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ClIAPI'ER 1 INIRXlJCI'ICN 

A major national field and analytical study has been conducted into the 
effect of various design features on the perfonnance of jointed concrete 
pavements, and also into selected structural overlay rehabilitation 
techniques. '!his first report from the study documents the field perfo:anance 
of 95 concrete pavement sections. In addition, observations are made 
regarcli.n;;J the effects of various design features on concrete pavement 
perfo:anance. 

1. 0~ 

'!he overall objectives for this research study are to: 

o Evaluate the perfonnance of different jointed concrete pavement design 
features on inplace pavement sections urrler sill'lilar environmental and 
traffic loading corxlitions. Relate the observed distress to the 
probable cause to allow valid analysis of the data. 

o Detennine. the adequacy of available m:x:lels and design procedures to 
predict the performance of inplace pavement sections. Estilllate the 
expected perfonnance periods of recently constructed projects 
incorporating improved design features that provide improved drainage 
and reduced deflections. Detennine the cost-effectiveness of these 
features. 

o Ilrprove the analysis and design procedures and guidance for the design 
of jointed concrete pavements to reflect the effects of sealing, 
drainage, and deflection on pavement performance. 

o Develop improved design and construction procedures for the following 
structural overlay techniques: (a) thin bonded portland cement concrete 
(PCC) overlays, (b) crack and seat and asphalt concrete (AC) overlay, 
and (c) sawing and sealing joints in AC overlays over existing PCC 
joints. 

o Develop guidance on how to determine the irost appropriate structural 
overlay technique(s) so the cost-effectiveness can be compared with 
other strategies (i.e., concrete pavement restoration, unbonded 
overlays, or reconstruct/recycle). 

It is noted that the overall project objectives cover not only the 
evaluation of concrete pavement perfonnance, but also specific structural 
overlay techniques for the rehabilitation of concrete pavements. 

'!his report addresses a major portion of the first objective of the 
study. Nurrerous observations and preli.minacy conclusions regarding the 
effects of design features on concrete pavements are presented in this 
report. Volume II in this series of reports presents extensive analytical 
studies that have been conducted to further detennine detailed causes of 
distress and to evaluate and improve predictive distress models. 
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'There have been numerous experimental concrete pavements constnicte::i in 
the U.S. since the 1960's that are of sufficient age and level of traffic to 
provide some very significant insights as to their perfontE11ce. Many of 
these pavements were constructed to eVcJ.luate the effect of one or several 
design features on perfo:nnance. It ,ras l:eLieve::i that there existed valuable 
inservice pavement infonr.::l.tion from tl·,2::.::c sections that could re use::i for 
improving concrete pavement design and cc1 \St.ruction procedures. 

To fulfill the research objectives, the first aspect of the study 
involved the identification of candidate concrete sections. Once identifie=l, 
those sections most likely to provide valuable insir;ht into concrete paverent 
perfonnance were selected. sixteen experimental projects totaling 80 
sections were ultirrately selected, along with 15 other sections not part of 
any experiment for a total of 95 concrete pavement sections. 'These sections 
included beth jointed reinforced and jointed plain designs and were the 
subject of carrprehensive con::lition surveys in 1987. Fifty-five rehabilitato:1 
concrete sections were also selected and surveyed in 1988. The following 
types of infonnation were collected for all pavement sections in the study: 

o Visible distress (cracking, faulting, joint spalling I etc. ) . 
o Drainage survey. 
o Roughness (Mays Meter) and Present serviceability :Rating (PSR). 
o Deflections (Falling Weight Deflectometer). 
o Fhotcgraphs. 
o Cores of concrete slab and base and borings of subgrade. 
o Laboratory tests of concrete strength and base and subgrade 

rraterials. 
o Traffic (voltnnes, axle weights from weigh-in-motion and W-4 

tables). 
o Clirratic infonnation. 
o Past rraintenance and rehabilitation data. 

'Ihis data was entered into a comprehensive microcomputer database that 
was developed exclusively for this study. 'Ihe database was carefully 
reviewed, verified and cleaned of data errors. Infon1E.tion can re easily 
extracted from this database to analyze rrany aspects of concrete pavement 
perfonnance. 

After the field data collection activities, the perfontE11ce data of 
each section and of each group of experimental sections was documente::i and 
carefully analyzed. Many interesting and significant results were obtained 
from the initial performance analysis presented in this report. These 
include the documentation of the effects of the following design variables on 
perfonnance: slab thickness, base type, subdrainage, traffic loadings, 
clirrate, joint spacing, dowels and other mechanical devices, joint skewing 
and shoulders. 'Ihe analytical evaluations presented in volt.rrne II has 
utilized these initial results and ~ed upon them. 
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3. ~ OJ,· REroRI' 

01apter 2 provides a brief description of the pavement sections in the 
database arrl a general overview of the work effort performe:i on each 
section. Olapter 3 gives a summacy evaluation of the perfomance of each of 
the major ©:perimental projects arrl selected other single sections. An 
overall evaluation of performmce results is given in chapter 4, follcwe:l. by 
conclusions arrl recamnerrlations in chapter 5. Olapter 6 provides a listirq 
of various research reports that discuss, in much greater detail, the design, 
constn.iction, arrl performmce of the pavement sections include:l. in this 
study. 

Infonnation provide:l. in separate volumes are cite:l. frequently 
throughout this report. Volume IV provides detaile:l. si.nnmary reports 
documentirq the design arrl perf ormmce of the ©:perimental arrl selected 
single sections. Also include:l. in this volume are a collection of Sl.lil1m::lIY 
tables providin:; a listing of all pavement sections with pertinent design and 
perf onnance data in tabular fonnat. 

Volume V contains doa.nnentation of data collection arrl analysis 
procedures. Include:l. in this apperrlix are discussions of field data 
collection procedures, weigh-in-m::ition (WIM) data collection activities, 
traffic loadin:; (18-kip [80 kN] equivalent single-axle load [ESAL]) 
estimation procedures, the drainage evaluation, the backcalculation 
methodology, arrl a description of the database. An annotate:l. bibliography of 
key references for jointe:l. concrete pavements is also provide:l.. 
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rnAPI'ER 2 DESaUPI'ICN OF ffiUJECI'S IN S'IUIJY 

1. INIRXIJCI'ICN 

In order to perfonn an evaluation of concrete pavement design features, 
every attempt was made to select experbnental projects for inclusion in this 
study. 'Ihese are projects, located all over the country, in which State 
OOI''s have made a concerted effort to investigate the -perfonnance of design 
features not typical of their concrete pavement designs of the tirne. 'Ihese 
experimental projects, constni.cted over the past 20 years, have allowed 
investigators to study the effect of a feature or a set of features on 
concrete pavement -perfo:rnance. 'This task of feature evaluation is made 
easier because at each project location these experbnental projects have two 
key variables, traffic and environment, that may be treated as constants. 
Figure 1 shows the States and provinces that participated in the study. 

While the overall emphasis was to include experbnental concrete 
pavement sections in the study, there were many single pavement sections that 
were also included. Some of these sections were relatively new and were 
included because they incorporated a unique design feature, such as widened 
lanes or penneable base courses. other single pavement sections were 
included because they were exhibiting either very good or very p::or 
perfo:rnance and it was felt that much could be learned from their different 
perfonnance levels. 

'Ihis chapter consists of two parts. Presented first are descriptions 
of the projects included in this study. '!he inforn.ation presented is 
intended. to provide a general overview of the different pavement sections 
which were evaluated. 'Ihe sections are grouped by climatic zone, which is 
the overall level of differentiation among projects. 'Ihe results of the 
evaluation of these sections is presented in chapter 3. A much more detailed 
presentation of the design and analysis of each individual project is found 
in volume IV. 

'Ihe data included here for each project is background information on 
the experimental designs and some of the older sections. It includes the 
location and date of constni.ction of the sections, the variables which were 
evaluated., and those notable design parameters which were held constant for 
all sections. 'Ihe most recent two-way average daily traffic (ADI') and 
:percent of heavy truck traffic are also given for all sections. Volume IV 
provides a complete listing of the design information for each project, as 
previously in:licated. 

Also of interest in this section are the design rratrices or 
experimental layouts for each of the experimental projects. 'This method of 
presenting the data clearly shows which variables' effects can be isolated 
and directly studied and which variables are confounded by the effects of 
other changes. For any variable's effect to be directly studied, all other 
variables must be held constant while the variable is changed over its 
range. A s.inple exanple would be comparing the effect on perfonnance of 
dowels by constructing a doweled and a non:loweled pavement section. However, 
this effect would be confounded if, for exanple, all doweled joints were 
perperrlicular and all nondoweled joints were skewed. 
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Figure 1. States and Provinces participating in study. 



'Ihe second part of this chapter describes the general work effort 
perfonre::J. on each section. The data collection was an enormous effort 
imrolving close cooperation between personnel from state agencies, other 
researchers, the FHWA, and imrestigators on this project. Voll.Ill\e V presents 
a complete and detailed description of the field data collection activities. 

2. DESCfilPI'IOO OF EXPERIMENrAL AND SINGIE PAVEMENI' SECITCNS 

A description of the pavement sections included in the study follows. 
As previously mentioned, this infonnation is presented by enviroTh'Tleiltal zone. 

Dry-Freeze Environrrental Region 

Minnesota 1 

The experimental project at I-94 near Rothsay, Minnesota was 
constructed in 1970 to evaluate the effect of base type, slab thickness and 
load transfer on concrete pavement perfonnance. The variables included 
aggregate (AGG), asphalt-treated (ATB), and cement-treated (CTB) bases; s
and 9-in (203 and 229 mm) slabs; and dcweled and nondoweled joints. This is 
shown in the full factorial design matrix in figure 2. As part of this 
project, MN 5, a nearby pavement typical of Minnesota's design in the 1960's, 
was also included. 

common to all of the designs is a JRCP slab and an A-6 subgrade. 
Sections 1-1, 1-3, 1-9, and 1-11 had tied and doweled concrete shoulders 
added in 1984, In 1986, the ADI' was approximately 5000 vehicles per day, 
with 21 percent trucks. 

Minnesota 2 

A second experimental project in Minnesota was located on I-90, near 
Albert I.ea. These sections were constructed in 1977 in order to evaluate the 
effects of pavement type, tied concrete shoulders, and slab thickness on 
pavement perfonnance. All sections were constructed on an aggregate base 
course and an AASHIO A-6 subgrade soil; the sections were all doweled except 
the inner lanes of 2-1 and 2-2. The 1986 ADJ' was approximately 3900, of 
which 20 percent were trucks. The setup of the experiIDent is shown figure 3. 

Minnesota 3 

'Ibis single pavement section, constructed in 1984, is located on I-90 
in Austin. It was selected for inclusion in the study because it was 
constructed with widened outside lanes. The pavement slab is a 9-in (229 mm) 
JRCP with 27-ft (8. 2 rn) skewed joints that rests on an aggregate base and an 
AASHIO A-4 subgrade. 'Ihe 1987 two-way ADI' was approximately 10,600, 
including 15 percent trucks. 

Minnesota 4 

Minnesota 4 is a single pavement section located on Trunk Highway 15 
near Nev, Ulm that was built in 1986. This project was included in the study 
because it was constructed with widened outside lanes. The pavement is a 
7.5-in (191 mm)~ constructed over an aggregate base course. 'Ihe subgrade 
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8 in JRCP 9 in JRCP 

No load load No load load 
Transfer Transfer Transfer Transfer 

AGG MN 1-3 MN 1-4 MN 1-1 MN 1-2 

27 ft 
ATB MN 1-5 MN 1-6 MN 1-7 MN 1-8 

Joints 

CTB MN 1-11 MN 1-12 MN 1-9 MN 1-10 

40 ft 
AGG MN 5 

Joints 

Figure 2. Experimental design matrix for Minnesota 1. 

8 in Slab 9 in Slab 

FCC AC 

I 
FCC 

Shoulder Shoulder Shoulder 

JFCP 
13-16-14-19 ft MN 2-2 MN 2-1 

Joints 

JRCP MN 2-3 
27 ft MN 2-4 
Joints 

Note: All sections constructed on an aggregate base. 
All sections are doweled except for the inner 
lanes of 2-1 and 2-2. 

Figure 3. Experimental design matrix for Minnesota 2. 
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for the project is an AASHIO A-2-6 material. '!he 1987 two-way ADI' was 
approxilnately 2900, which includes 13 .5 percent trucks. 

Minnesota 6 

Minnesota 6 is a single paverrent section located on Trunk Highway 15 
near Tnnnan. Built in 1983, this project was included. in the study because 
it contains a permeable asphalt-treated base (PATB) course and it was 
constructed with widened outside lanes. '!he pavement is an 8-in (203 rrnn) 
JRCP constructed on an AASHIO A-2-4 subgrade. '!he 1987 two-way ADI' was 
approxilnately 3900 vehicles per day, -which includes 17 percent trucks. 

Dry-Nonfreeze Environmental Region 

Arizona 1 

Experilnental pavement sections were constructed over a number of years 
in the 1970's on state Route 360 in Fhoenix, Arizona. These different 
sections incorporated a number of features and are surmnarized in figure 4. 

All of the sections had nondoweled, random, and skewed transverse 
joints. 'Ihe subgrade varied. from an AASH'IO A-4 to an A-6. However, these 
sections were not only constructed at different times, they are also located 
a considerable distance from each other. 'Ihe AIJr for these sections ranges 
from about 75,300 to 118,600 vehicles per day, with about 3 percent trucks. 

Arizona 2 

'!his single pavement section is located on I-10 near Phoenix. Built in 
1983, it was included in the study because it represents one of the few JK:P 
sections in the dry climate that incorporates dowel bars in its design. 'Ihe 
pavement consists of 10 in (254 rrnn) slabs over a lean concrete base (I..cB) 
course; the subgrade is an MSH'IO A-6 material. 'Ihe 1987 ADI' for this 
section is about 50,000 vehicles per day, of -which 9 percent are trucks. 

california 1 

A set of experilnental sections was constructed on I-5 near Tracy, 
california in 1971. Four different designs were constructed to study the 
effect of slab thickness, joint spacing, and base type on pavement 
performance. One section was constructed with high-strength concrete. All 
of the sections had JPCP slabs and norrloweled, skewed. and nonsealed 
transverse joints. 'lhe subgrade soils ranged from an MSH'IO A-1-a to an 
A-2-4. 'lhe ADr in 1987 was 12,000 vehicles per day, including 19 percent 
trucks. 'lhe experilnental matrix for this project is shown in figure 5. 

california 2 

In 1980, california constructed two different designs on I-210 near Los 
Angeles. 'lhe only variable considered was base type and permeability; one 
section contained a penneable cerrent-treated base (R:l'B) , while the other 
section had a nonpenne.able cement-treated base. However, for the permeable 
base section, it should be p:)inted out that a thin layer of asphalt concrete 
was placed betw~ the slab and the base, thus altering its drainage 
characteristics. 
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No E.dge Drains E.dge Drains 

AC I K'C K'C 
Shoulder Shoulder Shoulder 

CTB AZ, 1-1 
9 in 

JICP 
I.CB AZ, 1-6 AZ, 1-7 

11 in No 
Base AZ, 1-5 

JICP 

13 in No AZ, 1-2 
Base 

JICP AZ, 1-4 

Note: All sections had skewed, norrloweled joints spaced 
at 13-15-17-15 ft intel:vals. 

Figure 4. Experimental design matrix for Arizona 1. 
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Norrral 

Str~ 

Concrete 

High 
Str~ 
Concrete 

CTB 

LCB 

LCB 

12-13-19-18 ft Joints 5-8-11-7 ft Jts 

8.4 in 
JK:P 

CA 1-3 

CA 1-7 

CA 1-9 

11.4 in 
JK:P 

CA 1-5 

8.4 in 
JR::P 

CA 1-1 

Figure 5. Experimental design matrix for california 1. 

8.4 in 
JIU> 

BASE TYPE 

Cense AC/ 
FCIB CTB 

CA 2-2 CA 2-3 

Note: All sections are nondoweled. and have 
12-13-19-18 ft joint spacing. 

