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FOREWORD

The investigation described in this Report was sponsored by the Ohio Department of
Transportation (ODOT) and by the Federal Highway Administration (FHWA) as Ohio State Job
No.: 14668(0); Contract No.: 8527, under project “Ohio Route 50 Joint Sealafit Experimént.”
The Principal Investigators were Drs Anastasios M. Ioannides and Issam A. Minkarah,
Department of Civil and Environmental Engineering, University 6f Cincinnati. The ODOT
Technical Monitor was Mr Roger Green, the Ad;ninistrator for the Office of Research and

"Development at ODOT was Ms. Monique Evans, and the FHHW A liaison in Columbus, OH was
Mr Herman Rodrigo. The ODOT Site Eﬁgineer was M1 Greg Wiight, the Site Manager for the
Contractor (Kokosing Construction Company, Ine.)was Mr John Householder, the Contractor’s
Supervisor for Sealants was Mg Steve Geb. Theassistance, Epooperation and friendship of these
individuals was a major contributor{o the success of the stucgly, and their support is gratefully
acknowledged. Special fhanks are also exténded 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
PavemennTechnology, Inc.. The personal communications of Messrs. Greg Wright, Neil
MecKown,Aric Marselof 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-Fregze climatic
zone. A detailed description of previous work conducted from Fall'1996 to March 2000
can be found in Hawkins (199'9) and in Sander (2002). '

Fifteen different material-joint configuration combinations have been used. The
new pavement consists of a 250-mm (10-in.) jeinted reinferced concrete slab with 21-ft
joint spacing, placed over a 100-mm (4-in.) free-draining base layer, constructed over a
150-mm (6-in.) crushed aggregate subbase, resting overthe predominantly silty clay local
subgrade. The highway has a twenty year design period, with design traffic level of 11
million ESALs. The eaétbound lanes wer¢€ eonstructed first and have been open to traffic
since Spring 1998 whereas the westbouind lanes have been serving traffic only since
Spring 1999.

Iliree joint sealan, profilometer and pavement performance surveys are described
in this Repért. These evaluations were conducted in October 2000, June 2001, and
October 2001 in accordance with an evaluation plan developed by the University of
Cincinnafi 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 from these evaluations are
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analyzed and compared to those from 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 faififall had occurred.
The Hocking River, which runs along the highway, could not handle thesamount of water
from the storm. Several fields adjacent to the roadway were flooded and the drainage
ditches overflowed. The extensive flooding concerned the 1€ résearch team and‘an
investigation of the drainage aspects of the test pavenfnent was initiated@oon after.
Following the flooding several transverse cracks were noticeédyin the gavement. Both the
development of structural distresséshand thé drainage; {eatures of the pavement system are
also examined in this Report. It is reported that significant mid-slab cracking has been
observed in the test paiementgbut that this distress ai)pears unrelated to the performance
of the sealant treatments.

It is anticipéted 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 théipurpose
of reviewing their practices and experiences with regard to improfing Portland cement
concrete (PCC) pavement performance. In the aftermath of this\tour,4 program was
formulated by the Federal Highway Administration (FHWA) for assessinigithe
effectiveness of a number of innovative coricrete pavement design and construction
features. The ultimate aim of the program is the'désign and construction of high
performance concrete pavements (HPCP). These pavements will be characterized by
three attributes: incorporation of inmowative design and construction features and
materials; enhanced conéfruction techniques,that lead to increased productivity; and ride
quality and prolongéd service life, resulting in lower life cycle costs. The immediate goal
of the HPCP program is to construet selected highway projects across the U.S. to
ivestigate innovative RCC pavement design and construction concepts. The long-term
objective 150 1mprowve 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




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 proj ecfs is designed to evaluate PCC pavémeént performance
in connection with various sealant types and joint configurations, including unsealed
transverse joints.

Since the early 1940s, joint sealants have beerjl an integidbpart of practically all
jointed plain concrete pavements (JPCP) or jointed réinforced cdncretglpavements
(JRCP). Previous studies in Ohio and elsewhere have demonstrated that joint sealing
techniques have the potential of nfaking agignificant ¢ontribution to the performance of
such pavements. Sealants are thought o provide protéction to the pavement in two
important ways. Firsthby sealiig joints, infiltration gf moisture into the pavement base
and subgrade 1s reduced. “Such moisture would other?wise lead to softening, pumping, and
erosion of these lagers, tesulting ih joint faulting and comer breaks in the slab. Secondly,
sealing the joints prevents incompressible materials, such as small stones, from entering
them anld Becoming lodged« Such incompressibles can inhibit thermal slab movement,
increasing thestresses in pavement slabs and leading to joint spalling and transverse
crackings

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 careful and experienced installation and inspection. The joint must be washed,

sandblasted, and cleaned before the backer rod and sealant are introduced, in order to




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 from
the weather and traffic. If the sealants are installed too far below the pavement@urface,
incompressibles are likely to enter the joints. Conversely, if installed at or slightly above
thve pavement surface, vehicle tires are likely to damage or destroyhe sealant. “Moneover,
the sealant must be installed under suitable weather conditions, With viftually@®é moisture
present in any form. Given the stringency of cleaning andinstallationprocefiiires, it is
advisable to have someone inspecting théseoperations,as they proceed. Without such
inspection, a great deal of effort and money coulthbe wasted on ineffective seals.

This is the Final Repértsubmitied in fulfillmentof the contractual obligations of
the University of Cincinnati researeh team, selectedhby ODOT to conduct the sealant
experiment under the TE£30 High Performance Concrete Pavement initiative of the
FHWA. The Report degeribes the degign and construction of the U.S. 50 test pavement,
together with€he experimental degign for the sealant investigation. Monitoring activities
are fiscussed and the 8ealant and pavement performance to date is presented, thereby
providing an updateto two prior publications published in the technical Literature
(Hawkins, er al., 2001; Ioannides, et al., 2001), as well as two previous interim reports

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




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 PCC
pavement. The experimental design for this project was developed ind997 by the FHW A
and ODOT to provide data for the evaluation of the performance of varipus joint seals and
joint configurations. Fifteen combinations of materials and Jjoint configurations are used in
the experiment, which includes unsealed control sections. Thefpurpose of these pavement
test sections, located in the Wet-Freeze climatic zong, is to duplieaté and complement
similar sections constructed in other states undénthe Strategic Highway Research Program
(SHRP) Specific Pavement Studies (SPS)-4experiment. The test pavement is divided into
fifteen test sections, éachysection typically being 183 m (600 ft) in length, but also includes
some longer sections. Each{€st section incorporates about thirty joints. In accordance
with the experiméntal design, two réplicates of each of fifteen chosen material-joint
configuratigf combinations aré provided. Two of these combinations involve unsealed
joints. {1 each case, onexeplicate is in the eastbound lanes, built during the 1997-98
ponstruction season, and the other in the westbound lanes, placed during the 1998-99
consfruction 8eason. In constructing the test sections, the following objectives were
established:

(a) To assess the effectiveness of a variety of joi@t sealing practices employed after the
initial sawing of joints, and to examine their repercussions in terms of reduced

construction time and life cycle costs;
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(b) To identify those materials and procedures that are most cost effective; and

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

1.3 Literature Survey

1.3.1 Conventional Wisdom

Joint sealants are currently used in highway pavements in offler (0" minimize
passage of surface water through joints and cracks, in conjunction with@ perrieable
subbase designed to remove water from the pavement system (Voigt,)1997)« This leads to
the question of whether both these lines éf @efensé ane necessary, or whether it might be
more cost effective not to seal the joints, and to rély instead o1 the permeable subbase and
on other associated subsurfagé drainage featiires to rembove the water. The answer to this
question has been the subject of mereasing controversy in the U.S. in recent years.

In a survey of staté highway ageneies (McGhee, 1995), the following philosophies
‘on drainage were recorded. Thirty states strive to seal pavements as well as possible,
while also attefapiing to contral the‘water through use of a drainage layer, other
suibsurface drainage, or both. Nine states try to seal the pavement as well as possible, but
are nof concemedywith 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 ol a 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 spacir;gs, load transfer means, and so on.
From this voluminous research, the conclusion was drawn that joint gealing does not
enhance pavement performance (Shober, 1997) and that contraction joint sealing£osts
cannot be justified (Shober, 1986). Thus, in 1990 the state of Wisconsifi determined there
were sufficient data to warrant the decision not to seai cracks or joints in PCC pavements.
The state of Wisconsin began this#esearchdy questioning the assertion that joint seals
enhance pavement performance by keepihg incompr¢ssibles 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 constriicted above the bare suBgrade, but that with the present use
of subbase and bagé courses to provide drainage, it may no longer be entirely true. If an
unsealed pavemeit remains i} as goéd a condition as a sealed pavement, then it is obvious
that sealing is not a ¢ost-effeCiive procedure. In theirb 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
éealing has no significant effect on any of these parameters, and reaffirm that pavements
with shorter joint spacings perform better than pavements with longer joint spacings
(Shober, 1997).

Earlier published literature from Europe had suggested similar conclusions. In




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 m (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 i€'wet, bubthe

pavement is doweled (Ray, 1980).

1.3.3 The SHRP SPS-4 Experiment

The answer to the question of whether or not joint sealing camer do€s improve
pavement performance remains the subjéct of inténsédebate.| There are many variables at
work and a myriad of questions and unknowns §urounding this issue. The SHRP SPS-4
supplemental joint seal expefiment was designed to provide valuable information on the
subject of joint sealing. Long-tertn monitoring wasiperformed on six research sites in the
western United States (Sfnith, “er al., 1999) . An interesting trend can be observed in the
data that reflect the,overall performanee of transverse joint seals at each site. In preparing
the joints for€ealant placementpwater- 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 W The three Utah sites clearly exhibit inferior performance compared to
the'othier 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




the Wet-Freeze climatic zone, heretofore absent from similar considerations elsewhere.

1.4 Report Organization

This Report summarizes the monitoring and ¢valuation 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 brie}f litefature reyiew focusing on the
recent contro'versy regarding the use of joint sealantimaterialstand pr§§edures has been
presented in this first Chapter. Chapter 2 provides a description of thie 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. Sumiiarized in Chapter 3 are early sealant and
pavement performance evaluations, i.e., twa visual inspections undertaken in Fall 1998
and Spring 1999, and two quantitative evaluations performed in Fall of 1999 and Spring
2000. The lattertwo were conducted in accordance to a performance evaluation plan that
calls forthe use of specially developed form in monitoring activities and data 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 summarized. An
evaluation of the drainage features at the U.S. 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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2 THE U.S. 50 TEST SITE

2.1 Project Location and Description

The test site under investigation is a 3.3-km (Q.O-mile) section 0f a new 10.5-km
(6.5-mile), four-lane divided highway constructed along a stretch of United States (UU.8.)
Route 50 approximately 1.3-km (0.8-mile) east of the city'of Athens, in Athens County,
southeast Ohio. The experimental pavement is partof a 10,54m (6.5-mile) stretch of
U.S. 50 under reconstruction. The project lies in the Wet-Freez@limatic 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, winter§ are ¢old and suowy, with @ mean annual snowfall of 447 mm (17.6
in.). In the valleys, it is also'fféguently cold, but intermittent thaws prevent a long-lasting
snow cover. Dufing the winter, mouths, the average temperature is 0°C (32°F) and the
average ddily'minimum tempgrature is -6°C (21°F). The average summer temperature is
22°C (71°F), with an average daily maximum temperature of 29°C (85°F). The mean
monthly average temperature 1s 12°C (53°F). The low average monthly temperature is
0°€ (32°F), whereas the high average monthly temperature is 24°C (75°F). 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.
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This reconstructed four-lane highway has a twenty year design period, with current
(1993) average daily traffic (ADT) of 7820 and design year (2013) ADT of 10950. The
design traffic level is 11 million Equivalent Single Axle Loads (ESALSs) 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 451), placed@ver a
100-mm (4—ih.) crushed aggregate, free-draining base layer (Item Special), constructed
over a 150-mm (6-in.) crushed aggregate subbase (Item 304), resting@vénthe
predominantly silty clay local subgrade.

In both the eastbound and westbound directions, the highwawnconsists of two 3.7-
m (12-ft) wide lanes having tied PCC shalilders. @mthe inner (i.e., abutting the median)
and outer sides of the pavement, the shouldersare, 1.2 and 3-m (4 and 10-ft) wide,
respectively. Transverse joints, spacefl everns.4 m (2 hft), are fitted with epoxy-coated
steel dowels thét are 38 mm (1.590.) in diameter and 460 mm (18 in.) in length. The
dowels are supported on béiskets and are placed 305 mm (12 in.) on center, starting at
150-mm (6-in.) from the shoulder joint, The longitudinal center line and shoulder joints
are tied with 16.mm (0.625:im) diafcter, 760 mm (30 in.) long deformed steel bars
Spased every 760 mui(30 in.).

In addition to the'sealants experiment, the pavement accommodates two other
tests, ail conducted under the TE-30 High Performance Concrete Pavement (HPCP)
iitiative 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

furnace slag. For freeze-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 pavemeént that encompass
one of fifteen specific sealant material and joint configuratién combinationsireférred 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 183m«600 ft) in length, with
approximately thirty transverse joinfs per Section. In general, two replicate sections of
each treatment were constructed, one in théeastbound and the other in the westbound
lanes. One of the prifndry objectives of the expeﬁmeﬁt is to determine whether or not
there is a distinct advantage in using one typeof treatment over another as it relates to
pavement performiance. In the eastbound lanes of the project, the test sections are located
between Stations 154+00 and 290+00, while those 1n the westbound lanes begin at Station
133+60 and end at 290400, "Transverse joints betweén Stations 231+00 and 260+00 in
both directions are not included in the experimental design nor in the performance
eval@iations. "Fhis stretch corresponds to the location of the batch plant and of the
lieadquarters of the project contractor (Kokosing Coﬁstruction Company, Inc.), 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 unsealeddo cvaluate
the effects of unsealed joints on pavement performance. In this experiment, 8ix joint
configurations or designs (numbered 1 through 6) were used, as siiown in Figure 21l
Only configurations 1, 3 and 5 received a secondary cut, and backer réd was placed in
designs 1, 3 and 4 only. Configurations 2 and 6 were used in unsealéd test@ections,
whereas designs 1, 3 and 4 were used for liquid $ealants. All fransverse joints requiring
the use of a compression seal had joint configugation 5. By combining the various sealant
materials and joint configur@tiens, aftotal 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 thé dccompanying appendix.

The tWo hot-applied §edldnts are both manufactured by Crafco Inc. of Chandler,
Arizona. The first18 the Crafco Superseal 444/777, a fuel resistant sealant specifically
mntended 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
application 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 application
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 excegd2:1.

Of the four silicone sealants used, two are also manufactured by Crafco, Ine. ‘The
first is the Roadsaver Silicone SL (also designated as Crafed903-8L), a‘selfsleveling, jet-
blast resistant, silicone sealant that can be used in all clifnates. At is applied using a bulk
dispensing system unit and requires neither tooling ner theuse,of prifiiers.

The second silicone joint §galant ndafmfactured by Crafco, Inc. is the Roadsaver
Silicone Sealant (also called Crafco 902).\This is a [ow modulus, non-sag silicone sealant
intended for use in REE pavefients Without réguiring any primers. It possesses the same
qualities as the Crafco 90381, except that it is not self-leveling but must be tooled to
ensure adequate géntact'and adhesion with the joint walls.

The othér two silicone sealants used are manufactured by Dow Corning
Corpafaiion of MidlandgMichigan. 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,
rair, snowmozone or temperature extremes. The product data sheet recommends that the
scalant should not be applied to damp concrete or installed in inclement weather. Since it
18 a non-sag silicone sealant, it must be tooled to ensﬁre adequate contact and adhesion to
an appropriate depth. It is applied directly from 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 The D.S. Brown Compax® of North Baltimore!
Ohio and has a width of 17.5-mm (11/16-in.). It is a preformed neoprefie conipression
seal and is installed with the help of an adhesive lubricant, €ither by hand orfwith the help
of an installation machine. The data sheét advised that,the seal must be installed with 3%
or less stretch to prevent premature failure.

Two of the compfession seal fypesused are manufactured by Watson Bowman
Acme of Amherst, New York. Inthe eastbound lanes, the WB-687 compression seal was
installed, whereas in the 3##€stbound lanes the WB-812 was called for. These are
preformed neoprene comipression seals, distinguished mainly in their width and height
dimensions: tH&yWB-687 154 Zmmi(11/16 in.) wide by 17 mm (11/16 in.) high, whereas
the'WB-812 1s 21 mumi(13/16 in.) wide by 22 mm (7/8 in.) high. According to the product
data sheet, the reéemmended installation procedurés include cleaning the joint with
compréssed air and applying BonLastic adhesive to the inner faces of the joint. The
sealanti8 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

15




sake of convenience. It is made of Santoprene thermoplastic and is installed after a

Techstar adhesive has been applied to the joint. The seal is initially flat but it is folded as it
1s fed into an installation tool, which inserts the seal into the adhesive-lined joint. The
contractor’s crew reported some difficulties with the placement of thig(Seal in the
eastbound lanes (Steve Geib and Ed Malone, 1998: personal communication)hthe
manufacturer’s representatives oversaw its installatic;n in the westbound direction.
Information provided by the manufacturer claims that this sealis. 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 Amencan Association @f State Highway and Transportation Officials
(AASHTO) designprocedure for rigid pavements wz;xs used by Parsons Brinkerhoff, Inc.
as contractor to|the Ohio Depattment of Transportation (ODOT) in determining the
required 8lab thickness, Expected 80-kN (18-kip) equivalent single axle loads (ESALs)
over the anfigipated twenty year design period of the pavement were estimated based on
traffic simzey data collected in 1991. At the start of the design period, the average daily
fratfic (ADT) count was 7820 vehicles. At that time, the percentage of trucks, T, in the
ADT 'was 16%. The directional distribution factor, D, was assumed to be 50% fdr the
analysis. The design year (2011) ADT was estiméted to be 10,950. Interpolating between

the 1991 and 2011 ADTs, the 20-year average (2007) ADT was determined to be 10,324.

16




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 11 million ESALSs over the twenty year design life of the pavement.

Design variables unique to concrete pavements include modulus of rupfire, Mg,
concrete modulus of elasticity, E_, modulus of subgrade reaction, k, as well asgfhe load
transfer coefficient, J, and drainage coefficient, C. Values of E_ and M, selgeted for the
pavement design were 24.8 GPa (3,600,000 psi) and 4.8 MPa (700%s1), réspectivelyT0
characterize subgrade support, a k-value of 27 MN/m? (100 pci) was efnservitively
chosen to represent seasonal changes in the condition of the underlying soilénd the impact
it may have on design slab thickness. THe load trangfer coefficient is intended to reflect
the ability of a concrete pavement to transfer [oadyacross joirits and cracks. Due to the
presence of tied concrete shdulders afid dowel reinforced transverse joints in the
pavement, a load transfer coefficient of 2.80 was gélected. The quality of drainage and the
duration of saturation ley&ls i 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 pavendent, which ineludedn open graded base layer. According to the AASHTO
Guide, a value of 10l 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'aid terminal serviceability indices used in the design equations were selected as a
function of pavement type and construction quality. Based on the pavement surface

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

2.3.2A 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 lévels even if
joint sealants were to deteriorate, allowing the infiltration of moistureé and debris into the
subbase, base and subgrade. Conversely, the probability that.the pavement might
deteriorate rapidly even if all sealants continued to funcfion propérly may also be assessed.
A more detailed discussion of these and of several aéditional features/affecting pavement
performance is provided by Sander (2002).

Drainage

Drainage at the U.S. 504@8tpavementis accomplished through the use of a 100-
mm (4-in.) open-graded aggregate base course, a 100-mm (4-in.) longitudinal pipe
underdrain, as well@sitransversécollector pipes, spaced at 152 m (500 ft) intervals,
evacuating moisture out of th€pavement system into adjacent drainage ditches. The
ditches dre primariliadesigned to transport storm water away from 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 (4-in.) lift directly beneath the 250-mm (10-in.) thick PCC slab
(Iiem 451). 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 “Iowa” type NSDB was used, because of
its pérceived 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 CDOT 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 susfaééof the compactefl
subbase and allowed to cure before placement of the base. Without thisfroteetive coating,
the voids in the base might become clogged over time, theteéby reducing or cdmipletely
eliminating the drainagé capacity of this Jdyer.

Drainage design details for the test pavement called for the installation of
longitudinal drains placed at the bottorfi of fiwo trenches, one along the edge of the
mainline PCC pavement slab ard the other paralléhto the outer edge of the shoulder. The
outermost trench extendeddo a depth of approximately twice that of the drainage trench
located below the PCCislab edge. The deeper trench primarily is intended to drain the
subgrade, whereas the shallow treneh is designed to evacuate water from the base and
subbase layers. The trenches were excavated to a minimum width o‘f twice the pipe
diameter, or 205,mm (8'1), 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-mm (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 ft) intervals.

Extensive flooding occurred in March 2000, following several‘days of intense
vrainfall. To the south of the pavement, the Hocking River overflowed its i)ﬂ]lkS, with the
highway 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 sevéral acred of farfaland and woods.
The pavement ditches disappeared under the flood ool and seemed unable to conduct the
water under the pavement sectiongnd into the Hocking River for several days.
Joint Load Transfer

For the pavement-as-built at the U.S" 500 test site, load transfer across transverse
joints is accomplished through regularlyspaced epoxy-coated steel dowels. For the
purposes of another@xpériment, these dowels are replaced at some of the joints by
fiberglass bars orf by stainless(steel tubes filled with concrete. All dowels are 38-mm (1.5-
in.) in diameter and 460-mmd(18-in.) in length, are spaced 305 mm (12 in.) on center and
are supportedhon baskets located every 6.4 m (21 ft). To evaluate the effectiveness of this
designifinite element computer program /LSL2 (Ioannides 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 from 81 to 93%, while those
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for stress load transfer efficiency vary between 39 aﬁd 61%. Bearing stress values as high
as 8 MPa (1150 psi) are obtained, the highest values being associated with improved load
trénsfer efficiencies. This may result in concrete crushing under the dowel and may
jeopardize the long-term effectiveness of the load transfer system.
T ransvefse Joint Spacing

lIoannides and Salsilli-Murua (1989) suggested that the spacing of transverse joints
should be based on the non-dimensional ratio (L//), of the slab length, L, toithe radiusof
relative stiffness, /, of the slab-subgrade system, and recommendéd joisit spacings
corresponding to an (L//) ratio ranging between 4 and 6 (with\5 being “a profnising
alternative”). Subsequently, on the basis‘0f extenSivéfield investigations, Smith, et al.
(1997) recommended that in order to minimize tfansverse cracking in jointed plain
concrete pavements, slab len@ths shofild be deésigned sueh that the (L//) ratio is less than
about 4.5. The concrete pavement at the U.S. 50'{est site is constructed with transverse
contraction joints spaced@very 6.4 m (21 #). In order to assess the impact of this design
on pavement performarice, the (L//) ratio may be calculated. A range of values,
representative@©f materials at thestest 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) afidha modulus of subgrade reaction, k., of 27 MN/m?* (100 pci) had been
assumed, The corresponding (L/]) ratio using these values is approximately 6.1.
Retaining the k-value noted, the (/1) ratio is reduced to 5.3 when E_ increases to 41 GPa
(6,000,000 psi). On the other hand, (L//) 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 (L//) limit so much is
rather debatable.
Tied PCC Shoulders

The new highway at the U.S. 50 test site incorporates tied PC@ shoulders of
variable width. The shoulders are designed with the same thickness as the-mainline PCC
slab, i.e., 250 mm (10 in.). On the outer side of the p%avement (adjoining the drivingilane),
the shoulders are 3-m (10-ft) wide, whereas on the imf}er sidefadjoining the passing lane),
the shoulders are 1.2-m (4-ft) wide. The longitudinalg shoulder jeints aré tied with 16-mm
(0.625-in.) diameter steel reinforcing bars, 760 mm (30 in.) in length &nd spaced every
760 mm (30 in.). In each slab, tiedars begim,and end' 305 and 457 mm (12 and 18 in.),
respectively, from the transverse jointS, A mechanistiéianalysis using /LSL2 indicates that
shoulder ties lower the, free-edgé bending streéssby about 11 to 20%. Reductions in free-
edge deflection range from 27 to 33%, whereas the free-edge subgrade stress is decreased
by 26 to 33%. Thus redictions in the stress and deflection levels experienced by the
concrete slab on account of the presence of tied shouiders can be quite significant.
Reliability

Theréliability level can be the most significant input parameter in the design
becausent, defines the overall confidence level concetrﬁng the primary assertion of the
éngineer, i.e., that the pavement will serve applied traffic effectively during its projected
life. 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 fundional classification of rural principal arterial, AASHTO recommends a design
reliability between 75 and 95%, a range that encompasses the level of reliabilityiselected 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 foundithat upon increasing.
the reliability to 90%, the design slab thickness remains 250 mmi (10 ind. Selgbting a 95%
level, however, yields a slab thickness greater than 250 mm (10 in.); for 99%reliability,
the design slab thickness is over 280 mmg(h] in.), #Selecting Such a low reliability level,
therefore, makes the pavement more likely to‘@xperience early'disiress compared to a
similar pavement designed using a reliébilitialevel 6f 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,
uncharacteristig,0f newly constructed pavements. These are the cold weather pouring of
thePCC pavement'§lab and the use of ground granulated blast furnace 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 from 10/16 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 lanes, 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 priorto being covered
with concrete. As nightime air temperatures approached and eventuallyfEll below
freezing on several occasions, the top of the newly pl;éced concrete slab must have coeled
excessively. This may have resulted in a large therma;\l gradiént between the,cold€oncrete
surface and the warmer slab bottom, leading to upwargd curling during@uring. Moreover,
concrete placed and cured in cold weather may exhibjt an merease indhe time required to
initial set, loss of durability and aglowed réteof streﬁgth gain.

For the purposes of a separate study at the U.S:50 test site, the PCC pavement
slab was constructed aising a nix design in whieh 25% of the required Portland cement
content was replaced with ground granulated blast fufnace slag (GGBFS). Blast furnace
slag is a by-produgt from the prodiction of iron and primarily consists of silicates,
alumino-silicates and calcium alumina silicates. When crushed or processed to cement
finenes@) Slag has cementitidus properties which make it a suitable replacement for
Portland cemeént, and is usually substituted on a 1:1 basis. Use of GGBFS usually
improvesithe 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
tends 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 curling gradient discussed above.

2.4 Pavement Construction

Construction of the test pavement occurred in two phasesthe fizstinvolvingthé
eastbound and the second the westbound lanes. Construction of the edstbourid lanes>
began in the Summer of 1997 and these lanes were opened 1o traffi¢ in, Sprifig of 1998.

