eastbound Lanes, Passing Lane (PEBOCOO) 

ATHENS 050 -October 2000 Tests 

LANE 2 PASS 1 UP 
LOG NUMBERS ASCENDING 

STATION 
15400.0 
15452.8 
15505.6 
15558.4 
15611.2 
15664 .O 
15716.8 
15769.6 
15822.4 
15875.2 
15928.0 
15980.8 
16033.6 
16086.4 
16139.2 
16192 0 
16244.8 
16297.6 
16350 4 
16403.2 
16456.0 
16508.8 
16561.6 
16614.4 
16667.2 
16720 0 
16772 8 
16825.6 
16878 4 
16931.2 
16984 0 
17036 8 
17089 6 
17142 4 
171952 
17248 0 
17300 8 
17353 6 
17406 4 
17459 2 
17512 0 
17564 8 
17617 6 
17670 4 
17723 2 
17776 0 

MAYS PSI lRllf IRlrt IRlbh 

60.1 3.940 58.3 64.2 61.2 
88.2 3.501 103.2 86.2 94.7 
52.8 3.809 53.2 56.4 54.8 
67.7 4.027 72.6 64.4 68.5 
76.9 3.779 80.6 79.6 80.1 
70.5 3.893 69.3 76.7 73.0 
66.4 3.798 73.2 63.7 68.4 
61.8 3.904 71.4 59.1 65 2 
69.4 3.769 83.0 68.6 75.8 
92.9 3.553 114.5 74.8 94.6 
57.6 3.936 70.7 52.8 61.7 
67.9 3.746 81.1 63.6 72.3 
65.1 3.872 63.9 71.6 67.8 
67.8 3.808 89 3 63.6 76.5 
63.3 3.975 85.9 50.7 68 3 
63.2 3.773 78.6 58.3 68.4 
67.4 3.815 73.4 67.6 70.5 
66.8 3.703 86.5 54.4 70.5 
76 9 3.839 94.0 68.3 81.2 
79.3 3.617 96.1 67.6 81.9 
69.3 3.744 79.2 62.4 70.8 
96.6 3.484 114.3 84.0 99.1 
61.9 4.030 80.9 54.8 67.8 
54.8 3.984 72.6 45.1 58 8 
45.0 4.170 49.3 48 5 48.9 
71.0 3 892 77.0 69.4 73.2 
64.3 3.794 72.0 59.4 65.7 
80.8 3.825 92.6 73.1 82.9 
61.1 3.941 73.9 54 0 64.0 
80 2 3.580 103.4 67.2 85 3 
93 5 3.830 97.6 92.5 95.0 
73.2 3.870 75.9 78 6 77.3 
77.5 3.874 89.5 71.6 80.6 
61.5 3.926 65.2 62.9 64.0 
75 9 3.834 75.7 78.8 77.3 
73.1 3.664 84.3 70.5 77.4 
64 8 3.834 66.6 67.9 67.3 
70.5 3.659 77.2 68.4 72.8 
131.3 3.049 145.8 133.1 139.4 
124.4 3.266 123.9 127.7 125.8 
74.3 3.816 75.4 78.4 76.9 
93 2 3.594 111 0 82.5 96.7 
75.9 3.841 79.5 75 5 77.5 
904 3.704 91.6 92.9 92.3 
75.2 3.947 78.3 76 0 77.1 