Figure 6. Experimental design matrix for california 2. 
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Common to both sections were an 8.4-in (213 mm) JPCP slab and random, 
skewed, and nor-doweled transverse joints. 'Ihe subgrade soil was an AASHIO 
A-4. 'Ihe Am' in 1985 was approxiniately 42,000 vehicles per day, with 9 
percent trucks. 'Ihe design matrix for the project is shown in figure 6. 
Direct ccmparisons are possible for the two different base types. 

california 6 

Constructed in 1980, this single section is l=ated on Route 14 in the 
greater IDs Angeles area. 'Ihis section was originally included because it 
was constructed with a penneable asphalt-treated base course. However, 
on-site coring and boring revealed that it actually had a lean concrete 
base. Nevertheless, this 9-in (229 mm) JPCP section was retained in the 
study. 'Ihe 1987 two-way ADI' for this section is 46,000 vehicles per day, 
including 9 percent trucks. 

California 7 

'Ihis single section is included because it is one of the earliest 
:~rejects utilizing california' s new drainage design. It was constructed in 
1979 on I-5 near Sacramento. 'Ihis design included a 10.2-in (259 mm) JPCP 
slab placed on a cement-treated base. 'Ihe joints were randomly-spaced and 
:;;kewed, and contain no dowels. 'Ihe AASHTO A-7 subgrade was lime-stabilized 
to a depth of 5.4 in (137 mm). Traffic records for the section show a 1985 
ADI' of 20,000 vehicles per day, including 22 percent trucks. 

California 8 

'Ibis 10.2-in (259 mm) JPCP section was included in the study because it 
,,;as constructed with widened outside lanes. Built in 1983 on U.S. 101 near 
Los Angeles, the slab rests on an asphalt-treated base course and an AASHID 
11,.-7 subgrade material. 'Ihe pavement has skewed, random joints and contains 
:Longitudinal edge drains. Traffic records for the section show a 1987 Am' of 
135,000 vehicles per day, including 7 percent trucks. 

Wet-Freeze Erwironmental Region 

Michigan 1 

An experimental project was constructed on U.S. 10 at Clare, MI in 
1975. It includes the following variables: jointed plain and jointed 
reinforced concrete pavements 9 in (229 mm) thick; random joint spacing and 
long-jointed design; three different base types; skewed and nonskewed joints; 
doweled and nor-doweled sections; and drained and nondrained sections. 'Ihe 
drains were actually French drains retrofitted in 1981, but they still allow 
for a ccmparison of drained and nondrained sections. 'Ihe sutgrade for all 
s:ections was A-2-4. 'Ihe average daily traffic on this section in 1987 was 
:;100 vehicles, with 8 percent trucks. 

Twenty-five sections were constructed, representing 8 different 
designs. The selected sections are shown in the design matrix in figure 7. 
'Ihls design matrix represents an unbalanced experimental layout, in which 
cnly the effect of drainage is isolated. However, comparisons can be made 
l:ebveen different, design types. 
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Drained Nondrained 

Skewed 
I 

Nonskewed Skewed 

I 
Nonskewed 

Joints Joints Joints Joints 

No load 
I 

load No load 
I 

load 
Transfer Transfer Transfer Transfer 

12-13-17-16 ft 
Joints Afr, MI l-7a MI l-7b 

JPCP 

12-13-19-18 ft 
Joints PATB MI l-4a 

JPCP 

12-13-19-18 ft 
Joints ATB MI 1-lOa MI 1-lOb 

JPCP MI 1-25 

71. 2 ft Joints 
Afr, MI 1-la MI 1-lb 

JRCP 

Note: All sections have 9 in slabs, full-depth AC shoulders, and include 
a 10 in sand subbase. 

Figure 7. Experimental design matrix for Michigan 1. 

9 in 
JRCP 

71 ft Joints 

K'C 
Shoulder 

MI 4-1 

AC 
Shoulder 

MI 4-2 

Figure 8. Experimental design matrix for Michigan 4. 
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Michigan 3 

'lhis sin;:rle section, located on I-94 near M3.rshall, was constructed in 
1986 usin;:J recycled a~egate. It was included in the study because of its 
penneable aggregate base course arx:1 its tied, reinforced concrete shoulders. 
Ihe pavement is a 10-in (254 mm) JPCP with 41-ft (U.5 m) joints. '!he 
pavement was constructed on an MSHro A-2-4 subgrade material. '!he 1986 
two-way ADI' was 31,300 vehicles per day, which includes 22 percent trucks. 

Michigan 4 

A project located on I-69 near Olarlotte, Michigan was constructed in 
1971 to study the effect of different aspialt arx:1 concrete shoulder designs. 
Cannron to both sections was the doweled 9-in (229 mm) JRCP slab with 71.2-ft 
(21. 7 rn) joint spacin;:J. '!he base was an aggregate layer over a 10-in (254 

imn) sarx:1 subbase an:i an AASHro A-4 subgrade. '!he 1987 ADI' an:i percent trucks 
were 13, 700 an:i 11 percent, respectively. Direct comparisons can be made for 
1:he shoulder type, as shown in figure 8. 

Michigan 5 

'!his sin;:Jle section was constructed in 1984 usin;:J recycled aggregate. 
Located on I-94 near Paw Paw, this section was selecte::l because of its 
penneable aggregate base course an:l tied, nonreinforced concrete shoulders. 
::he JRCP slab is 10 in (254 mm) thick with 41 ft (12.5 m) joint spacin;:J. 'Ihe 
subgrade for the project was an MSHro A-2-4 material. '!he 1986 two-way ADI' 
,.ias 19, 300 vehicles per day, includin;:J 20 p:!rCEmt trucks. 

New' York 1 

Route 23 between catskill an:i ca.ire, New' York, is the site of an 
e~imental project constructed in 1968. '!he variables included in this 
project are load transfer, skewed an:i nonskewed joints, base type, two joint 
E;pacin;:Js, arx:1 JPCP an:i JRCP. All slabs were 9 in (229 mm) thick an:i the load 
transfer devices were ACNE two-part malleable iron load transfer devices. 
'lhe subgrade varied fran an A-1-a to an A-2-4. 'Ibe 1987 ADI' was 7250 
vehicles arx:110 p:!rCeilt trucks. 

Eight different designs were constructed an:l, with replicates, there 
were a total of 30 sections. '!he sections selected for this project are 
sham in figure 9. As can be seen, this is not a canplete factorial design 
cf this experilllent. Hawever, several direct comparisons can be made, 
followin;:J along the filled boxes either vertically or horizontally. 

New' York 2 

In 1975, an experimental project was constructed on I-88 near otego. 
'Ihe design variables include joint spacin;:J, shoulder type, an::l slab type. 
Also, portions of the longitudinal lane-shoulder joint were not sealed to 
detennine the effect of joint sealirg on pavement perfonnance. All slabs are 
9 in (229 mm) thick arrl have epoxy-coated I-beams for load transfer. 
l1qgnigate bases are CC11111Dn to all sections, as is the A-1-a subgrade. '!he 
1987 ADI' was 8,500 vehicles, with 10 percent trucks. '!he experimental layout 
of this project is shown in figure 10. 
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20 ft Joints 

JFCP 

61 ft Joints 

JRCP 

AGG 

ATB 

AGG 

ATB 

Nonskewed Joints 

I.oad I No I.oad 
Transfer Transfer 

NY 1-8 

NY 1-1 NY l-8a 

NY 1-4 

NY 1-3 

Note: All sections have 9 in slabs. 

Skewed Joints 

No I.oad 
Transfer 

NY l-8b 

Figure 9. Experimental design matrix for New York 1. 

20 ft Joints 
Sealed 
JIU> 

20 ft Joints 
Nonsealed 

JFCP 

26. 7 ft Joints 

JFCP 

63.5 ft Joints 

JRCP 

PX 
Shoulder 

NY 2-3 

NY 2-9 

NY 2-11 

AC 
Shoulder 

NY 2-15 

Note: All sections have 9 in slabs. 

Figure 10. Experimental design matrix for New York 2. 
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Ohio 1 

An experimental project was constructed on U.S. 23, near Chillicothe, 
Ohio, in 1973. Two base types, two joint spacings, and coated and noncoated 
dowel bars were evaluated in this project. All slabs were 9 in (229 mm) 
thick. The sul:;grade ranged from an A-4 to an A-6. The 1986 ADI' was 12,300 
vehicles, of which 12 percent were trucks. 

The experimental design is sho.m in figure 11. Several effects are 
isolated in this design, including the effect of base type, joint spacing, 
and dowel coating. 

Ohio 2 

In 1974, an experimental project was constructed in northern Ohio, on 
State Route 2 near Vennilion, in order to study the factors that influence 
the development of "D" cracking. For this study, two sections were 
selected. They were both 15-in (381 mm) nondoweled JRCP slabs with 20-ft 
(6.1 m) joint spacing constructed on an A-4 subgrade. The 1984 average ADr 
at this site was 12,700 vehicles per day, with 16 percent trucks. The 
reduced design matrix for this design is shown in figure 12. 

Ontario 1 

An experimental project was constructed on Highway 3N near Windsor, 
Ontario, in 1982. Each lane of this two-lane highway was sunreyed. This 
project includes variations in base type, slab thickness, shoulder type, and 
surface textures on pavement perforniance. Four sections containing these 
variations were selected for this project. Each of the sections had randor:i, 
skewed joint spacing, sutdrainage, and an AASHID A-7-6 subgrade. The 1987 
AIJr was 5400 vehicles per day, including 13 percent trucks. 

'Ihe experimental design matrix for this project is shovm in figure 13. 
As can be seen, a comparison of design features is not readily made. 
Ho;,,ever, design types may be compared. 

Ontario 2 

This single section, located on Highway 427 in Toronto, was constructed 
in 1971. I..oc:ated in a heavily-trafficked part of the city, the highway has 
11 total lanes with an ADI' of approximately 228,400 vehicles per day, 
including 10 percent trucks. 'Ihis older section is included as an exarrple of 
a high volume pavement incorporating several different design features. The 
9-in (229 mm) JFCP slab is constructed on a 6-in (152 mm) cement-treated 
base. The transverse joints are randomly-spaced, skewed, and contain 
do;,,els. longitudinal edge drains were added in 1982. 

Pennsylvania 1 

An experilllental project consisting of bases of varying permeabilities 
was constructed on Routes 66 and 422 near Kittanning, Pennsylvania. These 
sections, built in 1980, were placed in both directions of a divided 
roadway. A control section utilizing Pennsylvania's conventional aggregate 
base design, was_constructed in four different locations. 
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Standard 
21 ft Joints Dowels 

JRCP Plastic-
Coated 
Dowels 

Standard 
40 ft Joints Dowels 

JRCP Plastic-
Coated 
Dowels 

Aggregate Base 

OH 1-10 

OH 1-6 

OH 1-1 
OH 1-9 

OH 1-7 

Note: All sections contain 9 in slabs. 

Bituminous Ease 

OH 1-3 

OH 1-4 

--------------------

Figure 11. D<perimental design matrix for Ohio 1. 

20 ft Joints 
No Dowels 

15 inJK:P 

AC 
Shoulder 

OH 2-33b 

PCC 
Shoulder 

OH 2-33a 

Figure 12. D<perimental design matrix for Ohio 2. 
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AC Shoulder PCC Shoulder 

a in JFCP I 12 in JFCP 7 in JFCP I a in JFCP 

PATB ON!' 1-2 

I.CB ON!' 1-4 ON!' 1-3 

No Base ON!' 1-1 

Note: All sections have 12-13-19-18 ft skewed joints. 

Figure 13. Experimental design matrix for Ontario l. 
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TypicaJ. of all the sections were 10-in (254 mm) thick JRCP slabs witL 
46.5-ft (14.2 m) joint spa.cing an:1 epoxy-coated dowels. 'Ihe 193· ADI' was 
approximately 10,000 vehicles per day, including 4 percer1t t-ruc}:s. 

The experiment is represented by the matrix in figure 14. 'This 
experimental design allows for direct =mparison arrong the different base 
types. 

New Jersev 2 

A part of Route 130 near Yardville, New Jersey is t1le oldest sec::ior: 
included in this study. Once a major access route to New York C:ity, it was 
const.."Ucted in 1951 and is typical. of what is now New Jersey's standard 
concrete pavement design. 'Ihe pavement is JRCP, lC in (254 mm) t11ick, 
resting on an aggregate base and subbase material. 'Ihe subqrade is a., AASHTO 
A-4. The slabs are 78.5 ft (24 m) long and are constructed with expansion 
joints at that interval. I.oad transfer is provided by stainless steel clad 
dowel bars. The two-way ADI is approximately 11,900 vehicles per day, 
including 21 percent trucks. 

New Jersey 3 

The last experimental project in the wet-freeze environmental zone is 
located on I-676 near cam::J.en, New Jersey. Built in 1979, the project is a 
drainage study, consisting of open-graded aggregate bases and 
bituminous-stabilized open-graded base layers. 'IWo sections were placed with 
9-in (229 mm) JRCP slabs, 78.5-ft (24 m) joint spa.cing, and 1.25-in (32 mm) 
diameter stainless-steel clad dowel bars. There is a filter fabric placed 
full-width beneath both of the open-graded layers. The 1986 AJJl1 was 
approximately 77,000 vehicles per day, including 5 percent heavy trucks. 

The simplified design matrix is presented in figure 15. It is observed 
that a comparison can be made between the performance of the two base types. 

Wet-Nonfreeze Environmental Region 

california 3 

california constructed an experimental project on U.S. 101 near 
Geyserville, california in 1975 to study the effects of shoulder type on 
pavement performance. Seven different sections were constructed, including 
tied and nontied FCC shoulders, and various asphalt concrete shoulders. Some 
of these sections had sealed transverse joints, contrary to the usual 
practice of not sealing joints in california. Common to these pavements is a 
9-in (229 mm} JR:P slab over a 5.4-in (137 mm) cement-treated base and a 6-in 
(152 mm) aggregate subbase. The subgrade soil classification varied from an 

AASHTO A-4 to an AASHIO A-6. The 1985 ADI' was 15, 000 vehicles per day, with 
14 percent trucks. 

Variables in the study are shown in the matrix in figure 16. The 
effects of sealed and nonsealed transverse joints and tied and nontied 
concrete shoulders can be directly studied. 
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BASE 46.5 ft Joints 

TYPE 10 in JRCP 

CTB PA 1-1 

--

PATB PA 1-2 

Unifom-
Graded PA 1-3 

AGG 

Well-
Graded PA 1-4 

AGG 

Dense-
Graded PA 1-5 

AGG 

Figure 14. Experbnental design matrix for Pennsylvania 1. 
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78.5 ft 
Expansion Joints 

9 in JRCP 

Penneable 
Aggregate 

NJ 3-1 

Penneable 
A'IB 

NJ 3-2 

Figure 15. Experilllental design matrix for New Jersey 3. 

Sealed 
Transverse 
Joints 

Nonsealed 
Transverse 
Joints 

9 in Nondaweled JPCP 
12-13-19-18 ft Joints 

Tied FCC 
Shoulder 

CA 3-1 

CA 3-2 

Nontied FCC 
Shoulder 

CA 3-5 

Figure 16. Experilllental design matrix for california 3. 
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North Carolina 1 

Experiltlental pavement sections were o::mstructed on I -95 near Rocky 
Mount, North caro1ina, in 1967. Design variables in the project include base 
type, jointe:1 reinforced and jointed plain concrete pavements, joint spacing, 
slab thickness, skewed and nonskewed joints, and doweled and nondoweled 
joints. 'Ihe subgrade soil for these sections varied from an AASHI'O A-2-4 to 
an AASHIO A-4. Traffic data from 1987 showed an ADT of 19, 100 vehicles per 
day, including 9 percent trucks. 

'!his design matrix is depicte:1 in figure 17. As the design matrix 
shows, only eight total sections were constructe:1, which results in the 
confounding of several of the design variables. 

North caro1ina 2 

'!his single section is located on I-85 near Greensboro, North 
caro1ina. Constructed in 1982, this pavement section was included in the 
study because of its doweled, JPCP design and its tied concrete shoulders. 
'Ihe slabs are 11 in (279 mm) thick, the base course is lean concrete, and the 
subgrade is an AASHIO A-4 material. Traffic data from 1987 showed a two-way 
ADI' of 26,000 vehicles per day, including 17 percent trucks. 