Concreting and first sawing was completéd’in O¢tober, 1997, while the secondary

- cut—where needed—was made in October and Nevember, and §ealing occurred in

November. During this conétiuction/pliase, both directions of traffic were served by the
existing pavement, which incorporated a PCC slab with an asphalt concrete (AC) overlay.
Subsequently, traffic wag diverted from the existing highway to the newly constructed
eastbound lanes. This allowed the seeond phase of construction to begin in the Summer
of 1998. Con€rete placement ogeglirred between the months of September and October
1998pand secondary joint sawing operations occurred in December 1998. By that time,
only eight of the témjoint 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 manufacturer’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, Pennsylvéilian age, but it was
not encountered in any of the borings made in the vicinity of the test site.Fhésubgrade
material present in the vicinity of the test site consists predominantly of reddish biown and
grey silty clays and clays, in the A-6(11) and A-7-6(i 5) AASHTO classifications/Wwith
some sand and gravel. The upper 0.3 m (1 ft) of subgradé was cafnpacted 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@f 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); pufehased fiom a local coal strip mine, with gradation as indicated
in Table 2.2 (a),| .The minimuin conipaction requirement was set at 98% of the maximum
density yaliie obtaimed, from &0 in situ test that involved the compaction of a test section,
30 m (100%%) long by 2.5 m (8 ft) wide. The materiai was delivered in dump-trucks, then
spread e, crade using a self-propelled spreader. The subbase was compacted using a
single, smooth drum vibratory roller with a static weight of 3.6 tonnes (4 tons). To
prevent migration of fines into the overlying base layer, a bituminous prime coat (Item
4038) was applied to the top of the compacted subbase. A 100-mm (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-mm (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 defiity and
optimum moisture content, was employed. A 100-mm (4-in.) shallow pipe uniderdrain
‘utilizin g filter fabric was installed through this layer. The materialéWas delivered by durfip-
trucks, was placed using an asphalt paver with automatic grade/¢ontroldn ordér to
minimize segregation, and was compacted to the level spegified by ODOT uéing a smooth
drum roller without vibration.

The mix design for the PCC slab as develeped by the€ontractor is presented in
Table 2.3, calling for the folléwing méterial guantiticsh244 kg/m’ (412 Ib/yd*) of Type I
cement; 82 kg/m® (138 1b/yd’) of ground granulatéd blast furnace slag; 847 kg/m® (1428
Ib/yd*) of river sand with@ bulk Specifi¢ gravity (BSG) of 2.61; and, 810 kg/m® (1365
Ib/yd’) of #8 gravel with a BSG of 2.57. The water/cement 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 freeze-thaw test for this area. For the sake of
completeness, ibis noted that a control mix without ground granulated blast furnace slag
was uséd between stations 92+34.25 and 104+40 in the westbound lanes, i.e., beyond the
limitsiofithe joint sealant experiment. The components of the control mix were as follows:
356 kg/m’® (600 1b/yd®) of cement; 762 kg/m® (1285 Ib/yd®) of fine aggregate; 967 kg/m®

(1630 Ib/yd®) of coarse aggregate; and 178 kg/m® (300 Ib/yd®) 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 th€ 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.consigtéd of slumip and
air tests performed in the field, as well as laboratory tests on beanis Castdn the field. The
specified strength of these beams was a modulus of rﬁpture 01 4.2 MP4 (600 psi), from a
third-point loading test. A randomysample of ten fivesday breaks on these beams yielded
an average modulus of rupture of 5.4 NiPa (789 psi), jwith a standard deviation of 0.6 MPa

(87 psi).

2.4.2 Pavement Joiiifs

Initial saW cutting took place'a few hours after the paving operations, as soon as
the concréte had déveloped enough strength to support the saws. Typically two saws
were used, With one operator per saw. As aresult of prevailing cold temperatures and the
mix design adopied, it was sometimes found that the concrete had not set up uniformly
thifough 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,
sirice 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@ddy before
sealant installation. Usually two saws were used, with one operator per saw. Following
joint widening, the joints were cleaned with pressurized water anddir. J@ints were first
flushed clean with water at 14 MPa (2000 psi), and then air-blasted at£).7 MPa (100 psi),
before being allowed to dry. Sandblasting was not deemed necessary,in thefinterest of
practical expediency, since the joints had alreadyd®@en thoroughly cleaned of all residue.
Manufacturer specifications for some of the matérials used are silent regarding the need
for sandblasting, whereas fof bthers they suggest it ag an option, or even require it for the
purpose of removing "remaining {races of sawing fesidue". This variability is probably
explained by the logisticdl costsandblasting 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 accordaneeswith the manufacturer’s recommendations". Backer rod
waspnstalled into those cleaned joints that were to be sealed with silicone or hot-applied
sealants, after suéhyjoints had been allowed to dry, typically overnight. Backer rod sizes
of 6, 8@nd 13 mm (1/4, 5/16 and % in.) were used, depending on the joint configuration.
Typically, the backer rod was 3 mm (1/8 in.) larger than the joint opening. The backef rod
was laid out across the pavement surface and rolled into place using a special hand tool.

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 spegificd

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 silicéne sealant wasused 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 afew days prior to sealing, when joints were widened
(if needed) and then cleaned using water- and air-blasting. After the joints were dry, the
backergod was installédypdminicdiately before the installation of the sealant, the joints were
air-blasted clgan again. The placement of this sealant typically involved three laborers.
One drovéa truck to which the sealant pump was mounted and which towed an air
tompressor. Another air-blasted joints in front 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 idéntical 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 indwo 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, typieally several days prior to
sealing. Backer rod was placed in clean and drjoints, usually on the day of sealing. Air-
blasting was performed again,immediatél§hahead of the sealing operation, which generally
involved four laborers. The first drbve the truck earrying the sealant pump and towing the
air compressor. Another on@dissblasteédyjoints in front of the truck, while the third sealed
joints behind the truck.| A supervisof monitored the operation periodically. A fourth
laborer tooled the sealant'in the joint, using a piece of rubber-tubing.
€rafco 902

This fien-sag silicone sealant was installed only in one eastbound section (Sta
20040040 206+00). The installation procedure was identical to that employed for the

Dow §&8, described in the previous paragraph.
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2.5.2 Installatioh 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@fid eléaning had
been performed several days prior to sealing. Backer rod was inserted shortly before
sealing. Two laborers were involved in the installation. One@ovéithe truckywhich towed
the melter applicator unit, while the other delivered the s¢alant uging a liose fitted with a
special metal tip.
Crafco 221

The second hot-pour, self-leveling sealant included in this experiment was used in
one section of joints infleach ofthe two directions, The typical installation procedure was
practically identical to that of the Crafco 444, described above. Note, however, that
Crafco 221 is suppiied i solid blokk form and must be heated to between 193°C (380°F)

and 210°C (4109%) at installation.

2.5.3 Installation of Preformed Compression Seals
Watson Bexwman WB-812 and WB-687

The Watson Bowman WB-812 was installed in one section of the westbound
lanes, 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 éir-blasting. After 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 seéling: 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 devig@iiesigned
to set the seal to the desired depth. Occasionally, problems with the machine were
encountered and seal installation was performed manually. Accordifiglyiene laborer uséd
his hands to coat the seal with adhesive, another squeezed the sgal intofthe joifit, and the
last used the roller device to set the seal to the appropriate dépth.
Delastic V-687

This compression seal was installed in‘Qne section in'each of the two directions.
The typical installation procgdure was identieal 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 aid@leaned using water- and air-blasting one or two days
prionto sealing, and they were air-blasted again on the day of seal installation. A special
adbesive from théseal manufacturer, Techstar, Inc., was used to hold the seals in place.

The proeedure involved two or three laborers, monitored by a supervisor.
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Table 2.1 Sealant type, sealant name, joint configuration, stationing and number of joints

(a) Eastbound test sections

Type Sealant Joint No. of
Config. Stations Joints
Self-leveling silicone Crafco 903-SL 1 188+00 to 194+00 29
Self-leveling silicone Crafco 903-SL 4 206700,t0 243%00 33
Self-leveling silicone Dow 890-SL 3 166+00to 172+00 29
Self-leveling silicone Dow 890-SL 4 213+00 to 219+00 29
Self-leveling silicone Dow 890-SL 1 266+00 16 272+00 28
Non-sag silicone Crafco 902 1 200+00 to 206+00 29
Non-sag silicone Dow 888 Ia 272+00 to 284+00 57
Non-sag silicone Dow 888 1b 284+00 to 290+00 29
Hot-pour CratcoR 2y 1 260+00 to 266+00 29
Hot-pour Crafco 444 1 172+00 to 188+00 76
Compression Seal Delastic V-687 5 225+00 to 231+00 29
Compression Seal Watson Bowman WB-6387 5 194+00 to 200+00 27
Compression Seal JTeehstardW-050 5 154+00 to 160+00 29
Insealed No Sealant 6 160+00 to 166+00 29
Uinsealed No Sealant 2 219+00 to 225+00 28
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Table 2.1 (continued)

(b) Westbound test sections

Type Sealant Joint No, of
Config. Stations Joints
Self-leveling silicone Crafco 903-SL 1a 188+00 to 194+00 29
Self-leveling silicone Crafco 903-SL 1b 194400 to 200+00 29
Self-leveling silicone Crafco 903-SL 4 266+00 to@272+00 28
Self-leveling silicone Dow 890-SL 3 1660010 172+00 29
Self-leveling silicone Dow 890-SL 1 200+00%0 206+00 28
Self-leveling silicone Dow 890-SL 4 272+00 to 284+00 57
Non-sag silicone Dow 888 la 213+00 to 219+00 28
Non-sag silicone Dow 888 1b 260+00 to 266+00 29
Hot-pour Crafco 221 1 172+00 to 188+00 76
Hot-pour Crafco 444 1 206+00 to 213+00 33
Compression Seal Delastic V-687 5 219+00 to 225+00 29
Compression Seal Watson Bowman WB-812 5 225+00 to 231+00 28
Compression Seal Techstar W-050 5 133+60 to 139+60 29
Unsealed No Sealant 2 139+60 to 166+00 | 126
Unsealed N@ Sealant -6 284+00 to 290+00 29
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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)

Sieve No. :&llowable % Passing
2 . 100
1in. 70 - 100
0.75 in. 50490
No. 4 30- 60
No. 30 9-33
No. 200 0-13

b) Gradations and specifications for “New Jersey’ ’ (NJ) Type and “Iowa” (IA) Type
NSDB materials placed in easth@iind and westbound lanes, respectively (Sargand, 2000)

Sieve No. o;j ‘i’:s);li):g (Eas.tllj:uriﬁplfan?s) ;,/i ‘}::;I;;g W es't{)tl;l;n}:ipian.es)
Specified Gradation | Specified Gradation
1.51n. 100 100 - -
1in. 100 95 -100 100 100
0.5 m. 65 60 - 80 56 50 - 80
No. 4 42 40-55 31 -
No. 8 14 5-25 25 10-35
No. 16 4 0-8 14 -
No. 50 1 0-5 3 0-15
No. 200 - - 1.3 0-6
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Table 2.3 Portland cement concrete mix design used for the
U.S. 50 High Performance Concrete pavement slab (Sargand, 2000)

PCC Mix Component Quantity "

Fine Aggregate (dry) 1428 1b/yd’
- natural concrete sand -
Coarse Aggregate (dry) 1365 Ib/yd’

- #8 gravel -

Cement

Water
GGBEFS
Water Reduc

Air Entrainer
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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 récognized since theb€ginning of
the project. Field notes were kept and video records were made durifig each stage of
pavement construction, including subgrade preparation, Portland Cément Concrete (PCC)
slab placement and joint sealant‘installatiom Following the opening of the new pavement
to traffic, the performance of the test sé€tions inclu&ed in'the seaiant experiment has been
evaluated twice a ygar by thé University of Ciniginnati research team. Prior to the Fall of
1999, the University of Cinginnati researehyteam had conducted two visual inspections of
the eastbound lafies, as well as a single visual inspection of the westbound lanes. In this
Chapter, resulis from these e€atly performance evaluations are summarized first, providing
the efhiext for a discuission of the data collected from the site in Fall 1999 and Spring
2000. The latter field inspections involved the use of a quantitative statistical evaluation
plan, déveloped 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 Lynh Evans, of ERESConsultants, Inc.,
surveyed the newly constructed eastbound lanes, from Sta'l 54+00t0 Sta290+00. Since
both lanes served traffic at the time (one in each diréction), 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 conditionsy, 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 ngon, The eastbound lanes had been open to traffic for over a year by the
time Ofthe second inspection, while the westbound lanes had been operational for about
two weeké. Due to'gentinuing 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 j Qints in each test section. The joint sealant condition was described and visual

estimates were made of the percentage of observed adhesive, cohesive or spall failures.
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Also noted was the depth to which the sealant was recessed below the pavement surface

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).
Crafeo 903-SL (Sta 188+00 to 194+00)

The sealant in this section was in fair conditiqn, exhibiting loss of adhesion op
sunken seal over about 20% of the joint length. The éypical recessywas approximately 3
mm (1/8 in.), with the sealant exposed at the surface f;ntennittently.

Crafco 903-SL (Sta 206+00 to 213+00)

The sealant in this section#as in poer condition,, It was estimated that over about
30% of the joint length, the sealant had developed full-depth adhesion loss and had been
pulled away by trafficor had sufik inite the joink, The remainder of the sealant was
frequently exposed at the pavément surfagéy exhibiting no recess. The narrow joint design
(3 mm =1/8 in.) seeffis tothave hilndered proper sealaﬁt installation with the conventional
sealing devices employed, which was reflected in unsatisfactory sealant condition.

Dow 8905SL (Sta 166500 tod 72+00) |

The Seéalant in this section was in fair condition. The sealant was recessed to less
than 3'mm (1/8 in.) over more than 50% of the joint length and was intermittently exposed
dt 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 213+00 to 219+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 compietely into the joint. The sealant 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 mm =1/8 in.) seems to have hampered effective sealant installation, fesulting
in the poor condition noted.

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

The sealant in this section was in poor condition. InadequéieTecessy(3 mm =178
in., or less) was typically noted, with the sealant exposed to traffic weér over
approximately 50% of the joint length. Full-depth adhesion failures Werealso quite
common, typically over 40% of the jointiength.

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

This sealant was obs€rued tobe 1n fainconditiony reflecting somewhat better
sealant installation in the 10 mm (3/8\in.) joints, yehexhibiting many of the same distresses
as the previous silicone gealant sections._ The sealant had sunk over approximately 20% of
the joint length. Elsewhére the sealant material shows uneven recess, sometimes less than
3 mm (1/8 inf), &nd is intermitiéntly exposed at the slab surface.

Downs88 (Sta 272+00ko 284+00)

Whereas thedesign of vthe two Dow 888 sections is identical, the sealant here
appeated to be in worse condition. Full-depth adhesion failure accounted for at least 30%
of thejoint 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 this 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 log8was
estimated at about 20% of the joint length, and small bubbles were evident in the sirface
of the sealant. The typical recess was approximately 3 mim (1/8 i), with the sealant
exposed at the pavement surface over approximately %10% of the joint Jength.

Crafco 221 (Sta 260+00 to 266+04) |

The hot-pour sealant in this segtion was 111 poL)r condition. Over a considerable
length of the joint (occasionallygdmexcess of 50%) exhibited adhesive failure, with the
~ sealant sometimes not evénytouching the joint walls. In several places (typically about
20% of the joint lengththe sealant had sunk into the joint. Bubbles were evident in the
sealant surface.

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

In‘comtrast 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
séal remained tight and untwisted against the joint walls. The seal was typically recessed 3
to 6 mm (1/8 to 1/4 in.), with a minimal amount of debris accumulation above the seal.
Delastic V-687 (Sta 225+00 to 231+00)

The compression seal in this section was in very good condition with no obvious

44




distresses or signs of compression set. kThe sealant appeared to be adequately recessed to
approximately 3 to 6 mm (1/8 to 1/4 in.), and remained tight and untwisted against the
joint walls. Some debris accumulation, consisting of sand and organic matter from nearby
trees, was found in most joints.

Techstar W-050 (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 thejjeint length, with
the seal sinking deep into the joint; elsewhere, the seal exhibited & typiedlrecess of 3 mm
(1/8 in.). In many locations, the hardened adhesive that used to hold the sealéwas still
visible close to the pavement surface.

No Sealant (Sta 219+00 to 225+00)

The joints were obsemed to befin very, good ¢ondition with no signs of spalling or
joint related distresses. Only a limited amount of debris accumulation was observed but
the joints still remained opén, possibly'due to the narrow design of the joint. It is recalled
that the joints in this se€tion were origihally cut to 3 mm (1/8 in.) using a Soff-Cut sawing
system and reg@ived no additionalglif.

NonSealant (Sta 160400 to 166+00)

The unséaled joints in this section were in very good condition, with no spalling or
other disiresses observed. In the driving lanes, the joints appeared open and clean with no
major 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 séalant 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 inadeguate sealant

recess” (Hawkins, et al., 2001).

3.3 Performance Evaluation Plan
|

In the Fall of 1999, the University of Cincinnali research'tédm developed a
methodology to be used in acquiring performanée,data’inia consistent and organized
fashion (Sander, 2002). Thus, a joint seal €é¥aluation form was generated suitable for
recording the types, exténts and locations of failure ahd distress manifestations noted in
each sealant, both numerically'and schematically. Reproduced in Figure 3.1, the form
includes the treatinient type, the numiber and relative location of sampled joints, the
beginninggfid 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
Whovember 1999 and is to be used for all subsequent ?evaluations of joint sealant
peiformance

Because of the large number of transverse joints in each test section, which ranges
fiom as fow as 27 to as many as 126, it is necessary to devise a statistical sampling plan
for performance monitoring. This allows investigators to evaluate a representative number

of joint 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
sampling 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 considéred that
a sample of size six combines the qualities of being large enough to be represéhtative 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 preject personnel. The
same six joints in each test section will be evaluated throughout the dufation of the
experiment. The first, second, second to last and last joints'in every teéhsection were
intentionally excluded from the selection process inorder to elithinate possible overlap
effects from adjacent sections.

The methodology developed for visual field inspéctions entails the following steps.
Within each test section, six transverse, joints are selécted randomly for continual
monitoring. Each joint sélected 1s examined for signs of sealant failure and distress over a
length of 1.83 m (64f1), beginning at the outer shoulder joint and covering the right wheel-
path of the driving lane. Eachfailure or distress type is identified according to a list of
definifiens and carried fo the site by the inspector for instant reference (Table 3.1). The
length of ang noticedble 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
indicating the position of each distress feature along the joint iength 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 (SHRP) (Smith, ef al., 1999).

The lengths of eéch 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@ach jeint. From
these values, an average effectiveness figure is determined for each séction, and a'seal
performance rating category is assigned to the section accordifig fothe scheme developed
by Belangie and Anderson (1985). Sealants exhibiting effectivefiess lg¥els between 90 and
100% are classified as being in very good condition, whereas those sgalants showing less
than 50% overall effectiveness aré in veryfieer condition and are considered to have
failed. Performance ratings of poor, fair and good are @ssigned appropriately to sealants
having effectiveness lévels raning Between S0hiand 90%. Such a system ensures that the
performance and condition rankings assigiied to each sealant are consistent between
evaluations. It is z6ted tHat the $@me ranking scheme was also used during the SHRP H-
106 and SPS-4 gxperiments (Specific Pavement Sections) (Smith, et al., 1999; Evans, et
al., 1999). Consequently, réSitlts obtained in Ohio will be directly comparable to those

from othermational 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 pérformance data in the eastbound lanes. The corresponding
data set code-name is EBMRO0O0. These observations are discussed in detail by Sander
(2002). The EBNV99 data set indicates that the Watson Bowman WB-687 (J@int
Configuration 5) treatment exhibited the highest overall effectiveness (97.8%). The worst
performing treatment in this data set was the Crafco 444 (1), whigh exhibited a'sedlant
effectiveness of only 14.4%. Compression seals, with the exception of the T€chstar W-
050 (5) treatment, were in very good condition, showing greater than9s5%effectiveness.
Both of the non-sag silicone sealant treatments, damely the Dow 888 (1) and Crafco 902
(1), showed poor performance, having less than 65% effectiveness. Results from the
EBMROO evaluation show that the Watson Bowman WRB-687 (5) and the Delastic V-687
(5) treatments continued to exhibif very little detériaration, both having an overall
effectiveness of 95.3%. 4With an effectiveness of only 9.7%, the Crafco 444 (1) remained
the worst performing tréatment. The other hot-pour section, Crafco 221 (1), experienced
no deteriorati@mover the four mefith period between evaluations, retaining an
effetiveness of 71°9%, The section of Crafco 903-SL (4) between Stations 206+00 and
213+00 exhibited'the largest deterioration, decreasing approximately 38 percentage points
in efféciiveness (from 62.5 to 24.2%), whereas the Crafco 903-SL (1) treatment declined
by iicaiiy 14 points (from 66.1 to 51.9%). The thiece Dow 850-SL silicone tieatmentis (3,

4, 1) continued to show fair to poor performance, ranging between 55.0 and 67.8% in

effectiveness.




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. Deteribration is indicative of a
sealant treatment’s performance with time, and more importantly, of itslohgevity while
maintaining a minimum acceptable level of effectiveness. At the time®fthic EBNV99
performance evaluation, the eastbound lanes had bee;l exposed to traffic and weather for
approximately twenty months. Of the four silicone sealant§, the Dow 890-Shi(1] 3, 4)
treatments showed the best performance, exhibiting the lowest@verage joint seal
deterioration over the four-month period between evaluations. "€raféo 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 EBMR00
surveys. Performande trends@fthe Dow 888 (1.11) and Crafco 902 (1) silicone sealants
indicate that their effectiveness has continugth to decrease steadily over their approximate
twenty four months of service.

Thedwohiot-pour sealant treatments exhibited a significant difference in
perforfaance with age. Sinee installation, the Crafco 444 (1) treatment has shown a
considerably faster deterioration as compared to the Crafco 221 (1) treatment. At the age
of twenty miemths, Crafco 221 (1) was undoubtedly the better performing hot-pour sealant
in terms of overall effectiveness, maintaining its resistance to environmental factors and
traffic Approximately twenty four months after instéllation, the Crafco 221 (1) sealant
treatment continued to display a constant level of pe;fonnance, 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 EBMR0O0.

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 perform well in the future.

Deterioration rates of all three sealant classes installed in the gésibound lanes
suggest that silicone and hot-pour sealant treatments deteriorated morérapidly than the
compression seals. Compression seal treatments as a @meup outperformed silicone and
hot-pour treatments by about 23 and 33 percentagépoints, respectively. Hot-pour
sealants showed the highest ratéof deferioration up tothe,age of twenty months. In
contrast, their performance between twenty and twenty four months was relatively
constant, showing very litfie joint seal detgrioration over that time period. Unfortunately,
the sealant had alsg@dy déteriorated into very poor condition.

Each ofithe 13 sealed tréatments may be ranked according to its level of overall
effectiVeness as of eachief the two visual inspection surveys (EBNV99 and EBMRO0).
Additionall¥, depending on the percentage deterioration of each treatment in the four
monthis between these inspections, a corresponding deterioration rank may be assigned.
Ivoic ifiat a high rank is only desirable with regard to effectiveness, but not with regard io
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\(1), respectively.
In terms of deterioration rate, the Crafco 903-SL (4) treatment was rankedias Ne. 1 and
the Techstar W-050 (5) as No. 2. Crafco 221 (1) UeaPnent exhibited the least amount of
deterioration between the EBNV99 and EBMR00 ev;aluations, caming theimost desirable
deterioration rank of 13. |

These observations reaffirm the preliminary €onclusions reaclhied following the
early inspections by the research #€am thatthe worst'¢f the sealed sections [are] those
with a narrow joint width of 3 mm (1/81m). In mostjeints with such a configuration, the
sealant material had gherflowéd .. thexeby being exposed to tire traffic... Special nozzles
or applicators need to be uged, so that the seéalant will be placed from the bottom up at a

slow rate, so thathejoints are noboverfilled” (Hawkins, etal., 2001).

3.4.2 {Treatment Effectiveness in the Westbound Lanes

At the time of the November 1999 inspection of the westbound lanes (data set:
WBNVO99, four of the treatments, namely Dow 890—;SL (1), Delastic V-687 (5), Watson
Bowman WB-687 (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 explafned 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 sealant Crafco 221 (1) treatment exhibited an effectiven€ss of only
62.5%, and was the only treatment found to be in Poor condition at the time of the
WBNV99 evaluation.

The largest decrease in effectiveness occurring in the four menths between the
WBNV99 observations and the March 2000 inspection of the westbounfl laneg\(data set:
WBMRO0) was recorded in the Techstar W-050 (5) treatment. Comipression seals in this
section showed a 29-point reduction in giferall effectiveness; dropping from 98.3 to
69.7%. Several sealant treatments continued {0 remain 11 Veiy Good condition, all
exhibiting less than a four percentagefoinfidecrease in effectiveness at the time of the
WBMROO inspection. These in¢lided both silicone sealants, Dow 890-SL (1), Dow 890-
SL (3), Crafco 903-SL (la) and Dow €88,(1a and b), and compression seals, Delastic V-
687 (5) and Watson Bowman WB-812 (5)." The latter treatment exhibited the smallest
decrease in effectiveness, droppingdrom 100% to 99.7% between the two evaluations.
The sealant treatment showing the worst performance was the Crafco 221 (1) hot-pour
section. The dwerall sealant effectiveness of this treatment was 49.7% at the time of the
WBMROOU 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 (1), Dow 888
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(1a), Delastic V-687 (5) and Watson Bowman WB-812 (5). Following the WBMRO00
inspection, however, only the Watson Bowman WB-812 (5) retained the honor of being
No. 1, the other three treatments having fallen to the 4™, 3™ and 6" spots, respectively.
The Crafco 221 (1) treatment eamned the lowest rank, No. 13, during both westbound lane
evaluations. Over the four months between the WBNV99 and WBMRAO0 inspeetions, 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 Jfpercentage point),gdimng the
desirable ranks of Nos. 12 and 13, respectively, for Deterioratiofi. Ele¥en of the thirteen
sealed treatments, including all eight silicone treatmeénts and the Watéon Bowman WB-
812 (5), showed deterioration ratég of fewér than 10 pgints over the four months between

the two evaluations.

3.5 PCC Pavement Performance

Togdetermine whether|8ealing transverse joints has an effect on concrete pavement
performance, the sealanf 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.
Theffirst sighs,of such pavement distress were noticed on the first day of the EBMRO0O
¢valuation, primarily in the form of mid-slab transverse cracks revealed in several of the
{est sections 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 evalhation of
the westbound lanes the following day. Accordingly, all transverse cracks and@omer
breaks occurring in the driving lane over the entire length of the project weté counted and
recorded by section. It is anticipated that such observations will cefitinuéin both the
eastbound and westbound directions during future evaluations.