LANE 2 PASS 2 UP 
LOG NUMBERS ASCENDING 

STATION MAYS PSI IRllf lRlrt IRlbh 
15400 0 
15452 8 57 8 3 924 58 0 60 5 59 3 
15505 6 808 3615 995 737 866 
15558 4 50 1 3913 54 1 498 52 0 
15611 2 66 7 4 040 77 4 60 1 68 7 
15664 0 756 3763 827 733 780 
15716 8 70 2 3 807 70 5 77 2 73 9 
15769 6 62 2 3 859 754 54 8 65 1 
15822 4 608 3878 730 556 643 
15875 2 665 3775 830 638 734 
15928 0 82 5 3 656 104 8 63 7 84 3 
15980 8 61 1 3 902 70 5 55 8 63 1 
16033 6 684 3757 760 682 721 
16086 4 75 1 3 792 87 8 71 3 79 5 
161392 78 4 3 768 95 9 69 6 82 7 
16192 0 63 4 3 940 87 6 46 8 67 2 
16244 8 628 3768 788 561 674 
16297 6 699 3680 880 725 803 
16350 4 641 3698 840 557 699 
16403 2 75 1 3 866 88 1 70 8 79 5 
16456 0 80 4 3 630 98 7 67 7 83 2 
16508 8 71 4 3 798 84 5 62 6 73 6 
16561 6 942 3505 1207 769 988 
16614 4 60 8 4 004 82 0 52 5 67 3 
16667 2 546 3941 753 455 604 
16720 0 48 8 4 097 54 8 52 6 537 
16772 8 671 3957 764 634 699 
16825 6 67 0 3 777 78 4 57 9 68 2 
16878 4 760 3869 696 666 782 
16931 2 64 7 3 888 78 7 55 7 67 2 
16984 0 79 7 3 593 106 9 60 0 83 5 
f 70 16 8 98 9 3 829 105 6 94 2 99 9 
17089 6 65 1 3 985 75 2 65 7 70 5 
171421 79 0 3 893 935 74 1 83 8 
17195 ? 559 4015 617 540 579 
17248 0 80 5 3 848 82 7 82 3 82 5 
17300 8 674 3716 805 640 723 
17353 6 67 3 3 809 74 4 67 6 71 0 
17406 4 626 3717 672 605 639 
17459 2 1305 3045 1445 1360 1402 
17512 0 1285 3284 1375 1213 1294 
175% 3 669 4 009 65 8 70 5 68 2 
17617 5 872 3678 1061 760 911 
17670 4 71 7 3922 789 67 3 73 1 
17723 2 85 1 3 777 89 2 862 87 7 
17776 3 699 4038 725 714 719 

LANE 2 PASS 3 UP 
LOG NUMBERS ASCENDING 

STATION MAYS PSI lRllf 
15400.0 
15452.8 55.8 3.985 60.3 
15505 6 78.9 3.602 96.0 
15558.4 47.4 3.901 53.5 
15611.2 66.9 4.W8 74.7 
15664.0 72.7 3.789 77.1 
15716.6 64.7 3.944 62.4 
15769.6 60.9 3.845 68 2 
15822.4 59.6 3.850 70.1 
15875.2 67.2 3.825 78.7 
15928.0 82.1 3.636 97.3 
15980.8 57.1 4.016 66.6 
16033.6 67.6 3.776 73.6 
16086.4 71.7 3.885 79.0 
16139.2 77.7 3.785 84.6 
16192.0 59.5 3.995 70.6 
16244.8 58.9 3.799 73.1 
16297.6 68.6 3.818 75.7 
16350.4 65.5 3.753 84.0 
16403.2 72.8 3.882 87.1 
16456.0 86.3 3.510 110.9 
16508.8 70.7 3.788 83.8 
16561.6 94.6 3.512 120.0 
16614.4 65.2 3.959 83.8 
16667 2 55.1 3.955 72.0 
16720.0 47.7 4.104 56.1 
16772.8 67.0 3.924 78.6 
16825.6 65.8 3.810 73.9 
16878.4 76.4 3.882 90.3 
16931 2 60.3 3.973 75.0 
16984.0 74.6 3.618 100.0 
17036.6 96.2 3.809 100.2 
17089.6 69.5 3,924 78.2 
17142.4 77.7 3.894 90.7 
171952 54.1 4.004 58.6 
17248.0 79.0 3.875 79.9 
17300.8 67.8 3.704 80.7 
17353.6 71.6 3.784 78.3 
17406.4 88.7 3.672 73.7 
17459 2 126.5 3.094 145.6 
1751 2.0 119.4 3.359 121.0 
17564.8 69.3 3.962 69.6 
17617.6 66.5 3.684 104.9 
17670.4 74.4 3.813 85.1 
17723.2 85.0 3.761 89.4 
17776.0 65.9 4.076 69.9 Arch