Florida 2 

Constructed in 1986, this single section is a six-lane Interstate 
located on I-75 in Hillsborough County near Tampa. '!his section was selected 
for inclusion in the study due to its thick slab design (13 in [330 mm]). 
'Ihe pavement is a JPCP that rests on a sand base course. 'Ihe subgrade was 
classified as an AASHIO A-3 material. 'Ihe 1987 two-way ADT was approximately 
28,700 vehicles per day, including 20 percent trucks. 

Florida 3 

'!his single section, constructe:1 in 1982, is a six-lane Interstate 
located on I-75 south of Tampa in Manatee county. 'lhe section has 
demonstrated poor perfomance since its construction and it was included in 
the study in an effort to learn 'Why the pavement performed so poorly. 

'!he section is a 9-in (229 mm) JPCP with random, skewed joint spacing. 
'Ihe transverse joints are doweled and sealed with a silicone sealant. 'Ihe 
base consists of 6 in (152 mm) of lean concrete and the subgrade is an MSH'IO 
A-3 material. '!his section has tied, lean concrete shoulders. 'Ihe 1987 ADI' 
was approxilllately 32, 700 vehicles per day, including 20 percent trucks. 

3. GENERAL mTA OJI..UX:'l'IOO EFFORIS 

'Ihe data collection activities represented a lengthy and multi-faceted 
work effort. Although every atterrpt was made to collect infonnation 
conpatible with the Strategic Highway Research Program (SHRP) Long-Tenn 
Pavement Perfonnance (LTPP) database, some data elements could not be 
obtained or detennined. Nonetheless, as the following description will show, 
an exhaustive effort was made to create as o::implete a data record for each 
pavement section in this project as was possible. 
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8 in 

FC'C 

9 in 

FC'C 

AGG 

AGG 

Soil 
Cement 

(SC) 

CTB 

JPCP 

Skewed 
Joints 

No I.Dad 
Transfer 

NC 1-1 

30 ft Joints 

Perperrlicular 
Joints 

I.Dad I 
Transfer 

NC 1-4 

No I.Dad 
Transfer 

NC 1-8 

-------- ----------
NC 1-2 NC 1-3 

NC 1-5 

ATB NC 1-6 

JRCP 60 ft Joints 

Perpendicular 
Joints 

------------
I..oad 

Transfer 

------------
NC 1-7 

Figure 17. Experimental design matrix for Norc.h carolina 1. 
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'Ihe first step was to select the pavement sections to be used for this 
project. An extensive literature search was completed to identify 
experimental and research projects and regular construction pavement sections 
for which design, construction, and perfonnance data were available. over 
300 can:lidate sections were identified in this nianner. 'Ibis list was then 
narrowed considerably by eliminating those projects that were of extremely 
limited scope, poor experimental design, or turned out to include variables 
outside the range of this study. Further cuts were made until a total of 95 
sections were selected. Some of these sections represented recently 
constructed sections incorporating new or innovative design features. 
However, 80 of the sections were parts of experimental projects. one of the 
major criteria in the selection of these sections was their ability to fill 
either site specific or regional feature matrices. 

Extensive surveys were initiated on the project sections starting in 
the spring of 1987. F.ach survey consisted of identification and rrarking of 
the pavement sections, followed by a distress survey. Key distresses for 
each section were mapped on survey sheets designed for this project. In 
addition to the mapping of all cracking and other surface conditions, each 
transverse joint was evaluated for sealant condition and joint condition. 
'Ihe longitudinal joints were also evaluated. Faulting measurements were 
taken in the outer wheelpath at each joint, as were joint width, lane
shoulder separation, and lane-shoulder dropoff measurements. 

Part of the distress survey included a drainage evaluation of the 
section. 'Ibis consisted both of a subjective evaluation of several general 
indicators of the drainage condition of the section and of actual 
measurements of slopes. 'Ihese inputs were used with the materials 
information to calculate the drainabilit'J of the pavement sections. 'Ihis is 
described in volume v. 

A Mays Meter was used to obtain a Roughness Index for each lane in the 
section, and an average PSR was also calculated for each section. I::eflection 
testing with a Falling Weight r::eflectometer was perfonned on all but three of 
the projects. 'Ihe deflection data was used to backcalculate rraterial 
properties, to identify voids under the concrete slabs, and to determine the 
load transfer efficiencies at joints. 

At the same time as the nondestructive FWD testing took place, coring 
and boring was perfonned. Concrete cores, 6 in (152 nun) in diameter, were 
obtained from slab centers and most joints. 'Ihe center slab cores were 
subjected to a split tensile test in order to calculate a modulus of rupture 
of the concrete. Split tensile strengths obtained from the testing of 6-in 
( 152 nun) cores have been shown to provide better estiniates of the modulus of 
rupture than split tensile strengths of 4-in (102 mm) cores. 

'Ihe joint cores were examined to evaluate the subsurface condition of 
the concrete at the joints, where moisture related distresses first start. 
Arrf signs of deterioration or material durability problems were noted. 
Material from any layers present below the pavement slab was collected and 
gradations and moisture contents for these layers was calculated. 
'Ihicknesses of all subsurface layers were verified. 
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'lhe field data collection efforts were completed in December 1987. All 
available data was then entered both onto data sheets and into the database. 
'!his helped to identify data elements which were missing and for which 
further collection efforts needed to be made. Information was solicited from 
the states involved, other researchers who had studied these sections, and 
FBWA personnel in several key categories. In addition to providing missing 
design information, data was received on the maintenance and rehabilitation 
efforts urrlertaken on the section since construction. Traffic data fanned 
another set of information which needed to be solicited from the states and 
provinces. Both traffic and truck volumes were requested for every year 
since the pavement was opened to traffic. 

Finally, additional performance an::1/or testing results were available 
for several of the sections from previous research efforts. Much of this 
information was available in published reports. Hawever, many unpublished 
testing reports and other information were provided from all sources. 
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rnAPl'ER 3 PERRR1ANCE E.VAIIJATICN OF IKlJECTS 

1. INIRXXJCI'ICN 

'lhe projects included in the study, briefly described and laid out in 
chapter 2, were evaluated quite extensively during a 7-rnonth period of 1987. 
'!his evaluation consisted of a detailed corrlition survey, a drainage sw:.vey, 
deflection testing with a Falling Weight Deflectameter, and roughness and 
serviceability evaluations. At twelve of the project sites, Weigh-in-Motion 
(WIM) studies were perfornro. For all locations, design and construction 
infonnation was solicited and received from the states. Historical traffic 
infonnation, up to the nost recent ADI' and percent trucks, was also obtained. 

For each project, all of this information was synthesized into a 
S1..llTl!YlfilY report. 'lhese reports present the original design and construction 
infonnation, climatic data, traffic data, physical testing information, 
drainage infonnation, and perfonnance data for the sections in each project. 
Probable causes for the observed distresses are suggested and overall 
perfonnance trends discussed. '!he SUl1lll1alY reports, assembled by 
envirornnental region, are presented in volume IV. 

In this chapter, the highlights of the summary reports are presented. 
General climatic infonnation for each region is given, followed by a brief 
introduction to each project and backgroun:i traffic and materials testing 
data. '!hen, within each project, a discussion of the observed perfonnance of 
each section is given, organized by the different variables evaluated in each 
project. Relative performance comparisons within a project are made and some 
probable causes of the observed distress or poor performance are noted where 
appropriate. Conclusions concerning the perfonnance of the different design 
features are discussed, in tenns of both the observed distresses and other 
available infonnation. 

Table 1 provides a listing of critical distress values for jointed 
plain concrete pavements (JPCP) and jointed reinforced concrete pavements 
(JRCP). It is at these values that a pavement section should be considered a 
can:lidate for some sort of rehabilitation. These values are provided only as 
general guidelines to provide same significance to the distress data often 
cited throughout the report. 

2. IEY FREEZE ~ RmICN 

Only one State in the dry-freeze climate, Minnesota, was included in 
the study. Minnesota is actually located in a transition area between 
wet-freeze and dry-freeze, but an examination of the 'lhornthwaite Moisture 
Irrlices shows values that are IID.lch drier than States located in the 
wet-freeze envirornnental region, such as Michigan or New York, for exarrple. 

Climatic data for the sections in this envirornnental region includes a 
Corps of Er:gineers Freezing Index range of 1688 to 2188, a '!hornthwaite 
Moisture Index range of O to 10, and an annual precipitation range of 23 to 
30 in (584 to 762 mm) • '!he highest average oonthly maximum temperature 
averaged about 84 °F (29 °q "'----while the lowest average oonthly minimum 
tenperatures ranged from -3 '-'F' (-19 °c) to 6 °F (-14 °q. 
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Table 1. Listing of critical distress values by pavement type. 

Perfonnance Indicator .JK:P JRCP 

Joint Spalling, ~ 
0 15-20 20-30 

Joint Faulting, in 0.13 0.26 

Transverse cracks/mi 67 70 

Longitudinal Cracking, ft/mi 500 500 

PSR 3.0 3.0 

Notes: 

Joint spalling represents medium- and high severity levels for both 
pavement types. 

All transverse cracks are included for .JK:P, but only deteriorated 
(nmiurn- and high-severity) cracks are counted for JRCP. 

Longitudinal cracking includes all severity levels. 

Critical level for PSR asst.nneS Interst..ate-type pavement. 
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Minnesota 1 

'Ihis roadway is a four-lane, divided highway (two lanes in each 
direction). From 1970 through 1987, the pavement sustained approximately 
5.5 million 18-kip (80 kN) Equivalent SinJle-Axle Load (ESAL) applications in 
the outer traffic lane and nearly 0.6 million ESAL's in the inner lane. 

Slab modulus values and corrposite k-values (on top of the base) for 
each section are reported in table 2. These values were detennined from 
deflection testinJ. Table 3 provides additional results from deflection 
testinJ as well as drainage coefficients for each section. The perfonuance 
data obtained from the condition survey is surmnarized in figure 18 for the 
outer lane only. 

ObseJ::vations 

D::M severity 11D11 crackinJ was observed in every section. However, it 
was much more prevalent on the asphalt-treated base course sections, where it 
was primarily located along the many longitudinal cracks occurrinJ in those 
sections. D::M severity pumpinJ was also observed on most of the sections, 
and medium severity purnpinJ was reported for one asphalt-treated base course 
section. 

The asphalt-treated base course sections were the poorest performers of 
the three different base types. 'This assessment is primarily based on the 
amount of transverse and longitudinal cracking present in those sections. 
The aggregate base course sections performed the best, as they had less 
faulting and longitudinal crackinJ. 

The sections without load transfer devices faulted much worse than 
those with load transfer devices. These sections were much rougher and 
required rehabilitation in 1984. However, it should be noted that the load 
transfer was not particularly good for the doweled sections, probably because 
the 1-in (25 nnn) devices were of insufficient size for the traffic loading. 
Also, the sections without load transfer devices actually had less joint 
spalling and less deteriorated transverse cracking than the doweled sections. 

'lhe 9-in (229 nnn) pavement sections performed better than their 8-in 
(203 mm) counterparts in every distress category. The most apparent 
advantage of the 9-in (229 nnn) sections is the smaller amounts of transverse 
and longitudinal cracking as compared to the 8-in (203 mm) sections. 

A direct comparison of joint spadng can be made if the 40-ft ( 12. 2 m) 
control section is included. Based on this information, the sections with 
27-ft (8.2 m) joint spacinJ are believed to be performinJ slightly better 
than the control section, based on the amount of crackinJ, spallinJ, and 
faulting. 

Conclusions 

'lhe most apparent conclusion that can be drawn from the experiment is 
that the sections with asphalt- or cement-treated base courses did not 
perform nearly as well as the sections constructed with the traditional 
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Section 
MN 1-1 
MN 1-2 
MN 1-3 
MN 1-4 
MN 1-5 
MN 1-6 
MN 1-7 
MN 1-8 
MN 1-9 
MN 1-10 
MN 1-11 
MN 1-12 

MN 5 

Table 2. Slab rocrlulus arrl composite k-values for Minnesota 1. 

Section E-Value, Qei k-Value, i:;gi 
MN 1-1 7,090,000 191 
MN 1-2 7,775,000 172 
MN 1-3 6,666,000 217 
MN 1-4 6,920,000 222 
MN 1-5 9,130,000 304 
MN 1-6 9,360,000 314 
MN 1-7 8,300,000 287 
MN 1-8 7,880,000 278 
MN 1-9 6,670,000 291 
MN 1-10 6,740,000 285 
MN 1-11 8,030,000 245 
MN 1-12 7,790,000 239 

MN 5 7,560,000 156 

Table 3 . I:.eflection testing results arrl drainage coefficients 
for Minnesota 1. 

IDa.d Transfer Corner % Corners Drainage 
Efficiencv % I:.eflection, mils Exhibitino Voids Coefficient 

28 15.5 0 1.05 
48 12.3 0 1.05 
47 11.5 7 1.05 
56 12.9 0 1.05 
51 9.8 0 0.85 
54 8.5 0 0.85 
42 9.3 0 0.85 
87 7.3 0 0.85 
45 14.4 14 0.80 
65 11.9 0 0.80 
62 15.5 29 0.80 
75 11.8 0 0.80 

62 10.6 0 0.95 
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MINNESOTA 1 AND MINNESOTA 5 
I-94 ROTHSAY 

OUTER LANE PERFORMANCE DATA 

8 In JRCP 9 In JRCP 

ND LOAD LOAD ND LOAD LOAD 
TRANSFER TRANSFER TRANSFER TRANSFER 

MN 1-3 MN 1-4 MN 1-1 MN 1-2 

FAUL TING. In 0.31 0.06 0.31 0.06 

AGG T, CKS.IMI 33 47 0 23 

BASE LONG. CKS., ft/Ml 301 0 0 0 

1/. JT. SPALL. 8 15 4 14 

MN 1-5 MN 1-6 MN 1-7 MN 1-8 

FAUL TING, In 0,37 0 0.31 0.06 
27 ft T. CKS./MI 41 0 0 102 

JT. ATB 
SPACING LONG. CKS., ft/Ml 1776 2073 1768 2589 

1/. JT. SPALL. 24 31 15 69 

MN 1-11"' MN 1-12"' MN 1-9 MN 1-10"' 

FAUL TING, In 0.50 0.06 0.37 0.13 

CTB T. CKS.IMI 0 48 0 39 

LONG. CKS., ft/Ml 1386 176 0 0 

1/. JT. SPALL. 37 29 4 6 

MN 5 

FAUL TING, In 0.09 
40 ft AGG T, CKS.IMI 53 

JT. BASE LONG, CKS., ft/Ml 1261 
SPACING 

1/. JT. SPALL. 36 

ll!THllUT MN 5 111TH MN 5 

FAUL TING, In 0.39 0.04 0.33 0.08 0.09 

AVG. 
T. CKS./MI 25 47 0 55 54 

LONG. CKS., ft/Ml 1154 750 589 863 963 

1/. JT. SPALL. 23 25 8 30 31 

ALL DATA FROM 1987 CONDITION SURVEY, \JITH THE EXCEPTION OF JOINT 

AVG. 

0.19 

26 

75 

10 

0.19 

36 

2051 

35 

0.27 

44 

391 

19 

0,09 

53 

1261 

36 

FAUL TING FOR MN 1. THIS DATA REPRESENTS 1984 PRE-REHABILITATION AVERAGE 
JOINT FAUL TING. 
• THESE SECTIONS HAD SIGNIFICANT TRANSVERSE CRACKING IMMEDIATELY AFTER 

CONSTRUCTION. 

Figure 18. Outer lane performance data for Minnesota 1 
(Age= 17 years, ESAL's 5.5 million). 
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aggregate base course. Bec.ause they did not :iniprove perfonnance, MN/001· 
detennined that the use of those treated base courses roy not be justifieo 
due to the higher cost associated with their construction. Tne performance 
of the aggregate base course sections may have been enhanced by the better 
overall drainage characteristics of those s.2Ctions. 