Regarding the development of transverse cracks in jointed téinforced concrete
slabs, Yoder and Witczak (1975) indicatC that “th€ 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 opent ) Simidarly, Bradbury (1938) notes that “the strengthening
or so-called ‘reinforcing’ of concréte members, through the medium of embedded steel,
cannot be expected to actiially prevent théconcrete from cracking, since in any
case—whether thestru¢tiire be a building, a bridge, or a pavement—accomplishment of
such a result would require the Wse of steel at such a low unit stress as to be decidedly
uneéenomical. Heneepthe economical adaptation of feinforcing steel to any type of
stiucture isdundamentally a problem of preventing what may be termed ‘objectionable’
cracking.” Monitoring of transverse cracks at the U.S. 50 test site, therefore, aims at
assessin@whether such cracks become objectionable from a functional viewpoint and, if

so, whether this development is related to sealant performance in any way.
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3.5.1 Transverse Cracking

Duﬁng the WBMROO evaluation, a distress survey of PCC slabs in the westbound
driving lane of the Project, which stretches from Sta 133+60 and to Sta 290+00 skipping
the slabs between Sta 231+00 and 260+00, was conducted. A total of 592 slabs were
inspected and transverse cracks were observed in teniof the fifteen test segtionsy, In some
slabs, cracks had propagated across both the driving and passing lanes, whereas in others,
cracking had been arrested by the longitudinal joint. Nearly@Vefnerack noted had
developed at approximately the middle of the 6.4-m (21+£t) longélabs.¢The section
displaying the greatest frequency of mid-slab cracks and the top percefitage of slabs
cracked was the one with the Dow/ 890-SLd}) treatment; a total of 9 cracks were noted,
accounting for 33.3% of the 27 slabs. “The, section sealéd with the Watson Bowman WB-
687 (5) treatment showed the gécond 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 WBMROO0 g#aluation: Crafeo 903-SL (1a); Dow 888 (1a); Crafco 903-SL (4); and
Dow 890-SL (4). In addition, no transverse cracks were evident in the No Sealant (6)
sectiond

When'ene considers that the majority of the joint seals in the relatively “young”
westbolind driving lane were in good to very good condition, it is rather unlikely that the
fransverse 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 wa

for evidence of comner cracking. There were no visible signs of corner breaks 2
transverse joints in eight sections, including one that had unsealed joints. T

two sections with the Crafco 903-SL (1) treatment, both sections wi

configuration No. 5; the final unscathed section was the

unsealed section in the westbound direct‘also

cracked.
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Table 3.1 Description of joint sealant failure and distress types
(Lynn D. Evans, 1999: personal communication)

Distresses

Field-Molded Sealants

Partial Depth Adhesion Separation of the sealant from one of both edges of the

Loss joint, but the separaﬁrion does not extend through the
entire sealant depth.i

Partial Depth Spalling Cracking, breaking, 7or chipping of aPCCslab from one
or both edges within 0.6 m (2 fi)of thegoint which
does not extend vertically thréugh the/depth of the joint
sealant.

Partial Depth Cohesion Splitting of the sealant due to elongation which exceeds

Loss the tensil€ stiength of the sealant, but the splitting does

not exfend verticallpthrough the entire sealant depth.
May be gither tensile failiire, or failure due to bubbles
gontained within the sealant.

Stone Intrusion

The emibedment of stones with a diameter greater than
6 mm (U.25, in.) into the seal material such that they are
incapable @f being easily removed.

Preformed Compression Seals

Partial Depth \Adhesion
Loss

Separation of the sealant from one or both edges of the
joint, but the separation does not extend through the
entire sealant depth.

Partial Depth Spalling

Cracking, breaking, or chipping of a PCC slab from one
or both edges within 0.6 m (2 ft) of the joint which
does not extend vertically through the depth of the joint
sealant.

Stone Intrusion

The embedment of stones with a diameter greater than
6 mm (0.25 in.) into the seal material such that they are
incapable of being easily remeved.

Surface Extrusion

The neoprene seal distends above the pavement surface
as a result of twisting or high placement.
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Table 3.1 (continued)

Failures

Field-Molded Sealants

Full Depth Adhesion The sealant has separated completely from oné or both

Loss edges of the joint, allowing infiltration of m@isture and
incompressibles.

Full Depth Spalling Cracking, breaking, or chipping of@POC, slabedge
within 0.6 m (2 ft) of the joint that vertically’extends
below the depth of the joint sealant.

Full Depth Cohesion The sealant has split vertigally through its enfire depth

Loss allowing infiltration of moisture and ifieomfipressibles.

Sunken Seal Sealant ia® comygiletely separated from both edges and
sunken into the joint Ieaving a low area that is not
watertight.

Preformied Compression Seals
Full Depth Adhesion Compression §eal has separated completely from one or
Loss both walls of the joint, allowing infiltration of moisture

and/er incompressibles.

Full Depth Spalling

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 compression seal.

Twisted/rolled Seal

Condition in which the neoprene seal is twisted, 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.

Gap

Joint opens wider than the compression seal is able to
span, aliowing 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. '
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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.te the quantitative
statistical methodology described in the previous Chapter. Six/joints, sélectedsrandomly,
are closely inspected to determine the percentage of the sgalant maintaining 4 water-tight
bond with the joint. The evaluation process involyes members of the UC research team on
their hands and knees examining the sealant @nd joint using their fingers and a small
pocketknife (Figure 4.1). The joints ar€ifispected @ver a 1.83 m (6.0 ft) length, beginning
at the shoulder and proceeding towards the centétline. With the assistance of Ohio
Department of Transportatién (ODOT) personnel, the driving lane 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
18 referred 10 @sithe effeciiveness of the sealant. Rating categories, identical to those
praposed by Belangie and Anderson (1985), are used to classify the sealants’
effectiveness. These categories are provided in ‘Table 4.1.

The findings of the evaluations from 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 EBMR00, WBMRO00 and EBNV99, WBNV99, respectively.
Each sub-section is titled with the name of the sealant, the joint configuratien in

parentheses, and the stationing interval in brackets. In the case of twindections, the joint

[1 P24

configuration is followed by either an “a” or “b” to diLtinguish between the two. The
1
treatment evaluations are code-named by their lane di;kection fortheNfirst twolletters (EB:

eastbound, WB: westbound), and the month and yeaf ofithe evdluation for the last four

digits.

4.2 Fall 2000 Performance Evaluation of the Eastbound Lanes
(EBOC00)

The eastbound lanes'Were surveyed for the thizrd time on Tuesday, October 10,
2000, when the sgalants were approximately 35 months old and the pavement had served
traffic for 20 months. The suryey began at 9:30 a.m. at Station 154+00 and proceeded
east. The aix temperature'was recorded as 8.3°C (47°F) at the early stages of the survey;
Bpthe end of the survey (2:15 p.m.), the air temperatli‘lre had risen to 17.8°C (64°F) under
cleafekies. THepavement temperature was measured as 9.4°C (49°F) at the beginning of

the survey, and 26.1°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 éxperience
sunken seal failure over 100 and 93% of the length, respectively. Joints 7, 9, afid'l 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 joinfs surveyed
show no distress. Joint 6 experiences safile spallifimat two separate locations, totaling 102
mm (4 in.). Joints 6 and 20 opened to a width 6£11 mm (7/16 i) from a nominal width
of 6+ 2 mm (1/4 £ 1/16 in O A fewdmall incompressibles are noted in all six joints.

Some vegetation is growing in Joints 7, 15, and 26, over a total length of 584 mm (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%,
foin 68% during EBMRO0 to 56% in EBOCO00. Joints 22 and 26 have experienced 75
and 80% full-depth adhesion failure, respectively. Joint 25 has some small vegetation
growth where the seal has sunk, accounting for 25 mm (1 in.). Joints 5 and 7 have 76 mm
(3 inhand 51 mm (2 in.) of spalling on the lip, respectively. In contrast, during the
- EBMROO survey, 102 mm (4 in.) and 51 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 10%, and its deterioration has been 4% sine then. Bour of
the six joints (Joints 31, 40, 44, and 51) currently have an effectiveness of 0%. Jomis 5,
31, 40, and 44 each have sunken seal over 30% of th%: measurcd length. In Joift 55 over
50% of the seal is completely missing. Some small iiacompressibles are observed in the

portions of the joints where the seal has either sunk'into the joint,enis completely missing.

4.2.5 Crafco 903-SL (1) [Sta 188+0010'194+00]

The sealant i these jdints 1s0bserved 10 be in very poor condition, having an
effectiveness of 48%. This Section has lost 4% effectiveness from its previous 52% value,
recorded in EBMROU. The six jounits surveyed average 47% adhesion failure. Joints 12,
17, and 21_have\a combined length of 0.3 m (1 ft) of sunken seal in the joints. Since the

EBMROU survey, Joint 10has developed some new spalling in the first 51 mm (2 in.) of

the joint neat 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 EBOCO0 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 mm (10 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 notedd0 be'in Yery poor
condition. The sealant maintains an effectiveness of 37%, down frond 41% measured
previously in EBMROO. Individual joints, however, exhibit a wide range.of cifectiveness.
Joints 6 and 11 have failed completely (i€, exhibit 0%, effectiveness) and Joint 8 has an
effectiveness of only 5%. These three joints havéa combined &pan of 3.4 m (11 ft) 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 58%, respectively.

4.2.8 Craféd903-SL (4) (88820600 to 213+00]

The sealantsimthis section have deteriorated by 18% since the EBMROO survey.
With an efféctivengss of only 7%, these silicone-filled joints are observed to be in very
poot condition. Joints 8, 10, 15, and 18 exhibit 0% effectiveness, averaging 81% full-
depth wdhesion and 1% sunken seal failures. Some small vegetation growth is noted 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 &, 10, and 13 have
failed completely, with full-depth adhesion failure acéounting for an aferage of 76% over
the span examined. Joints 9 and 24 have effectiveness values of 8 and 10%, respectively.
Sunken seal failure is measured over 23% of the length of @lF'six joints surveyed in this

section.

4.2.10 No Sealant (2) [Sta 219+00to 225+00]

The joints in this unsealed section ate performingvery well. The only distress
observed is over a 25-mim (141.) segment of Joint 9,‘where some spalling i1s noted. This
spalling failure has also been neted in bothithe EBNV99 and EBMROO surveys and can be
attributed to a pafrjoint cut. At thigpoint, both sides of the joint exhibit spalling failure.

All the joinf8\are 6bserved to be clean and tight.

#:2.11 Delastic'V-687 (5) [Sta 225+00 to 231+00]

This éempression seal has the second highest overall effectiveness among the
castbound sections, maintaining a value of 97%. The seal appears to have gained 2% in
eitectiveness 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

66



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 partidl-depth €ohesion and
adhesion failures. In such areas of partial-depth failure, the sealantis 8till water tight, and
its effectiveness rating is not affected. Joints 18,19, and 25 hiave effectiveness values of
90, 97, and 98%, respectively. With 38% effectiveness, Joint & has some small vegetation
growing over 51 mm (2 in.)near the shoulden, 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), exhubiting major spalling and corner cracking. The
poor appearancg®f the joint appears {0 be the result of poor workmanship during the cut.
Sealant is present in the corner eracks and in the areas of spalling, confirming that these

distrésses predate the seal application.

4.2.13 Dow 890-SL (1) [Sta 266+00 to 272+00]
1his sealant has an overall effectiveness of 64% and is in poor condition. The
silicone-filled joints have deteriorated only 4% since EBMROO0. Their effectiveness values

range from 52 to 82%. Joints 19 and 23 have seal missing near the shoulder over 51 mm
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(21in.) and 127 mm (5 in.), 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 (1a) [Sta 272+00 to 284+00]

The silicone sealants in this section are very ;%oor, maintaining 41% effectiveness.
This is down 9% since the EBMROO survey, when th§e5e se@lants were deseribed as poor,
and had an effectiveness of 50% (Sander, 2002). Full-depth adficsion and sunken seal
failures are equally responsible for the loss in effectiveness réconded: 1o spalling is
observed. A small area of incomptessiblesiis finted in'Joint 52, whereas the remaining

joints contain no incompressibles.

4.2.15 Dow 888 (1b) [Sta 284+00 to 290+08]

The last géetion 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 seabfailures, which total 44 and 15% of the measured length, respectively.
Etfectiveness values range from 13% in Joint 12, to 97% in Joint 26. Some small
imcompressibles 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
(EBINO1)

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; thé air
temperature at this time was 13.3°C (56°F) under sunny skies. By 1:40 p.m{, when the
survey ended, the air temperature had only risen to 18.9°C (66°E) due to ¢londy
conditions. The pavement temperature was measured as 16.1°C (612F) at the beginning
of the survey and 25.6°C (78°F) near the completion of the sarvey, although temperatures

up to 29.4°C (85°F) were recorded duringthe course ofithe survey.

4.3.1 Techstar W-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 oné overall, maintaining only 22% effectiveness. These sealants also
have the highest déferioration at 5% Since the last inspection. Joints 22 and 26 have
failures over 100% of the measured length of the joint. In these two joints, the seal is
sunkemfor 1.73 and'1.70 m (5.7 and 5.6 ft.) of the measured length, respectively. Joints
7.9 and 13 have adhesion failure over 1.40, 1.35, and 1.37 m (4.6, 4.4, and 4.5 ft.) of
theit réspective measured lengths. Several of the joints inspected have large amounts of

sand and gravel in their joints.
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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 exhibits some minor spalling at two separate locations, totaling
127 mm (5 1n.). Joint 20 has small longitudinal cracks forming near the middle of the
measured joint length. Most of the joints have large ‘amounts of sand afhid gravel at their
bottoms. Joints 7, 15, and 26 have some vegetation growing in them( Joint 15 is openito

a width of 11 mm (7/16 in.) from a nominal width of 6 + 24 (1/4'% 1/16 i)

4.3.3 Dow 890-SL (3) [Sta 166+00 to 172+00]

The silicone filled joints ifi s seétiomare foundto be in poor condition,
maintaining only 62% effectiveness. Joint$,25 and 26 have a combined span of 178 mm (7
in.) over which the sé@lant is £ompletely missingy Joints 5, 7, and 13 are in relatively good
condition, with only a combined loss of adhésion of 762 mm (30 ih.), whereas Joints 22,

25, and 26 have a®ombined adhesion loss of 2.96 m (9.7 ft.).

4.3.4 <Crafco 444 (1) [Sta 172+00 to 188+00]

This'§ealant continues to exhibit the lowest effectiveness among those tested. The
joinis 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%
cffective. These three joints have a combined total of 2.77 m (9.1 ) of their scalants
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 mm (4 in.) spall, 13 mm
(Y 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 (3/8

+ 1/16 1n.).

4.3.5 . Crafco 903-SL (1) [Sta 188+00 to 194+00]

This silicone sealant averaged 63% effectiveness, indicating that 1t i§'in poor
condition. Joints 10 and 21 have a combined 279 mm (1 1dn.) of their sealant missing.
These two joints also have 102 mm (4 in.) of spalling failures, measuring 6'mm (1/4 in.)
.and 10 mm (3/8 in.) deep, respectively. Joints,12 and 2Bexhibitirare cohesion failures,
accounting for 102 mm (4 in.) of measured length. Joint 17 has a width of 13 mm (/2 in.),
which is wider than the nominalhl 04 2 mm (3/8+ 1/16 1iz.). In all the joints, the measured
failures are intermittent rather than ¢ontinuous. No incompressibles are noted in any of

the joints.

4.3.6 Watson Bowman 687 (5) [Sta 194+00 to 200+00]

The compressionyseals in this section remain the most effective sealant treatment,
beinlg 95% effective aid losing only 3% since EBOCO0. Joints 6 and 7 have no distresses
at all, Joints 9 and 18 have two spalls accounting for 51 mm (2 in.); both are only 6 mm
(1/4 in}) deep. Joint 23 has 152 mm (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 mm (7/8 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 #6ry poonconditiongliowever,
achieving only 36% effectiveness. Most of the sealaﬁts Suffer fiom suniken seal failure,
whicﬁ measﬁres a total of 4.54 m (14.9 ft.) of the 10.97 m (36 f).medsured length. In
many of the joints, the sealant wavers as itloses,and gains adhesion. Joints 6 and 24 have
483 mm (19 in.) of their sealants completely missing. N@ incompressibles are noted in any

of the joints.

4.3.8 Crafco 903-SL (4) [Sta 206+00 to 213+00]

These sealants are found in poor condition with an effectiveness of 56%. This
comes@sia surprise smeéthey had been only 7% effective during the last survey,
EBOCO00. Suchya dramatic rise in effectiveness is observed in other sections with joint
configuratiomNo. 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 (11 in.).
Juiiis 5, 8, and 10 each have a small spalling failure on their edge, measuring no more

than 13 mm (¥ 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 EBMRO0 and EBOCOO0, 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 EBOCO0U t6,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 predominantiy sunken seal
failures, accounting for 3.35 m (11.0 ft.) of fhe total 3.84 m (126 {t.) measured length of
failures. Joint 13 has a small spall failure measuring 51 mmn (2\in,)4org and 13 mm (% in.)
deep. A randomly measured joint width of 3 mm (1/8 in.) 1 Joint 818 found to be within

the nominal dimension range.

4.3.10 No Sealant (2) [Sta 219400 to 225+00]

Two spalling failures are found,in this section, one in each of Joints 9 and 18. The
spall in Joint 18 is 25 nmimi (1 in.) long and 10 mm (3/8 in.) deep, while the spall in Joint 9
1s 25 mm (1 in.)Aong and 32 mm (1 /4 in.) deep. Joint 9 is found to have some
incompressibles lodged in it, as well. Most of the other joints found in this section are

relativelyielean, withjust a few small incompressibles found at their bottom.

4.3.11 Delastic V-687 (5) [Sta 225+00 to 231+00]
1his compression seal has the second 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 héve some minor spalling failures,
measuring 25 and 51 mm (1 and 2 in.), respectively. These two joints have maximum
widths of 16 and 14 mm (5/8 and 9/16 in.), respectively, which are outside the nominal
dimensions of 10 mm + 2 mm (3/8 in. + 1/16 in.). A few small inconfpréssibles 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 maintaineddbeir fdix rating, gaining, in
fact, nearly 5%. Joints 18, 19, and 25 are in very good condifion, maintaining
effectiveness values of 97, 98, and 95%, tefpectively.  Joint 25 has a very small spalling
failure. Joints 4 and 8 exhibit rare cohegion failures, €ach measuring 102 mm (4 in.). Joint
21 is badly cut and ha§965 mafi (38 iny) of spalling féilure, as well as 178 mm (7 in.) of
adhesion failure. Joints 1€ and 19 have partial adhesion and cohesion failures over nearly
their entire measufed fength, 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]

Aweraging 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
64%. Joints 18, 19, and 23 have sealants missing over a combined length of 279 mm (11
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 full-depth cohesion
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failure. The rest of the effectiveness loss is attributed to adhesion failure. Joint 23 has a
measured width of 16 mm, which is more than the nominal width of 10 mm % 2 mm (3/8
in. = 1/16 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 (1a) [Sta 272+00 to 284+00]

This silicone sealant section is in poor condition, maintaipifig 56%effectivéness.
During the last survey, these sealants had only a 41% effectiveness valuc. Wit the
exception of Joint 4, every joint had sunken seal failure, which totaled3.75Gn (12.3 fi.).
Joint 52 experiences sunken seal failure over nedtly its,entire measured length or 1.63 m
(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 hd§ 102 mfn (4 111.) of cohesion failure. A small spalling failure
measuring 25 mm (1 in.) long and'6 mm (1/4 in.j@deéep is found in Joint 10. Joint 20 has a

width of 13 mm (%% in.)#8lightly wider thanits nominal width.

4.3.15 Dow 888 (ib) [Sta 284+00to 290+00]

The last sectiomof the eastbound lanes is in poor condition, with an average
effectiveneés o' 61 %y 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
adhicsign failure, ranging from 25 mm (1 in.) in Joint 26, tc 914 mm (36 in.) in Joint 20.
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, 5,
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and 13 have 102, 152, and 203 mm (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
(EBOCO01)

On Monday, October 15, 2001, the fifth and final t€st site evaluation for the
eastbound lanes was conducted. The sealaﬁts are nearly four years old and the pavement
has served 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'conieluded at 2:45 p.m. under sunny skies
and an air temperature of 18.3°C (65°F). Pavement temperatures ranged from 7.2°C
(45°F) at the beginning 0f.th¢ day to 27.8°C (829F) at the end. The University of
Cincinnati research team begamthe inspection at Station 154+00, proceeded eastward and
finished at Statigh 290+00. The streteh corresponding to the location of the batch plant
and of thefieadquarters of the project contractor (Kokosing Construction Company, Inc.),
an area of intense and hieavy truck traffic (Stations 231+00 to 260+00), was not included
imthe evaluationy The paragraphs below give general descriptions of the sealants’

cordition.

4.4.1 Techstar W-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 measuréd length. Most of their

failure 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 40'= 2 mim

(3/8 + 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'Sixijginits surveyed
show no distress. Joint 6 has some minorspalling at tWe,separate locations, totaling 51
mm (2 in.). Most of the joints have large amountsef sand and gravel at their bottom.
Joints 7, 15, and 26 have smallamotints of vegetation growing in them. They also had
vegetation in them during the last Survey. Joint 6'0as opened to a width of 11 mm (7/16

in.) from a nominal width of 6 £ 2 mm (1/4+ 1/16 in.).

4.4.3 Dow 890-SL (3) [Sta 166+00 to 172+00]

These silicong sealants have lost only 5% since the previous survey, but remain in
poor condifion withhan effectiveness value of 57%. Joints 5, 7, and 13 are in good
condition (>80%), but the remaining joints, 22, 25, and 26, are less than 40% effective.
Nearly ali of the failure in this section is attributed to loss of adhesion. Joint 26 has a 25-
mm (1-in.) spalling failure. A random measuremént 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 31 and
51 are only 3 and 7% effective, respectively. The sealants are dry, hardf 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 missingsealant over
a total of 2.90 m (9.5 ft.) of the length inspected. At the§élocations, the joint is filled with

sand and gravel.

4.4.5 Crafco 903-SL (1) [Sta 188+00 10,194+00]

This siliconedilied segtion hasilost only 5% since the previous survey, but remains
in poor condition with an‘efféctiveness value,of 58%. Most of the failure comes from
small incrementaldlosses of adhe‘sion, which account for 91% of the length inspected.
Joints 10 apd 21 Have a total 0£279 mm (11 in.) of missing sealant. Joint 17 has a joint
width€H13 mm (%10 Jjwiiich is more than the nominal width of 10 £ 2 mm (3/8 + 1/16

in.). No incompressibles 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 mm (7/8 in.); 203 mm (8 in.) of adhesion failure is found here. Thére is some
minor spalling in Joint 18, accounting for 25 mm (1 in.). No incompressibles@re found in

any of the joints.

4.4.7 Crafco 902 (1) [Sta 200+00 to 206+00]

This section is only 31% effective but has lost only 5% sincg the.prévious survey.
Two of these non-sag silicone filled joints,; 6 and“I'l have failéd over at least 95% of the
length inspected. Most of the failures are attributed to sunkerrseal in this section. No

incompressibles are noted ifl ahy of £ jonts:

4.4.8 Crafco 903-SL 44) |Sta 206+0010:213+00]
These sealants have by far the largest amount of deterioration (44%) and currently
average 12% ‘efféctiveness. Joint 5'has failed over its entire length and Joint 8 is only 3%
‘cffective, The remaifiing joints range in effectiveness from 13 to 23%. Several of the
joints have@ough lips, probably due to their narrow joint width. A random measurement
of Joint 13 found its width to be 6 mm (1/4 in.), which is larger than the nominal range of
3 nun = 2 mm (1/8 in. + 1/16 in.). Because the joint is completely filled with the sealant,

no incompressibles are found in it.
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4.4.9 Dow 890-SL (4) [Sta 213+00 to 219+00]

This is another section with the narrow No. 4 joint configuration; it has lost a
significant amount of effectiveness (23%) since the pfevious 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 grdWtli 18 observed in

Joint 24 near the shoulder. No incompressibles are found in these joints.

4.4.10 No Sealant (2) [Sta 219+00 to 225+00]

There are several small spalling failures in thfs unsealédsection. Joints 9, 12, 18,
and 25 each have 25-mm (1-in.) spalls on theifedges. e incompressibles or vegetation
growth is found in this section. .Joint 18048, a joint width of 3 mm (1/8 in.), which is

within the nominal raige, for thisjoint eonfiguration.

4.4.11 Delastic V4687 (5) [Sta 225400 to 231+00]

This sealant continues 10 average a high effectiveness value (94%); no
effectiv@niess has been 108B8ince 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 sunkybut 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

gbserved in them.
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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@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 an/effectivefiess value of 71%.
All of the joints are performing very similarly. With the &xgeption 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 failute. Joints 18319, and 23 have a combined
measured length of 330 mm (13 in.) of #ii8sing sealants. Joint 17 has a rare cohesion
failure, measuring 406 mm (1610.)in length. 1t @ppears that the sealant has corroded at

this point. No incompressililéSiare found in any of these joints.

4.4.14 Dow 888 (1a) [Sta 272+00.10 284+00]

The first of two identical silicone sections in this stretch is in very poor condition,
achieving onld 7% sealant effectiveness. Joints 45 and 52 have 1.52 m (5.0 ft) and 1.65
(5.4 ft. )@ sunken seal failure, respectively. Joints 10 and 20 combine for 1.50 m (4.9 ft.)
of sunken seal failure. Joint 4 has 127 mm (5 in.) of its sealant missing and Joint 21 has

813 mm'(32 in.) of adhesion failure. No incompressibles are noted in these joints.
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4.4.15 Dow 888 (1b) [Sta 284+00 to 290+00]

The second Dow 888 section continues to periform 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 mm (8 in.) of its se@lant missing. A
random measurement of Joint 4 found its width to be within the tolerances for the No.l

joint configuration. No incompressibles are found in thesegdoints.

4.5 Fall 2000 Performance Evaluation of the Westbosind Lanes
(WBOC00)

The westbound lanes were surveyedifor the third time on Wednesday, October 11,
2000, when the sealantswerg approximately 22 months old and the pavement had served
traffic for 17 months. The hothapplied sealants were not installed until 4 months after the
others 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
mornifig, with an air temperature of -1.7°C (29°F). This rose to 21.7°C (71°F) by the end

of the suh’ey, approximately at 1:30 p.m., under clear skies.

4.5.1 Techstar W-050 (5) [Sta 133+60 to 138 +60]
‘The 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 WBMRO0, 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

100%, respectively. The four other joints average 62% effectiveness. All failures in this
section are attributed to fuli-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. Joifiis'37, 4684, and 106
have no visible distresses. Small vegetation growth is observed in Joinit 84 over a length
of 51 mm (2 in.). Joints 50 and 60 are each observed to have 25 mum (lying) of spalling on
their leave-sides. These spalling distresses were niot fecorded in the previous survey. An
interesting observation is made in Joint 37: during,the WBMROD survey, a 25-mm (1-in.)
spalling failure had been ndtedy yet dunng WBOCOU nospalling failure is observed. As
long as such inconsistencies are small and infrequént, they have no significant

repercussions.

4.5.3 Dow 890-SL (3) [Sta 166+060 to 172+00]
The silicone gealants in this section exhibit essentially no deterioration, averaging
99.7% effectivenessyduring 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

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 enly 46%
effectiveness. This is down 4% since the WBMRO00 survey, when the géetion had an
effectiveness rating of 50%. The sealant effectiveness varies widely, ffom zero to 95%,
Full-depth adhesion failure occurs over the entire measureddength 6f Joint 22sd@int 40
experiences only 5% full-depth cohesion failure. Joints 60 and68 havé 10 and 8%
effectiveness, respectively. Joints 56 and 70 have effectiveness,valués of 92 and 72%,
respectively. Several of the seals@® noted téhave small bubbles, which account for some
partial-depth cohesion loss. These bubblés,are also noted in the WBNV99 survey, six

months after the installation of the'sealant (Sander, 2002).