ive
d



Arch
ive

d



Arch
ive

d



Arch
ive

d



Arch
ive

d



October 2000 Profile Survey of Westbound Lanes, Driving I 

ATHENS 050 - October 2000 Tests 

LANE 1 DOWN. PASS 1 
LOG NUEdBERS DESCENDING 

STATION 
29000.0 
28947.2 
28894.4 
28841.6 
28788.8 
28736.0 
28683.2 
28630.4 
28577.6 
28524.8 
28472.0 
28419.2 
28366.4 
28313.6 
28260.8 
28208.0 
28155.2 
28102.4 
28049.6 
27996.8 
27944.0 
27891.2 
27838.4 
27785.6 
27732.8 
27680.0 
27627.2 
27574.4 
27521.6 
27468.8 
27416.0 
27363.2 
27310.4 
27257.6 
27204.8 
27152.0 
27099.2 
27046.4 
26993 6 
26940.8 
26888.0 
26835.2 
26782.4 
26729.6 
26676 8 
26624.0 

MAYS PSI IRllf IRlrt 

LANE I DOWN. PASS 2 
LOG NUMBERS DESCENDING 

STATION 
29000.0 
28947.2 
28894.4 
28841.6 
28788.8 
28736.0 
28683.2 
28630.4 
28577.6 
28524.8 
28472.0 
28419 2 
28366 4 
28313.6 
28260.8 
28208.0 
28155.2 
28102.4 
28049.6 
27996.8 
27944.0 
27891.2 
27838 4 
27785.6 
27732.8 
27680.0 
27627.2 
27574.4 
27521.6 
27468.8 
27416 0 
27363.2 
27310.4 
272575 
27204.8 
27152.0 
27099.2 
27046.4 
26993.6 
26940.8 
26888.0 
26835.2 
26782.4 
26729.6 
26676.8 
26624.0 

MAYS PSI IRllf IRlrt 

100.6 3.509 96.7 107.2 
80.6 3.894 90.1 72.3 
90.0 3.804 93.0 93.4 
72.0 3.860 80.9 69.7 
85.3 3.743 90.3 83.4 
93.7 3.641 104.4 96.8 
63.3 3.906 62.6 69.4 
59.1 3.943 68 2 54.0 
75.0 4.017 81.7 69.3 
93.6 3.652 99.3 88.9 
71 1 3814 67.5 77.2 
77.4 3.647 76.5 82.3 
93.4 3.712 93.6 94.9 
77.9 3.781 80.4 79.0 
65.1 4.012 69.2 67.5 
68.8 3.950 73.4 68.6 
68.3 3.934 69.5 71.9 
68.3 3.941 72.3 68.1 
60.1 3.862 64.9 57.7 
59.9 3.934 68.1 59.7 
67.1 3.901 69.4 68.4 
77.5 3.580 85.8 75.8 
62.4 3.863 64.6 64.7 
71.8 3.724 70.3 76.5 
51.9 4.048 55.5 57.5 
60.5 4.036 63.7 61.9 
62.4 3 931 73 6 54.6 
76.3 3.796 78.3 77.2 
90.1 3.564 101.2 83.7 
65.4 3.888 63.8 70.9 
69.9 3.897 76.1 66.2 
100.4 3.515 117 4 88.1 
121.4 3.231 140.7 117.1 
69 8 3.861 77.4 74.1 
59 0 3.900 71.3 54.2 
78.4 3.787 83.2 77.3 
80.0 3.562 90.4 72.6 
79.5 3.651 75.7 87.1 
68.7 3.876 75.4 71.2 
72.2 3.756 77.8 69.3 
66.7 3.721 70.8 66.8 
73.9 3.827 74.1 78.5 
78.9 3.751 81.8 79.8 
53.2 3.721 61.4 53 4 
45.0 3.904 54.2 47.8 

.ane (PWBOCOO) 

LANE 1 DOWN. PASS 3 
LOG NUMBERS DESCENDING 

STATION 
29000.0 
28947.2 
28894.4 
28841.6 
28788.8 
28736.0 
28683.2 
28630.4 
28577.6 
28524.8 
28472.0 
28419.2 
28366.4 
28313.6 
28260.8 
28208.0 
28155.2 
28102.4 
28049.6 
27998.8 
27944 0 
27891.2 
27838.4 
27785.6 
27732.8 
27680.0 
27627.2 
27574.4 
27521.6 
27468.8 
27418.0 
27363.2 
27310.4 
27257.6 
27204.8 
27152.0 
27099.2 
27046.4 
26993.6 
26940.6 
26888.0 
26835.2 
26782.4 
26729.6 
26676.8 
26624.0 