The cause of the extensive amount of longitudinal cracking tha1:: 
occurred on the project must be related to the amount of friction betwee.i7. t.h.e 
base and slab. Asphalt- and cement-treated base courses have much higher 
friction coefficients than aggregate base courses, thus restraining the slab 
from m:Ning and resulting in crackirq of the slab. 

In addition, the longitudinal joint for all sections was fanned by 
placing a plastic insert to a depth of 2.75 in (70 mmJ. This depth is 34 
percent of the slab thickness for the 8-in (203 mm) sections and 31 percent 
of the slab thickness for the 9-in (229 mm) sections. The plastic insert !fa~, 
not have produced a deep enough weakened plane for the treated bases to all0'1' 
for the slab to crack at the appropriate lcx::ation. The MN/CClr has taken 
cores of the longitudinal joint and detennined that the crack did not always 
occur. The plastic inserts were placed approximately at the suggested depth 
of one-third the slab thickness, but it is believed that :iniproved 
longitudinal joint fanning practices are needed for pavement slabs 
constructed over treated base courses. 

It is also known that the asphalt-treated base courses were not 
''whitewashed" prior to the placement of the concrete slab. This generated 
higher curing temperatures for the concrete and could increase the 
probability of cracking llp8n cooling and shrinking. Greater layer-to-layer 
friction roy also be a result of not whitewashing the asphalt-treated base. 
These two factors could contribute to the large amount of cracking occurring 
on the asphalt-treated base course sections. 

other possible explanations for the substantial amount of longitudinal 
cracking which occurred on the project include late sawing, "skip-joint" 
sawing (sawing every other joint), and the temperature ranges at the time of 
paving. The paving was done in July and terrq?eratures ranged from a high of 
85 °F' (29 °c) during the day to a low of 30 °F (-1 °q at night. 
'!his large swing in temperature roy have contributed to the large amount of 
cracking which occurred on the project. 

This project als,o indicates the benefit of doweling 27-ft (8.2 m) 
transverse joints in a cold climate. The faulting of the doweled joints was 
minimal and far less than that of the nondoweled joints. However, the load 
transfer of the doweled joints was not extremely higl1, indicating perhaps 
that 1-in (25 mm) diameter dowels are not of sufficient size to provide 
reliable load transfer. 

The nondoweled pavement &2C1:ions had less spalling and transverse 
cracking than the doweled pavement &2ci:ions. since the dowel bars had no 
treatment to inhibit corrosion, the dowel bars have probably corroded, 
resulting in spalling at the joint al:xNe the dowel bar and also causing any 
transverse cracks in the adjacent panel to open. The transverse cracks could 
easily open because the amount of reinforcing steel present in the slab was 
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so small (0.08 perc.ent) that it could not adequately hold the transverse 
cracks tight. A greater amount of reinforceID211t and the use of coated dowel 
bars is recommended to inhibit corrosion of the devices. 

Another conclusion that can be drawn from this project is the benefit 
of increased slab thickness on perfonnance. 'Ihe thicker pavement sections 
ou~omed the thinner pavement sections in every distress category. 

Finally, it can be concluded that pavement sections with shorter 27-ft 
(8.2 rn) joint spacings perfonn better than the sections with the longer 40-ft 
(12.2 rn) joint spacings. Again, the perfonnance of these reinforced sections 
was perhaps adversely influenced by the small amount of reinforcing steel in 
the pavement (0.08 perc.ent). This arrount of steel is probably insufficient 
for the temperature extreITBS experienced by a pavement in this climate. 

Minnesota 2 

Four experimental concrete pavement sections were constructed in 1977 
on I-90 between Albert le.a and Fainnont. Interstate 90 is a four-lane 
divided highway with two lanes in each direction. The roadway's functional 
classification is Rural Interstate. From 1977 through 1987, the pavement 
sustained approximately 2. 8 million 18-kip (80 kN) ESAL applications in the 
outer lane and over 0.2 million 18-kip (80 kN) ESAL's in the inner lane. 

Table 4 provides slab modulus values and composite k-values for each 
section within this experiment. Additional results from deflection testing 
and drainage coefficients are presented in table 5. longitudinal 
lane-shoulder joint load transfer efficiencies are listed in table 6 for 
those sections with tied concrete shoulders, while perfonnance data, for the 
outer lane only, is given in figure 19. 

Observations 

Based on the perfonnance data, the JRCP sections demonstrated slightly 
better perfonnance than the JIG> sections. Al though the JRCP sections 
exhibited some transverse cracking and joint spalling, the amounts were 
insignificant. Both sections, which were da.veled, exhibited about the same 
amount of joint faulting, but the JFCP sections did display a substantial 
arrount of longitudinal cracking. 

It should be noted that the performance of these different pavement 
types is confounded by joint spacing and shoulder type. The JFCP had 
13-16-14-19-ft (4.0-4.9-4.3-5.8 rn) skewed joints with tied PCC shoulders, 
•;.mereas the JRCP had 27-ft (8.2 rn) skewed joints and AC shoulders. overall, 
:::>0th pavement types were perfonning very well at the tiIDe of the sw:vey. 

A direct comparison of slab thickness can be made between sections 
::1N 2-1 and MN 2-2. MN 2-1 (9-in [229 mm] slab) perfonned slightly better 
than MN 2-2 (8-in [203 mm] slab) due to the longitudinal cracking which 
occurred on the thinner section. Hcwever, as previously discussed, this is 
::10t attributed to the slab thickness. In every other distress category, the 
:3- and 9-in (203 and 229 mm) pavement sections performed about the same. 
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Section 
MN 2-1 
MN 2-2 
MN 2-3 
MN 2-4 

Table 4. Slab modulus run corrposite k-values for Minnesota 2. 

Section E-Value, :Q§i k-Value, i;igi 
MN 2-1 6,780,000 128 
MN 2-2 8,010,000 127 
MN 2-3 7,320,000 162 
MN 2-4 6,620,000 178 

Table 5. Deflection testin;r results run drainage coefficients 
for Minnesota 2. 

Load Transfer Corner % Corners Drainage 
Efficiencv \ Deflection, mils Exhibitino Voids Coefficient 

79 11.2 7 0.85 
86 11.1 7 0.75 
99 8.2 0 0.80 
86 6.0 0 0.95 

Table 6. I..on;ritudinal lane-shoulder joint load transfer efficiency 
for Minnesota 2. 

Section 
MN 2-1 
MN 2-2 
MN 2-3 
MN 2-4 

I..on;ritudinal lane-Shoulder 
Joint Load Transfer Efficiency,% 
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MINNESOTA 2 I-94 ALBERT LEA 

OUTER LANE PERFORMANCE DATA 

8 In SLAB 9 In SLAB 
AC SHOULDER PCC SHOULDER AC SHOULDER PCC SHOULDER 

MN 2-2 MN 2-1 

JPCP PSR 3.9 3.8 

13-16-14-1'3 ft ROUGHNESS, In/Mi 82 72 
JT. SPACING 

DOw'ELED 
JOINTS 

AGGREGATE BASE 

JRCP 

27 ft 
JT. SPACING 

DO'w'ELED 
JOINTS 

AGGREGATE BA:S:E 

FAUL TING, In 0.06 0.06 

T. CKS./MI 0 
LONG. CKS. ft/Mi 150 

7. JT. SPALL. 9 

HN 2-3 ~ 

PSR 4.0 4.0 

ROUGHNESS, In/Mi 76 96 

FAUL TING, In 0,05 0.06 

T, CKS,/MI 0 5 

LONG. CKS. ft/Ml 0 0 

Y. JT. SPALL. 3 8 

Figure 19, Outer lane performance data for Minnesota 2 
(Age= 10 years, ESAL's 2.8 million). 
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Sections MN 2-1 and MN 2-, &7.ch contain a tied and keyed outside FCC 
shoulder and a widened (15 ft [4.6 m]) inner lane. sections MN 2-3 and 
MN 2-4 each contain the sarre widened inner lane, but have an AC outside 
shoulder. Although direct carrparisons of designs are confounded by joint 
spacing, by pavement type, and by pavement thickness, some interesting 
observations can still be made. For instanc.e, the outside corner deflection 
was actually higher for the sections with PC:C shoulders than for those with 
AC shoulders. Also, while the FCC shou..ldfa-s contained no transverse cracks, 
there were some locations along the longj. cudinal lane-shoulder joint 
exhibiting spalling. 'Ihere were also two corner breaks at these locations 
(one on the shoulder). This may be due to the fact that the paint stripe 
delineating the break between the outer lane and the outer shoulder had at 
one time been painted on the outer shoulder for all of the sections. 'Ihis 
would have resulted in more trucks encroaching on the shoulder and causing 
large edge stresses and deflections. 

Even though the presence of the tied FCC shoulders did not reduce the 
corner deflections of the pavement, the FCC shoulders are in much better 
condition than the AC shoulders. 'Ihe FCC shoulders contained no transverse 
cracking and were considered to be in excellent condition. 'Ihe AC shoulders 
exhibited medium- to high-severity alligator cracking throughout their length 
and were rated as p:x:ir. Additionally, the sealant between the outer traffic 
lane arr1 the AC shoulders was in very ]XXJr condition, arr1 the lane-shoulder 
drof.X)ff averaged nearly 0.4 in (10 mm). 'Ihe lane-shoulder joint sealant was 
in excellent condition for the concrete shoulders. 

Conclusions 

one conclusion drawn from this experimental prnject concerns the 
benefits gained from using short-jointed slabs, whether plain or reinforced. 
Both JRCP and JFCP sections, which had short joint spacing for their 
respective pavement type, performed very well. 'Ihe distress which was 
exhibited by each was typical of the design. For instance, the JRCP 
displayed increased levels of transverse cracking, while the JFCP with the 
tied shoulders exhibited some longitudinal cracking. 

'!he presence of inside widened lanes and tied FCC shoulders appears to 
be the reason for the longitudinal cracking which occurred on the prnject. 
'Ihe longitudinal cracJc:im could have been caused by late sawing or inadequate 
depth of sawing of the longitudinal joint. '!his factor becomes more critical 
as the pavement slab becomes wider. In addition, while widened lanes do 
reduce edge stresses and deflections, they obviously cannot be widened to the 
f.X)int where they induce longitudinal cracking. Based on infomation from 
this prnject, a 13-ft (4 m) widened lane may be the maximum width allowable 
for this short, random joint spacing. 

'!he effects of the tied concrete shoulders are unclear. 'Ihose pavement 
sections with the tied FCC shoulders actually displayed larger corner 
deflections than the sections with AC shoulders. Additionally, more 
distresses, notably longitudinal joint spalling and two corner breaks, were 
associated with the longitudinal lane-shoulder joint on the sections with 
tied FCC shoulders. However, the FCC shoulders were in nn.ich better overall 
condition than the AC shoulders. 
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It is possible that the poor drainability of the sections with FCC 
shoulders (MN 2-1 and MN 2-2) reduced or eliminated the potential l:::enefits of 
the tied shoulders. These sections both were constructed CNer poorly
draining sul:XJrades, which could have detracted from the i:erf ormance of the 
tied concrete shoulders. Good drainability is still required for the CNerall 
performance of the sections; the addition of tied concrete shoulders is not a 
substitute for the consideration of drainage in the pavement design. 

Since the load transfer across the lonJitudinal joint was excellent, it 
is possible that the higher corner deflections for those sections constructed 
with concrete shoulders nay be due to the tiebars not being strategically 
located at the corners. 

Minnesota 3 

This single section located on I-90 was included in the study because 
of the widened outside lanes which were incorporated in the design. Built in 
1986, the pavement is a 9-in (229 mm) JRCP with 27-ft (8.2 m) skewed joints. 
The roadway has two lanes in each direction and has sustained approximate! y 
1. 5 million ESAL applications in the outer lane and nearly o. 25 million ESAL 
applications in the inner lane. 

From deflection testifXJ, the modulus of the slab was backcalculated as 
8,810,000 psi (60,740 MPa) and the composite k-value on top of the aggregate 
base was detennined to be 256 pci (70 kPa/mm) • The average transverse load 
transfer was 93 percent and voids were detected at 17 percent of the joints. 
In terms of drainability, this section had an overall drainability rating of 
poor to fair, correspondin:J" to an AASH'IO drainage coefficient of 0.8. 

Project design data and outer lane i:erformance data for this section is 
surranarized in table 7. It is observed that this pavement section is not 
displaying any najor distress. 

Minnesota 4 

This sin:J"le section located on Trunk Highway 15 near New Ulm was 
included in the study because it incorporated widened lanes in its design. 
Built in 1986, the pavement is a 7.5-in (191 mm) doweled JPCP with 
13-16-14-17 ft (4.0-4.9-4.3-5.2 m) skewed joints. The roadway has one lane 
in each direction and has sustained approximately 0.22 million ESAL 
applications in each lane. 

'Ihe modulus of the slab was backcalculated to be 6,300,000 psi (43,440 
MPa) and the composite k-value on top of the aggregate base was determined to 
be 222 pci ( 61 kPa/mm) • The average transverse load transfer was 86 percent 
and voids were not detected at any of the joints. 'lhe sul:XJrade and base 
naterials were poorly-drained, but the presence of 4-in (102 mm) diameter 
edge drains ilnproves the overall drainability of the pavement section to 
fair, correspondin:J" to an AASHro drainage coefficient of 0.9. 

Table 8 summarizes the design data and the outer lane performance data 
for this project. It is observed that no najor distresses are occurring and 
that the pavement is in excellent overall condition. 
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Table 7. J:Esign am perfonnance data for the outer lane of Minnesota 3 
(Age = 1 year, ESAL's = 1.5 million). 

J:Esign Data 
9.0 in JRCP 
4. 0 in Nr, base 
10. 0 in Nr, subbase 
27 ft joints 
1. oo in dowels 
Widened lane 
A-4 sul:grade 

Perfornance Data 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
I..on:J. Cracks, ft/mile 
Roughness, in/mi 
PSR 

0 
0.01 

0 
0 

44 
3.8 

Table 8. J:Esign am perfonnance data for the outer lane of Minnesota 4 
(Age = 1 year, ESAL' s = 0. 22 million) • 

J:Esign Data 
7 .5 in JPCP 
5. 0 in Nr, base 
No subbase 
13-16-14-17 ft joints 
1. 00 in dowels 
Widened lane 
A-2-6 sul:grade 

Perfornance Data 
Joint Spalling, % 0 
Joint Faulting, in 0.01 
Trans. Cracks/mile O 
I..on:J. Cracks, ft/mile O 
Roughness, in/mi 40 
PSR 4.7 

Table 9. D:?.sign am perf onnance data for the outer lane of Minnesota 6 
(Age = 4 years, ESAL' s = 0. 85 million) . 

D:?.sign Data 
8.0 in JRCP 
4.0 in PATB 
4 • o in Nr, subbc3se 
27 ft joints 
1. oo in dowels 
Widened lane 
A-2-4 sul:grade 

Perfonnance Data 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
I..on:J. Cracks, ft/mile 
Roughness, in/mi 
PSR 
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0.01 

0 
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Minnesota 6 

'!his single section located on Truck Highway 15 near Truman has widened 
lanes and a penneable asphalt-treated base. Constructed in 1983, the 
pavement is an 8-in (203 mm) JRCP with 27-ft (8.2 rn) skewed joints. The 
roadway has one lane in each direction and has sustained approxil'llately 0.85 
million ESAL applications in each direction. 

The modulus of the slab was backcalculated to be 6,570,000 psi ( 45, 300 
MPa) and the composite k-value on top of the penneable asphalt-treated base 
was detennined to be 199 pci ( 54 kPa/mm) • Voids were not detected at any of 
the slab corners, and the average transverse load transfer was calculated as 
80 percent. The overall drainability of the section was rated as gocd, with 
an AASHro drainage coefficient of 1.05. 

A summary of the design data and the outer lane perf onnance data for 
this project is summarized in table 9. There were no indications of pumping, 
joint spalling, transverse cracking, or longitudinal cracking observed within 
the pavement section. Faul ting is extremely low ( 0. 01 in [ 3 mm J ) after 4 
years and roughly 0.85 million ESAL's. 