4.5.5 Crafco 903-51"(1a) [Sta 188+00 to 194+00]

The six Silicone sealants evaluated in this section are 98% effective during this
surveyd{ WBOCO00), whereas during the WBMROO evaluation they had been only 95%
effective. Small differences like this may be considered insignificant, arising from
mevitablédiscrepancies 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
97%, cffectiveness. Joint 26 has experienced spalling in a 51-mm (2-in.) area, as
previously reported in the WBMRO00 survey (Sander, 2002). No incompressibles are

observed in any of the joints.
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4.5.6 Crafco 903-SL (1b) [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 WBMROU sSurvey.
Joint performance ranges from 60% (Joint 26) to 98% (Joint 12). Joint width
measurements were randomly taken in Joints 12 and 18, whose widths are both 11 mm
(7/16 in.), a value within thebspeciﬁed range for this joint configurdtion, fie,, 10 mim+2
mm (3/8 in. £ 1/16 in.). Joint 26 has a measured width of 16 mm (5/8n"), which is well
outside the corresponding specification, suggesting an expainsion of the joinf. Joint 10 has
a spalling failure measured over 51 mm (2 in.). Bufing the WBMROO survey, spailing has
been observed in Joint 10, as well as in Joints 12'and 26. Thelatter two joints had been
noted as having 203 mm>(8 i) of sp@lling, but this 1§ et observed in the WBOCO00
survey. This discrepancy accounts for the apparenti2% improvement in effectiveness

between the two surveysfoted above.

4.5.7 Dow 80-SL (1) [Sta 200400 to 206+00]

The joints 11 this silicone filled section are performing very well, achieving 97%
etfectiveness. ‘Thésealants have deteriorated only 1% since the WBMROO survey. Three
of the jomts (Joints 5, 17, and 24) sustain no distresses over the entire measured length.
Tnints'™@ 9 and 25 have 88, 98, and 97% effectiveness, respectively. Some 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
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lips. Only the spalling in Joint 25 had been observed in the WBMRO0 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 descnibedhas very good.
Observations in this section suggest the highest effectiveness increasef up 7% sitige the
previous survey. Consequently, the rating description changes from good during the
WBMROO survey, to very good during WBOCO00. Most of thie difference in effectiveness
is attributed to Joints 18 and 25, in which 787 mm (31 i pand 279 mm (11 in.),
respectively, of adhesion failure were noted during WBMROUQ, Verduring WBOCO0O0 there
was only 559 mm (22 in.) and 0 mim (0 in.)-" Thefieldlogs for WBOCO0 note that these
joints have partial-depth adhesion failure O%er much ot their sealants. Recall that this type
of sealant distress do€s not count towards loss‘@feffectiveness.

Four of the six joint§ Surveyed (Joii$4, 21, 24, and 25) suffer from no distresses.
Joint 18 has comiér breaks on both 8ides of the joint at the shoulder, yet it maintains 90%
effectiveneSs with failures in the form of full-depth adhesion failure. Some small

incompiressibles are notéd on top of the seal in Joints 4, 21, 24, and 28.

4.5 “Dow 888 (1a) [Sta 213+00 to 219+00]

The silicone sealant in this section maintains 96% effectiveness, achieving a very
w0od condiuon rating. The joints examined have deteriorated only 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 21 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% comparef (o 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 twafother joints (Joints9
and 13) are 93 and 98% effective, respectively. Joint 13 has spalling failure for a
measured length of 25 mm (1 in.) on the approach side of thejoint; duringdVBMR00, a
gap in the seal was observed, instead. It 18 apparént that spalling occurred after the
WBMROO survey, as a result of the missing seal. Some small ineompressibles are noted

on top of the seal in Joints 8§ 9hand 23.

4.5.11 Watson Bowma# 812 (S) [Sta 225400 to 231+00)]

No distresses are observed in any of the joints examined and, therefore, this
compression seal Section aclieves a temarkable 100% effectiveness. The same
observation had been thade in the WBMROO survey, as well. Joints 19 and 24 are noted
to have sonie smalllincompressible intrusions, although there are no distresses. The other
jointg have small incompressibles lying on the top of the seals. Joint 7 has a measured
width 813 mm (% in.), which is greater than the nominal width of 10+ 2 mm (3/8 £ 1/16

in.).
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4.5.12 Dow 888 (1b) [Sta 260+00 to 266+00]

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
mm (1 in.) of spalling failure each. The spalling in Joint 12 had been net&d in the
WBNV99 and WBMROO surveys, as well, and can be attributed to alpoor initial cut. \n
contrast, the spalling in Joints 15 and 21 is more recent, sing@no Previous mentioh of it

has been made. No incompressibles are observed in any of the jOints sfitveyed.

4.5.13 Crafco 903-SL (4) [Sta 266400 to272+00]

The silicone sealants in this sectioh,may be deseribed as being in very good
condition, having 91%effectiveness. "This isupi2% since the WBMROO survey, when
these sealants had been 89% effective and Had been described to be in good condition.
The recorded incrg@ise in effectiveness is insignificant, yet the apparent improvement in
rating description may influence an engineer’s perception of sealant performance.

The six joints ifthis'section average 8% adhesion failure, the remaining 1%
effectiveness 10ss being due to sunken seal and spalling distresses. Joints 8 and 14 each
show 25 mm (1 in") of spalling over their measured length. Both spalling incidents are
fecent, occurring since WBMROO0. The width of Joint 8 is measured to be 6 mm (1/4 in.),
which is larger than the joint’s specified cut configuration of 3 + 2 mm (1/8 + 1/16 in.).

No incompressibles are observed 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. Following WBOCO0, the sealants may be described as poor, being
57% effective. Full-depth adhesion and sunken seal failures account for 34 and 8% loss of
e.ffecti\‘/eness, respectively; the. remaining 1% is due to spalling. Joint 7 causés 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 thé result'of very poor
workmanship. As noted in previous surveys (Sander, 2002), severe spalling, sunken seal,
and full-depth adhesion failures are evident. The width of the joint variesfrom 0 mm (0
in.) to 32 mm (1 % in.), whereas the nominal width'of the jointis 3+ 2 mm (1/8 £ 1/16
in.). The remainder of the joints average 27 and 7% loss of efféctiveness due to full-depth
adhesion and sunken seal failures, réspectivelya No in¢ompressibles are observed in any of

the joints surveyed.

4.5.15 No Sealant (6) [Sta 284+00 to 290-+00]

Five of the six joints examined show no distresses. Joint 20 suffers from 25 mm (1
i, )of Spalling over 11§ measured length, as reported in the previous survey, as well. Some
small vegefation 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

joints examined.
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4.6 Spring 2001 Performance Evaluation of the Westbound Lanes
(WBJNO01)

The westbound lanes were surveyed for the fpurth time on Tuesday, June 5, 2001,
when the sealants were 30 months old and the paverr&ent had served traffie for 25 months.
Recall that the hot-applied sealants are 4 months younger than the othér 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 aif temperatare was rfééorded at
16.7°C (62°F), whereas the pavement temperature was slightly‘higher, at 17.8°C (64°F).
With variable cloudiness throughout the day, the air témperatufeswas 23.9°C (75°F) when
the survey was concluded, at approximately 1 :36.p.m. The pavement temperature,

warmed by periods of clear skies, had risemito a maximunt of 31.7°C (89°F).

4.6.1 Techstar W-050 (5) [Sta 133+60to 138 +60]

These cofipression seals aréithe worst performing sealants in the westbound lanes
and have algb detériorated more than any other sectijon since the last survey. This section
has an‘average effectiveness of 14%, down 13% from the previous survey. Joints 23 and
25 have failed @ompletely and Joint 22 is only 3% effective. Joint 23 even has some small
vegétation grewth in it. The majority of the failure comes in the form of adhesion loss,
which combines to 3.44 m (11.3 ft.). Joints 5 and 15 each have 25 mm (1 in.) long

spalling failures. Many incompressibles are noted in some of the joints.
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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, maintdining 98%
effectiveness and losing only less than 2% effectiveness sinee the préviéils 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 610 1524nm (24 % 6,in.) and 76 x 51 mm (3 x 2 in.),
respectively, but these corner breaks do not count'against effectiveness values. In most of
the joints, the sealant is'found to be near‘orat the surface of the pavement, yet no failures

are occurring at tiése locations, which is remarkable.

4,6.4 Crafco 221 (1) {Sta 172+00 to 188+00]

Thésec hiot=applied sealants averaged 58% effectiveness, up 12% from the last
survey. This apparent rise in effectiveness improved the rating category from very poor to
poor. The bond between the sealant and joint wall 1s 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 mm (8, 17, and 8 in.) of sunken seal
failure, respectively. Joint 60 has 330 mm (13 in.) of its sealant missing. Joint 22 has full-
depth adhesion loss over nearly all of its length. Alliof the joints have §mall bubbles in
their sealants; the sealants are also brittle. No spalls or incompressiblegfiave bBeen

observed in any of the joints.

4.6.5 Crafco 903-SL (1a) [Sta 188+00 to 194+00]

The six silicone sealants evaluated in this seetion remain in yéry good condition.
They have only lost 2% effectivefiess singé'the last survey, giving them a 96%
effectiveness value. The joints have a‘€ombined 279mm (51 in.) of adhesion failure.
Joint 14 has two 25 pim (1 ing) long Spalling failures, measuring no more than 13 mm (%2
in.) deep. Joint 26 has a'§1 mm (2 in.) longspalling failure, also less than 13 mm ()% in.)
deep. Joint 5 is th€ only joint suffering from sunken seal failure, with only 25 mm (1 in.)

measured. No incompressiblgs are observed in any of the joints.

4.6.6 Cralep 903-SL (1b) [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 51 mm (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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(1/4 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+00]

The joints in this silicone filled section are performing very well, achie¥ing 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 allliave 102 mm (4 in.)
of spalling failure. Joint 5 has two spalls, measuring 25 and 51 mm (4, and2 in.) long and
each 13 mm (¥ in.) deep. Joint 24 also hastwo palls, measuring 25 and 51 mm (1 and 2
in.) long and each 6 mm (1/4 in.) deep. Joint 25 has one spalling failure measuring 102
mm (4 in.) long and 13 mm¢’4,in.) déep. This joint'alse has some incompressibles lodged
in its sealant. Joint width measuréments in Joint§ 4and 17 indicate that the joints are
within the given tolerang€s.” With the exeeption of Joint 25, no incompressibles are

observed in any of.the joints.

4.6.8y, Crafco 444°(1),[Sta 206+00 to 213+00]

These hotfapplied 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
the eiviaints measured (21, 24, 25, and 28) have no distresses in their sealants. 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 corner
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breaks on both sides of the joint at the northern shoulder. These breaks are 51 and 102
mm (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 from 28.3 to 29.4°C (83 to 85°F). Joint
24 has some small incompressibles lodged in its sealaﬁnt.
4.6.9 Dow 888 (1a) [Sta 213+00 to 219+00]

The sealants in these silicone section are in very good condition, maintaining
99.7% effectiveness. This is up from 96.4% measured diring the previous survey. The
only distress observed is a 25 mm (1 in.) spalling failhre inJoint 21 avhich is 13 mm (%
in.) deep. Joint width measuremefitSiin Joifit&7,and 20 reveal widths of 10 mm and 8 mm
(3/8 and 5/16 in.), respectively. Both oif'these are within the nominal width range of 10+
2 mm (3/8 + 1/16 in.)¢ Joint 20 has'a Small incompressible lodged in it; no other

incompressibles are observed in any of the jdints.

4.6.10 Delastic V-687 (5) [Sta 219+00 to 225+00]

These compressiomeeals have maintained 99.7% effectiveness, up 1% from
WBOCO00. These seals are in very good condition, only Joint 13 has a sealant distress. A
25 mm (1 iim),spalling failure, measuring less than 6 mm (1/4 in.) is found. Some standing
Water is found on top of the seal in Joint 18, verifying its water tightness. Joint 22 has
same of its seal at the pavement surface, but the joint is distress free. Joint 9 has a few
incompressibles on top of its seal, but no other incompressibles are observed in any of the

joints.
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4.6.11 Watson Bﬁwman 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 thejoints.
Moisture is also found on the surface of the sealants, confirming the effectiyéness of the
seal in preventing water infiltration. A measurement of Joint 24's width found it to be 11

mm (7/16 in.), within the tolerable dimensions.

4.6.12 Dow 888 (1b) [Sta 260+00 to 266+00]

Like’ those in the other Dow 888 (1) sebtion, these Silicone sealants are in very
good condition. The sealants average 98.,1% effectivieness, essentially experiencing no
loss since the previous survey. Joints 8 and 24 have no'distresses whatsoever, remaining
100% effective. Joints 15 and,22 have5 and 127'mm (1 and 5 in.) of adhesion failure,
respectively. Joints 12/and 21 each have 25 mm (1 in.) of spalling failure, measuring no
more than 6 mmi (174 in3) deep. Both spalls had been noted during the WBOCO00 survey.

No incompressibles are observed in any of the joints.

4.6.13 @rafco 903<SL (4) [Sta 266+00 to 272+00]

The silicone sealants in this section are in very good condition, having an
ettectiveness of 96%, up 5% since WBOCO00. Joints 8, 13, and 17 have a combined
adhesion loss length of 152 mm (6 in.). Joints 7 and 11 have 25 and 279 mm (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 (3/16 in.), which is

within the nominal joint width of 3 + 2 mm (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 previdus
survey when their condition was described as poor. All of the sealants have a wayy, “up-
and-down” pattern to them, indicating that the sealant sufférs frond smalkincremental

sunken seal failures; this form of distress accounts for1.63 m (5.3 ft.)./Only Joints 7 and

43 exhibit adhesion failure, measuring 25 and 102 mm (1 and 4 in.), respectively. Joint 7

has 559 mm (22 in.) of spalling failure@nd is the resulief a poor initial cut. The joint lip is
very rough and the joint width yagiésfrom (‘i (0 in.) to 19 mm (3/4 in.). A width

measurement of Joint 31"¢eweals it to be'® tam (1/4 in.), which is more than the tolerable

- amount. Some surfag@@xtrusion is found in the sealants of many of the joints surveyed.

No incompressiblés are obsery@d in any of the joints.

4.6.15 No'Sealant (6) [Sta 284+00 to 290+00]

Eive of the 8ix joints examined show no distresses. Joint 20 suffers from 51 mm (2
inf) of spalling over its measured length. Some small vegetation growth is also observed
in this joint. Several small incompressibles are obseljved at the bottom of all the joints
éxamined. Joint 21 is observed to have a large amount of sand and gravel in the bottom.

A joint width of 6 mm (1,/4 in.) exists in Joint 12; the nominal width is 6 + 2 mm (1/4 +

96




1/16 in.).

4.7 Fall 2001 Performance Evaluation of the Westbound Lanes
(WBOC01)

The westbound lanes were surveyed for the fifth and final time on Tiiésday,
October 16, 2001. The sealants in this direction are nearly three years old and the
pavement has served traffic for about 2 ! years. The survey did not begai until 10:00
a.m. due to rainy weathe}. The remainder of the day was@old and Blustery, with 'short
periods of rainfall. The air temperature at the beginning of the survey was 9.4°C (49°F),
and ranged from 7.8°C (46°F) to 10.6°C (512F) throughouhthe day under cloudy skies.
The survey concluded at 3:00 p.m. withsan air température of 8.3°C (47°F). Pavement

temperatures ranged from 8.3%C (47°F) to 13:9°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 loéation of the batch plant and of the
headquarters of/the projechicontractor (Kokosing Construction Company, Inc.), an area of
intense and heavy truck traffic (Stations 231+00 to 260+00), was not included in the

Evaltation

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 51 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 (3/3&1/16 in.).

4.7.2 No Sealant (2) [Sta 139+60 to 166+00]

No spalling failures are observed in this section, althoughJoint 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 afassing shower that halted the survey
temporarily. A measurement of Joint 46 found its jointwidth to be within the allowable

limits of 3 + 2 mm (1/8 1/164n.). Nb, vegetation growth is noted in any of the joints.

4.7.3 Dow 890-SL (3) |Sta 16600 to 172+00]

This section, whose joinils contain a self-leveling silicone sealant, is the best
performing one in the Westbgund lanes. Only 51 mm (2 in.) of failure are found, giving
the section an effectiveness value of 99%, which is essentially unchanged since the
previoudsurvey. Joints 7 and 10 each have 25-mm (1-in.) adhesion failures, which are the
énly failures in this section. Some minor chipping is observed in the comers of Joints 15
and 18 along the shoulder. No incompressible are found in these joints. Standing water is

observed on top of all the sealants.
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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 (15%)
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 condifion with
only 25 mm (1 in.) of adhesion failure and 102 mm (4 in.) of spalling failure, thi¢"latter
being due to a poor cut. Joints 56 and 79 have tiny bubbles in their sealants, ereated

during the installation of the sealant. No incompressibles are found intheséyjoirits.

4.7.5 Crafco 903-SL (1a) [Sta 188+00 to 194+00]

These silicone sealants have essentially loStnoeffectiveness since the last survey,
maintaining their 96% value. Every measured joinbin this section has an effectiveness
value above 90%; in fact, Joifit 5,is 100% effective. Neanly all of the failures are small
incremental losses of adhesion (< 28 mam). Joint 25 is the only one with a substantial
length of failure: a 127-ndm (5-11.) span of adhesion failure. Joint 26 has 51 mm (2 in.) of

spalling failure. Nefincompressibles aré observed in this section.

4.7.6 Erafco 903-SL (1b) [Sta 194+00 to 200+00]

Thigdduplicatésealant section is identical to the previous one, but continues to
perform less adequately. It has deteriorated 6% since the previous survey to exhibit 72%
cffoetiveness 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 value. 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 spallsj of 51 mm (2 in.), 25 mm (hin.), and
152 mm (6 in.), respectively. Joints 4 and 9 have 127 mm (5 in.) and 25 mm (1 in.) of

adhesion failure, respectively. No joints are observed to ha@e incompressibless

4.7.8 Crafco 444 (1) [Sta 206+00 to 213+00]

Unlike its counterpart in thi€ astboelindilanes, this\hot-pour section is performing
very well. These sealants have lost only 6% effectiverniess and currently have a 93% value.
Three of the joints hagéno failurcs at all; these are Joints 4, 21, and 25. Joints 24 and 28
are 93 and 98% effective, respectively. Jounhl8 is the exception in this section with an
effectiveness of orily 63%. Along With its 660 mm (26 in.) of adhesion failure, it exhibits a
corner breakgat the shoulder joint. All failures in all of these sealants are attributed to loss

of adhéion. No incompresgibles are found in these joints.

4.7.9 Dowm888 (1a) [Sta 213+00 to 219+00]

These silicone sealants lost 9% since the WBINO1 survey, but are still in very good
candition with a 91% effectiveness value. The joint sealants 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 survéy 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 confributor o 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 §éétion has the second largest effectiveness
value in the westbound lanes ab98%. These séals have last only 2% since WBINO1.
Joints 10 and 24 are 100% effective, while the remaining joint sealants are at least 95%
effective. The lone faildre type found inalhof the joints is loss of adhesion. No

incompressibles afépresent on these Seals.

4.7.12 Dow 888 (1b) [Sta 260+00 to 266+00]

Thi€ section Has essentially lost no effectiveness since the previous survey,
maintaining 98% effectiveness. Every joint is in very good condition (> 90%) and two
Jjoints, nameiy Joints 8 and 21, have no failures at aii. Joint 12 has 51 mm (2 in.) of
spalling 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]

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 11 has 254 mm (10 in.) of supken seal and 25 mmi(1 in.) of

\
spalling failure. Joint 7 also has 25 mm (1 in.) of spz;lling failure. Sealant efféctiveness

values range from 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 inieffectiveness, losing 35% since June 2001.
This section is currently averaging 44% €ffectiveness, rating it as very poor. Joints 31, 43,
and 54 account for a{otal of 610 mm (24 in.) of Sunken seal failure. All joints average
46% of adhesion failure. Jomnt 7 is the resultof a very poor cut, and exhibits 508 mm (20
in.) of spalling failire and 1.07 m (3,5 ft.) of adhesion failure. In most of these sealants, a
color difference 18 observed in those portions where adhesion failure has taken place. The

normal'¢olor for thesesealants is light gray, but the failed portions are black.

4.7.45 "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-
i) spailing 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.
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4.8 Profilometer Surveys

Along with the sealant evaluations, pavement surface profilometer suryeys 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 Profilometér, Model
690DNC. The profilometer van made three passes along the driving and thrée along the
passing lane, in each of the eastbound and westbound directions] recording relative
pévement surface elevations every 50 mm (2 in.) of distande traveled Through the use of
a mathematical algorithm, tﬁese elevation data permit the caléulation of'the left wheel-
track International Roughness Index (IRIlf), of the right Wheelstrack International
Roughness Index (IRIrt), and of the average of bothwalues of International Roughness
Index (IRIbh). Additional mathématical maniphlations ¢an then be used to establish
supplementary indices, purporting to simulate the Mays Number (MAY S)—originally
obtained using a suspension responseqvehicle—as well as the highly empirical Present
Serviceability Infiex (PSI), eriginally éstablished with reference to road user panel ratings
that were correlated through statistical regression to measured pavement distresses. The
data genefated in this‘manner on each occasion at the U.S. 50 joint sealant test pavement
were latef sent by ODOT to the University of Cincinnati research team for analysis.
Valugs 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 231+00 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 surkeys, conducted’in
October 2000, June 2001 and October 2001, is provided bélow. In each case, values are
calculated of the average, maximum and minimum yalues, stafidard deviation, and
coefficient of variation for the five indices noted above, as wellagof the average,
maximum and minimum values foreach sealanbsection. \It is acknowledged that unlike the
IR, for which the relationship between profile variations‘and its values is linear, the PSI
and Mays Number af€ Bighlynon-linear indices (Karamihas, 1998). This introduces an
inherent shortcoming in any discussion of'¢hanges in the value of these two measures, and
in any calculatiod o7 their statisti€s, such as the mean and the standard deviation. Such
mathematigal figutes are presented here for the sake of completeness, and need not
introduge any confusion if they are interpreted merel‘y as such. Hawkins (1999) and
Sander (2002) have each presented similar information from two earlier profilometer
evalliationsiperformed in June 1998, May 1999, December 1999, and March 2000,
respectively. It is recalled that the June 1998 surveyg included only the eastbound lanes,

since the westbound lanes had not been constructed yet.
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4.8.1 Fifth Profile Survey of Eastbound Lanes (PEBOCO00)

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 PEBOCO0.
The top portion of the Table gives averages, maximum and minimum values, §tandard
deviations, and coefficients of variation for the five indices noted above. Theflower
portion of Table 4.2 contains average values for each sealant section. Themaximum and
minimum values of the section averages are also provided.

Data for the eastbound driving lane is listed in Tables 4.2 (a) afid (b).| It is difficult
to compare the various profile indices for each section, although theréared few sections
tﬁat stand out. The Crafco 221 (1) section in the‘driving lane, located between Stations
260+00 and 266+00, is the roughest section. Fousout of its five indices captured the
highest roughness rating, evémithough the sealant has the third best effectiveness ranking
with 71%. The smoothest sectiont @bserved is the No Sealant (6) section located between
Stations 160+00 to 166400; four of its five,indices attain the lowest roughness ratings.
This section achiewed the smoothest fide without containing any sealants in its joints.

Tables 4.2 (c) and (d) show the results from the eastbound passing lane, which
exhibits similar trendsito those found in the driving lane. As in the driving lane, the Crafco
221 (1) seation 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 between sealant effectiveness and
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 (PEBJNO])

Data collected in the driving lane during the PEBINO1 survey/re 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 ifidicated byall but one indices
(IRIrt). The roughest section in this lane is found betwegn Stafions 260+00 and 266+00,
and is sealed with Crafco 221 (1). All five indices recorded attdimheir highest values in
this séction, 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)- " Axreviéw of the raw data eollected from the profilometer shows
very large values (e.g., IRI'Gefween 105 and »35) tonards the latter half of this section,
between Stationg263+00 and 266+00. Some of these are more than twice the measured
overall avefge of the test pavement. Figure 4.2 shows Joint 21, which is poorly cut with
severallarge cracks and spalls. This joint is located within the latter half of the section,
wet it cannot Be the only source of these high profilometer values. Interestingly, transverse
and@orer cfagking levels in this section are among the lowest. It is postulated that other
contributors to roughness include faulting, warping, curling, and built-in gradients at the
time of construction. The Crafco 221 (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 from 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 hadithe
highest roughness measurement during the previous profilometer survey.

The smoothest section recorded in Table 4.3 (d) is Delastic V-687 (5), in which
three of the five indices (MAYS, IRIrt, and IRIbh) attain their lofest values» This'section
also had the smoothest average in the previous survey (PEBOC00). dnboth the previous
and current surveys, this section has had a sealant effectiveness above 94%, evincing a

match between surface smoothness and sealant eftectivéness 1n this case.

4.8.3 Seventh Profile Surveyof Eastbound Lanes (PEBOC01)

On Tuesday, October 9, 2001, profilometer data were collected by an ODOT crew
from all traffic lanes. The statistical suminary of the seventh profilometer survey
conducted in the@astbound 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
recordeththeir highest values here, while the fifth, PSI, attained the second roughest value.
The smoothest sectioiris No Sealant (6), between Stations 160+00 and 166+00. The
MAYS and IRIlf recorded their smoothest value here. In PEBOCO00, this section was also
the smQothest one, but it was not the smoothest during the previous survey (PEBJNO1).

Considering the passing lane, Tables 4.4 (c) and (d) show that Crafco 221 (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, IRIrt, and IRIbh) record their smallest values in this section.

4.8.4 Fourth Profile Survey of Westbound Lanes (PWBOC00)

The profilometer survey of October 2000 (PWBO@00) is théyfourth e
conducted in the westbound lanes. The results from the surveyfare listed in Tables 4.5 (a)
and (b). The driving lane section between Stations 260+00 and266400, containing Dow
888 (1b), exhibits the roughest surface. Threeofthe five indices reach their highest
averages in this section. The Watson Bowman 812 (5) compressive seal section, located
between Stations 225400 and 251+00, has the sihoothest surface in Table 4.5 (b). Three
of the five indices have their lowest averagesyin this section. The westbound driving lane
is significantly rgligher than the passing lane.

Themassing lane Dow| 888 (1b) section located between Stations 260+00 and
266+00 also exhibits'the higliest amount of roughness, yet it has a sealant effectiveness of
08%. The Crafico 903-SL (1a) section between Statiéuns 188+00 and 194+00 also shows
an gffectiveness of 98%, but exhibits the lowest amoﬁnt of roughness in the passing lane.
These two sealant sections have identical joint configurations and effectiveness values, yet

e 1espective surface roughness profiles are completely differeni.
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4.8.5 Fifth Profile Survey of Westbound Lanes (PWBJNO1)

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 agaih is
found between Stations 260+00 and 266+00, where it is filled with Dow 888 (1b)§ealant.
All but one indices (PSI) achieved their highest values in this section. It is ngted that the
International Roughness Indices in the two wheel-paths are practically identical.,\The
values of the IRIIf and IRIrt are 73.35 and 73.63, respectively. The IRITbh which is the
average of these two, is therefore also very similar, with a yalue 0f 73.49. This frend
persists throughout the entire length of the test pavement. The averagesfor IRIIf, IRIrt,

| and IRIbh over the length of the project in Table 4.6 (a) aré66.60, 65.40, and 66.00,

respectively.