MAYS PSI lRllf IRld IRlbh 
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October 2001 Profile Survey of Eastbound Lanes, Passing Lane (PEBOCOI) 

ATHEN!; 050 -October 2001 Tests 

LANE 2 PASS 1 UP 
LOG NUMBERS ASCENDING 

STATION 
15453 0 
15505 8 
15558 6 
15611 4 
15664 2 
15717 0 
15769 8 
15822 6 
15875 4 
15928 2 
15981 0 
16033 8 
16086 6 
16139 4 
16192 2 
16245 0 
16297 8 
18350 6 
16403 4 
16456 2 
16509 0 
16561 8 
16614 6 
16667 4 
16720 2 
16773 0 
16825 8 
16878 8 
16931 4 
16984 2 
17037 0 
17089 8 
17142 6 
171954 
17248 2 
17301 0 
17353 8 
17406 6 
17459 4 
17512 2 
17565 0 
17617 8 
17670 6 
17723 4 
17776 2 
17829 0 

MAYS PSI lRllf IRlrl 
60.5 3.874 74.5 54.5 
78.7 3.651 97.6 71 1 
42.8 3.972 47.9 45.1 
48.1 4.133 55.8 45.6 
56.4 3.911 62 8 58.0 
58.2 3.972 60.5 62.3 
57.1 3.861 69.4 48 9 
56 4 3.948 68.1 50.5 
75.6 3.654 93.4 64.3 
92.1 3.555 116.0 73.0 
70.4 3.733 85.3 57 4 
72.3 3.721 61.4 68.3 
76.0 3.863 91.3 63.8 
63.9 3.857 80.6 54.3 
69.3 3.898 92.0 48.4 
60.1 3 775 81 2 49 3 
68.3 3.775 87 8 60.3 
68.5 3.723 87.1 52.5 
67.1 3.910 87.3 58.4 
84.6 3.585 102.3 68.5 
66.0 3.755 82.3 55.1 
92.1 3.512 111.4 77.5 
69.6 3.986 89.8 55.5 
53.6 3.947 72.5 40.2 
43.1 4.201 51.9 44.3 
57.2 4.092 76.0 45.8 
61.7 3.899 79.5 47.8 
72.4 3.888 87.2 64.9 
68.9 3.852 90 2 53.2 
91.1 3.476 121.5 63.8 
95.5 3.731 114.2 81 2 
74.5 3.979 92.3 66.6 
78.3 3.876 96.4 67.1 
51.4 4.139 63.2 43.5 
62.9 4.052 68.9 63 2 
68.9 3.747 99.9 55.2 
68.8 3.828 85.0 57.1 
69.3 3.618 75.3 65.8 
1202 3.177 127.4 125.3 
103.4 3.533 111 5 98.6 
66.0 3.838 76.7 60.6 
83.2 3.649 98 2 72 8 
84.1 3.762 93.0 78.4 
70.2 3.890 78 4 68.1 
62.0 4.172 67.3 63.1 
40.2 4.188 48.1 36 9 

LANE 2 PASS 2 UP 
LOG NUMBERS ASCENDING 

STATION 
15453.0 
15505.8 
15558.6 
15611.4 
15664.2 
1571 7.0 
15769.8 
15822 6 
15875.4 
15928.2 
15981 .O 
16033.8 
16086.6 
16139.4 
16192 2 
16245.0 
16297.8 
16350.6 
16403.4 
16456.2 
16509.0 