3. IRY~ ~ REX;ICN 

'Iwo States located in the dry-nonfreeze environmental region were 
included in the study, california and Arizona. 'Iwo experimental projects 
were located in california and one was located in Arizona. In addition, 
three single projects were included from california and one from Arizona. 

Climatic in:licators for this region include a Corps of Engineers 
Freezing Index of o, a Thomthwaite Moisture Index range of -10 to -30, and 
annual precipitation ranging from 8 to 17 in (203 to 432 mm). The highest 
average monthly rnaximurn temperature ranges from 89 °F (32 °C) to 105 °F 
( 41 °C) , while the lowest average monthly rn.inirourn temperatures ranges from 
36 °F (2 °c) to 41 °F (5 °c). 

Arizona 1 

Experimental pavement sections were built on the Superstition Freeway 
in I=hoenix over a number of years from the mid-1970's through the early 
1980's. '!his roadway's functional classification is Urban Principal 
Arterial. All of the sections were originally constructed as four-lane 
divided highway (two lanes in each direction), but a third lane was 
retrofitted to the inside of several of the sections. Traffic infonnation 
and the number of 18-kip (80 kN) ESAL applications sustained by each section 
(through 1987) is shown in table 10. 

Tables 11 through 13 provide testing infonnation for this experimental 
project. Table 11 lists slab modulus values and composite k-values for each 
section; table 12 reports additional deflection testing data and drainage 
coefficients for the sections. Table 13 gives longitudinal lane-shoulder 
joint load transfer efficiencies for those sections with tied concrete 
shoulders, and figure 20 provides a summary of the perfonnance data for the 
outer lane only. 
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Section 
A'l 1-1 
A'l 1-2 
A'l 1-4 
A'l 1-5 
A'l 1-6 
A'l 1-7 

Table 10. Traffic information for Arizona 1. 

Year 2-Way lanes Each Year 'Ihird outer Lane lane 2 
Built ADI', 1987 Direction lane Added F.SAL's F.SAL's 
1972 ll0,380 3 1985 4.0 2.0 
1975 ll8,580 3 1984 3.4 1.8 
1979 93,690 3 1985 2.4 1.2 
1979 106,440 3 1985 2.8 1.5 
1981 97,770 2 2.0 0.8 
1981 75,370 2 1.5 0.5 

Table 11. Slab m:xlulus an:i corrg::x::,site k-values for Arizona 1. 

Section E-Value, Q§i k-Value, ~i 
AZ, 1-1 3,140,000 546 
A'l 1-2 3,440,000 492 
A'l 1-4 3,490,000 344 
A'l 1-5 3,290,000 439 
A'l 1-6 3,090,000 621 
A'l 1-7 3,690,000 584 

Table 12. Deflection testing results an:i drainage coefficients 
for Arizona 1. 

Load Transfer Corner % Corners Drainage 
Section Efficiengy % Deflection, mils Exhibitino Voids Coefficient 
A'l 1-1 94 6.3 30 1.00 
A'l 1-2 100 4.0 0 1.10 
AZ 1-4 100 5.5 0 1.10 
AZ 1-5 100 9.9 36 1.10 
AZ 1-6 100 4.4 0 1.10 
AZ 1-7 94 5.1 24 1.15 

Table 13. IJ:Jngitudina.l lane-shoulder joint load transfer efficiency 
for Arizona 1. 

Section 
A'l 1-1 
A'l 1-2 
A'l 1-4 
A'l 1-5 
A'l 1-6 
A'l 1-7 

IJ:Jngitudinal Iane-Shoulder 
Joint Load Transfer Efficiengy, % 
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9 In 
JPCP 

11 In 
JPCP 

13 In 
JPCP 

AVG, 

ARIZONA 1 RTE, 360 PHOENIX 

OUTER LANE PERFORMANCE DATA 

13-15-17-15 ft SKE\./ED JOINTS 
ND EDGE DRAINS EDGE DRAINS 

AC PCC AC PCC 
SHOULDER SHOULDER SHOULDER SHOULDER 

AZ 1-1 

PSR 3.4 

ROUGHNESS, in/Ml 114 

CTB FAUL TING, In 0.08 

T. CKS./MI 0 

LONG. CK$., ft/Mi 149 

1/. JT, SPALL, 22 

AZ 1-6 AZ 1-7 
PSR 3.5 3.8 

ROUGHNESS, tn/Mi 97 91 

LCB FAUL TING, In 0,01 0.02 

T. CKS./Mi 0 0 

LONG. CKS. ft/Mi 0 0 

1/. JT. SPALL, 1 0 

AZ 1-5 

PSR 3.8 

NO ROUGHNESS, in/Ml 97 

BASE FAUL TING, In O.Ql 

T, CKS./MI 0 

LONG. CKS., ft/Mi 0 

½ JT, SPALL. 0 

AZ 1-2 AZ 1-4 
PSR 3,8 3,6 

ROUGHNESS, rn/MI 65 102 
NO 

FAUL TING, In 0.01 0.01 
BASE 

T. CKS./MI 0 0 

LONG. CKS., ft/Ml 0 0 

½ JT. SPALL. 1 0 

PSR 3,4 3.7 3.8 

ROUGHNESS, in/Mi 114 90 91 

FAUL TING, In 0.08 0,01 0.02 

T. CKS,/MI 0 0 0 

LONG. CKS. ft/Mi 149 0 0 

½ JT, SPALL, 22 1 0 

Figure 20. Outer lane performance data for Arizona 1. 
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For the following discussion, the sections are compared as if they had 
the same age and were exposed to the same loadings. This is not a good 
assurrption for deterioration, which accelerates with age and traffic, and 
that fact should be kept in mind. 

Observations 

Of the three base types, the best carrposite k-value (on top of the 
base) was foun:i on the sections with lean concrete base. The next !:::est was 
the CI'B section, followed by the sections constructed without a base. 
However, these were all in the range of 400 to 600 pci (108 to 163 kPa/rnm), 
and would be considered unifonnly excellent in any location. While no means 
of differentiating among the perfonnance of the three separate base types is 
readily apparent, it can be said that the thickened sections constructed 
without a base are perfo:nning at least as well as the other sections 
constructed on a base. The CI'B section does have more faulting than any of 
the other sections, but it has been subjected to more traffic loadirq than 
the other sections. 

The use of load transfer devices was not a variable in this project. 
However, the fact does stan::i out that in these pavements ranging in age from 
5 to 15 years and subject to high traffic levels and loads, load transfer 
efficiency was unifonnly excellent for each section, varying from 94 percent 
to 100 percent. These would be good values even for pavements with load 
transfer devices. In infonnal discussion with those familiar with the 
Fhoenix-area pavements, it has been suggested that in allowing the intrusion 
of incompressibles into the joint, a situation is created where the slabs are 
always in compression against each other and the load transfer stays high. 
The validity of this or other explanations would require further evaluation 
and field testing before it is accepted. 

Slab thickness varied from 9 in (229 rrrrn) to 13 in (330 mm) , although 
the effect of slab thickness is confounded with base type. 'Ihe 11-in (279 
rrrrn) an::i 13-in (330 rrrrn) slabs constructed over sul:grade have r:erfonned as well 
as the 9-in (229 mm) slab constructed on I.CB. '!here are no significant 
differences between the perfonnance of the 11-in (279 mm) section and the 
13-in (330 mm) sections. 

FCC shoulders and AC shoulders were both included in this project. It 
is believed that tied FCC shoulders reduce slab edge deflections and 
load-related deterioration. However, this feature is not isolated so that 
its possible benefits can be evaluated. The FCC shoulders were performing 
quite well, and the shoulder-mainline pavement load transfer was good. 

One of the pavement sections, AZ 1-7, was constructed with edge 
drains. '!his section shares the same construction date and cross-section as 
AZ 1-6, so the two sections can be readily compared. There was no cracking 
or spalling observed on either section and faulting is insignificant on 
both. '!he PSR and roughness for each section were comparable. 

Conclusions 

It is difficult to draw any strong conclusions from this project, due 
to the limitatio~ of the exper:imental factorial design and the differences 
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in age and ao::umulate:i ESAL's of all of the sections. However, several 
inferences can be made. 'Ihe only section that is showing significant 
deterioration, in the fonn of faulting and joint spalling, is A.'l 1-1. 'Ille 
joint spalling may be caused by infiltration of incornpressibles into the 
joints. 'Ihe other sections do not show any significant deterioration to date 
and appear to be equivalent designs. '!his includes 11- to 13-in (279 to 330 
mm) of JPCP placed on the sul:grade, and 9-in (229 mm) of JPCP placed over a 
lean concrete base. 'Ihe available performance data suggests that these 
thickened pavements constructe:i on the subgrade are perfonning as well as the 
thinner pavements constructe:i on the LCB. '!here is no real evidence to 
support the beneficial effects of edge drains on perfo:nnance in this project. 

Longitudinal cracking was abseJ:ved on one section (A.'l 1-1). 'Ibis 
section happened to be the oldest section in the experiment, but it is not 
believed that the cracking is due to loading. Rather, it is believed that 
the insufficient depth of the sawcut used to fonn the longitudinal lane-lane 
joint (only 25 percent of the slab thickness) was the cause. 

It is a widely-held feeling in the AroI' organization that there are 
certain factors which help al.roost any pavement design to perfonn well there. 
'Ihese include a very low annual rainfall, the absence of freeze-thaw 
problems, and a source of exceptionally durable aggregate used in their 
concrete. While these factors may not be sufficient to allow any design to 
perfonn indefinitely, they may help to explain why significant distresses are 
taking so long to develop. 

Arizona 2 

I.ocate:i on I-10 just outside of Fhoenix, this single section, built in 
1983, was included in the study because it is a doweled JPCP. 'Ille roadway 
has three lanes in each direction and has sustained approximately 1. 6 
million, 0.8 million, and 0.2 million 18-kip (80 kN) ESAL applications in the 
outer, center, and inner lanes, respectively. 

Backcalculation of deflection testing results provided a slab modulus 
value of 5,560,000 psi and a cx:JnlX)Site k-value on top of the lean concrete 
base of 174 pci (47 kPa/nnn). An MSHro drainage coefficient of 1.05 was 
assigned to this section, irrli.cating an overall drainability of fair-good. 

As seen from table 14, this section is in excellent condition. No 
major distresses were observed on the pavement section. It is believed that 
the relatively law PSR rating for a 4-year-old pavement may be attributed to 
roughness built in to the pavement during construction. 

California 1 

Interstate 5 near Tracy, California, was the site of an experimental 
project constructe:i in 1971. '!he roadway is a four-lane divided highway, 
with a functional classification of Interstate Rural. Through 1987, the 
pavement has sustained approximately 7. 6 million and 1. 1 million 18-kip 
(80 kN) ESAL applications in the outer and inner lane, respectively. Slab 
modulus values for the project are reported in table 15. Ceflection 
infornation and drainage coefficients for the sections are provided in table 
16. Figure 21 p~ides a summary of the perfo:nnance data for the outer lane 
only. 
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Table 14. Design an::1 p:rrfonnance data for the outer lane of Arizona 2 
(Age = 4 years, ESAL' s = 1. 6 million) . 

Design Data 
10.0 in JPCP 
5.0 in I.CB 
No suboose 
13-15-17-15 ft joints 
1. 25 in dowels 
fa: shoulder 
A-6 sul:grade 

Perfonnance Data 
Joint Spalling, % O 
Joint Faulting, in 0.01 
Trans. Cracks/mile 0 
Lof)3". Cracks, ft/mile O 
Roughness, in/mi 51 
PSR 4.4 

Table 15. Slab modulus an::1 composite k-values for california 1. 

Section E-Value, :Q§i k-Value, oci 
CA 1-1 6,610,000 232 

CA 1-3 5,240,000 349 

CA 1-5 5,280,000 335 

CA 1-7 6,480,000 433 

CA 1-9 6,950,000 298 

Table 16. Deflection testing results and drainage coefficients 
for california 1. 

I..oad Transfer Corner % Corners Drainage 
Section Efficien£i % Deflection, mils Exhibitino Voids Coefficient 
CA 1-1 85 12.1 60 1.10 

CA 1-3 87 10.4 50 1.00 

CA 1-5 89 10.5 60 1.10 

CA 1-7 88 6.1 10 1.15 

CA 1-9 86 11.5 55 1.10 

42 



NORMAL 
STRENGTH 

PCC 

HIGH 
STRENGTH 

PCC 

AVG. 

CALIFORNIA 1 I-5 TRACY 
OUTER LANE PERFORMANCE DATA 

JPCP SKEwED JOINTS 

5-8-11-7 ft 12-13-19-18 ft 
JT. SPACING JT. SPACING 
8.4 In PCC 8.4 In PCC 11.4 In PCC 

CA 1-1 CA 1-3 CA 1-5 

PSR 2.9 3.0 2.7 

ROUGHNESS, In/Ml 102 94 122 

CTB FAULT ING, In 0.06 0.10 0,11 

T. CKS.IMI 5 30 0 

LONG. CKS 0 ft/Mt 0 500 0 

1/. JT. SPALL. 2 3 3 

CA 1-7 
PSR 2.7 

ROUGHNESS, tn/MI 122 

LCB FAUL TING, In 0.06 

T. CKS./MI 75 

LONG. CKS., ft/Mi 230 

% JT. SPALL. 9 

CA 1-9 
PSR 2.5 

ROUGHNESS, tn/Mt 116 
CTB FAUL TING, In 0.13 

T. CKS./Mi 190 

LONG. CKS., ft/Ml 449 
1/. JT, SPALL. 3 

PSR 2.9 2.7 2.7 

ROUGHNESS, In/Ml 102 Ill 122 

FAUL TING, In 0.06 0.10 0.11 

T, CKS.IMI 5 95 0 

LONG. CKS., ft/Ml 0 341 0 

% JT. SPALL. 2 5 3 

Figure 21. Outer lane performance data for California 1 
(Age= 16 years, ESAL's 7.6 million). 
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Observations 

All sections showed some signs of pumping, from blowholes to the 
extensive presence of fines on the shoulders. '!here is a significant 
difference between the cement-treated base arrl lean concrete base in tenns of 
loss of support developrent. '!he visual extent of pumping, as evidenced by 
fines on the surface, was much greater for the lean concrete base section 
(high severity) than for the cement treated sections (none to medium). 
However, the extent of fines on the surface is not indicative of the actual 
loss of support beneath the slab. 

'Ihe cement-treated base section has perfonred better in all cases 
except faulting arrl lon::ri tudinal crackirq. '!he lon::ritudinal crackirq present 
is suspected to be a construction-related problem arrl not related to the base 
type. While faulting on this base type is higher, overall roughness arrl 
serviceability ratin::J shows the cement-treated base section to have perfonned 
better. 

Faulting is less for the section with shorter joint spacirq. '!he 
rreasured joint opening after construction for the shorter jointed pavements 
was about one-half that of the other sections. '!he shorter openings would 
help to maintain good load transfer a.rd thus result in lower faultin;. 
However, the 11-ft (3.4 m) slabs on the shorter-jointed section required 
asphalt concrete patching because of interior corner breaks. '!he section 
with lon::rer joint spacin::J has greater transverse crackirq, probably due to 
increased thennal c:urlin::J of the longer slabs. 

'!he "high" strength section contained 7.5 sacks of cement per cubic 
yard of concrete, canpared to 5.5 sacks of cement for the "nonnal" concrete 
mixtures. '!his resulted in a higher early stren::Jth of the concrete in that 
section. After 16 years, the extrelr¥:!ly limited core data showed about the 
same strength for each section. However, the backcalculated nodulus of 
elasticity showed a nruch higher value for the "high" stren::rth concrete 
section. '!his section with high stren;Jth concrete had :irore deterioration for 
every distress (transverse crackirq, longitudinal crackirq a.rd faulting) arrl 
increased roughness arrl decreased PSR. '!he reason for this poor perfonnance 
is not clear, although it may be related to higher shrinkage of the concrete 
as the cracking may result from a higher heat of hydration in the richer mix 
while c:urin::J. 

One of the sections had a slab thickness of 11.4 in (290 mm) as 
canpared to 8.4 in (213 nmi) for the others. '!he thicker slab had far less 
slab crackin;J, but increased roughness arrl lower PSR. 'Ihe reason for 
increased roughness is not clear, as after construction this section was not 
rougher than the other sections. over time arrl with increased traffic 
loadirgs, the level of crackin;J present in the thinner section will most 
likely accentuate the difference in performance between these sections. 