The smoothest driving lane section is Crafco 903-5L (1b), for which four of the
five indices (MAYS, IRIIf, IRIrt, and IRIbh) show their lowest values. This section is
located between Station§ 194+00 and 200+00» Recall that Crafco 903-SL (1a), the twin

of this section and located adjacent to'if, had the smoothest section during PWBOCO00.

The Techstar W=050 (5) section, 1s a close second in terms of smoothness in the driving

{ane.

Indhe passing lane, the section containing the sealant Dow 888 (1b) between
Stations 260+00 and 266+00 is once agaiﬁ the roughest section: all indices but the PSI
show theirhighest 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 Ianes.
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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 IRIrt) 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 (PWBQCOI)

The results of the sixth profilometer survey in the wéstboundilanes aréfabuiated in
Table 4.7. The averages for the westbound driving lane are givén in Table 4.7 (a), and the
statistics for each individual sealant section are presemed in“Labled7 (b). It is apparent
that the roughest section is Dow 890-SL (4)." The IRIlf and IRIbh record their highest
values in this section, while the MAY'S, PS8k and IRIrt record their second roughest values
here. The Dow 888 (1b)section had been the roughest section for the three previous
SUrveys.

The smoothest section is again Crafco 903-SL (1b). Three of the five indices
(MAYS, IRd#t, and IRIbh) exhibit their lowest values in this section, which is located
between Stations 194+00 and 200+00. During the current sealant survey, this section
exhibits one of the lowest effectiveness values (72%)1

Tabléd.7 (c) and (d) lists the results of the pré)ﬁlometer survey in the westbound
passing lane. The Dow 888 (1b) section is again the i‘oughest, as it had been for all four
préceding surveys to date in the westbound passing lane. Four of the five indices (MAYS,
IRIIf, IRIrt, and IRIbh) show their highest values in this section, which has the second

highest effectiveness ranking 98%. Recall that this lane could not be visually evaluated in
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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 (1b) is the smoothest

section, its twin, Crafco 903-SL (1a), claims the honor in the passing lane, exhibi
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Table 4.1 Sealant performance rating categories (Belangie and Anderson, 1985)

Rating Overall Effectiveness Level, %
Very Good 90 to 100
Good 80.0 to 89.9
Fair 65.0t0 79.9
Poor 50.0t0 64.9
Very Poor (Failed) 0to 49.9
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Table 4.2 Statistical summary of profile survey PEBOCO00 of the eastbound lanes

a) Statistics of individual values for all three passes in the driving lane

MAYS PSI IRIIf IRIrt IRIbk
Average 64.28 394 69.66 65.31 67.49
Mazximum 138.53 4.33 145.30 147.40 145.19
Minimum 36.20 295 38.50 3487 40.37
StDev 15.22 0.18 16.15 16.09 15.30
COV% 23.69 4.56 23.19 24.63 22 68

b) Statistics of the means for each t€shsection in the driving lane

Station Material MAYS PSI IRIIf IRIrt IRIbh
18800 - 194+00 |Crafco 903-SL£h) 67.63 3.95 74.33 66.25 70.29
206+00 - 213+00 |Crafco 903°SL (4) 66,79 4.00 73.70 65.02 69.35
166+00 - 172+00 |Dow 890-SL (3) 59.24 3.92 65.20 59.89 62.54
213+00 - 219+00 {DewA890-SL (4) 62.98 4.04 67.31 64.36 65.84
266+00 - 272+00_{Dow 890-SL (1) 66.15 3.87 69.53 67.53 68.52
200+00 - 206+00 [Crafco 902 (1) 62.62 3.88 66.51 66.81 66.66
272+00 - 284+00 [Dow 888 (1a) 58.95 4.04 63.03 60.61 61.82
284500m290+00 {Dow §88)(1b) 61.17 3.96 62.65 64.71 63.69
260+00 - 266+000 €rafco 221 (1) 82.11 3.81 88.55 84.27 86.41
172500 - 188+00 |Crafco 444 (1) 67.46 3.92 73.90 66.96 70.43
225%004231+00 |Delastic V-687 (5) 63.44 3.95 66.40 66.82 66.59
194+00 - 200+00 [Watson Bowman 687 (5) 65.35 3.93 70.46 66.90 68.68
154+00 - 160+00 |Techstar W-050 (5) 69.08 3.76 70.09 75.00 72.54
219+00 ~225+00 [No Sealant (2) 65.68 3.86 71.94 65.85 68.89
160+00 - 166+00 [No Sealant (6) 56.10 3.95 60.54 58.46 59.51

AVG 64.98 392 69.61 66.63 68.12
MAX 82.11 4.04 88.55 84.27 86.41
MIN 56.10 3.76 60.54 58.46 59.51
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Table 4.2 (continued)

¢) Statistics of individual values for all three passes in the passing lane

MAYS PSI IRllf IRIrt IRIbh

Average 75.29 381 86.06 69.93 78.00

Maximum 177.20 429 179.43 | 22020 | 17957

Minimum 38.80 2.21 42.97 37.27 41.70

StDev 18.20 0.23 20.15 19479 18.14

COV% 24.18 5.94 9342 28.27 23.25

d) Statistics of the means$oneach test section in the passing lane
Station Material MAYS PSI IRIf IRIrt IRIbh
188+00 - 194+00 |Crafco 903-SL (1) 74.08 3.90 82.15 70.26 76.21
206+00 - 213+00 [Crafe@@03=SL (4) 74.16 3.93 80.13 72.80 76.47
166+00 - 172+00 [Dow 890-SL (3) 68.11 3.90 80.15 62.53 71.35
213400 - 219+00 {Dow 890-SL (4) 65.51 4.01 72.32 63.34 67.84
266+00 - 272400 |Dow,890-SL (1) 71.29 3.83 82.78 64.00 73.38
200400 ,206+00 |Crafco 902 (1) 79.25 3.73 91.32 72.08 81.70
272+00 - 284500 |Dow 888 (1a) 66.90 3.92 76.93 60.91 68.92
284+00 - 290<005Dow 888 (1b) 63.63 392 76.07 56.46 66.27
260500 - 266+004Crafco 221 (1) 94.43 3.61 107.39 86.79 97.08
172+00 - 188+00 |Crafco 444 (1) 77.04 381 85.36 74.15 79.75
225400 - 231400 | Delastic V-687 (5) 57.05 4.04 66.74 54.35 60.55
{94+00 - 200+00 |Watson Bowman 687 (5) |  77.30 379 86.94 7275 79.84
154+00 - 160+00 |Techstar W-050 (5) 67.09 3.83 75.87 64.08 69.98
219400 - 225+00 INo Sealant (2) 72.28 3.89 79.01 70.81 7491
160+00 - 166+00 |No Sealant (6) 72.14 3.76 87.12 65.19 76.16
AVG 72.02 3.86 82.02 67.37 74.69
MAX 94.43 4.04 107.39 86.79 97.08
MIN 57.05 3.61 66.74 54.35 60.55
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Table 4.3 Statistical summary of profile survey PEBINO1 of the eastbound lanes

a) Statistics of individual values for all three passes in the driving lane

MAYS PSI IRIIf IRIrt IRIbl
Average 66.15 3.88 70.13 67.78 68.96
Maximum 142.10 4.28 148.10 141.90 143.90
Minimum 31.10 3.08 31.40 36470 36.60
StDev 16.26 0.21 16.77 16.63 15.81
COV% 24.58 5.42 2391 2453 2293

b) Statistics of the means for each f€st section 11ithe driving lane

Station Material MAYS PSI IRII IRIrt IRIbh
188+00 - 194+00 |{Crafco 903-SL (1) 65.56 3.89 68.98 68.03 68.48
206+00 - 213+00 |{Crafco 903651L(4) 55.55 4.08 62.63 54.83 58.74
166+00 - 172+00 |Dow 890-SL (3) 66.72 3.79 70.05 68.84 69.46
213400 - 219+00 |Dow 890-SL (4) 54.97 4.10 60.74 55.29 58.02
266+00 - 272+00 |Dow 890-SL(1) 79.00 3.71 82.52 79.66 81.08
200+00 - 206+00 {Crafco 902 (1) 67.99 3.79 68.32 73.94 71.12
272+00 - 284+00 [Dow,888 (1a) 63.81 393 68.12 64.41 66.27
284+00,- 290+00 {Dow 888 (1b) 62.55 3.90 64.38 66.24 65.29
260+00°=266+00, |Crafco 221 1) 93.46 3.63 98.77 92.27 95.52
172+00 - 188400 |Crafen,444 (1) 65.20 391 71.26 64.60 67.93
225400 231+00 |Delastic V-687 (5) 63.25 3.94 65.41 66.43 65.92
194+00 - 200+00 |Watson Bowman 687 (5) 70.05 3.86 74.43 71.16 72.79
154+00 -1160+00 |Techstar W-050 (5) 65.02 3.75 65.58 71.25 68.42
219+00% 225+00 |No Sealant (2) 63.34 3.83 68.73 65.07 66.90
160+00 -'166+00 |No Sealant (6) 59.64 3.87 61.51 63.92 62.71

AVG 66.41 3.87 70.09 68.40 69.24
MAX 93.46 4.10 98.77 92.27 95.52
MIN 54.97 3.63 60.74 54.83 58.02
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¢) Statistics of individual values for all three passes in the passing lane

Table 4.3 (continued)

MAYS PSI IRIIf IRIrt IRIbh

Average 70.67 3.87 83.28 63.94 73.61

Maximum 136.40 433 162.10 136.40 141.00

Minimum 32.50 3.06 33.60 29.30 34.50

StDev 16.57 0.20 1942 15040 16.46

COV% 2345 5.17 23{32 24.09 22.36

d) Statistics of the means foreach test sectionin the passing lane
Station Material MAYS PSI IRIIf IRIrt IRIbh
188+00 - 194+00 [Crafco 903-SE(1) 63.61 3.92 81.16 62.06 71.60
206+00 - 213+00 [Craféo 9038L (4) 63.48 4.03 70.12 62.11 66.10
166+00 - 172+00 |Dow 890-SL (3) 69.79 3.90 85.09 62.13 73.62
213+00 - 219+00 {Dow 890-SL (4) 60.82 4.05 70.64 57.04 63.84
266+00 - 272400 |Dow890-SL (1) 75.25 3,79 88.51 67.01 77.76
200+004206+00 |Craico 902.(1) 78.96 3.75 93.34 69.55 81.44
272+00 - 284400 [Dow 888 (1a) 68.73 3.89 79.63 62.07 70.85
284+00 - 290+00)\Dow 888 (1b) 63.98 3.91 78.47 55.31 66.89
260%00 - 266+00|Crafco 221 (1) 92.94 3.64 108.47 83.18 95.83
172+00 - 188+00 |Crafco 444 (1) 74.10 3.83 85.24 68.66 76.95
2268400 - 231400 |Delastic V-687 (5) 59.94 3.96 72.89 52.68 62.79
194+00 - 200+00 |Watson Bowman 687 (5) 79.48 3,73 95.42 70.58 83.00
154+00 - 160+00 |Techstar W-050 (5) 63.97 3.85 75.35 59.70 67.52
219+00 - 225+00 {No Sealant (2) 62.42 4.00 73.75 56.92 65.33
160+00 - 166+00 |No Sealant (6) 72.93 3,76 91.72 62.62 77.18
AVG 70.36 3.87 83.32 63.44 73.38
MAX 92.94 4.05 108.47 83.18 95.83
MIN 59.94 3.64 70.12 52.68 62.79
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Table 4.4 Statistical summary of profile survey PEBOCO1 of the eastbound lanes

a) Statistics of individual values for all three passes in the driving lane

MAYS PSI IRIIf IRIrt IRIbh
Average 65.86 3.90 72.31 64.95 68.‘63
Maximum 139.70 4.29 142.20 141.90 140.60
Minimum 37.30 2.63 40.00 37.80 42.10
StDev 1541 0.19 15.66 16.09 15.02
COV% 23.40 5.00 21.66 2478 21.88

b) Statistics of the means for each {€st section inthie driving lane

Station Material MAYS PSI IRIIf IRIrt IRIbh
188+00 - 194+00 |Crafco 903-SL (1) 66.87 394 74.92 63.95 69.43
206+00 - 213+00 |Crafco 903-Sla(4) 61.27 4.01 72.49 55.62 64.04
166+00 - 172+00 |Dow 890-SL (3) 64.14 3.85 69.15 64.40 66.78
213+00 - 219+00 [Dow 890-SL.(4) 60.31 4.05 67.19 59.70 63.44
26600 - 272400 |Dofv 890-SL (1) 73.77 3.77 76.18 75.45 75.81
200+00 - 206+00 J€rafco 902 (1) 66.96 3.82 70.61 70.18 70.39
272400 - 284+00 |Dow 888 (1a) 60.26 4.01 65.87 59.67 62.77
284%00 - 290+00 [Dow 888,(1b) 62.79 3.91 66.69 64.38 65.54
260:-00< 266400 |Crafco 221 (1) 84.78 375 91.33 84.03 87.68
172400 - 188+00 |Crafeo 444 (1) 66.53 3.92 75.97 62.65 69.31
225%00,- 231400 |Delastic V-687 (5) 63.42 3.95 66.93 64.62 65.77
194+00 -200+00 {Watson Bowman 687 (5) 68.16 3.91 76.50 65.15 70.82
154+00- 160+00 |Techstar W-050 (5) 69.12 3N 72.07 71.73 71.92
21000 995+00 |No Sealant (2) 64.07 3.87 72.32 62.21 67.27
160+00 - 166+00 {No Sealant (6) 59.97 3.88 65.67 60.78 63.22

AVG 66.16 3.89 72.26 65.63 68.94
MAX 84.78 4.05 91.33 84.03 87.68
MIN 59.97 3.71 65.67 55.62 62.77
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Table 4.4 (continued)

c) Statisﬁcs of individual values for all three passes in the passing lane

MAYS PSI IRINf IRIrt IRIbh

Average 69.39 3.88 81.86 62.17 72.01

Maximum 136.80 443 155.10 130.30 142.70

StDev 17.30 0.22 20.30 15,94 17.14

COV% 24.93 5.60 24:80 25.64 23.80

d) Statistics of the means ¥0neach test'Séction in the passing lane
Station Material MAYS PSI IRIMf IRIrt IRIbh
188+00 - 194+00 |Crafco 903-SL (1) 66,18 3.92 79.82 58.18 69.00
206+00 - 213+00 |Crafce903-SL (4) 59.72 4.09 67.72 56.74 62.23
166+00 - 172+00 [Déw 890-SL (3) 66.91 3.93 82.57 56.84 69.71
213+00 - 219+00 [Dow 890-SL (4) 58.77 4.08 68.92 54.04 61.48
266+00 - 272400 Dow,890-SL (1) 78.98 3.72 92.48 70.32 81.41
200+00 - 206+00 |Crafco 902 (1) 78.47 3.74 90.46 70.93 80.70
272+00 -284+00 |Dow 888(1a) 67.19 3.90 78.18 60.04 69.11
284-00 - 290400, |Dow 888 (1b) 66.42 3.87 80.91 56.34 68.62
260:+00 - 266+00 {Crafco 221 (1) 93.15 3.65 107.44 84.06 95.73
172<00 - 18R+00 |CrafCo 444 (1) 72.99 3.84 84.65 66.71 75.68
223400 731400 Delastic V-687 (5) 57.09 4.00 69.44 50.79 60.12
19400 - 200+00 |Watson Bowman 687 (5) 77.98 373 92.35 69.79 81.06
154+00 - 160+00 {Techstar W-050 (5) 61.36 3.86 72.01 56.88 64.44
216+00 - 225+00 [No Sealant (2) 61.52 4.00 72.76 56.06 64.40
§ 16000 - 166+00 [No Sealant (6) 70.32 378 87.78 58.76 73.28
AVG 69.14 3.88 81.83 61.77 71.80
MAX 93.15 4.09 107.44 84.06 95.73
MIN 57.09 3.65 67.72 50.79 60.12
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Table 4.5 Statistical summary of profile survey PWBOCOO0 of the westbound lanes

a) Statistics of individual values for all three passes in the driving lane

MAYS PSI IRIlf IRIrt IRIbh
Average 73.55 3.77 78.39 75.44 76.91
Maximum 147.50 4.14 151.03 163.27 15243
Minimum 42.23 299 47.87 43.07 46:.90
StDev 15.21 0.17 15.38 16.19 14.89
COV% 20.68 4.49 19.62 2146 19.36

b) Statistics of the means for each tgst section imithe driving lane

Station Material MAYS PSI IRIIf IRIrt IRIbh
188+00 - 194+00 |Crafco 903-SL (1a) 65.88 3.80 70.97 66.49 68.73
194-00 - 200+00 |Crafco 903-SLakb) 65.64 3.80 70.79 67.15 68.97
266+00 - 272+00 |Crafco 903-SL (4) 66.89 3.83 72.08 68.87 70.48
166-00 - 172+00 |Dow 89¢0-SL (3) 67.08 3.80 74.65 66.75 70.70
200+00 - 206+00 |Dow 890-SL (1) 69.23 3.87 73.24 69.27 71.26
272+00 - 284+00_|{Dow 890-SL (4) 80.29 371 85.42 82.23 83.82
213+00 - 219+00_|Dow 888 (1a) 66.68 3.82 72.10 69.31 70.70
260+00 - 266+00 [Dow888 (1b) 80.79 3.78 85.75 82.76 84.25
1725001 88+00 |Crafce 221 (1) 68.74 3.63 76.04 71.46 73.76
206+00 - 213+-00niCrafco 444 (1) 68.82 3.86 73.38 69.99 71.68
219200 - 22600 | DelastiorV-687 (5) 68.06 3.63 69.57 73.93 71.75
225400 4231+00 |Watson Bowman 812 (5) 64.22 3.79 70.76 64.33 67.54
133460 - 139+60 |Techstar W-050 (5) 80.86 3.79 84.89 80.55 82.72
139+60 - 166+00 |No Sealant (2) 74.08 3.81 78.84 74.55 76.70
284+00% 290+00 [No Sealant (6) 75.84 3.73 77.81 82.38 80.10

AVG 70.87 3.78 75.75 72.67 74.21
MAX 80.86 3.87 85.75 82.76 84.25
MIN 64.22 3.63 64.33 67.54

69.57
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Table 4.5 (continued)

¢) Statistics of individual values for all three passes in the passing lane

MAYS PSI IRIIf IRIrt IRIbh

Average 62.51 3.92 66.83 66.13 66.48
Maximum 23037 4.40 409.60 124.80 247.90
Minimum 27.47 1.56 27;30 37.73 36.23
StDev 18.69 0.25 29.28 14 14 19.02
COV% 29.92 6.27 43.74 21.38 28.61
d) Statistics of the meansd0r each test §eétion.in the passing lane

Station Material MAYS PSI IRINf IRIrt IRIbh
18800 - 194+00 |Crafco 903-SL (1a) 53.30 3.96 56.06 57.92 56.99
19400 - 200+00 |Crafca803-SL (1b) 55.16 3.98 59.13 58.02 58.57
26600 - 272+00 {Csafco 903-SL (4) 55.27 3.97 58.32 58.59 58.45
166-00 - 172+00 |Dow 890-SL (3) 60.25 4.02 61.82 64.22 63.02
200-00 - 206#00 [Dow 890-SL (1) 57.66 3.99 61.30 60.98 61.14
272-00 -.284+00 |Dow 890-SL (4) 66.67 3.88 69.02 69.74 69.38
21300219400 [Dow 888 (1a) 61.34 3.91 64.46 64.68 64.58
260--00 - 26600, [Dow 888 (1b) 71.41 3.88 74.23 75.54 74.89
172+00 - 188+00 {Crafco 221 (1) 59.20 3.92 63.16 62.70 62.93
206400 “213+00 |Crafco 444 (1) 57.24 3,95 62.49 63.09 62.79
219400 - 225+000Delastic V-687 (5) 55.78 3.88 60.12 59.42 59.78
22500 - 231+00 |Watson Bowman 812 (5) 59.17 3.92 61.02 63.51 62.27
133+60 - 139+60 |Techstar W-050 (5) 71.10 3.90 74.22 70.86 72.53
139+A0 - 166+00 INo Sealant (2) 64.87 3.97 67.50 66.59 67.04
28400 - 290+00 {No Sealant (6) 59.91 3.92 78.46 63.35 70.90

AVG 60.56 3.94 64.75 63.95 64.35
MAX 71.41 4.02 78.46 75.54 74.89
MIN 53.30 3.88 56.06 57.92 56.99
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Table 4.6 Statistical summary of profile survey PWBINO1 of the westbound lanes

a) Statistics of individual values for all three passes in the driving lane

MAYS PSI IRIIf IRIrt IRIbh
Average 63.27 3.84 66.60 65.40 66.00
Maximum 151.30 4.29 147.00 167.90 156.30
Minimum 30.10 2.80 32.50 33.30 34.10
StDev 15.61 0.21 15.89 16.53 15.57
COV% 24.67 5.47 23.85 25.28 23.59

b) Statistics of the means for each et section mhe driving lane

Station Material MAYS PSI IRIH IRIrt IRIbh
185-00 - 19400 |Crafco 903-SL (l1a) 58.96 382 63.50 59.94 61.72

{ 104-00 - 200400 |Crafco 903-Sks (1b) 52.73 3.90 57.86 53.72 55.79
266+00 - 272+00 |Crafco 908-SL (4) 57.40 3.86 59.97 59.71 59.84
166-00 - 172+00 {Dow 890-8L (3) 67.95 3.79 73.25 67.29 70.27
200-00 - 206+00 {DaW 890-81x(1) 59.56 393 63.11 59.58 61.34
272+00 - 284+004Dow 890-SL (4) 67.05 3.79 68.48 70.75 69.62
213-00 - 219+00 {Dow 888 (1a) 62.62 3.88 66.22 64.35 65.28
26600 - 266+00 [Dow 888 (1b) 70.41 3.85 73.35 73.63 73.49
17200 - 188+00 |Crafco22(1) 67.06 3.61 71.31 69.65 70.48
20600 - 213<00 {Crafco 444.(1) 63.26 3.88 67.99 62.81 65.40
219200 - 226400 |Delastic V-687 (5) 62.38 3.69 64.73 68.03 66.28
225+004231+00 |Watson Bowman 812 (5) 64 .44 3.75 71.21 62.56 66.87
133+60 -139+60 |Techstar W-050 (5) 55.65 4.02 58.60 57.09 57.84

i 139-601 166+00 |[No Sealant (2) 58.63 3.93 61.55 60.95 61.25
| 28400 - 290+00 |No Sealant (6) 60.69 3.90 64.21 63.73 63.97
AVG 61.91 3.84 65.69 63.59 64.64

MAX 70.41 4.02 73.35 73.63 73.49

MIN 52.73 3.61 57.86 53.72 55.79
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c) Statistics of individual values for all three passes in the passing lane

Table 4.6 (continued)

MAYS | PSI IRIf | IRIrt | IRIGh
Average 57.73 3.98 6256 | 6179 A 6218
Maximum 11520 | 457 | 13320 | 14530 (| 120.60
Minimum 23.10 325 3040 | @m0 | 36,10
StDev 13.89 0.19 e/ 1420 | 1311
COV% 24.07 4.71 2349\ L @510 || 2108

d) Statistics of the meansdr each t€st Bection in

the passing lane

Station Material MAYS PSI IRIIf IRIrt IRIbh
188+00 - 194+00 |Crafco 903<5L (la) SIg3 3.98 54.56 56.83 55.70
194+00 - 200+00 {Crafco 903-SL{15) 5136 3.99 54.82 56.87 55.85
266+00 - 272+00 {Crdfco 903-SL (4) 53.73 3.94 56.23 57.67 56.96
166+00 - 172+00 |Dow 890-SL (3) 56.47 4.11 65.21 62.37 63.79
200--00 - 206+00 [Dow 890-SL (1) 55.98 4.01 59.49 58.59 59.03
272+00 - 284500 |Dow890-SL (4) 61.54 3.92 63.71 65.26 64.48
213+006 219+00 [Dow 888 mE) 60.18 3.96 67.31 61.62 64.48
260+00 - 266400 |Dow 888 (1b) 65.59 3.92 68.54 71.24 69.89
172+00 - 188+00NCrafco 221 (1) 58.81 3.95 67.04 64.56 65.81
206 00,-213+00{Crafco 444 (1) 56.70 3.99 61.68 59.90 60.79
219400 225700, [Delastic V-687 (5) 56.27 3.88 64.78 56.83 60.80
205+00 - 231+00 |Watson Bowman 812 (5) 59.15 391 59.28 65.76 62.51
133+60 - 139+60 |Techstar W-050 (5) 50.26 4.15 61.08 53.73 57.40
139+60 - 166+00 |No Sealant (2) 52.48 4.13 64.16 55.04 59.60
284+00 - 290+00 {No Sealant (6) 55.26 4.01 56.25 60.09 58.17

AVG 56.37 3.99 61.61 60.42 61.02
MAX 65.59 4.15 68.54 71.24 69.89
MIN 50.26 3.88 54.56 53.73 55.70
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Table 4.7 Statistical summary of profile survey PWBOCO1 of the westbound lanes

a) Statistics of individual values for all three passes in the driving lane

MAYS PSI IR IRIrt IRIbh
Average 69.25 3.75 75.97 68.87 72.42
Maximum 169.30 4.20 301.50 180.10 186.30
Minimum 37.10 1.63 40.20 33.20 38.80
StDev 17.92 0.31 23.44 17.66 18.33
COV% 25.87 833 30.85 25%5 2531

b) Statistics of the means for each tést section 11

the driving lane

Station Material MAYS PSI IRIIf IRIrt IRIbh
188+00 - 194+00 |Crafco 903-SL (1a) 62.91 366 74.84 58.26 66.56
194+00 - 200+00 {Crafco 903-SIE (15 59.95 3.71 70.86 57.05 63.95
266+00 - 272+00 |Crafco 903-5L (4) 64.04 3.79 67.48 65.79 66.64
166+00 - 172+00 {Dow 890-SL (3) 65.33 3.82 72.59 62.94 67.76
200+00 - 206+00 |DW 890-81x(1) 63.35 391 68.72 62.44 65.57
272+00 - 284+00Dow 890-SLE (4) 76.81 3.62 84.85 76.04 80.44
213+00 - 219+004Dow 888 (1a) 66.81 3.77 72.72 67.60 70.15
260=00 - 266+00 |Dow 888 (1b) 77.06 3.80 81.03 79.05 80.04
17200 - 188+00 |Crafco22h(1) 67.07 3.61 72.22 69.55 70.89
20600 - 213400 |Cpafco 444(1) 64.26 3.85 71.31 63.05 67.17
219400 - 225500 |Delastic V-687 (5) 64.51 3.65 69.54 67.48 68.51
225%00¢ 231+00 |Watson Bowman 812 (5) 62.72 3.78 70.99 60.13 65.56
133+60 - 139+60 | Techstar W-050 (5) 69.53 3.89 74.87 67.88 71.38
125160 366+00 {No Sealant (2) 68.83 3.85 74.22 68.56 71.39
284+00 - 290+00 |No Sealant (6) 68.25 3.80 76.72 68.01 72.36

AVG 66.76 3.77 73.53 66.26 69.89
MAX 77.06 391 84.85 79.05 80.44
MIN 59.95 3.61 67.48 57.05 63.95
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Table 4.7 (continued)

c¢) Statistics of individual values for all three passes in the passing lane

MAYS PSI IRIIf IRIrt IRIbh
Average 59.26 3.96 63.91 61.15 62.53
Maximum 114.50 4.30 122.20 115.20 116.40
Minimum 32.00 3.35 31.80 33.60 34,50
StDev 13.63 0.15 15.12 13.57 13.46
COV% 23.00 3.90 23.66 9219 21.53

d) Statistics of the means for each t€st 8ection in the passing lane

Station Materifl MAYS | ) PSI IRIIf IRIrt | IRIbh
188-00 - 194+00 |Crafco 903-81 (1a) 4903 4.01 54.10 53.01 53.56
19400 - 200+00 |Crafco 903-SL (1B) 5149 4.00 56.40 53.72 55.06
266-00 - 272+00 |Crafes 903°SL (4) 52.59 3.96 56.99 54.22 55.61
166-00 - 172+00 [Dow 890-SL (3) 59.78 4.00 63.62 62.36 62.99
200-00 - 206+00 {Dow 890-SL (l) 54.26 4,03 57.78 56.68 57.23
27200 - 26400 |DowI890-SL (4) 62.45 3.92 66.39 64.23 65.31
213-00€219+00 |Dow 8581 60.24 3.96 67.73 60.58 64.15
260-00 - 266400 |Dow 888 (1b) 67.47 3.91 71.90 70.62 71.26
172-00 - 18800 Crafco 221 (1) 61.04 3.88 66.87 62.42 64.65
200200, 213+00 |Crafco 444 (1) 55.83 3.99 60.38 60.44 60.40
216400 - 205800, [Delastic V-687 (5) 58.43 3.86 67.88 56.67 62.28
205-00 - 231+00 {Watson Bowman 812 (5) |  58.91 3.92 62.66 62.86 62.76
133-60 - 139+60 |Techstar W-050 (5) 58.40 4.06 62.56 58.00 60.28
139+60 - 166+00 [No Sealant (2) 58.95 4.02 64.55 58.41 61.48
1128400 - 200--00 [No Sealant (6) 56.38 4.00 58.01 59.65 58.84
AVG 57.72 3.97 62.52 59.59 61.06

MAX 67.47 4.06 71.90 70.62 71.26

MIN 49.93 3.86 54.10 53.01 53.56
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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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S  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 afidition t0 five subsequent
detailed statistical performance evaluations in both directigns. [Two®fthe 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 itiithis Report. Sealant condition as
encountered during these three evaluations was'détailed in Chapter 4, above.