MAYS PSI lRllf IRlrt IRlbh 
55 2 3.977 62.1 51.1 56.6 
77.0 3.647 93.8 69 2 81 5 
41.5 4.002 43.7 46.9 45.3 
46.6 4.156 55.6 43.6 49.6 
56.0 3.870 61.5 58.3 59.9 
59.0 3.915 57.4 70.4 63.9 
55.2 3 861 72.0 43.8 57.9 
57.1 3.923 72.2 48.0 60.1 
74.3 3.659 93.2 64.8 79.0 
69.4 3.594 109.0 74.2 91.6 
61.2 3.892 76.8 48.8 62.8 
72.9 3.71 1 85 4 65.1 75 3 
73.7 3.914 89.9 60.4 75.2 
64.0 3.854 86.6 48.2 67.4 
58.0 3.970 80.9 40.0 60.4 
64.5 3.749 79.6 57.5 68.5 
62.6 3.899 83.4 58.6 71.0 
73.0 3.640 95.1 53.2 74.2 
69.4 3.854 92.1 56.8 74.5 
78.1 3.647 97.9 60.5 79.2 
65.0 3.741 74 4 61.1 67.8 
93.3 3.496 121.1 71.1 96.1 
71.7 3.864 91.0 60.6 75.8 
55.3 3.905 79.6 36.8 56.2 
43.1 4.191 47.7 46.4 47.0 
53.5 4.091 70.5 41.4 56.0 
63 7 3.899 79.3 49.4 64.3 
72.3 3.905 86.8 62.9 74.9 
60.2 3.943 76.6 47.9 62.3 
80.2 3.552 104 5 59.5 82.0 
89.1 3.791 102.8 82.7 92.8 
71.2 4.029 824 67.8 75.1 
75.4 3.963 89.6 67.9 78.7 
50.3 4.107 56.1 47.9 52.0 
63 6 3.990 68.8 62.4 65.6 
66.6 3.732 88.4 510 697 
72.3 3 811 87 3 60.3 73.8 
80.2 3.524 87.4 75.5 81.4 
120.2 3.228 130.2 119.0 124.6 
107.4 3.453 114.5 104.1 109.3 
69.9 3.642 84.8 60.6 72 7 
83.1 3.674 102.3 67.7 85.0 
81.6 3 851 88.1 76.8 82.4 
73.1 3.852 86.2 62.3 74.3 
65.3 4.140 71.9 62.9 67.4 
41.9 4.160 48.2 38.6 43.4 

LANE 2 PASS 3 UP 
LOG NUMBERS ASCENDING 

STATION 
15453 0 
15505 8 
15558 6 
15611 4 
15664 2 
157170 
15769 8 
15822 6 
15875 4 
15928 2 
15981 0 
1W33B 
16086 6 
161394 
161922 
16245 0 
16297 8 
16350 6 
16403 4 
16456 2 
16509 0 
16561 8 
16614 6 
16667 4 
16720 2 
16773 0 
16825 8 
16878 6 
16931 4 
16984 2 
17037 0 
17089 8 
17142 6 
171954 
17248 2 
17301 0 
17353 8 
17406 6 
17459 4 
17512 2 
17565 0 
17617 8 
17670 6 
17723 4 
17776 2 
17829 0 

MAYS PSI lRllf IRlrl IRlbh 
54.8 3.988 54.7 57.9 56.3 
73.8 3.671 90.0 69.0 79.5 
43.0 4.007 44.0 49.8 46.9 
42.7 4.183 46.4 44.4 45.4 
54.2 3.998 61.3 55.6 58.5 
50.8 4.078 49.3 55.6 52.5 
54.9 3.836 63.5 51.3 57.4 
55.4 3.908 65.6 51.3 58.4 
70.7 3.631 81.5 67.1 74.3 
87.3 3.626 112.3 64.9 88.6 
68.6 3.756 79.1 60.4 69.7 
66.5 3.823 85.0 52.5 68.7 
61.6 4.018 62.5 65.7 64.1 
59.1 3.938 713 52.6 61.9 
56.4 3.997 64.4 53.9 59.2 
63.7 3.778 82.4 52 6 67.5 
63.0 3.889 73.7 60.6 67.2 
73.0 3.667 95.2 54.0 74.6 
69.0 3.868 95.3 50.9 73.1 
85.4 3.600 99.5 74.8 87.2 
66 4 3 820 81.2 56.3 68.7 
93.6 3.523 115.1 76.4 95.8 
711.8 3.959 92.9 54.7 73.8 
57.5 3.903 72.9 47.5 60.2 
43.0 4.206 48.1 46.7 47.4 
56.4 4.091 71.5 48.8 60.2 
60.0 3.971 67.1 56.1 61.6 
72.6 3.915 87.9 62.6 75.3 
63.8 3.912 76 3 53.2 64.8 
84.1 3.536 111.7 59.8 85.7 
93.7 3.769 103.9 88.6 96.2 
71.0 3.975 83.9 63.7 73.8 
79.1 3.914 90.6 72.8 81.7 
53.7 4.137 64.1 46.8 55.4 
61.8 4.056 63.6 64.4 64.0 
66.8 3.728 85.5 55.5 70.5 
67.1 3.821 81.4 58.7 70.1 
72.3 3.634 75.8 71.2 73.5 
117.7 3.227 133.5 116.5 125.0 
90.3 3.655 92.6 93.7 93.1 
62.8 3.920 67 3 62.1 64.7 
84.3 3.685 97.6 76.5 87.1 
80.9 3.859 87.1 76.5 81.8 
69.7 3.927 77.8 86.6 72.2 
64.7 4.174 72.2 633 67.8 
41.5 4.209 48.7 39.1 43.9 Arch