Conclusions 

'Ihe nost significant conclusions that can be drawn from this 
~imental project are related to the individual design parameters, rather 
than to any one given pavena1t section. 'Ihey are presented below. 
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'Ihe lean concrete base did not perfonn significantly better than the 
cement treated base, except that faulting was lower due to the use of a less 
erodible material. 'Ihe thicker slab reduced slab transverse cracking 
greatly. As traffic increases in the future, this difference will become 
even greater. The "high" strength concrete slab showed significantly poorer 
perfonnance than the "nonnal" strength concrete. '!he shorter jointed 
pavement performed similarly to the longer jointed pavement, except for 
reduced transverse cracking and faulting. However, overall roughness was 
about the same. Most of the cracking occurred in the 18-19 ft slabs. '!his 
suggests that reducing joi.11t spacing may be a very effective way to reduce 
transverse cracking. 

'!he longitudinal cracking occurring on the project was located very 
::1ear the centerline joint and is attributed to improper construction of that 
joint. 'lhe longitudinal joint was only sawed to a depth of 24 to 26 percent 
,-:if the slab thickness, which is less than the aa::epted minimum depth of 33 
percent of the slab thickness. 

The much higher traffic loadings on the outer lane resulted in greater 
cracking, greater roughness and reduced PSR than on the inner lane. 

california 2 

'!his experimental project, located on I-210 near IDs Angeles, 
California, was constructed in 1980. 'lhe roadway is an eight-lane divided 
highway (four lanes in each direction), arrl has a functional classification 
of U:tban Interstate. Through 1987, the pavement sustained approximately 
4.4 million 18-kip {80 kN) ESAL applications in the outer lane, 2.1 million 
ESAL applications in the outer center lane, and roughly 0.3 million ESAL 
applications in b:>th the inner center lane and the inner lane. 

Table 17 gives slab modulus and composite k-values for the project, 
table 18 irrlicates additional deflection testing results and AASHIO drainage 
coefficients, and figure 22 provides a summacy of the perfonnance data. 

ObseJ:vations 

Medi~ and high-severity joint spalling was not observed in either 
s;ection, although a small amount of low-severity joint spalling was 
identified. It was noted, however, that reactive aggregate distress was 
present in the pavement for b:>th sections; this could eventually lead to an 
increase in joint spalling. 

Both sections exhibited a large annmt of faulting, as in::licated in 
figure 22. 'lhe large amount of faulting is not surprising after examination 
of the erodibility analysis. '!he majority of the comers exhibited voids, 
arrl since the joints do not contain dowel bars, the faulting exhibited by 
these sections is not unusual. Generally speaking, the data collected does 
not irrlicate a difference in perfo:anance of the two sections with respect to 
faulting. 

No transverse cracking occurred on the penneable base/edge drain 
section (CA 2-2). '!he control section, hcwever, experienced transverse 
mid-panel cracking _in nearly every long-jointed slab (18- and 19-ft [5.5 and 
5.8 m) slabs). '!he cracks were all of low- or meditnn-severity. 
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Table 17. Slab modulus and composite k-values for c.alifornia 2. 

Section 

CA 2-2 

CA 2-3 

E-Value, psi 

7,040,000 

4,980,000 

k-Value, pci 

1423 

572 

Table 18 . I:eflection testing results and drainage ccefficients 
for c.alifornia 2. 

IDad Transfer Corner 
Section Efficiency % r::eflection, mils 

CA 2-2 10 14. 7 

CA 2-3 19 24.4 

46 

% Comers 
Exhibiting Voids 

65 

90 

Drainage 
Coefficient 

1.10 

0.90 



CALIFORNIA 2 I-210 LOS ANGELES 

OUTER LANE PERFORMANCE DATA 

AC/PERMEABLE CTB CTB 

CA 2-2 CA 2-3 
PSR 3.8 4,1 

8.4 In 
ROUGHNESS, 1n/r-.1 107 98 JPCP 

13-19-18-12 ft FAUL TING, In 0.11 0.11 
JT. SPACING T. CKS. /r-11 0 290 

LONG. CKS., f't/r-.1 0 a 
% JT. SPALL. 0 0 

Figure 22. Outer lane performance data for California 2 
(Age= 7 years, ESAL's = 4.4 million). 
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'!his difference in crackin;j may be partially attributed to the use of a 
hot-mix asphalt separation layer (2.4 in [61 mm] thick) placed betw"een the 
fCI'B and the FCC slab on CA 2-2. 'Ihe FCC slab was placed directly on the 
nonpenneable era for CA 2-3. It is PJ5sible that the large arrount of 
friction prcxluced by the era at the slabjbase interface contributes to the 
cracking on the longer slabs, since longer slabs experience more movement 
than shorter slabs due to expansion an::l contraction. 'Ihis large amount of 
friction would be reduced on the permeable CI'B section that has the AC 
separation layer. Another possible explanation is the development of large 
thermal curling stresses in the longer slabs, acting in combination with a 
very stiff base. 

Conclusions 

The design of the penneable CTB appears to facilitate drainage and 
reduce the erosion/loss of support beneath the slab corners; however, the 
amount of faulting which occurred was still high. 'Ille true effect of the 
permeable CI'B on performance cannot be unmasked because of the inclusion of 
an AC separation layer over the base course. It appears that the AC 
separation layer assisted in reducing transverse cracking. 

While the construction of a strong penreable CTB can be accomplished 
(the k-value on top of the base for this section was greater than 1400 pci 
[380 kPa/mm]), an::l while the penneable era may have reduced the amount of 
voids beneath the slabs by reIOOVing excess IIOisture, such a base course by 
itself is not a substitute for providing a mechanical means of load 
transfer. It is believed that for pavements under heavy truck traffic, 
positive load transfer devices such as dc.wel bars are required to keep 
faulting at an acceptable level. 

Finally, longer slab lengths appear to be more vulnerable to transverse 
cracking than shorter slab lengths. All of the transverse cracking which 
occurred on section 2-3 was in the 18- and 19-ft (5.5 and 5.8 m) slabs. 

California 6 

'!his single section is located on Route 14 near Solemint, in the 
greater Los An;eles Area. 'Ihis section, built in 1980, has three lanes in 
each direction and was included in the study because of its penneable 
asphalt-treated base course. However, coring and boring operations revealed 
that it actually had a lean concrete base course. 

The slab nodulus was backcalculated to be 6,710,000 psi (46,260 MPa), 
an::l the comp:,site k-value on top of the lean concrete base was determined to 
be 294 pci (80 kPa/mm.). Transverse joint load transfer was determined to be 
79 percent an::l no voids were detected beneath the slab corners. 'Ihis 
pavement section was assigned an AASHfO drainage coefficient of 1. o, 
i.rrli.cating an overall drainability of fair-good. 

A surranacy of the design data and the outer lane perfomance data for 
this project is provided in table 19. It is observed that the pavement is 
displaying a substantial amount of faulting, which is also reflected in the 
roughness and serviceability. However, little spalling or cracking has 
occurred. The Lµ-ge amount of faulting is somewhat surprisID:J given the fact 
that no voids were detected beneath slab corners and that no pumping was 
observed. 
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Table 19. Design arrl perfonnance data for the outer lane of california 6 
(Age = 7 years, ESAL's = 4.4 million). 

Design re.ta 
9.0 in JPCP 
4.2 I.CB 
1. 8 in AC subb3se 
12-13-15-14 ft joints 
No dowels 
AC shoulder 
A-2-4 subgrade 

Performance re.ta 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
IDrxJ. Cracks, ft/mile 
Roughness, in/mi 
PSR 

3 
0.15 

10 
0 

158 
3.4 

Table 20. Design arrl perfonnance data for the outer lane of california 7 
(Age = 8 years, ESAL' s = 10. 5 million) . 

Design re.ta 
10.2 in JPCP 
5.4 in CI'B 
5. 4 in line-treated 

subbase 
12-13-19-18 ft joints 
No dowels 
AC shoulders 
A-2-4 subgrade 

Perfonmnce re.ta 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
IDrxJ. Cracks, ft/mile 
Roughness, in/mi 
PSR 

0 
0.06 

119 
598 

87 
3.8 

Table 21. Design arrl perfonnance data for the outer lane of california 8 
(Age= 4 years, ESAL's = 5.3 million). 

Design re.ta 
10.2 in JPCP 
5.4 in AC 
9.0 in~ subbase 
12-13-15-14 ft joints 
No dowels 
AC shoulder 
A-7 subgrade 

Performance re.ta 
Joint Spallit'XJ, % o 
Joint Faulting, in 0.04 
Trans. Cracks/mile O 
IDrxJ. Cracks, ft/mile 0 
Roughness, in/mi 92 
PSR 3.8 
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california 7 

One pavement section, located or. I-5 near Sacramento and built in 1979, 
was included in the study bec.au...se it W-dS one of the older proje:::-'"c-S utilizin0 
the california ceparbnent of Trans:::..:ortation's current dra.ina.ge de-5ign. The 
c,.SC:: '. :Jrc. ¼""" =ns+-rc.1,..,;..--eG W' t- l 0r,~' ·h-rl1' ,,.,,, l .,,,.,,.---cll• n.::: pl aced ;a'- - -1cr"-"' ~.: 1"' <: -.· ~ --·~ -........ • ......._. .......... ,_. ...... .:. -·· J.\.j-L-l;;.i....-1. ~J.Ll_.._ l,.,..l:_c ......., ..,._ ._...,L.. c. <-~·-1:-··.--<- ,_•_,;__ _,,, ,_ .• 

. 39€ ::ur.: be:~,. t:...11.e su_:_~ac~e ::;f th.E~ ·~av.ern9r1t. T:1e dr=1inp.i.::ie:. W(~re :~5- ii.; '7~ 
llllit) IT. diameter and the lateral outlets were spaced everj 25C ft (76 n) al'J?"'' 
t.c'1e project. Drainage fabric was used at t..he interface bet,1ees, the permea,':'::.:: 
~'"'Pi'L ~ !r2-:.er ia: and t...':.s ;:;~p:~ace tc ?:.1-~.._::c a.r}a :" .. n:;~:. :LntiJ.~.ratj_":::·--_ ~ f_i31e:c:-: -= ,- •- -

-:.i.~e :;;e...,.-metible IT6t~i2i. 

T.1s roadvrc.:, ::_::; a four-lanE, di,-~ded hi-:;;hway. Througt 193.,., thic:; 
paver.12.r:"': se=cion has susta:11ed app~c;~at.el:.r 10.5 r:: .. ~.2-1.ior. :_s-kjp (80 ~~l\T) y _ _,._ 
app:ic.ations in t112 outer larie c:.:~lc nearly 2 ~ .:~ m.illi:,n ESAI..1 c.;:pli::-::.:tion.s 1-;1 

the inner lane. 

From deflection testing, the modulus of the surface was calculated as 
E:, 260,000 ps.: (43,160 MPa) and t.he CCIT':posite k-value on top of tb.2 rose was 
dete...YIDi.ned to be 326 poi (88. 5 Jc'.Pa/mm). 'Ihe average load t._,-ansfo::- efficien-::-_,: 
for the transverse joints was calculated as 35 percent. In addition, 23 
percent of the slab =rners e..xhibited voids or loss of support t€.7leath tho 
comers. In spite of the edge drains provided to the section, the poor 
drainability of the sub,jrade results in an overall drainability rating of 
fair and an AASHIO drainage coefficient of o. 85. 

Observations 

cesign and perfoJ::11lclTice data is provided in table 20. The section 
exhibited a large amount of transverse and longitudinal cracking. This 
cracking was confined to the first 500 ft (152 m) of the condition survey to 
a point where a construction joint was located. After the construction 
joint, no longitudinal or transverse cracking was observed. Thus, the 
cracking may be construction-related, as the cracked section evidently was at 
the errl of a day's paving. The concrete might have been unable to cure 
properly or :perhaps other construction problems are to blame, such as late 
sawing of the joints. 

No joint spalling or pumping was observed for either lane at the time 
of the survey. 'Ihe average transverse joint faulting for the outer lane of 
this project was 0.06 in (1.5 :mm). Joint faulting was not measured in the 
inner lane due to high traffic voll.nnes. 

conclusions 

The longitudinal and transverse cracking exhibited by both the inner 
and outer lane may be attributed to construction problems, to late sawing 
t..11e joints, or to improper depth of saw cut of the joints. The latter 
appears to be the most logical conclusion, in that all of the cracking 
occurred before placement of a construction joint which was lcx::ated in the 
middle of the section. Apart from the longitudinal cracking, the section is 
perfonninq quite well in tenns of spalling and roughness/serviceability. 
However, the 0.06 in (1.5 :mm) level of faulting after 8 years of traffic 
coupled with a lqad transfer efficiency of 35 percent raise concerns for the 
long-tenn performance capabilities of this pavement. 
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califo:rnia 8 

'Ihis sirqle section on U.S. 101 near 'Ihousarrl Oaks has four lanes in 
each direction, includirq a full-time exit lane. 'Ihis exit lane was a 
widened lane and was the reason for the inclusion of this section into the 
study. 'Ihis project was constructed an::3. op:me::i to traffic in 1983 and has 
sustained approxim3.tely 5.3 million 18-kip (80 kN) ESAL applications in the 
outer (exit) lane. 

The slab m:dull.13 was backcalculat.Ed to be 6,420,000 psi (44,260) arri 
the cornposite k-value of the asphalt-treeted base was dete.._-rmined. to be 339 
pci (92 kPa). Ceflec:tion testirq in:licated t.'IB.t no voids were present 
beneath any slab corners an:l that the transverse joint load transfer 
efficiency was 92 percent. '!his section was assigne::1 an AA ... SHID drainage 
coefficient of 0.95, corresp::in::li.rq with an overall drainability of fair. 

Project design data and outer (exit) lane performance data is 
summarized in table 21. It is seen from this table that the pavement is in 
pretty good condition. Hcwever, faultir:g, is beginnirq to develop and may 
soon increase and result in pavement roughness. 

4. WEI'-FREE:ZE ~ REI:;ICN 

In the wet-freeze environmental region, experilllental concrete pavement 
sections were included from five States and one province: Michigan, New York, 
Ohio, Pennsylvania, New Jersey, and Ontario. Of all the environmental 
regions, this region contains the most projects and is the best represented. 

Climatic inlices for the region include a range of 25 to 1000 for the 
Co:rps of Engineers Freezirq Index, a range of 30 to 60 for the 'Ihornthwaite 
Moisture Index, and an annual precipitation range of 30 to 43 in (762 to 
1092 mm). '!he highest average mnthly maximum te:rrperature ranges from 
80 °F (27 °q to 86 Op (30 °q. '!he lawest average mnthly minimum 
terrperature ranges from 10 °F (-12 °c) to 25 °F (-4 °C) . 

Michigan 1 

'Ihis experilllental project, constructed in 1975, is located on U.S. 10 
near Clare, Michigan. U.S. 10 is a four-lane divided highway (two lanes in 
each direction). The roadway's functional classification is Rural Principal 
Arterial. From 1975 through 1987, the paverrent experienced. an estimated 0.89 
million cumulative 18-kip (80 kN) ESAL applications in the outer lane and 
0,08 million E.5AL's in the inner lane. 

Backcalculated E and k-values for the paverrent sections are given in 
table 22. Table 23 provides additional deflection testirq results and 
drainage coefficients, while figure 23 presents a summary of performance data 
for the outer lane of each pavement section. 

It should be noted that a 10-in (254 mm) sard. subbase was located 
beneath each of the various base types, and that the subgrade soil is 
classified as an AASHIO A-2-4 material. In addition, all sections contained 
full-depth asphalt concrete shouJdcrs, vlhic:h resulted in bath-tub type 
cross-sectional designs. 
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Table 22. Slab m:rlulus am c:anposite k-values for Michigan 1. 