This Chapter presents an analysis of'the data collected during these three most
recent surveys. The information 1S €%amined to delineate trends in sealant and pavement
performance, and to asgéss a possible corrélation between the two. Statistical analyses
were conducted gfimediately following each evaluation and were completed before the
next excursion 0f the researcliteam to the site. Comments in the paragraphs below,
therelOre, represent opinions and ideas formulated at the time of each performance
OB toripn@aci vy

The data sets from the three evaluations considered in this Chapter are code-
named EBOCO00, EBJNO1 and EBOCO1 for the eastbound and WBOC00, WBJNO1 and
WBOCO1 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 apeécifie sealant
type and joint configuration. Each such treatment is referred to by thé name of the séalant
followed by the joint configuration in parentheses. The folléwingsub-sectionsahalyze the
effectiveness of the joint sealant treatments in the eastbouind anél westbound lanes as
encountered during each survey. The effectiveness Of a sealant is expressed as a
percentage by dividing the measuted length'of sealant that remains watertight by the total
length measured. For this project, a total length of 1"83 m(6 ft) in each of six joints from
each of the test sectighis, was gélected for inspection; this length represents the outer half-
width of the driving lane in €ach direction. Failures that suggest watertight conditions are
no longer presentdnciude full-depth adhesion or cohesion failures, sunken seal, missing
seal, and spalling at the joint.| Deficiencies in the sealant that may still preserve watertight
conditions include partialsdepth adhesion or cohesion failures, and intrusion of

incompressibles.

5.2.1 Treatment Effectiveness in the Eastbound Lanes during the EBOC00 Survey
On Tuesday, October 10, 2000, the University of Cincinnati research team
performed the third survey of the condition of the joint sealant in the eastbound driving

lane. The data set collected is code-named EBOCQ00. The evaluation was conducted in

128



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 111
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 forméraveraged 74%
effectiveness, while each of the latter averaged 38%. This,is partly aftributable to the fact
that compression seals do not rely on adhesive binders formaintainingabénd with the
joint walls. Although an adhesive is used with compiession $eals, it is not the only
mechanism for preserving this bond. The compréssion seal, as'its name implies, remains in
compression as it expands andicontfacts, and thus always maintains contact with the joint
wall. It is interesting to note thatthe Techstar W50 (5) compression seal, which relies
partially on the adhesivg for maintaining €entact with the face of the joint, is not
performing as welhas the other two ¢ompression seals. The deterioration of the Techstar
seals to an efigliveness of only 27% as of the EBOCO0 survey gives rise to concerns with
regdnd to the procedures used during installation in the eastbound lanes. Even though an
ciployee of Fechstar 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
rccalied that 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 toperform
significantly better than those with the narrower joint configuration No¢#."“Théformer are
averaging 46% effectiveness, compared to only 10% for the latter. Moreover, self-
leveling silicones appear superior to non-sag ones, even whén the Seamewhabnamfower
joint configuration No. 3 is used: the Dow 890-SL (3jD séction hés an éffectiveness value
of 56%. Joint configurations 1, 3, and 4 have nominal widthsef 104 2 mm (3/8 £ 1/16
n.), 6 £ 2mm (1/4 £ 1/16 in.), and 3 + 2 fam (/8 + 1716 in.), respectively.

The two hot-applied sealant sections have very different effectiveness ratings. The
Crafco 221 (1) section is, 71% eftective, whereasithe Crafco 444 (1) section is rated at
only 6%. The latter is the'worst performing sealant in the eastbound sections at the time
of EBOCO00. Sugh a difference m effectiveness is surprising, since both sections have
identical jeint configurations.| An explanation may be found in the intended use for each of
the two sealants: Crafeo 22171s intended for use in moderate to cooler climates, whereas
Crafco 444 18 intended for moderate to hot climates (Hawkins, 1999). This suggests that
Crafeo 221 may be better suited for the weather found in the region of the test site than
t rafco 444 is, but this assertion is not corroborated by observations in the westbound
lanes, which are discussed in a subsequent section.

Figure 5.2 presents a comparison between results obtained during the EBOCO00

survey and those collected in the previous one, conducted in Spring 2000 (code-named
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EBMRO0). 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 (1985), is given in parentheses next to each effectivenesivalue.
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 redluction in
effectiveness (or deterioration) that occurred in each section between thie two@valuations.
The loss of effectiveness in each section is also ranked. A ranking 0f.1 commésponds to the
sealant with the greatest loss of effectivefiéss and@manking of 13 corresponds to the one
with the smallest deterioration. A negative 10 of effectiveness would suggest a self-
healing tendency. Because ifiis unlik€ly thaba joint'would be able to heal itself, such
discrepancies can be attributed to small incompatibilities in the survey procedures
employed by the two différent erews respensible for these surveys. As long as these
discrepancies account {0r a small pereéntage in the effectiveness (i.e., less than 3%), they
are consideredmegligible. “Themnoetétion % indicates a percentage point change: for
clample, 20% to 23%, represents a 3% rise.

The twosuperior compression seal sections, Delastic V-687 (5) and Watson
Bowmén WB-687 (5), have the least loss in effectiveness, retaining values above 97% as
of EBOC00. The remaining compression seal, Techstar W-050 (5), has the sixth highest
loss of effectiveness.

Albeit very different in their respective effectiveness values, the two hot-applied
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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
EBMRO0 survey; this fact made it difficult to lose much more.

The two self-leveling silicone sections with a%No. 4 joint configurationsuffered the
highest deterioration losses. In fact, Dow 890-SL (4) has lost over three-fourths of its
effectiveness since the EBMROO survey, dropping by 42%, froms55 to 13%. Thedwo
identical sections sealed with the non-sag silicone sealant Dow 888 (1)exhibit a similar
performance. They have lost 8 and 9%, respectively; leaving cach with 41% effectiveness.
The similarity in effectiveness of these twin sections Validates the consistency of the
evaluation process.

In order to reach sound g@fiGlusions tegarding the effectiveness of each sealant,
monitoring must continug for a substantiahperiod of :time. Figure 5.3 shows the
effectiveness trendsdf@fall sealant sections emerging from the three surveys conducted as
of EBOCO00. Separate Figure§ for each sealant type, i.e. compression, hot-applied, and
silicong, are providedhas welll(Figures 5.4 to 5.6).

Asnoted earlier, the compression seals are exhibiting the smallest degree of
deteribmation. TWo of the compression seal sections, Delastic V-687 (5) and Watson
Bowman WB-687 (5), have had essentially no deterioration since the first survey in
November 1999 as shown in Figure 5.4. The reliance of the compression seals on
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 workmanship during installation may have resulted in a rather
low initial effectiveness. A visual inspection conducted from the pavement $houlder 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 thisg@alant’s serviee, lifeg
but it is not possible to ascertain whether poor workmanship was excluéivelygdesponsible
for this behavior.

The other hot-applied sealant secfion, Crafée, 444 (1), had a very low effectiveness
rating (only 14%) at the time of the earliest ofithe 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 /0%, respectively (Hawkins, 1999). A
shallow recess and air buliblesin the sealant had been observed in those early inspections.
These characteristics may be responsible for the rapid deterioration of the sealant during
the summer ofil999. TheCument(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
sealant§ over the preceding twelve months is only about 10%. Their current mediocre
effectivéness seems primarily to be due to the rapid deterioration that occurred prior to the
first survey under this Project (Fall 1999). Deficiencies in installation workmanship,

reported by Hawkins (1999), 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 from about 70% to about 10% during
the last year of service. The narrower joint configuration width, No. 4,4s the most likely
attribute responsible for this difference. Among the three sealant types included in this
experiment, silicone sealants have suffered the most drastic deteriorafion since the

November 1999 survey, averaging a 13% effectiveness loss as of EBOCRO.

5.2.2 Treatment Effectiveness in the Eastbound Lanes during the EBJNO1 Survey

On Monday, June 4, 2001, the University of Cincinnati research team performed
the fourth survey of the joint sealants cenditionin the eastbound driving lane. The data
set collected is code-named EBINO1. The evaluation was conducted in the manner
described previously by Sander (2002). The effegtiveness 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 joinyConfiguration for each sealant is denoted by the number in parentheses.

1% general, it is observed that the pre-formed compression seals are superior to the
Hokapplied and Silicone sealants. The average effectiveness of the compression, hot-
applied, and silicone sealants are 70, 43, and 60%, réspectively. The average of the
compression seals, however, rise to 95% with the exclusion of Techstar W-050 (5), 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 11%, which is the worst effectiveness value in
the eastbound lanes. The average effectiveness of these sections is 43%, but Sinee the two
values are so different, the average is not very meaningful.

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 géalafnwith an
effectiveness of 80%, while Crafco 902 (1) is the worst at 36%." The cafrelatigh between
joint width and sealant performance encountered in the EBOCO0 survey is nd longer
evident. The average effectiveness valueg for thedilicone sealants with joint configuration
1, 3, and 4 are 59, 62, and 61%, respectively. “The discussion below will elucidate this
observation.

The results of the previous two surveys ateshown in Figure 5.8. Table 5.2 lists
the effectiveness values fof the past tw@ sSurveys and ranks them accordingly. Differences
between the two surveys are also tabulated and ranked; a rank of 1 indicates the greatest
loss of effectiyéness and atank,of 48 means the least. The most striking observation is that
filme of the thirteeni §8etions exhibit increases in effectiveness. The increase is mainly in the
silicone and hofsapplied sections. The compression seals show a decrease of effectiveness
of lessdhan 5%.

The two hot-applied sections (Crafco 221 and Crafco 444) shoﬁv 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 from 13 to 65%, while that of Crafco 903-SL (4) rase from 7 to
56%. With one exception, the other silicone filled s¢ctions reveal somewhiat smaller
increases in effectiveness, ranging from 6 % in the Dow 890-SL (3) §ection to 20% ih.the
Dow 888 (1b) section. Crafco 902 (1) is the only silicone segfidinthat shows a sniall
. decrease in effectiveness (1%).

Effectiveness increases in so many sections a.fe a greatconcerfl to the University of
Cincinnati research team. The lag@er incredses are cénﬁned to the silicone sections, which
shows how difficult to evaluate this type af sealant. The very large increases (about 50%)
are found in the sections withd¥0. 4 juint conﬁguratiéns. These joints are the narrowest of
the test joints, with a nominal width of 3% 2 mm (1/8 £ 1/16 in.), a feature that makes it
difficult to determifie objectively and with confidence whether a water-tight bond exists
between the joint walls and the sealant. It should be hoted that for the sake of objectivity
the Uniersity of Ciicinnatitesearch team does not réfer to previous data sets prior to
collecting améw one.

Awpossible 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,
secordzd during the EBOCO0 and EBINO! evaluations. The latter appears to be more
detailed, revealing a series of increments of sunken seal or adhesion failures, interspersed

with 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 datey Figure
5.11 shows the deterioration of the preformed compression seals since their installation.
As expected, the two superiorkseals (Watson Bowman 687 and Delastic V-687) continue
to maintain most of their original effectiveness. Techstar W-050, ofi the other hand,
continues to deteriorate, albeit more slowly after each survey. |

Figure 5.12 illustrates the corresponding trends for the\hot-applied sedlants, Crafco
221 (1) and Crafco 444 (1). Both have fla¢thated 4eriplittle sinee the first survey and
have remained within 5% of their EBNV99 value. »This lack of variation seems to
reinforce the hypothesis that ¢hiese seofions were never ahl100% effectiveness, even
immediately after installation. |

The deterioration gf thic stlicone sealants is plotted in Figure 5.13. The sudden
increase in effectiveness récorded in Junie 2001 does not fit the previous downward trend
of these sectionfy' The two No Mysefiion configurations regained nearly all of the
éfiBetiveness they lostsince the first survey. The sections containing Dow 890-SL (1) and
Dow 888 (1a) increased to values above their initial EBNV99 values. Only Crafco 902

(1) continues to follow a steady but slow deterioration path.

5.2.3 Treatment Effectiveness in the Eastbound Lanes during the EBOCO01 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, EBOCO1, 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,@ficompression
seals, and also by joint configuration, which is denoted by the number ingparéntheses.
Average effectiveness values for each sealant type are listed in the téxt box.

Excluding Techstar W-050 (5) , the compression sealsi@#eonce @gain outétanding,
averaging 94% effectiveness. Techstar W-050 (5) is only 19% gffcctin®, whereas Watson
Bowman 687 (5) and Delastic V-687 (5) are both at 94%.

The two hot-applied sealasils contimue to 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%)gThesétwo scetibns average 44% effectiveness, the lowest
among the three sealant types.

The silicon€ sealants average 46% effectiveness, which is only slightly better than
the hot-applied. The two selflgveling sealants with 3the No. 1 joint configuration are the
best pefforming silicohe seefions to date. Dow 890-SL (1) and Crafco 903-SL (1) have
effectivencss walues of 71 and 58%, respectively. Only one other silicone section is above
50%, namely Dow 890-SL (3), which is 57% effecti{fe. The remaining five sections are
below 50% effectiveness, including Crafco 903-SL (4), which is only 12% effective. Any
correlation between joint configuration and sealant ﬁerformance 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, althoughimost 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 sectioni€xHibiting ahyincrease
in effectiveness is Crafco 221 (1), which gained 4%. Crafco 444 (1) dréppeddelow 10%
by losing 2% and has practically no intact sealant lefi.

The silicone sealants display decréased effé@tiveness values ranging from 5 to 44%.
The largest decreases are found in the two narr@waNo. 4 joint'§ection configurations,
which lost 23 and 44%. Mughhof thedpparent gain 1 effectiveness recorded during the
previous survey (EBINO1) appears to have dissipated. The twin sections of Dow 888 (1)
lost 9 and 12% , respectivély, while the témaining silicone sections lost less than 10% in
effectiveness.

The efféetiveness valuésfor all sections and surveys to date are shown in Figure
5. 16mwhich clearly portrays the performance trend over time for these sealants. Similarly,
Figure 5.17 tracksithe performance of the compression seals. Since a thorough evaluation
of the gealants was not possible immediately after their installation (Hawkins, 1999), all
effective values are assumed to have been 100% to begin with. This assumption 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 dodmed for a quick
ultimate failure.

The performance to date of the hot-applied sealant sections 1§ shown in Figure
5.18. It is apparent that Crafco 444 (1) began deteriqrating atganfaster ratéthan thé other
hot-applied sealant, Crafco 221 (1). The former appears to be at@ terminal effectiveness
level since it does not have much more effectivenegsito 106, The lattéris maintaining an
effectiveness between 70 and 80%t

Figure 5.19 displays the effectivéness values of the silicone sealants over their life-
span to date. The effectivenessfinereases obsetved dpring EBJNO1 make the graph
difficult to decipher. The majority of the éffectiveness apparently gained during the last
survey (EBJNO1) appears to hayvébeen lost during the current survey (EBOCO1) and
throws into doubt the results©fithe former survey. Only Crafco 902 (1) exhibits no
effectiveness increases,at alldduring its lifetime. The current effectiveness values for
almost all'Sgetions are still above those from a year ago (EBOCO00). Most of the sections,

howevémare only a few percentage points above their October 2000 value.

5.2.4 Treatment Effectiveness in the Westbound Lanes during the WBOC00
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 WBOCO00, 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 numbenin
parentheses. Average effectiveness values for the three sealant types are alsg displayed in
the Figure.

The westbound lanes have been open to traffic for approximatély thirtééh months
fewer than the eastbound lanes, and the sealants here have génerally sufferéd less damage.
In the westbound lanes, the silicone sealants have maintained 90% effectiveness, higher
than any other sealant type in the westbound lanesy, The compression seals and hot-
applied sealants average 75%and,71% eftectiveness, respectively.

The relatively poor performance of the compression seals compared to the silicone
sealants is attributable efelusively to the very poor effectiveness rating of the Techstar W-
050 (5) section. Am\in the eastboundlanes, Techstar W-050 (5) is performing very poorly,
achieving only 27% effectiveness. In contrast, the other two compression seals maintain
100 Bnd 99% effectiveness, respectively. If the effectiveness value of Techstar W-050 (5)
1§ excluded from thecompression seal average these seals have a nearly perfect
effecliveness average (99.5%), which surpasses that of the silicone sealants. The
censistent poor performance of the Techstar W-050 seal in both the eastbound and
westbound lanes demonstrates its inadequacy as a sealant in a Portland cement concrete

(PCC) pavement.
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The two hot-applied sealants have very different effectiveness values. The Crafco
444 (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 bettemsuited to the
temperature regime at the test site no longer holds.

The majority of the silicone-filled joints maintain atd€ast 90% scalant efféctiveness.
The Dow 890-SL (3) section exhibits a remarkably high 99.7%f{ecti¥éness rating. The
correlation between poor sealant performance and joint configuration(is again present,
although it is not as pronounced Here as infthe eastbound lanes. Dow 890-SL (4) sealants
have the lowest effectiveness among the Silicone sections, exhibiting 57% effectiveness.
With one exception,dhgre is little'difference amoeng ;he sealants placed in joints with the
wider No. 1 configuration. Four of the fivésilicone ésealants with joint configuration No. 1
vary from 96 to 98% cffectivenessy, The fifth, Crafcb 903-SL (1b) has only 79%
effectiveness.

As in the previ@mssséction, a table is provided to compare the effectiveness of each
sealant from the Fall 2000 survey to the previous sufvey conducted in Spring 2000. Table
5.4 11515 Thesloss of effectiveness and ranks the sealants in a manner analogous to what was
described earlier. The rating categories are includeci again for the reader’s convenience.

Bicure 5.21 graphs these effectiveness values so that the reader can gain a better

(Ve

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 efféctiveness,values fhan
what was observed in the previous survey. As mentioned previously fhese limited
increases are the result of inevitable discrepancies in the ratinig practicésefindividual
research team members.

Figure 5.22 shows the effectiveness trend for each sealant since the first survey

1
conducted in Fall 1999. With few exceptions, all sections have Experienced little or no
loss in effectiveness.

The deterioration(of the compression seals is displayed in Figure 5.23. The
Watson Bowman 812 (5) and Delasti¢ V-687 (5) compressive seals continue to exhibit
superior effectiveéness values, with very little or no deterioration. The former shows no
1058 ofeffectiveness'in any of the inspected joints. The Techstar W-050 (5) section, on
the Other hafid, 18 again the exception among the compression seals, losing 43% since
Spring 2000 and 72% since Fall 1999.

e to the fact that the westbound sealants are one year younger than those in the
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 #@fes again, as
shown in Figure 5.24. The Crafco 444 (1) section has experienced no loss.of galant
effectiveness since the original survey, whereas the Crafco 221 (1) section has lost nearly
20%. Incidentally, these two sealants are the youngest ones; they.wereinstalled four
months after the rest in the westbound lanes.

‘A concern about the installation of the Crafcvo 221%(1) sealant was discussed
earlier, but it is still difficult to degipher if the relativelyapoor performance of the sealant is
due to poor installation or sealant detefiosation. Theifitial evaluation of the sealant in the
eastbound lane (EBNVY99) waseonducted when the sealant had already been in place for
two years, and, therefore, the loss of effegtiveness could have been caused by distresses
related to vehicle traffic. DAn evaluation of the Crafco 221 (1) sealant in the westbound
lanes during the WBNV99 suivey allows an evaluation of the sealant at a relatively young
age (sexen months), In the WBNV99 survey, the Crafco 221 (1) section is found to have
maintained hly 63% of its effectiveness, a value similar to the initial effectiveness found in
the eastboeund lang(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
thie 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
silicone sealants in the eastbound lanes.

The effectiveness on the westbound sections is in great contrast to thosé€ ir the
eastbound lanes. This difference is only partly due to the relative age of the §€alants; the
sealants in the westbound lanes were installed approximately one yéar afterthose in the
eastbound lanes and, consequently, the latter have been exposed 10 thediarsh environment
for a longer period of time. To evaluate performance at the\same agg, datadfiom the
WBOCO00 survey are compared to those from the EBENW99 suﬁey, when both sealants
were approximately two years old. A graphicalillistration of ihis comparison is shown in
Figure 5.26. In general, the 2=year old westbound sealants (WBOC00) performed much
better than the 2-year old eastbound seéalants (EBNV99). Note that in Figure 5.26, the
comparison in some casg8 is between similag but not identical sections, in view of small
differences in the gfpertmental layout of the eastbound and westbound sealant sections.
Thus. Watson Bowman 687 (5) 18 compared to Watson Bowman 812 (5), and Crafco 902
(1)18 Comtrasted to Crafeo 903-SL (1a).

Theeriormanse of the westbound compressive seals manufactured by Watson
Bowman and Delastic is very similar to their counterparts in the opposite lane direction
since 1n0ne has experienced an effectiveness loss. The Techstar W-050 (5) seals offer one
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 221 (1) sealant achieved 71% effectiveness
whereas the westbound attained only 46%. The other hot-applied sectibns, Crafco 444
(1), 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 efféctiveness of their
counterparts in the eastbound lanes. The WBOCO0 sections havelsurpassed the EBNV99
ones by an average of 17%. Only the westbound Dow 890-SL (4) section achieved a
lower effectiveness value than thegorresponding eastbound section, maintaining 57 and
76%, respectively.

The superior performane@df.the westbaund over the eastbound sealant sections,
even when comparing stmilar ages, suggests that favbrable conditions exist in the
westbound lanes. Pe8Sible faciors contributing to this difference in sealant performance
include the expérience of thednistallation crew and weather conditions during sealant

installation.

5.2.5mTreatmend Effectiveness in the Westbound Lanes during the WBJNO1
Survey

On Tuesday, June 5, 2001, the University of Cincinnati research team performed
the fourili sealant 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 WBINOI1. 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 Tost very
little effectiveness. Watson Bowman 812 (5) and Delastic V-687 (5) have efféctiveness
values of 99.7%, with only 25 mm (1 in.) of failure in each. The Techstar W-050(5) scal
continues to perform poorly with an effectiveness value ofionly 14%. The three
compression seals average 71% effectiveness, which is not'tépresentative of the excellent
performance of the two superior compression seals.

The average effectiveness of the hot-appliedhsealants 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 correspondinig eastbound section, which is only 11%. Such a
large disparity has been @bserved in exery gurvey to date. If it is assumed that conditions
in the eastbound fanc are identical to/those in the westbound lane, this would suggest a
possible flaw in‘théjinstallation ﬁrocess in the eastbound section. On the other hand, there
15'a considenable age difference between the two Crafco 444 (1) sections; this will be
diseissed(Sitbsequently in more detail.

The silicone sealants are far superior to the hot-applied materials and to the

above 95%,; the other two, Crafco 903-SL (1b) 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;
two 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%. €Ihe performance of
the Crafco 903-SL sections, however, show a considerable difference ineffectiveness.
Crafco 903-SL (1a), located between stations 188+00 and 194+00, 1§ 96% effective,
whereas Crafco 903-SL (1b), between stations 194+00 and 200500, is onl79% £ffective.
This is peculiar since both were installed on the same ddy, imme@iatelyfollowing one
another (Hawkins, 1999). The sealant installation ¢rew moved eastward and installed
Crafco 903-SL (1b) before Crafcgf803-SLd4la). It is postulated that the crew gained
useful experience with the installation'f the former-and applied it to the installation of the
latter.

The results of thelast two surveys dre compared in Figure 5.28. Table 5.5 also
lists the effectivenp€ssvalues and differences from the previous two surveys and ranks the
sections accordingly. Techstar W-050 (1) lost more effectiveness (13%) than all other
scalangfsections. The effestiveness values for the compression seal sections, Watson
Bowman 812%5) and Delastic V-687 (5), 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
effectiveness 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 sury€y (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 Bowmafi 812 (5) and Delastic V-
687 (5) continue to maintain most of their effectiveness. It is unlikelg that these two
superior seals will lose much effectiveness in the near future., TechstaB@We=050 (5) has
already failed and continues to decline toward 0% efféetiveness, After failing in justa
short period of time, the Techstar seals in both théeastbound and westbound lanes have
no long-term durability.