ive
d



Arch
ive

d



Arch
ive

d



Arch
ive

d



Arch
ive

d



October 2001 Profile Survey of Westbound Lanes, Driving Lane (PWBOCOl) 

ATHENS 050 - October 2001 Tests 

LANE 1 PASS 1 DOWN 
LOG NUMBERS DECENDlNG 

STATION 
28947.0 
28894.2 
28841.4 
28788.6 
28735 8 
28683.0 
28630.2 
28577.4 
28524.6 
28471.8 
28419 0 
28366.2 
28313.4 
28260.6 
28207.8 
28155 0 
28102.2 
28049 4 
27996.6 
27943.8 
27891 0 
27838.2 
27785.4 
27732.6 
27619.8 
27627.0 
27574 2 
27521.4 
27468.6 
274 15.8 
27303.0 
27310.2 
272!i7.4 
27204.6 
27151.8 
270!19.0 
27046.2 
269!)3.4 
26940.6 
26887.8 
268:)5.0 
26782.2 
26729.4 
266 '6.6 
26623.8 
265'1 .O 

MAYS 
84 0 
69.0 
76.1 
69.4 
79.6 
91.4 
54.9 
48.2 
63.5 
79.9 
63.9 
69.2 
85 1 
72.1 
62.8 
59.0 
60.0 
55.6 
54.8 
55.6 
64.5 
72.7 
63.3 
62.9 
49.3 
43.1 
57.6 
57.6 
93.4 
54.9 
65.9 
96.4 
168.9 
71.7 
86.2 
85.1 
79.1 
72.5 
49.9 
75.1 
52.1 
69.5 
61.1 
53.9 
45.7 
59.8 

PSI IRllf 
3.674 91.3 
3.976 81.7 
3.995 81.0 
3.914 82.5 
3.784 85.9 
3.608 97 6 
3.977 59.4 
4.042 47.7 
4.064 67.0 
3.747 89.9 
3.905 64.9 
3.662 70.0 
3.787 89.2 
3.881 77.1 
4.052 64.6 
4.045 67.2 
4.023 65.2 
4.021 62.8 
4.006 62.7 
3.987 61.0 
3.939 68.2 
3.742 86.0 
3.840 70 8 
3.814 61.8 
4 051 51.1 
4.080 47.5 
4.028 67.2 
4.017 62.5 
3.465 104.1 
4.014 62.2 
3.904 71.1 
3.515 112.3 
2.763 169.7 
3.841 80.9 
3.574 96.2 
3.670 93.5 
3.654 89.3 
3.704 77.5 
4.105 60.3 
3.726 77.3 
3.873 55.8 
3.846 75.9 
4.014 69.8 
3.716 63.2 
3.999 57.8 
3.844 77.9 

LANE 1 PASS 2 DOWN 
LOG NUMBERS DECENDING 

STATION 
28947 0 
28894 2 
28&114 
28788 6 
28735 8 
28683 0 
28630 2 
28577 4 
28524 6 
28471 8 
28419 0 
28366 2 
28313 4 
28260 6 
28207 8 
281 55 0 
28102 2 
28049 4 
27996 6 
27943 8 
27891 0 
27838 2 
27785 4 
27732 6 
27679 8 
27627 0 
27574 2 
27521 4 
27468 6 
27415 8 
27363 0 
27310 2 
2f257 4 
27204 6 
27151 8 
27099 0 
27046 2 
26993 4 
26940 6 
26887 8 
26835 0 
26782 2 
26729 4 
26676 6 
26623 8 
26571 0 