Section E-Value, P§i k-Value, ~i 
MI 1-la 5,450,000 353 
MI 1-lb 5,790,000 300 
MI 1-4a 5,880,000 468 
MI 1-7a 6,340,000 292 
MI 1-7b 6,090,000 269 
MI 1-lOa 6,230,000 436 
MI 1-lOb 5,280,000 502 
MI 1-25 N/A N/A 

Table 23. Deflection testing results and drainage coefficients 
for Michigan 1. 

Load Transfer Corner % Corners Drainage 
section Efficiencv % Deflection, mils Exhibitina Voids Coefficient 
MI 1-la 98 6.7 0 1.00 
MI 1-lb 72 10.3 15 0.90 
MI 1-4a 19 21.8 75 1.10 
MI 1-7a 100 26.3 94 0.90 
MI 1-7b 100 31.8 100 0.80 
MI 1-lOa 41 13.7 70 0.85 
MI 1-lOb 42 20.4 100 0.85 
MI 1-25 N/A N/A N/A o.70 
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'., J'CP 

t3•17-\6-U! ,t 
JT, SPACING 

' In .N'CP 

13-U-18-12 N: 

JT, SPACING 

' .. JRCP 

71 ,~ 

JT. SPACIIIG 

AVG. 

MICHIGAN 1 U.S. 10 CLARE 

OUTER LANE PERFORMANCE DATA 

DRAINED N□NDRAINED 

SKE\,,IED PERPEND, SKE\,,IED PERPEND, 
JOINTS JOINTS JOINTS JOINTS 

ND DD\JELS DDYELS NO DDYELS DO\IELS 

MI 1-70. MI 1-7b 

PSR 3.6 3.7 

ROUGHNESS, In/Ml 58 37 

AGG FAUL TING, In 0.04 0.04 

T, CkS./MI 0 0 
LONG. CkS., ft/Ml 0 0 

1/. JT. SPALL. 12 11 

MI 1-40. 
PSR 3.9 

ROUGHNESS, In/Ml 47 
PERM FAUL TING, In 0.03 ATB 

T, CKS./MI 0 
LONG, CKS., ft/Ml 0 

1/. JT, SPALL. 9 

MI 1-100. HI 1-I0b Ml 1-25 

PSR 2.9 2.8 2,9 

ROUGHNESS, In/Ml 98 104 159 

ATB FAUL TING, In 0.14 0.19 0.20 

T. CKS./MI 0 18 29 

LONG. CKS., ft/Ml 0 0 0 

1/. JT. SPALL, 41 63 75 

MI 1-lo. MI 1-lb 
PSR 3,6 3.3 

ROUGHNESS, In/Ml 96 91 

AGG FAUL TING, In 0.05 0,08 

T, CKS.IMI 0 5 
LONG. CKS. ft/Ml 0 0 

1/. JT. SPALL. 0 0 

PSR 3,4 3.6 2.8 3.5 

ROUGHNESS, In/Ml 72 77 132 64 

FAUL TING. In 0.08 0,04 0.20 0.06 

T, CKS./MI 0 0 24 3 

LONG. CKS. ft/Ml 0 0 0 0 

1/. JT, SPALL. 25 6 69 6 

Figure 23. Outer lane performance data for Michigan 1 
(Age= 12 years, ESAL's = 0.89 million). 
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Observations 

The dense-gradoo asphalt-treated base course sections were the p<XJrest 
performers of all base typas. 'Ihis is based on the amount of transverse 
cracking, spalloo joints and joint faulting, all of which caused significant 
roughness in the pavements. The asphalt-treatoo penneable base secticns 
perfonned the best, showing very little faulting or joint spalling, and r,o 
cracking. The aggregate base course sections :perfonned well, as they hc:d 
only slightly m::ire deterioration than the pe:rmeable base sections. 

Those sections with dense asphalt-treated bases were bathtub designs 
from which water does not drain. 'This results in continual saturation of the 
RX: slab when excess m::iisture. is available which causes acceleration of the 
deterioration of l:oth the transverse and lonqitudinal joints. 

Very little transverse cracking occurred on the experimental sections. 
'Ihe JRCP had practically no deteriorated trarisverse cracks alt11oug.h crac}'.ing 
is expected on these designs. A possible explanation is that the dowels were 
coated with epoxy to prevent corrosion and corresponding joint lockup. 

Sections with dowels had much higher measured. deflection load 
transfer. In addition, faulting is clearly affectoo by not only t-he presence 
of dowel bars, but also by t-'le drainability of the base course. For the 
specific traffic, subgrade, and climate of this project, the JFCP with 
permeable base did not neoo dowels to prevent faulting. DY".ve1s used with thro 
dense-gradoo aggregate base, however, did prevent faulting. 

French drains were retrofitted to several pavement sections in 1981 
allowing for a comparison of sections with and without drainage features. 
'Toe drainoo section displayed. approximately J3 percent less faulting c,ompared 
to its nondrainoo counterpart. The drainoo :,ection also showed a.tout 15 
1::ercent fewer corners with vcids, or loss of support. The effect of posit~vr 
drainage on any other distresses is not apparent, except that for the dense 
asphalt-treatoo bases, there was less joint spalling on tl1e drained section 
(47 perc.ent of the joints) than on the nondrained section (65 to 87 percent,. 

A direct comparison of joint spacing can be made between the 71. 2-ft 
(21.7 m) JRCP and the 12-17 ft (3.7-5.2 m) JFCP. These sections all contain 
dowel bars and were constructed aver aggregate base courses. 'Ihe overall 
perfomance of these sections is rough1y comparable. 'Ihe only significant 
difference is the greater roughness and lawer PSR for the JRCP sec,,-tion. It 
is interesting to note that the drainage coefficient for the long-jointed 
sections is higher than for the short slabs. The excellent drainage 
characteristics of these sections may have mitigated some of the distresses 
often associated with long-jointed pavements. 

One short section included in the study had a concrete acceleration 
ramp tied to the outer traffic lane. 'This section also had a dense-graded, 
asphalt-treated base course, no subdrainage, and no dowel bars. There was no 
joint sealant between the lane and acceleration ramp which allowed moisture 
to freely enter the pavement structure. Also, tJ1e filDI' indicated that the 
tiebars across the lane and ramp failed shortly after construction. 'Ihe tied 
acceleration ramp did not improve the perfonr,:1nce of this section as it 
perfonned as p:x:i1::1Y as the two other sections of similar design. 
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Any evaluation of joint spalling must consider the fact that the large 
aggregate in the concrete slab was susceptible to freeze-thaw damage, or 11 011 

crackirq. 'Iherefore, the more water available to saturate the slab over long 
periods of time the greater the extent of "D" crack.irq. This was observed 
during the field survey and in the joint cores retrieved from transverse 
joints. Deterioration due to "D" crackin:J along the longitudinal joint had 
already led to maintenance patchiaJ of this joint in many areas of the 
project at the time of the survey. 

Conclusions 

'Ihe 1IDSt significant conclusion that can l::e drawn from the experiment 
is that the section with the penneable asphalt-treated base course perfonned 
l::etter than any other sections. This section had short joint spacing 
(12-19 ft [3.7-5.8 m]) and no dow-els. The design of this section facilitated 
drainage of water entering the pavement section. The rapid removal of water 
meant that moisture was not present long enough to erode the base or saturate 
the concrete slab, as occurred in other sections. 1he effect on the 
pavement's perfonnance was that ooth joint faulting and spalling were greatly 
reduced. 

1he worst performing sections included those having a dense-graded 
asphalt-treated base course. 'Ihese sections trapped free water for long 
periods of time. This led to serious erosion of the base and slab, resulting 
in faulting, saturation of the concrete, and freeze-thaw damage and spalling 
at the transverse and longitudinal joints. These sections also had a 
significant amount of transverse cracking. 

1he aggregate base sections with dewels perfonned much better t'lan the 
aspl1alt base pavements. Additionally, th.e aggregate base courses provided 
same vertical drainage to the sand subbase layer. The drainage afforded by 
this layer was evidently sufficient to reduce saturation of the concrete 
slab. Dowels in these pavements also helped to prevent faulting of the 
joints. Also, french drains placed along some of the sections reduced joint 
faulting by aoout 33 percent, with evidence available to show that joint 
spalling was also reduced. 

'Ihe joint perfonnance of the 71.2-ft (21. 7 m) JRCP was excellent in 
terms of spa.Hing. This may l::e attributed to the good f)E?Iformance of the 
prefonned compression seals that apparently kept out incompressibles, and the 
aggregate base that provided some subdrainage so that significant "D" 
::racking did not develop. 

'Ihe drainage coefficients calculated for these sections demonstrates a 
trend that is followed in the perfonnance of the sections. 1he sections with 
the best drainage characteristics had the best r::,erfonnance and the sections 
with the worst drainage characteristics had the worst performance. 

Finally, the doweled pavement sections of this project represent one of 
the earliest applications of ep:,xy-coated dowel h 01rs. '.Ihey apparently have 
perfonned well, particuiarly in the long-jointed slabs which have very few 
transverse cracks. 
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Michigan 3 

'!his single section on I-94 near Marshall had a penneable aggregate 
base course and was constructed in 1986 using recycled concrete. A sand 
subbase was located beneath the penneable base. The pavement includes tied 
reinforced concrete shoulders whose 41-ft (12.5 m) joint spacing matches that 
of the mainline pavement. 'Ihrough 1987, the pavement had sustained 2. 8 and 
0.83 million ESAL applications in the outer and inner lanes, respectively. 

Backcalculation procedures using deflection data provided an elastic 
mJdulus of 4,380,000 psi (30,200 MPa) and a composite k-value of 186 pci ( 50 
kPa/mm) • The transverse joint load transfer efficiency was determined to be 
88 percent and no voids were detected beneath the slab. D.le to the penneable 
aggre,iate base course, this section was assigned an AASHIO drainage 
coefficient of 1.10, correspon:ling to an overall drainability rating of gocd. 

Table 24 provides a Slil1lffiaJ:Y of the project design data and the outer 
lane perfonnance data. OVerall, the pavement section is in excellent 
corrlition. In only 1 year of seJ:Vice, the pavement has sustained nearly 3 
million ESAL applications but is showing little, if any, distress. 

Michigan 4 

This experimental project on Interstate 69 near Cllarlotte, constructed 
in 1970, was intended to corrq::,are a tied, plain concrete shoulder with the 
traditional an AC shoulder. The roadway is a four-lane divided highway with 
a functional classification of Rural Interstate. Through 1987, the pavement 
sustained approximately 4.4 million 18-kip (80 kN) ESAL applications in the 
outer lane and roughly 0.75 million ESAL applications in the inner lane. 

Table 25 gives backcalculated E and k-values for each section. 
Additional deflection infomation and AASHTO drainage coefficients are 
provided in table 26. Table 27 gives longitudinal lane-shoulder joint load 
transfer efficiencies for each section, while figure 24 presents a summary of 
the perfonnance data of each section. 

Observations 

Joint comer deflections for the section with AC shoulders were almost 
double those of the PCC shoulder section. However, adjacent load transfer 
efficiencies were higher for the section with AC-surfaced shoulders. Neither 
section had particularly good load transfer efficiency. The load transfer 
efficiency across the lane-shoulder joint was calculated to be 35 percent for 
the section with PCC shoulders, which is very low. This in::licates that the 
tied shoulders are providing very little structural support to the mainline 
pavenEI1t. 

The transverse joints were in excellent corrlition on both sections. 
The section with AC shoulders had 6 percent of the joints spalled and the PCC 
shoulder section had no transverse joint spalling. The transverse joint 
sealant for both sections was a prefonned compression sealant. It was in 
fair corrlition on MI 4-1 and gocd to fair corrlition on MI 4-2. 
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Table 24. Design arrl perfomance data for the outer lane of Michigan 3 
(Age = 1 year, ESAL's = 2.8 million). 

Design Cata 
10.0 in JRCP 
4. 0 in PAGG base 
3. 0 in AGG subbase 
41 ft joints 
1. 25 in dowels 
K'C shoulder 
A-2-4 subgrade 

Perfomance Cata 
Joint Spalling, % 
Joint Faulti.D3, in 
Trans. cracks/mile 
long. cracks, ft/mile 
Roughness, in/mi 
PSR 

0 
0.02 

0 
0 

37 
4.8 

Table 25. Slab modulus arrl composite k-values for Michigan 4. 

Section 
MI 4-1 
MI 4-2 

E-Value, psi 
4,830,000 
4,530,000 

k-Value, pci 
283 
189 

Table 26. Deflection testing results arrl drainage coefficients 
for Michigan 4. 

Section 
Load Transfer 
Efficiency% 

51 

Corner 
I:Eflection. mils 

% Corners 
Exhibiting Voids 

Drainage 
coefficient 

MI 4-1 
MI 4-2 67 

15.6 
27.1 

22 
95 

0.75 
0.70 

Table 27. longitudinal lane-shoulder joint load transfer efficiency 
for Michigan 4. 

Section 
MI 4-1 
MI 4-2 

longitudinal Lane-Shoulder 
Joint load Transfer Efficiency, % 
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MICHIGAN 4 I-69 CHARLOTTE 

OUTER LANE PERFORMANCE DATA 

PCC SHOULDER AC SHOULDER 

MI 4-1 "\I 4-2 
PSR 2.4 2.4 

9 In ROUGHNESS, In/Ml 132 112 
JRCP 

71.2 ft FAUL TING, In 0.12 0.06 

JT, SPACING T, CKS./MI 227 183 
LONG. CKS. ft/Ml 40 0 

1/. JT, SPALL. 0 6 

Figure 24. Outer lane performance data for ;-'j er, .g:11. 
(Age= 17 years, ESAl's = 4.4 million). 
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Joint faulting for the tied FCC shoulder section was twice that of the 
AC shoulder section. However, the faulting is not very large on either 
section. 

'Ille system used to tie the shoulders does not appear to have provided 
any support at the time the pavement was SUIVeyed in 1987. 'Ihe spacing of 
the hook bolts at 40-in (1016 rnm) interrdls may be too great to provide 
effective load transfer. However, infonnation furnished by the MDJr 
indicated that the tiebars were not inten:1ed to provide load transfer, only 
to tie the shoulders to the lane. 

With the lower comer deflections on the concrete shoulder section and 
the greater number of comer voids on the section with AC shoulders, theory 
suggests that there should be more faultirq on the section with AC 
shoulders. However, the penneability of the base and sul:grade on the AC 
shoulder section were much higher than foillrl on the FCC shoulder section. 
Perhaps the improved per,neability of the AC shoulder section dominates the 
erosion characteristics of the sections. 

Medii.nn- and high-severity transverse cracks were prevalent in both 
sections and were the major distress observed on this experimental project. 
A total of 227 deteriorated transverse cracks/mile were recorded on the FCC 
shoulder section; there were 183 transverse cracks/mile on the AC shoulder 
section. 'Illus the section with AC shoulders perfonned better than the 
section with FCC shoulders in tenns of crackirq, although both levels of 
cracking are very high. 

Given the number of spalled and deteriorated transverse cracks, it is 
not surprising that there were hardly any deteriorated transverse joints. 
'!his is probably due to the fact that the dowels at tl1e transverse joints 
have corra:ied and locked up. Further support for the fact that the joints 
are locked and that the cracks are working is the presence of "D" cracking at 
most of the cracks and its absence at the joints. 

Since there was extensive deteriorated transverse cracking, and few 
deteriorated transverse joints, it is interesting to consider the amount of 
transverse er ack faulting present on these sections. Transverse crack 
faulting was measured on all transverse cracks where present. Of the 30 
transverse cracks exhibiting faultirq in the section with FCC shoulders, the 
average crack faulting was 0.20 in (5 mm). In the section with AC shoulders, 
there were 11 faulted cracks and the average faulting was 0.31 in (8 mm). 
While the average was higher in the section with AC shoulders, the total 
anount of faulting was almost double in the section with FCC shoulders. 

An average of 40 linear ft/mile of longitudinal cracking was observed 
:in the section with tied FCC shoulders. No longitudinal cracking was 
r-ecorded on the pavement section with AC shoulders. 