Figure 5.31 illustrates the résults of the past four surveys for the hot-applied
sealants. The section cdntaining Crafco'444 (1) has increased slightly in effectiveness
during the past twi surveys, but this fotal increase accounts to only 9%. Crafco 221 (1)
was thought to'b€ steadily losing €ftectiveness but it seems to have stabilized and even
shows mslight increase

The irendlinefor 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 WBOCO00, all of these
sections Bave maintained most of their effectiveness as measured during the first survey
(WBNV99). The performance of these sealants is unlike the performance of their

counterparts in the eastbound lanes, where a steady loss 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 (WBJINO1) are compared td the results of the
survey of the eastbound lanes conducted one year earlier (EBMRO00). Theagewof the
sealants at the time of these two surveys is approximately 2.5 years.

Results from these two surveys are compared in Figuresis33, which,shows that the
sealants in the westbound lane continue to outperform those in the eastiound. This trend
is the same as had been observed in the last compan'spn. All but two 61 the westbound
sections retain greater effectiveneg@valuesdhan their ieastbound counterparts. In fact, the
difference between the two lane directions, is more profiounced now than before. The
average difference is mow 31% up ffom 17% imythe last comparison. This shows that the
westbound sealants are naf deteriorating niarly as rapidly their counterparts in the
eastbound lanes.

The eastbound and westbound performance of the two superior compression seals,
WatsqiiBowman 812/687.(8) and Delastic V-687 (5), remains excellent and very similar
since neither 8eal has deteriorated significantly. The eastbound Techstar W-050 (5)
section i8performing 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
ttend of superior performance in the westbound lanefs. 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 cqrresponding eastbound sections. It is unlikely, however, thabthis 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 td differences m
weather conditions and quality of workmanship during installatiosf: It'is assumed that
traffic loads and other distress causing factors are similar in both diregtions. The disparity
in the hot-poured sealants and possibly other sealant types'may be weathenfelated. The
installation of the westbound hot-poured Sgalants“wasidelayed waiting for warmer
temperatures; the pavement temperature was recorded at 16° C(61° F), which is within
the Crafco specifications of 40:32° @ (50-90° E) (Hawkins, 1999). In contrast, since the
eastbound hot-poured sections wer€ installed in November, it is possible that the
pavement temperature wis below the minimum specified temperature, and as a result the
sealant did not create a goed bond with the joint walls. No pavement temperatures are
available for the November 1999 installation. Also, the Crafco 444 sealant applied in the
westbound lane wasfigated to a temperature of 143°C (290°F), which is within the
recommended temperature range (Hawkins, 1999). Unfortunately no additional
inforgmation is available describing the installation process of Crafco 444 in the eastbound
lanes

The silicone-filled sections average a difference of 42% between the westbound

and eastbound directions. The largest 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 péiformance of these

materials, then poor workmanship may be to blame.

5.2.6 Treatment Effectiveness in the Westbound Lanes during the WBOCO1
Survey

On the day following the inspection of the easjtbound lanes, 1.e), on Tuesday,
October 16, 2001, the westbound lanes were inspecteél. Code-named WBOCO1, 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 silicong sealants, and arg 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 efceptionally well. Watson Bowman 812 (5) and Delastic V-687 (5) are 98 and
97% efteetive, respectively. The average of the compression seals (66%) is depressed due
10 the ineffectiveness of the Techstar W-050 (5) section. Excluding this section yields an
avfrage of 98%, which is best amongst all the sealanfs. 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 indicafes that the sealant has failed since it

cannot keep any water out of the joint.
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The difference between the two hot-applied sections continues to increase: Crafco
444 (1) is 93% effective, yet Crafco 221 (1) is only 43% making the difference 50%.
During the previous survey this difference was 40%.

Tﬁe silicone sealants average 85% effectiveness, which is the best for{the
westbound lanes (when Techstar W-050 is included for the compression seals). Al
silicone sealants with the No. 1 configuration, with the exception of Crafco 903-SL (1),
are in very good condition (> 90%). The only No. 3 configured sectionpBRow-512890 (3),
has the highest effectiveness value (99%) out of all the westbound sectiéns. TFhe two No.
4 configured silicone sections, Crafco 903-SL (4) and Dow 890-SL (4), have/éffectiveness
values of 85 and 44%, respectively. It is@pparentsdhat the No. 4 joint configuration
continues to produce poor effectiveness values,

In Figure 5.35, the results of th€ currént surveyare compared to those from the
previous one. Numerical values 101 effectiveness and deterioration, as well as
corresponding rankings, ar€ listed in Table 5.6. Watson Bowman 812 (5) and Delastic V-
687 (5), which were both 99.7% effective during WBJINO1, maintained their excellent
performance, gfich decreasing by.only 2%. Techstar W-050 (5), which had little
Effeativeness left, 108611 0%, falling to 4% effectiveness. The Crafco 444 (1) section lost
6%, but 1t 15 still »in very good condition (> 90%). Crafco 221 (1) fell from a poor to very
poor rafing by losing 15%, and so ranks second in terms of lost effectiveness. The section
containing 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 (4), 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 10%; Dow 888 (1a), which was 99.7% effective during the last survey
(WBJINO1), dropped 9% during the current survey (WBOCO1). The only section
exhibiting an increase in effectiveness is Dow 890-SL (3), which gained2%.

The performance of all the westbound sections over their entiredifé to date is
shown in Figure 5.36. The sealant type sections are also displayed individually in Figures
5.37 t0 5.39 and are examined in detail in the following paragtaphs.

Figure 5.37 indicates that Techstar W-050 (5) may havgfat ong'time been 100%
effective, but deteriorated quickly soon after its installation. It is cledr that this section has
been steadily declining in effecti¥€ness o¥€mthe past three years and has virtually no
effectiveness left. The other two compréssion seals, Watson Bowman 812 (5) and
Delastic V-687 (5), hwe maidtained mearly all of their original effectiveness and promises
excellent performance inthe future.

The perfofmance of the hot-applied sealants 1s shown in Figure 5.38. These
sealants were notinstalled until April 1999, whereas all other seals in the westbound lanes
had héen installed 1n Degefiiber 1998. Unlike the eastbound lanes, where Crafco 444 (1)
began deterionating very rapidly and dramatically, the corresponding westbound section
has lost Wery little in effectiveness. It has generally maintained effectiveness values above

90% for its lifetime. Crafco 221 (1) deteriorated rapidly early on, but more recently it has

effectiveness increases, notwithstanding.

Most of the silicone sealants have maintained much of their original effectiveness
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throughout their lifetime as shown by Figure 5.39. Four sections, Dow 890-SL (3), Dow
888 (1b), Dow 890-SL (1), and Crafco 903-SL (1a), have never dropped below 95%
effectiveness. Dow 888 (1a) recently dropped to 91%, but it had been above 95% in all
previous surveys. Crafco 903-SL (4) and Crafco 903-SL (1b) had deteriorated t0:89%

and 77%, respectively, during EBMROO, but they have essentially maintainedthosc values
since then. The two identical Crafco 903-SL (1) sections are performing quite differently.
Crafco 903-SL (1a), which is between Stations 188+00 and 194+00,1s outperformingits
twin by approximately 20% throughout the time span considered.  Thé effectiveéness value
of Dow 890-SL (4) fluctuates dramatically since it is very hatd to surveysdiie 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 accountifig for the difterenee in theihages. Figure 5.40 compares the
current westbound survey (WBOCUI)to the eastbound survey conducted one year earlier
(EBOCO00). At the time/©fthese two evaluations, all sections were approximately three
years old.

The superior performanee of the westbound sections is glaring, especially when
considening the siliconésealants, where every westbound section outperforms its
cotréspondifig casibound 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
789 higher than the corresponding eastbound lanes. The largest overall difference 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), 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 directionsh The Watson
Bowman sections are both achieving 98% effectiveness, while both thedJglastie, V-687 (5)
sections are maintaining 97% effectiveness.

It is now possible to compare the eastbound and westBoutithsectionseover@n
extended period of time. The effectiveness of the compréssiongeals inthe eastbound and
westbound lanes is plotted in Figure 5.41. The ordinate is‘@geésin mosiths, measured since
the time of installation. The Watdon Bowafian, and Delastic seals in the eastbound and

westbound lanes are performing extremely, well. Thé @astbound Techstar section is

outperforming its westhound gounterpart, but the efféctiveness trends of both sections are
pitifully poor. In both diréetions, this matenial exhibits less than 20% effectiveness, and
continues to detepibrate.

Figure 5.42 depicts the hot-applied sealants in the same manner. The large
discrepgney between thetw®d 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
with the installation of the eastbound section, and used this effectively during installation
in the westbound sections. Moreover, it is possible that delaving the westhound
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 withthe Ne.
1 joint configuration. Note, however, that whereas there are two duplicate s¢etions of
Crafco 903-SL (1) in the westbound lanes, there is only one such sé€tion ifithe eastbound
direction. Consequently, the westbound Crafco 903-SL (1b) section isd€ompated to the
eastbound section sealed using Crafco 902 (1), ignoring the fact that the lattér Is a non-sag
silicone sealant. To date, all of the westbound sectiongare outperforming their eastbound
counterparts by a large margin. It is apparent that all eastbound §ections never performed
as well as their westbound cefinterparts.

Figure 5.44 displays the performance of the faur non-sag Dow 888 (1) sections. It
1s observed again that thefwestbound sections are outperforming the eastbound by a
considerable margins The former have never dropped below 90% effectiveness, whereas
the latter deteriorated drastically¥¥€ry early on and are about 50% below the westbound
lanesias,of the WBOCOL survey. This graph strongly suggests that poor workmanship is
responsible forthe @ismal 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

survey to survey, this graph also shows the continuing superior performance trend of the

westbound 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 elose to the
westbound performance. The eastbound section of Dow 890-SL (4) had better
effectiveness values than the westbound section in early life getat approkimately 25
months, it began to lose effectiveness very quickly and has since@roppéd below the latter.
Additional surveys are needed to further study the pérformance of thes€ sealants in view

of the strong fluctuations in effectiieness yalues.

5.3 PCC Pavement Perfformance

Collectiofi 01 data pertainingto PCC pavement performance was initiated during
the Spring2000 ewaluation, after several mid-slab crécks had been noticed (Sander, 2002).
Only the westbound driving lane was included at this initial survey, results from which are
discussed bySander (2002). During the Fall 2000 evaluation, the initial pavement
performancBsurvey of the eastbound driving lane and the second such survey of the
westbound driving lane were conducted. Additional surveys were conducted during the
Spiing 2001 and Fall 2001 evaluations,; all three data sets are described subsequently. The
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 spalling, 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 EBOC00 Survey

The initial pavement performance evaluation in the eastbdund lanes was conducted
on Wednesday, October 11, 2000. Analysis of the extents of transverfse cracking, corner
breaking, and joint spalling is provided below.

Transverse Cracking

Table 5.7 shows a summary of transverse etacking observations recorded during
the EBOCOO survey in the eastbound fanes. This is the first such pavement performance
evaluation in this direction. Every§eéétion exhibits fransverse cracking to some extent and
the test pavement as a whole has 24% cracked slabs.

The sectigh of the non-sag silicone sealant Dow 888 (1a) displays the most
transverse cracking (48%). The other non-sag silicone filled sections, Dow 888 (1b) and
Crafco 902 (1), have25and 32% of the slabs cracked, respectively.

Thé unsealed Section between Stations 219+00 and 225+00 shows the second
largest amount of transverse cracking at 48%, as well as the most corner breaks, as noted
in a sugsequent 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 (1a), No Sealant (2), Watson Bowman WB-687 (5) and Crafco 221 (1), 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, 71%, respectively). Note that the
unsealed section is assigned a 0% sealant effectiveness to facilitate the gemipatison.
Corner Breaking

The pavement performance evaluation conducted indalli2000 wasithe first time
corner breaks were counted in the eastbound lanes. Table 5.8 siows th& number of corner
breaks and percentage of corner breaks in the eastbound driving lane#ncountered during
the EBOCOO0 survey.

Corner breaks are observed only in two secti@ns, Techstar W-050 (5) and No
Sealant (2). Two broken slabg are found in the formér, accounting for 7%. The latter has
six slabs with corner breaks, accounting {oha remarkably high 22% of the slabs in this
section. No othepfinsealed sectioh in either the eastbound or the westbound lanes was
observed to have any comner bréaks.

Spallid®

Table 5.9 lists the measured length of spalling, spalling increases, and rankings for
each sealamt 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
are silicone filled, two are hot-applied, and two are unsealed. Recall that there are only
two 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 221 (1) has significantly more spalling than any other section; it measures
1.25 m (4.1 ft). Asshown in Figure 5.48 (a), Joint 21 was poorly cut and exhibits 1.19 m
(3.9 ft) 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(3), which
has a total 152 mm (6 in.) and is limited to just two joints, 5 and 7. Only foun@thcr
sections have spalling distress in their joints: No Sealant (6), Crafco 444 (1), Crafco 903-
SL (1), and No Sealant (2), which have 102 mm (4 in.), 51 mm (24}, ST mm (290 )pand
25 mm (1 in.), respectively.

A concern to the University of Cincinnati research t€am is the fluetfistions in the
measured spalling length. A careful investigation inf0this 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 dectease of Hnly 257mm (1 in.). \The following questions are
raised: Are the distresses being overlonked; is the'définition of a spall dependent on the
inspeétor; or is it a mattef of the length of the spall being measured? Through the
investigation of pré¥ious surveys, several measuring inconsistencies were found. Of the
nine sections containing spalling decreases, four were determined to be length differences.
Forexdmple, 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

consideted not to be spalling distresses.

161



5.3.2 Pavement Distresses in the Eastbound Lanes during the EBJNO1 Survey

The second pavement performance evaluation in the eastbound lanes was
conducted on Monday, June 4, 2001. Analysis of the degree of transverse cracking,
corner 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) séctien, betiveen
Stations 219+00 and 225+00, has the largest percentage 0f crackéd slabg with 66.7%.
The other unsealed section, found between Stations 160+00 and 166400, has the fourth
highest percentage with 54%. The8e sectigns are performing worse than their westbound
counterparts, which rank eleventh andfifteenth, respectively. The section with the lowest
cracked slab percentage is Crafeo 444, (1), which coniains ten cracked slabs accounting for
only 13% of the slabs inthis Section. Regall that this section had the lowest effectiveness
value (11%) at the€ame fime (June 2001).

Table 5.10 (b) shows'the increases in transvefse cracks from the previous survey.
Negatiye values indicate a décrease in observed cracking. Ranking is according to
percentage oferacked slabs. The Techstar W-050 (5) section has the largest increase in
transverSecracks (29%). A different compression seal section, Watson Bowman V-687
(5), has no increase in transverse cracks. The two hot-applied sections, Crafco 221 (1)
and Crafco 444 (1), exhibit very little increase in transverse cracking. 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 (1a) has a 13% increase
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and Dow 888 (1b) a 14% increase. These increases rank these sections at 9 and 8§,
respectively. No section exhibits a decrease in transverse cracks.
Corner Breaking

The number of corner breaks found in the eastbound driving lane is presented in
Table 5.11 (a). No Sealant (2) and Techstar W-050 (5) have two corner 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 exhibitg@@orner breakingis Crafco
902 (1), which has one corner break that accounts for 4% of the slabst

Table 5.11 (b) lists the increase in breaks from the prévious survéy. The No
Sealant (2) section has a decrease of four corner breaksifrom the previous survey. A
review of the field logs is not insightful becaus€nione of the corrier breaks are found in any
of the evaluated joints. The four miSsing bréaks can be attributed to either oversight or
classification interpretation. Chipping can often be mistaken for small corner breaks and
may be the reason for the decrease.

The Crafed 9027(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

breaksas before.

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 m (3.6 ft)
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more spalling failure than the other sections. Joint 21 remains in poor condition and is still
believed to be the result of poor workmanship. Only 1.00 m (3.3 ft) of spalling failure was
measured 1in this section during this survey, compared to 1.25 m (4.1 ft) measured in
October 2000. This discrepancy is due to the extremely bad shape ofd@int 21, which is
often difficult to evaluate due to its dismal condition. The Dow 890-SL (3) séction is also
observed to have a significant decrease in spalling failure. The sevefity of the spall§in this
section is so small that the evaluator discounted them during thesnext survey. In October
2000, five separate spalling failures were found in Joint$ 5 and 7¢accounting for 152 mm
(6 in.). During the June 2001 survey, the evaluator noted that there was very minor
spalling in these joints and that it igtoo small to be chsidered spalling failure.
Unfortunately, this example shows hoWw the discretionioef the evaluator can affect the
outcome of the data.

Five sections have gpalling failurésithat have ﬁot been previously recorded. These
include Crafco 903¢SL (#), Dow 890-SL (4), Dow 888 (1a), and Delastic V-687 (5). The
total length of spalling is up §¥.127'mm (5 in.) since Tthe previous survey, to a current

length of 1,78 m (5.8ft).

5.3.3 'Pavementf Distresses in the Eastbound Lanes during the EBOCO01 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,

corner breaking, and joint spalling is provided below.
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T ransver;se 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 easthound
lanes are approximately one year older than the westbound lahes. The eastbofind lanes
have 39% of their slabs cracked, compared to 44% in the westbound lanes. In the
eastbound lanes, there are no sections with more than 75% cracked slabs and only foiif
sections with more than 50%; eleven sections have 25% or more¢ of théir slabs eracked.

The compression sealed sections are performing similar to cachethér, Watson
Bowman 687 (5) and Techstar W-050 (5)have 50% of their slabs cracked and Delastic V-
687 (5) has 43% cracked. These values rank the two former at{ifth and the latter at
seventh.

The two unsealed sections‘@aréperforming omthe opposite end of the spectra as
their westbound countendarts, which have wery little cracking. The eastbound sections
rank first and fourth\in te€rms of transyerse cracking. The No Sealant (2) section has two

~out of every thrée slabs cracked {67%) and No Sealant (6) has 54% cracked.

As stated previbusly, there does not appear to be a correlation between sealant
efiéctiveness and pavement performance. For example, Dow 890-SL (1) has the fourth
highest ctfectiveness value (71%), but has the largest degree of transverse cracks (67%).
Craftd 444 (1), which has the lowest effectiveness value (9%6), has a transveise cracking
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 5.13 (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 (15%). Delastic V-687 (5) exhibits a 7% ineféase 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), Crafct 902 (1), and Dow
888 (1b), exhibit decreases in cracking of 6, 4, 11, and 4%, respestively. Most ofilie
sections exhibit an increase in cracking of less than 10%.

Corner Breaking

Table 5.14 (a) lists the nundber of slabs experienicing corner breaks, as well as the
percentage of slabs with cracks, and the eorrespondingwanking. As had also been the case
during the previous survey, bnly Crafco 902(1), Techstar W-050 (5), and No Sealant (2)
sections have corner breaks: In fact, Table)5.14 (b) irgldicates that there have been no
changes in the numbér 6f comner breaks observed in @y of the sealant sections since the
previous survey.

Spalling

The léngth of spalling observed during the EBOCO1 evaluation is listed in Table
5.15. The Crafco 221 (1) section continues to exhibif the largest degree of spalling.
Recall that this section includes Joint 21, which currently has 1.12 m (3.7 ft) 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 (3), which previously did not have any spalling, is observed to have
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25 mm (1 in.) of such failure. No Sealant (2), which had 51 mm (2 in.), now has 102 mmv
(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 mm (2 in.). It is pogsible that
the lack of sealant may cause spalling in these sections.

Overall, the eastbound joints exhibit 1.47m (4.8 ft) of spalling, whigh.is 305 mm
(12 in.) less than what was observed ‘in the previous survey. Sevef sections exhibit
decreases in spalling length. The Crafco 903-SL (4) section has the ldigest decrease in
spalling with 152 mm (6 in.); no spalling was observed heré\during this.sufvey. In the
previous survey, three joints accounted farthe 162 mm (6 in%) of spalling. It is noted in
the field logs that some joints have rough lips, biit,they are nottecorded as spalling
failures; previously, howevér, 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 reviewingdll'seven sectionsithat have decreases in spalling, three, including
Crafco 903-SL (4)gare definitely classification discrepancies, three are most likely such
discrepancied, and one is a‘ medsiiting discrepancy, in which spalling failures where

recoenized but the'lengths were measured less than the previous survey.

5.34 Pavement Distresses in the Westbound Lanes during the WBOCO00 Survey
The second pavement performance evaluation in the westbound lanes was
conducted on Wednesday, October 11, 2000. Analysis of the degree of transverse

cracking, corner breaking, and joint spalling is provided below.

167




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 Jéive 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
(WBMRO00). |

The appearance of cracking is minimal in theihot—applied scalant and unsealed
sections. In the former category, Crafco 444 (1) and Crafeo 221 (1) rank 12th and 13th,
respectively, whereas the two unsealed sections rank'10th and 14th, respectively. The
majority of the cracking is observed ifi the superior comipressive seal sections, Delastic V-
687 (5) and Watson Bowman &2 (5), which rank 1st and 3rd, respectively. This suggests
that there is no correlation between sealant performaﬁce and transverse cracking, since
these seals are highl¥ effective,

The incréase in trans¥etse cracking and percentage of slabs cracked from the
previous Survey are listed an ranked accordingly in Table 5.16 (b). The number of
increased slabs cracked, percentage of slabs cracked, and corresponding rank are provided
aswellmDow 888 (1a) exhibits the largest increase in transverse cracking (22%). The
éther Dow 888 (1) section, Dow 888 (1b), has 14% more of its slabs cracked, ranking it
the fourth highest. Dow 890-SL (4) and No Sealant (6) have the same number of cracked
slabs as in the previous survey. Dow 890-SL (1), Crafco 221 (1), and Crafco 444 (1)

have slightly fewer cracks.
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Corner Breaking

The number of corner 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 comner breaks: Dow 890-SL (3), Dow 888 (1a), Crafco 444(1), and
Techstar W-050 (5). Among these, Dow 890-SL (3) has the most corner breaksi(11%).
A total of seven breaks are observed in all the sections.

The occurrence of corner breaks does not appear to correlategWithisealant type
because the four sections containing corner breaks are well distributeddtwo silicone
sealant sections, one hot-applied sealant section, and one ¢ompressive seal séction. Also,
the effectiveness of the sealant does notdppear tofbe,a major factor in the appearance of
corner breaks. The sections containing corner breaks, Dow 890-SL (3), Dow 888 (1a),
Crafco 444 (1), and TechstarfW-05045); have effectiveness ratings of 100, 96, 96, and
27%. respectively. Even thoughithe Techstar W=050 (5) section has a very poor
effectiveness value, the ofeurrence ot €otner breaks in the other highly effective sections
suggest that sealant efféctiveness is not necessarily a factor.

The infrease in observed, ediner breaks, percentage point increase, and
comesponding rank are listed in Table 5.17 (b). Only Dow 888 (1a) and Crafco 444 (1)
exhibit increasesin the number of breaks. Five sections have fewer comer breaks: Crafco
903-8K (4), Dow 890-SL (3), Crafco 221 (1), Delastic V-687 (5), and No Sealant (2).
ATl ofithese 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 6thér two are left
unsealed. Neither of the two hot-applied sections shows any spalling distréss., 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 lengtifigfound imiloint 7, which is
believed to be the result of a very poor initial cut rather than nofinal pdvement
deterioration. The Dow 890-SL (1) silicone section iexhibits the secand largest degree of
spalling; 127 mm (5 in.) were regbrded. Fhere has been a steady increase in spalling in
this section. No spalls were measured iﬁ the Fall 1999 survey, 51 mm (2 in.) of spalling in
Spring 2000, and no 127 mafl (535, in this Skirvey.

Dow 888 (1b) has the third highesbdegree of spalling with 102 mm (4 in.). There
are four sectionsthiat have 51 mmy(2 in.) of spalling; all three Crafco silicone sections and
the No Sealant|(6) section. One of these Crafco sections, Crafco 903-SL (1b), has

signifidant differencesinn@asured failure lengths among the three surveys. This section

has recordings of 356 mm (14 in.), 279 mm (11 in.), and 51 mm (2 in.), in Fall 2000,
Spring 2001, and Fall 2001 surveys, respectively. The decrease of 305 mm (12 in.) from
{lie first survey to this one is a major concern for the research team. The majority of the
spalling is located in Joint 10, which was noted to have 305 mm (12 in.} of spalling during
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 é 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 spall

classification.

5.3.5 Pavement Distresses in the Westbound Lanes during the WBJNO1 Survey

The third pavement performance evaluation in the westboufid Tties, was Sonducted
on Tuesday, June 15, 2001. Analysis of the degree of transverge cracking, cdimer
breaking, and joint spalling is provided below.
Transverse Cracking

Table 5.19 (a) lists the number slabs witlitransverse ¢racking, percentage of slabs
with transverse cracks, and gbrrespoxding ranking. “The Delastic V-687 (5) section,
between Stations 219+00 and 225400, has the highest percentage of cracked slabs (64%),
which accounts for eightéén slabs. This‘ Section, however, has a nearly perfect sealant
effectiveness (99.7%).| The other tw@ ¢ompression sealed sections have similar pavement
performance zésilts. TechstalW=050 (5) and Watson Bowman 812 (5) have 61 and 48%
Oftheir slabs crackedyrespectively. Clearly, highly effective sealants do not prevent the
ageurrence Of trdnsverse cracks in the slabs, which is governed more by spacing of the
jointsds well as other factors.

the unsealed sections remain in good condition. The No. 6 configured section,
between Stations 284+00 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.

Table 5.19 (b) compares the number of transverse cracks from the current survey
(WBJINO1) to the previous one (WBOCO00). The section that exhibits the largest increase
in cracks is Techstar W-050 (5), which also has the largest increase irf 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%sNessection exhibits a
decrease in cracked slabs.

Corner Breaking

The number of comer breaks obsemved 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. JThe sectidh with the largest percentage of corner breaks is Dow 890-
SL (3), between Stations 166+00 and 192#00. This Stretch of pavement exhibits two
corner breaks, accalinting for 7.1% of the slabs. Dow 890-SL (4), between Stations
272+00 and 284400, also ha§ two corner breaks but since this section is twice as long as
Dow 880-5L (3) the percentage of slabs cracked is half as much. Four other sections have
only one cmer break observed: Dow 888 (1b), Crafco 444 (1), Delastic V-687 (5), and
the N@Sealant (2) section between Stations 139+60 and 166+00.

Table 5.20 (b) shows the incremental gain or loss of comer breaks since the last
sirvey Tt is apparent that four sections exhibit increases in corner breaks, yet four other
sections show decreases in breaks. Dow 890-SL (4), Dow 888 (1b), 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 corner breaks (1%). Four sections have one fewer
break observed: Dow 890-SL (3), Dow 888 (1a), Crafco 444 (1), and Techstar W-050
(5).

Spalling

The recorded length of spalling failures in each section and the correspeniding 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 spalling, which isaffribiited to newly
observed spalling on the north end of Joint 7. Recall that this joint is poorly ¢lit and as a
result contains several distresses. As in the previous survey,this Séetion cotains the most
spalling failure, which measures 864 mni (34 in.)¢ Amother section with a significant
increase in spalling is Dow 890-SL (1), whichhas 152 (6 in-)of additional failure. Joints 5
and 24, which were previously free of spalling, havea eombined 152 mm (6 in.) of newly
developed failure.