MAYS PSI lRllf lRlrt 
84.5 3 639 84 4 87.1 
67.2 3.945 76.0 60.4 
71.5 3.989 76.7 73.2 
65.5 3.685 72.2 61.0 
71.3 3.890 83.3 61.8 
89.9 3.598 96.5 87.3 
53.6 3.975 54.0 55.7 
48.8 4.061 51.7 49.5 
61.7 4.098 69.9 56.2 
85.2 3.716 96.2 77.0 
61.1 3.937 64.9 61.2 
65.9 3.673 68.5 68.0 
85.5 3.771 89.4 83.6 
72 0 3.853 77.6 71.3 
62.7 4.065 63.9 66.5 
63 0 4.017 69.7 59.5 
59.7 4 054 65.8 58.3 
60.1 3 888 65 1 57.1 
54.4 3.997 62.5 48.3 
60.8 3.925 67.7 59 0 
62.7 3.986 69.5 62.1 
72.2 3.676 84.8 74.0 
63.8 3.872 66.2 64.2 
57.3 3.840 56.6 63.0 
51.2 3.968 55.8 52.9 
44.4 4.067 50.4 45.4 
57.0 4.008 65.8 51.8 
55.9 4.026 61.3 56.3 
89.2 3.502 94.9 86 0 
58.5 3.957 63.5 58.0 
64.7 3.930 69.7 65 4 
95.1 3.556 101.3 95.9 
153.8 2.931 161.8 150 5 
74.0 3.837 81.7 72.3 
84.0 3.648 87 4 81.8 
84.5 3.747 88.7 83.4 
74.3 3.719 82.2 67.3 
73.2 3.558 78.2 73.7 
46.6 4 130 59.0 40 2 
69.9 3.818 74.0 66.6 
51.8 3.852 56.7 50.2 
68.8 3.852 79.4 64.4 
62.4 3 934 69 8 60.1 
54.0 3.768 56.5 58.8 
42.2 3.974 51.4 41.2 
57.9 3.973 78.0 50.7 

LANE 1 PASS 3 DOWN 
LOG NUMBERS DECENDING 

STATION 
28947.0 
28894.2 
28841.4 
28788.6 
28735.8 
28683.0 
28630.2 
28577.4 
28524.6 
28471.8 
2841 9.0 
28366.2 
2831 3.4 
28260.6 
28207.8 
28155.0 
28102.2 
28049.4 
27996.6 
27943.8 
27891.0 
27838.2 
27785.4 
27732.6 
27679.8 
27627.0 
27574.2 
27521.4 
27468.6 
27415.8 
27363.0 
27310.2 
27257.4 
27204.6 
27151.8 
27099.0 
27046.2 
26993.4 
26940.6 
26887.8 
26835.0 
26782.2 
26729.4 
26676.6 
26623.8 
26571 .O 

MAYS PSI lRllf 
83.1 3.704 81.3 
64.8 3.971 72.8 
71.7 4.024 76.5 
64.2 3.921 70.3 
73.4 3.863 78.2 
89.6 3.597 99.9 
53.3 4.045 55.5 
50.0 4.081 47.2 
63.3 4.085 61.9 
79.6 3.760 87.4 
61.4 3.935 64.9 
66.6 3.647 63.8 
86.7 3.766 87.8 

72.5 64.7 4.047 3.834 65.0 75.2 
58.5 4.038 64.9 
59.1 4.039 64.1 
56.0 4.024 61.0 
55.8 3.945 62.2 
60.3 3.913 67.4 
62.0 3.964 64.9 
69.9 3.735 85.5 
64.4 3.883 63.0 
60.0 3.846 60.5 
50.3 4 051 51.0 
43.5 4.137 47.0 
54.0 4.057 59.4 
58.8 3.952 60.6 
90.9 3.472 96.1 
54.8 3.985 58.3 
65.2 3.944 70.6 
98.0 3.572 106.4 
147.0 2.922 164.2 
69.8 3.914 73.8 
83.8 3.618 94.9 
92.7 3.597 93.6 
75.4 3.635 85.5 
73.1 3.671 76.4 
46.6 4.131 58.5 
70.5 3.835 73.5 
50.1 3.909 56.1 
68.4 3.044 80.6 
61.3 3.973 67.3 
53.4 3.764 57.5 
40.5 4.004 51.6 
58.5 3.961 75.9 Arch
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