In the first surveygeonducted in November 1999, 102 mm (4 in.) of spalling was
observed in Joint 15 of\the Techstar W=050 (5) section. No spalling was observed in any
subsequent suf¥eys until thi§ GnegWhich measures 127 mm (5 in.). Crafco 903-SL (4)
exhibits a decrease 51 mm (2 in.); No Sealant (2) and Delastic V-687 (5) show
decreases of 25 mm. (1 in.) each. Dow-890 SL (3), Crafco 221 (1), Crafco 444 (1), and
.Watson Bowman 812 (5) all continue to exhibit no spalling failures. Although there are
many nereases and decreases in the measured spalling length thrcughoui 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 WBOCO01 Survey

The fourth pavement performance evaluation in the westbound lanes was
conducted on Tuesday, October 16, 2001. Analysis of the degree of transverse cracking,
corner 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 thrée sections gentdining
compression seals exhibit the most mid-slab transverse eracking. Recall that with the
exception of Techstar W-050 (5), these seals have some ol thehighest cffectiveness
values. Watson Bowman 812 (5, Pechstdr W050 (5), and Delastic V-687 (5) have 89,
82, and 79% of their slabs cracked, respectively. Although it is highly uﬁlikely that the
compression seals apé aidinggrematine cracking, it is an issue that may need to be
Investigated more closely:

The two ufisealed sectionshwhich are essentially 0% effective, exhibit some of the
Jowest transverge cracking. The No Sealant (6) and No Sealant (2) sections have 25 and
30% aftheir slabs crackedgiespectively, which ranks them twelfth and fourteenth. The
section with the least transverse cracking is Dow 890-SL (4), which exhibits 16%.

Simsections, 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
but onic section have at least 25% (1 in 4 slabs). Overall, 274 of the 592 (44%) slabs are
tound 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+00 and 290+00, has the second
highest increase with 25%. The other unsealed section, between Stations 139+60 and
166+00, only shows a 4% increase. Two sections, namely Dow 888 (1b) and DEw 890-
SL (3), show a small decrease in the number of cracked slabs.
Corner Bre"aking

The number of corner breaks observed per section in the westbofind driVing lane is
listed in Table 5.23 (a). Also listed is the percentage of slabs with corher bredks and the
corresponding rank. Dow 890-SL (3) and Delastie/ V#687 (5) hiave the highest percentage
of comer breaks (7%). Recall that both of these séctions have effeetiveness values above
97%. Three other sections, ROw 89048L(4), Erafco 444.(1), and No Sealant (2), have
two corner breaks but lower percentage values. Fiveother sections have just one corner
break. Crafco 903-SL (1a)f Crafeo 903-SLx(1b), Dow 888 (1b), Crafco 221 (1), and
Techstar W-050 (5)., All of these sections have percentages less than 4%. The remaining
five sections, @rafco 903-SL (), Dew 890-SL (1), Dow 888 (1a), Watson Bowman 812
(5)nand No Sealant'{(6), have no comer breaks at all. The data presented above suggest
no eorrelation béhween cormer breaks and sealant type.

Table 5.23 (b) lists the sealant sections with corner break increases, percentage
point 1ectease, and corresponding rank. Seven of the fifteen sections exhibit increases in

corner breaks although no section has an increase of more than one break. Crafco 903-SL

(1a), Crafco 903-SL (1b), Crafco 221 (1), and Techstar W-050 (5) developed their first
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corner break, while Crafco 444 (1), Delastic V-687 (5), and No Sealant (2) developed
their second.
Spalling

The measured length of spalling failure in each section and the'@@sresponding rank
of each section for the westbound driving lane are listed in Table 5.24 4O¥verall, the
westbound lanes have 1.19 m (3.9 ft) of such failure, which is a decrgase of 457 mm(18
in.) since the previous survey in June 2001. Most of the deef€aséin farlurécomes from
the Dow 890-SL (4) section, which has a 330 mm (13 in.) decrg@ise. This decrease is
attributed to Joint 7. Recall that this joint is the result of a poer cut of an end of the day
construction joint, which is so ba@lly disfiglined that it 18 difficult to measure. Four other
sections have decreases as well and mogtief these are'due to classification discrepancies. |
The discrepancy in thie.Dow 890=8L (1) sectionis due to measurement, although itis a
decrease of just 25 mm (1 in.) from the préwious survey.

Two sectiéns have increases in spalling failure; both of these did not have any
spalling recorded during the previous survey. Crafco 221 (1) and Crafco 903-SL (4) were
obsery®d with 102 muin(44f.) and 51 mm (2 in.) of spalling, respectively. The failure in
the former, however, appears to have been present before sealing because the sealant 1s

present amound 1t; 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: Iacluded
are three measures of pavement surface roughness calculated using a mathematigél
algorithm from relative surface elevation data collected using ODOT’s K.J. Law Non-
Contact Inertial Profilometer, Model 690DNC. These are the left wihieel-frack
International Roughness Index (IRI1f), the right wheel-track Internationél Roughness
Index (IRIrt), and the average of both values of International Roughness IndeX (IRIbh).

In addition to these indices, two supplemé@ntary sefSiaf values are presented referred to as
the Mays Number (MAYS) and the Present Servigeability Index (PSI). This terminology
reflects the expectation that these mathematiéally detérmined measures somehow simulate
the corresponding conventional indices, which shonld be established instead using a
suspension response vehidle, orwith reference to road user panel ratings that have been
correlated through statiStical regression to measured pavement distresses, respectively.
Presented belg®: i a detailed analyis of the profilometer data collected since Fall 2000.
Hawkins (1999) and Sander (2002) have discussed similar information from four earlier

profilometer evalmations.

5.4.1 T\ Profile Trends in the Eastbound Lanes as of October 2000 (PEBOC00)
Table 5.25 shows a comparison of the profilometer values collected during the

current (PEBOCO0) evaluation, to those from the previous survey (PEBMRO00), 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 lanegWhich exhibits a
rougher surface in all the scales. The PSI and IRIrt scales have small percentage
decreases in smoothness with 0.94 and 0.36%, respectively. IRIlf has the langest decrease;
1t measures 14.19%. The MAYS and IRIbh indices record 7.96 and 7.55% decreases,
respectively.

The section containing Crafeo 903:-SIn(4) has the largest decrease in smoothness;
all but one of the indices exhibit their fargest decreaé;e. Percentage decreases range from
2.88% in the PSI to@6,91%n the IRHS. The larges‘é increase in smoothness is found
between Stations 266+00and 272+00, whieh contains Dow 890-SL (1). Three of the
indices record théirlargest increase; values range from 0.51 to 10.55%.

The,différence and the variability in the indices make it difficult to determine what
exactyus happening toithé pavement surface in terms of roughness. Some indices may be
more sensitive,to pavement curling than others, while others are more sensitive to surface
texture oferacking. 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
Sawc day, the pavement temperature was recorded as high as 26.1° C (75" F). Tius would
suggest that the degree of curling in the pavemeﬁt 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
ménths, 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£ondition of
the pavement surface.

As of the October 2000 survey (PEBOCO00), there have begh four profilometer
surveys in the eastbound passing lane. A survey in this lane was not cédnducted in Spring
1999 because it had been closed to traffic. Figure 5.49 presents the profilemicter data as a
trendline, which plots all five indices versus time “Thlindices ate normalized so that the
scale is more representative. For each survey, every index is divided by its respective
original value (PEBJN98), bégause itfis assumed that theinitial condition of the pavement
surface 1s at 100% of its smoothness poatential. The foughness indices (MAYS, IRIrt,
IRIIf, and IRIbh) were in#ried to represeniia downward trend for deterioration. A
clearer understanding of the deterioration of the pavement surface can now be obtained.
All indices, with the exception of IRIrt, show a general decline in pavement smoothness.
1he IRt continues 10 sShow readings above its original profilometer value. Three of the
indices, MAN S, IRIM and IRIbh, seem to follow a similar trend, meaning if one index
increases slightly in roughness so do the others. The IRIrt and PSI, however, do not
follow Wid trend of the other indices. The former increases bct@cen June 1998 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 5.2§ (b). The Mays
Number, IRIIf, and IRIbh show small decreases in smoothness, while thesPSI and IRIrt
measure increases in smoothness. Observed percentage decreases for the MAYS; IRIIf,
and IRIbh are 0.88, 5.25, and 1.07%, respectively. Percentagenimereases for the PSI and
IRIrt indices are 0.61 and 3.05%, respectively.

The Techstar W-050 (5) section displays the largest decrease i smoothness as
every index shows its largest decz@ase heren, All of the roughness indices (MAY'S, IRIIf,
IRIrt, and IRIbh) record changes above 3%, the PSI fecords a change of only 1.96%.

. This section, along with Crafed 903:SL (3), has somé of the largest decreases in
smoothness in both of the eastbound lanesy, The section sealed with Crafco 902 (1) shows
the largest increasglin smoothness, All indices but the IRIIf record their largest increase in
this section. Values range ffom 2.90% in the PSI to 13.66% in the IRIrt.

AS of the Ogtober 2000 survey, five profilometer surveys have been completed in
the eastbound driving lane. The overall proﬁlometef readings from each of these surveys
are plotted versus time in Figure 5.50. The IRIrt ind%ax increases in smoothness initially, as
it also does 1n the eastbound passing lane (Figure 5.4}9); all other indices show gradual
smoothness decreases. After its initial rise, the IRIrt‘ index follows the trend of the other
indices until the survey in March 2000, after which 1t increases in smoothness again while

most of the other indices decrease. Generally, the MAYS, PSI, IRIIf, 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 (PEBJNO01)

Table 5.26 (a) lists the percentage change of the profilometer data takenin the
eastbound passing lane from PEBOCO0 to PEBINO1. Overall, the pavement slirface 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, respectivelyl The section withihe
most deterioration is Dow 890-SL (1), which is located between Statiofis 266+00 and
272+00. Three of the five indices (MAYS, IRIrt, and IRIbh) produce theindiighest
percentage change in this section, with valucs ranging firom -0.96 to -6.93%. Recall,
during the previous survey this section had the largest increase i smoothness. Although
the pavement surface deteriofated mofe than any other géstion during this survey, the
sealants in this section have the largess increase in@ffectiveness. This and other examples
like it show the lack of cgirelation betweensealant deterioration and pavement surface
deterioration. Thedargest increase in gmoothness is located in the Crafco 903-SL (4)
section. which'had the largest deéfease during the previous survey. This section and Dow
890-8k.(1) show the gxtreme fluctuations in the profilometer data.

Over a spantef three years, five profilometer surveys have been collected in this
lanel Figure 5.51 plots these results normalized to their original profilometer reading.
The roughness indices (MAYS, IRIrt, IRIIf, and IRIbh) are inverted so that a downward
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. This 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 thaf 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 réading. The MAYS
and IRIIf, which have respective values of 70 and 64% currentlypare considerably lower
than the other indices. The PSI and IRIbh are just slightly dowai fromdtheir original
reading with values of 92 and 90%, respectively.

Table 5.26 (b) compares #lie, curreniyprofilometer readings to those from the
previous survey for the eastbound drivinig lane. Dow 890:SL (1), which is between
Stations 266+00 and@72+004€xhibits the largest degree of deterioration. Four of the five
indices (MAYS, IRIIf, IRIt, and IRIbh) show their largest percentage decrease in this
section. The decréases 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 hds the largestdéereasé in smoothness.

The section with the largest increase in smoothness is Crafco 903-SL (4), which is
betweenStations 206+00 and 213+00. All five scalies 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 passjng lane.

Figure 5.52 shows the long-term perfonnanc%e of the pavement surface. The

eastbound driving lane 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 ciffrent
survey (June 2001). The remaining International Roughness Indices (IRIIf, IRIst, and

IRIbh) decline after the March 2000 survey and continue to do so;

5.4.3 Profile Trends in the Eastbound Lanes as of October 2001 (PEBOC01)

Table 5.27 (a) lists the percentage cliange of the profilometer data taken in the
eastbound passing lane from PEBJNO1 to PEBOCOL, The average profile of the entire
passing lane in all five indices s inércased 1 8moothness since the previous survey.
Values range from 0.25% in the PSE 16,2.77% in the IRIrt. The Dow 890-SL (1) section
exhibits the largest decredse in smoothness, as it did in the previous survey. All five
indices measure theirlargest decrease in this section. Values are very similar in all indices
except for the PSE these valuesrange from -4.48 to -4.96%, whereas the PSI is -1.84%.
The Crafee 903-SL (4) section exhibits the largest increase in smoothness in all but one of
thetindices ARI1T). " Thissection had the largest increase during the previous survey as
well. "Although the surface in this section shows the largest improvement, the sealant has
thc largost decrease in éffectiveness (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 IRIrt 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 ar¢at71 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<8E#) has the largest
decrease in smoothness for this lane. Recall that the samé sectién 1n thié passing lane also
has the largest increase in smoothness. It is peculiar that two,identicdl adjacent sections
can behave so differently. The ddta were gallected on the same day for both traffic lanes
so curling and warping effects would b€ nearly identgical. It is unclear at this point why
there 1s such a discrepancy. Fhe Crafco 444 (1) section exhibits the largest increase in
smoothness for the driving lane. Four of the indices (MAYS, PSI, IRIrt, and IRIbh) show
their maximum valuesin'this section. Values range from 3.27 to 9.29% in the PSI and
MAYS, respeclively.

Figure 5.54 shews e long-term performance of the pavement surface by plotting
the results'@fithe past seven surveys, which is more than the other three lanes. Since
PEBOQGA, the profilometer values for all indices hajve remained relatively stable. All
indices except for IRIrt are below their original read?ngs. The IRIrt scale has risen to

102% in the current survey and is the only index to exhibit an increase in smoothness.
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5.4.4 Profile Trends in the Westbound Lanes as of October 2000 (PWBOC00)

The percentage changes for the westbound lanes from the previous survey to
PWBOCO0 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 scalé records the
highest change (11.08%). The other two IRI scales, IRIrt and IRIbh, record décreases of
2.65 and 6.73%, respectively. The PSI scale exhibits only a slightfincrease ifhsmoothness
(0.14%), while the MAYS measures a 6.91% decrease.

The unsealed section between Stations 284+00 and 290-+00 has theflargest
decrease in smoothness. Three of the five scales, PSL, IRHS, and IRIbh, 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 IRIrt record decreases of 5.42
and 4.49%, respectively.

The section with ghe largest increasein smoothness contains the self-leveling
sealant Crafco 90348L (1a), The Mays Number, IRIIf, and IRIbh record their highest
smoothness increéases in this seetion.” Values range from 2.13% in the PSI to 13.05% in
the IRIrt.

Figufe 5.55 i8aplot of the results of the three profilometer surveys versus time.
Verylittle can be ascertained because of the relatively short time span it covers. All of the
indices Werease in smoothness after the second survey and then decrease after the third.
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 survey than the
other lanes in both directions. All profilometer measurements average decreases in
smoothness. The highest of these is IRIIf, which has a 21.59% decrease, the MAYS and
IRTbh follow with decreases of 15.30 and 14.25%, respectively, and the IRIrt 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 290400
experienced the highest degree of surface deterioration. Allindies butthelRIlfs€cord
their largest value here. The MAYS and IRI scales have decreasés over' 30%, while the
PSI has only a 6.81% decrease.

The section containing Crafee 903,8k.(1a) has the highest increase in smoothness.
All of the indices, with the exception of IRIlf, show ihcreases. The highest value 1s found
in the IRIrt scale, whi¢h measutes an'8.96% increase in smoothness. The MAYS, PSI,
and IRIbh report increases of 1.40, 2.73,%and 2.75%, respectively. The IRIIf exhibits a
3.87% decrease indmoothness.

The trendlines for the four profilometer surveys to date are presented in Figure
5.56. Mllmeasurements,extept for the PSI scale, follow the same pattern and are
remarkably‘¢lbse to each other. The PSI scale, however, does not fluctuate very much.
All'sectibns declitie in smoothness after March 1999, increase after December 1999, and
fhen decline again after March 2000. The PSI is currently at 98% of its original value and

the remaining indices range from 79% to 85%.
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5.4.5 Profile Trends in the Westbound Lanes as of June 2001 (PWBJNO01)

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 increasés in
smoothness for all indices. The Delastic V-687 (5) section located between Stations
219+00 and 225+00 shows slightly more deterioration than the other sections, as
measured by the MAYS and IRIlf scales. The percentage changes af@=hig8 and 7,76,
respectively. Recall that this section has one of the best performiing sealants. {The section
with the largest increase in smoothness is more pronounced.\ Four of the fivelindices
(MAYS, PSI, IRIrt, and IRIbh) record theis largestipercentage ¢hange in the Techstar W-
050 (5) section. Values range from 6.28 to 29.32% in the PSI and MAY'S indices,
respectively. This section saw the largést deécrease 10 8ealant effectiveness over the past
two surveys, yet the pavement surface shows the largest increase in smoothness.

The westbound pas€ing lane has the fewest number of profilometer surveys
conducted on it due to Various constfliétion related reasons (Hawkins, 1999). It is
difficult to evaluate the long-term pérformance of this lane because only 1.5 years have
passed since its original survey. Figure 5.57 shows the results of the four surveys
conductedio date,

#Afler 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 apipear to be high. There is very little
variation between the MAYS and IRIbh scales, as wéll 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 thiee sections exhibit
some decrease in smoothness in any of the indices: Dow 890s8I(3), Crafeo 22141) and
Watson Bowman 812 (5). The latter section, located between Stationg@225+00 and
231+00, exhibits the largest degree of deterioration. :Three indices (MAYS, PSI, and
IRI1f) record small decreases of 035, 0.9 lgand 0.64‘%, respectively.

By far the largest increase in Si@ethness 15 1ound in the Techstar W-050 (5)
section. All five indiges record theinlargest smoothness increases in this section. The
percentages calculated 1n this section are more than twice the overall averages of the entire
project length. Inefeases in this section range from 6.24 to 31.18% and averages for the
entire pavement tange from1.88 t0'15.03%.

The results ofithe paét tive profilometer survéys are presented in Figure 5.58. The
wavy natureef these surveys is very apparent. Each large decline in smoothness is
followed by a nearly equal increase in smoothness. The PSI scale increases and decreases

as well, although not to the degree of the other scales. It is uncertain if these fluctuations

are attributable to seasonal temperature changes. Pavement temperatures can vary widely
during a day. Recall that during the WBOCOO survey, pavement temperatures ranged

from 1.1 to 21.7° C (34 to 71° F).
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5.4.6 Profile Trends in the Westbound Lanes as of October 2001 (PWBOC01)

Table 5.30 (a) lists the percentage changes in the westbound passing lane from the
previous survey. Generally, this lane has decreased slightly in surface smoothness. Four
- ofthe five indices suggest a decline, while the IRIrt shows an increase. Valuesrange from
-2.64 in the MAYS to 1.03 in the IRIrt. The section with the largest decreasedn
smoothness is Techstar W-050 (5). Three indices (MAYS, IRIrt, and IRIbh) show their
largest decrease in this scction; values range from -2.06 (PSI) to -16.20% (MAYS). The
Crafco 903-SL (1a) section has the largest increase in smoothness; alldndices'except for
the IRIIf scale measure their largest gain. Increases range from 0.84 t36:73% 1n the IRIIf
and IRIrt, respectively.

The five profilometer surveys to date are shown in Figure 5.59. All five indices
remain above their original ¥alue and all but One declinéd during this current survey, which
follows the up-and-down pattern that has been ob&efyed to date.

Table 5.30 (b) ligf§ the percentage ehanges for the driving lane. This lane has
decreased in smoathness much more than the other three lanes. Values range from
-2.22% in the®81 to -14.06% IHE IR1If. The largest decrease in smoothness is found in
the Techstar W-050(8),section. During the previous survey, this section exhibited the
18F8est incrgasein srhoothness, which would suggest that cyclic curling and warping
conditions existed in the pavement slab. The indices range in value from -3.28 (PSI) to -
27.75% (RTIf). Dow 890-SL (3) exhibits the largest increase in smoothness; 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. Asin
the passing lane, the wavy nature of the surveys are apparent but to a larger degree. All
five indices decreased in smoothness during this survey, yet during the previous survey all

five increased. This pattern is repeated throughout the life of the pa t, which would

suggest cyclic warping and curling effects as postulated for the passi
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Table 5.4 Effectiveness rankings for westbound lane treatments after the WBOCO00 survey

Sealant Type Description \%Bﬁggo % Eff Rank \?B%féglo % Eff Rank |% Deterioration Dlzzgi(o(r’;:?/(gm
Crafco 903-SL (1a) 95.0 (VG) 7 97.8(VQ) 5 -2.8 11
Crafco 903-SL (1b) 76.7(F) 11 78.9 (F) 10 =2.2 9
Crafco 903-SL (4) 88.6 (G) 9 90.8 (VG) 9 -2.2 9
Silicone Dow 890-SL (3) 99.4 (VG) 99.7 (VG) -0.3 6
Dow 890-SL (1) 98.1 (VG) 4 97.2 (VG) 6 0.9 5
Dow 890-SL (4) 86.1 (G) 10 56.7 (P) 11 29.4 2
Dow 888 (1a) 99.2 (WG) 3 96.4 (VG) 2.8 4
Dow 888 (1b) 97.8 (VG) 5 98.3 (VG) 4 -0.5 8
Crafco 221 (1) 49.7 (VP) 13 46.1 (VP) 12 3.6 3
Hot-Applied
Crafco 444 (1) 89.2006) 8 96.1 (VG) 8 -6.9 13
Delastic V-687 (5) [| 95.6(VG) J6 © 98.6 (VG) 3 -3.0 12
Compression |Watson Bowman@12 (5){ 99.7 (VG) 1 100.0 (VG) 1 -0.3 6
Techstar W-050 (5) 69.7 (F) 12 26.7 (VP) 13 43.0 1
Rating Overall Effectiveness Level, %
Very Good (VG) 90 to 100
Good (G) 80.0to 89.9
Fair (F) 65.0t0 79.9
Poor (P) 50.0to 64.9
Very Poor (VP) 0t049.9
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Table 5.5 Effectiveness rankings for westbound lane treatments during the WBJNOI survey

Sealant Type Description \;f’B]g{?l(;lO % Eff Rank :{;’;}ﬁg} % Eff Rank [% Deterioration D%f;;o(:;;/in
Crafco 903-SL (1a) 97.8 (VG) 5 96.1 (VG) 8 1.7 3
Crafco 903-SL (1b) 78.9 (F) 10 78.6 (F) 11 03 5
Crafco 903-SL (4) 90.8 (VG) 9 95.8 (VG) -3:0 11
Silicone Dow 890-SL (3) 99.7 (VG) 2 97.8 (VG) 6 1.9
Dow 890-SL (1) 97.2 (VG) 6 96.7 (VG) 7 0.6 4
Dow 890-SL (4) 56.7 (P) 11 79.2 (F) 10 -22.5 13
Dow 888 (1a) 96.4 (VG) 99.7.(VG) 1 -33 10
Dow 888 (1b) 98.3 (WG) 4 98.1(VS) 4 0.2 7
Crafco 221 (1) 46.1 (VP) 12 57.8 (P) 12 -11.7 12
Hot-Applied
Crafco 444 (1) 96.1 (VG) 8 98.1(VG) 4 -1.9 9
Delastic V-687 (5) 98.6 (VG) 3 99.7 (VG) 2 -1.1
Compression {Watson Bowman 812 (5)| /100.0 (VG) 1" 99.7 (VG) 2 03 5
Techstar W-050 (5) 26,7 (VP) 13 14.2 (VP) 13 12.5 1
Rating Overall Effectiveness Level, %
Very Good (VG) 90 to 100
Good (G} 80.0 to 89.9
Fair (F) 65.0t0 79.9
Poor (P) 50.0 to 64.9
Very Poor (VP) 0t049.9
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Table 5.7 EBOCO00 survey of transverse cracks in the eastbound lanes

Sealant Material No. of . Transverse | % Slabs
(Joint Configuration) Slabs Stations Cracks Cracked M

jiCrafco 903-SL (1) 28 188+00 - 194+00 2 7.1 13
Crafco 903-SL (4) 32 206+00 - 213400 2 6.3 15
Dow 890-SL (3) 28 166+00 - 172+00 2 7.1 13
Dow 890-SL (4) 28 213+00 - 219+00 8 28.6 7

Dow 890-SL (1) 27 266+00 - 272+00 8 29.6 6

Crafco 902 (1) 28 200+00 - 206+00 9 324 4

Dow 888 (la) 56 272400 - 284+00 27 48.2 1

Dow 888 (1b) 28 284+00 - 290+00 7 25.0 9

Crafco 221 (1) 28 260+00 - 266+00 9 32.1 4
Crafco 444 (1) 75 172+00 - 188+00 7 9.3 12
Delastic V-687 (5) 28 225+00 - 231+00 3 10.7 11
Watson Bowman 687 (5) 26 194+00 - 200+00 9 34.6 3

Techstar W-050 (5) 28 154+00.- 160+00 6 21.4 10
INo Sealant (2) 27 219+00 - 225400 13 48.1 2

No Sealant (6) 28 160+00 - 166400 8 28.6 7
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Table 5.8 EBOCO0 survey of corner breaks in the eastbound lanes

Sealant Material

No. of

Corner

% Slabs

(Joint Configuration) Slabs Stations Breaks Cracked Rank
Crafco 903-SL (1) 28 188+00 - 194+00 0 0.0 3
Crafco 903-SL (4) 32 206+00 - 213+00 0 0.0 2
Dow 890-SL (3) 28 166+00 - 172+00 0 0.0 3
Dow 890-SL (4) 28 213+00 - 219+00 0 0.0 3
Dow 890-SL (1) 27 266+00 - 272+00 0 0.0 3
Crafco 902 (1) 28 200+00 - 206+00 0 0.0 3
Dow 888 (1a) 56 272400 - 284400 0 0.0 3
Dow 888 (1b) 28 284+00 - 290+00 0 0.0 3
Crafco 221 (1) 28 260-+00 - 266+00 0 0.0 3
Crafco 444 (1) 75 172+00 - 188+00 0 0.0 3
Delastic V-687 (5) 28 225+00 - 231+00 0 0.0 3
Watson Bowman 687 (5) 26 194+00 - 200+00 0 0.0 3
Techstar W-050 (5) 28 154+00 -460+00 2 7.1 2
No Sealant (2) 27 219+00 - 225+00 6 22.2 1
No Sealant (6) 28 160+00,- 166+00 0 0.0 3
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Table 5.9 EBOCO0 survey of observed spalling in the eastbound lanes

Fall '00 | Fall '00 | Increase | {nérease
Sealant Stations (ft) Rank (ft) _ Rank

Crafco 903-SL (1) 188+00 - 194+00 0.2 4 0.2 1

Crafco 903-SL (4) 206+00 - 213+00 0 7 -0.7 15

Dow 890-SL (3) 166+00 - 172+00 0.5 2 -0.3 11

| Silicone Dow 890-SL (4) 213+00 - 219+00 0 7 0 2
Dow 890-SL (1) 266+00 - 272