'!he PSR was 2. 4 for both sections. For Interstate pavements such as 
I-69, a rating of 3.0 is often considered a terminal serviceability point at 
IY'hich major rehabilitation is required. 'Ihe Mays Roughness Index (RI) was 
132 in/mi for the FCC shoulder section and 112 in/mi for the section with AC 
shoulders. Both the PSR and the RI values are consistent with the amount of 
joint faultirq, transverse cracking, and crack faulting discussed above. 
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The section with PCC shoulders averaged five transverse cracks/mile on 
the shoulder. The joint spacing in the nonreinforced shoulders was 
18-18-18-17.2 ft (5.5-5.5-5.5-5.2 m). The condition of the lane-shoulder 
joint sealant was fair and the joint was tight. Spalls were observed on the 
shoulder adjacent to the mainline pavement transverse joint at 13 percent of 
those joints. The PCC shoulder averaged 0.2 in (5 mm) of heave above the 
mainline pavement surface. The overall rating of the outer shoulder on this 
section was fair to good. 

Section 4-2, with AC shoulders, had e>..tensive linear cracking and 
alligator cracking of the shoulder surface. There was an average dropoff of 
0.9 in (23 :mm) from the pavement to the shoulder and an average separation of 
0.3 in (8 :mm). No sealant was present in the lane-shoulder joint. 

Conclusions 

There was only one design variable, shoulder type, incorporated in this 
project. This experimental project was designed to evaluate the design and 
perfonnance of several shoulder types and not particularly to improve 
pavement perfonnance. If the premise that tied concrete shoulders improve 
mainline pavement performance is accepted, the results of this project may 
appear contradictory. However, all factors must be considered. Recall that 
joint corner deflections were higher for the AC section, with the reducro 
edge support. Also, the condition of the two shoulders, and especially the 
condition at the lane shoulder joint, shows that the shoulders are perfonning 
as would be expected. The PCC shoulder is structurally superior to the AC 
shoulder, showing very little deterioration. It can be assumed that they 
have handled about the same amount of encroaching and parked traffic. With 
the tighter joint, the presence of joint sealant, and the comparatively 
distress-free shoulder of the PCC section, the mainline pavement of this 
section should perform better. The fact that it does not suggests that other 
mechanisms are controlling the perfonnance of the pavement in this case. 

Several factors may help explain this difference in performance. The 
drainability of the base and subbase under the AC shoulder section was better 
than that of the PCC shoulder section. layer penneabilities were better in 
the AC shoulder section, although their overall drainability ratings were the 
same. This difference in penneabilities may have had an affect on the 
performance of the two sections. other factors that may account for these 
results is the fact that the spacing of the shoulder ties of the PCC shoulder 
section was quite large and that the shoulder joint face was finished very 
smooth to facilitate differential movement between the lane and shoulder. 
Thus, adequate support was evidently not provided to the mainline pavement 
and the expected benefits of the tied shoulders were not realized. 

The conclusion suggested by these results then, is not that AC 
shoulders have a more beneficial effect on pavement performance than tied PCC 
shoulders. The design of the tied shoulder has a very significant effect on 
the ability of the shoulder to improve pavement performance. Joint spacing 
in the shoulder and the spacing of the tiebars must be carefully designed to 
ensure that the desired benefits are achieved. Also, overall pavement 
drainability has an enonnous effect on pavement performance that can overcome 
other significant design features. 
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Michigan 5 

'Ibis sin;Jle section, located on I-94 near Paw Paw, was built in 1984. 
'!he pavement was constructed usin;J recycled. concrete am. included a :penreable 
aggxegate base course am. plain concrete shoulders. 'Ihrough 1987, the 
pavement had sustained 3 .1 million ESAL awlications in the outer lane am. 
0.75 million ESAL awlications in the inner lane. 

Ba.ckcalculated material properties include a slab :m::xlulus of 4,490,000 
psi (30,960 MPa) am. a LU,lfX.Site k-value of 233 pci (63 kPa/:mm). I.cad 
transfer efficiency was calculated to be 94 percent, but the corner 
deflections were ~ to be 26. 9 mils. In addition, voids were detected. 
urrlerneath 95 percent of the slab comers. Because of the penneable base 
course, this pavement was assigned an A1ISlil'O drainage coefficient of 1.05, 
corresi;x:irxlin;J to a overall drainability of good. 

Obserlations 

Project design data am. outer lane perfonnance data for this section is 
surmnarized. in table 28. '!here was a treirerrlous arrount of transverse cracking 
that occw:red in this pavement section. It was obseJ:ved. that these cracks in 
the mainline pavement coincided. with the location of joints in the plain 
concrete shoulders. '!he joints in the shoulders evidently created or forced 
open tight cracks in the mainline pavement. Once the cracks opened, they 
rapidly deteriorated urrler the heavy traffic loadin;J since the small top size 
of the recycled coarse aggregate (1 in [25 mm]) was not sufficient to provide 
adequate aggregate interlock load transfer. More deteriorated transverse 
cracks were observed. in the outer lane, probably due to its higher traffic 
loadin;J am. proximity to the concrete shoulder. 

Conclusions 

It is clear that the plain concrete shoulders with offset joint spacin;J 
had an adverse effect on the performance of this section. Hc,;,rever, there are 
several other factors that also raise serious concerns about this paveoont' s 
potential for lorq-tenn perfonnance. 'Ihese factors include the ve:cy high 
con1er deflections am. the large number of voids detected at slab corners. 
While these factors have not yet adversely affected the perfonnance of the 
pavement, it is believed that they will begin to make their presence knc1,m in 
a few years in the fonn of joint faultin;J, pmcpin;J, am. corner breaks. In 
fact, faultin;J has already begun. 

'!he voids detected at slab comers could be a result of the penneable 
base bein;J clogged am. poor Sl.lfP)rt con:li.tions. A sarrl ~ubh;ise material was 
located beneath the penneable base whidl, as in:licated from limited testin;J 
by Michigan ror, has contaminated the base layer am. reduced its 
permeability. In addition, there has been concern raised over the percent 
crushi.rxJ am. gradation specifications of the permaable base material. '!here 
was a fairly low percentage of crushed material which, coupled with an 
ilrproper gradation, may have resulted in an unstable base course. 

Another factor contributi.nJ to the poor perfomance of the section is 
the ilrproper functionin:J of the ep:,xy-coated da,,rel bars. TestirxJ by the 
Michigan ror in:licated that the bon::lbreaker placed on the dowel was 
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Table 28. Design arrl perfo:rnance data for the oute!'.' lane of Mic:-i:;zr: _ 
(.Age = 3 ye~ars, ES.AL' s = 3 g l m:~lj_icnj .. 

Design r:ata 
10. 0 in JR.CF 
4 • 0 in PAGG base 
21.0 in AGG subbase 
41 ft joints 
1. 25 in d~els 
K'C shoulder 
A-2-4 subgrade 

Per:f 01'.111::'1:Ce Da t;c, 
Joint Spalling, ?., 
Joint Faultirq-, in 
Trans. Cracks/mile 
I.Drq-. Cracks, ft/ll'ile 
Rcughness, in/mi. 
PSR 

C 
0.05 
l/4 

4.2 

Table 29. Slab rocxiulus arrl COI!lfX)Site k-values for New York 1. 

Section E-Value, J;§i k-Value, ~i 
NY 1-1 3,810,000 549 
NY 1-3 3,890,000 503 
NY 1-4 3,892,000 534 
NY 1-6 4,020,000 619 
NY 1-8a 4,100,000 638 
NY 1-8b 3,880,000 548 

Table 30, Deflection test~ results arrl drainage cc.efficients 
for New York 1. 

Load Transfer Corner % Corners Drainage 
Section Efficiencv % Deflection, mils Exhibitincr Voids Coefficient 
NY 1-1 100 16.4 55 0.90 
NY 1-3 47 10.0 20 0.90 
NY 1-4 94 11.1 25 0.80 
NY 1-6 100 16.5 30 0.75 
NY 1-8a 100 11.1 20 1.00 
NY 1-8b 100 10.6 25 1.05 
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ineffective at preventing the dC1.vel from bon::ling to the concrete. '!his, and 
the fact that the dC1.vel basket tie wires were not cut, apparently served to 
freeze up the joint and open adjacent transverse cracks. 

New York 1 

'!his experimental project on Route 23 between catskill and cairo was 
constructed and opened to traffic in 1968 . 'Ihe roadway is a four-lane 
divided highway, with a functional classification of Rural Collector. 
Through 1987, the pavement sustained 3 .1 million cumulative 18-kip (80 kN) 
FSAL applications in the outer lane. 'Ihe inner lane experienced nearly 0.4 
million cumulative FSAL's. Table 29 provides the backcalculated E and 
k-values for each section, while table 30 presents additional deflection 
info:mation and drainage coefficients. Figure 25 is a summary of perfo:mance 
data for the outer lane of each section. 

Observations 

'Ihe load transfer efficiencies were excellent for the short-jointed 
slab sections (100 percent), both with and without load transfer devices. 
'Ihe 60.8-ft (18.5 m) pavement sections had lc:Mer load transfer efficiencies, 
varying from 47 percent on ATB to 94 percent on the aggregate base. In 
addition, voids were detected in all of the pavement sections. 

'Ihe sections without the two-part malleable iron load transfer devices 
spalled much less than those sections with the load transfer devices. 
Hcwever, it is not apparent from the data that the devices had any effect on 
reducing joint faulting. It should be noted that the two-part malleable iron 
load transfer devices are no lon;1er used by the NYSOOI' as they did not reduce 
faulting and were the cause of many joint-related perfonnance problems. 

Joint spacing had a significant effect on pavement perfonnance. 'Ihe 
lQnJer JRCP sections had the lc:Mest PSR's and the highest roughness values, 
but they had the least amount of transverse and longitudinal crackirq. 
Hc:Mever, these sections also had higher incidences of faulting and spalling. 

'Ihe perfonnance of skewed versus perperrlicular joints could not be 
readily determined, as only one section with skewed joints was included. In 
general, its faulting was similar to that of the identical design with 
perperrlicular joints, with Il'Ore transverse crackirxJ recorded in the section 
with perperrlicular joints. 

Conclusions 

'Ihe pavements with short slabs performed better than the long-jointed 
sections in tenns of joint faulting, roughness and PSR. In fact, the 
long-jointed sections had roughly six tilres as much faulting as the 
short-jointed sections. SUrprisingly, the short-jointed sections exhibited 
rore transverse crackirxJ. Generally speaking, the sections constructed on 
the asµ-ia).t-treated base performed better than the sections on aggregate 
base. '!his is based primarily on the PSR arrl roughness measureJllel1ts. 
finally, the sections constructed with load transfer devices spalled much 

1NOrse than those without the devices. In addition, the load transfer devices 
used in this project were not effective in reducing faulting. 
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9 In 
JPCP 

20 ft 
JT, 

SPACING 

9 In 
JRCP 

60.8 ft 
JT, 

SPACING 

NE\./ YORK 1 RTE. 23 CATSKILL 

OUTER LANE PERFORMANCE DATA 

SKEVED JOINTS PERPENDICULAR JOINTS 

N□ L□AD L□AD N□ L□AD L□AD 
TRANSFER TRANSFER TRANSFER TRANSFER 

NY 1-6 
PSR 3,9 

ROUGHNESS, In/Ml 0e 
AGG 

FAUL TING, In 0.03 BASE 
T. CKS,/MI 35 

LONG, CKS. ft/Ml 0 

1/. JT, SPALL 13 

NY l-8b NY l-8n NY 1-1 
PSR 3.8 4,1 4,0 

ROUGHNE ss, In/Ml 65 64 56 

ATE FAUL TING, In 0.03 O.ot 0.02 

T, CKS.IMI 0 9 0 

LONG, CKS. ft/Ml 0 0 0 
1/. JT, SPALL 0 0 6 

NY 1-4 
PSR 3,4 

AGG ROUGHNESS, In/Ml 90 

BASE FAUL TINCi, In 0.09 

T. CKS.IMI I 0 
LONG, CKS. ft/Ml 0 

1/. JT. SPALL 9 

NY 1-3 
PSR 3,6 

ROUGHNESS, In/Ml 79 

ATB FAUL TING, In 0.14 

T, CKS.IMI 0 

LONG, CKS. f't/MI 0 

% JT, SPALL 73 

AVG. 
3.9 

82 

0.03 

35 

0 

13 

4.0 

62 

0.02 

3 

0 

2 

3,4 

90 

0.09 

0 

o 
9 

3,6 

79 

0.14 

0 

0 
73 

LOAD TRANSFER DEVICES ARE ACME DEVICES, l!O rt JOIIITS 60.8 ,t .AUNTS 

PSR 3,8 4.1 3,9 

ROUGHNESS, In/Ml 65 64 69 

FAUL TING, In 0.03 0.01 0.03 

T. CKS./MI 0 9 17 

LONG, CKS. ft/Ml 0 0 o 
1/. JT, SPALL 0 0 9 

Figure 25. Outer lane performance data for New York 1 
(Age= 19 years, ESAL's = 3.1 million). 
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New York 2 

Constructed in 1975 on Interstate 88 near otEqo, the design variables 
on this project include joint spacing, shoulder type, arrl pavement type. 
'Ihis roadway's functional classification is Rural Interstate. It is a 
four-lane divided highway with two through lanes in each direction. 'Ihrough 
1987, the outer lanes of this project sustaine:l 1.4 million 18-kip (80 kN) 
ESAL applications, while the inner lanes were subjected to approximately 0.14 
million ESAL applications. 

Table 31 provides backcalculated E arrl k-values for the sections 
included in the study, table 32 presents additional results fram deflection 
testing arrl drainage coefficients, arrl table 33 provides lane-shoulder joint 
load transfer efficiencies for the project. Figure 26 surmnarizes the major 
perfonnance in::licators for the outer lane of each section. 

Observations 

No joint spalling was recorded for any of these sections which, as 
noted earlier, all have epoxy-coated I-beams across the joints. '!he 
transverse joints on all of the sections are sealed with a rubberized asphalt 
sealant arrl the sealant is in excellent con:lition throughout the project. 

Joint faulting on this project was very low, ranging from an average of 
0.01 to 0.02 in (0.25 to 0.51 mm). '!here was no punping, despite the 
identification of voids beneath three out of four of the sections. 
Typically, those sections with a higher percentage of voids would be expected 
to show greater faulting, al though that did not occur here. 

'!he three JIG> sections with tie:i FCC shoulders showed roughly the same 
clil¥)UI1t of transverse cra~; none was reco:rde:i on the JRCP section with AC 
shoulders. overall, transverse crackin;r was a fairly widespread problem on 
the I-88 sections. It was obsel:Ve:i on some parts of the project as SCX)n as 1 
year after construction arrl continue:i to develop every year thereafter. At 
the time that transverse era~ first occurred, it caused enough concern to 
warrant further study. It was detenni.ned that the crackin:J was greater on 
certain areas of fill an::l on certain geometric elements for the three 
different projects. '!his is unfortunate, because the mechanisns proposed for 
the occurrence of the distresses is m:ire construction-related than 
traffic-related. While same transverse cracks may have resulted fram 
load-related causes, it is not possible to isolate those. 

One interesting result is the absence of transverse crackin;r on the 
JRCP control section. I.onJ-jointed JRCP are expected to crack at intervals 
determined by their joint spacing, but this section did not even exhibit any 
low severity transverse cracks. 'Iheo:ry ard obser.vations on other projects 
would suggest that any of the slabs constructed over 20 ft (6.1 m) lon:J would 
have higher transverse era~ as a result of the increased curling an::l 
warping stresses. '!his effect may be mitigated by the presence of a fairly 
soft base material. '!his may also be an in::lication of the effectiveness of 
the epoxy-coated I -beams. 
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Table 31. Slab rocrlulus and camposite k-values for New York 2. 

Section E-Value, }2§i k-Value, Qgi 
NY 2-3 5,100,000 341 
NY 2-9 5,090,000 471 
NY 2-11 6,129,000 296 
NY 2-15 5,520,000 273 

Table 32. Deflection testin:f results and drainage coefficients 
for New York 2. 

Load Transfer Corner % Corners Drainage 
Section Efficiency% Deflection, mils Exhi.bitino Voids Ccefficient 
NY 2-3 100 28.7 90 1.00 
NY 2-9 97 21.4 50 0.85 
NY 2-11 81 11.0 5 0.80 
NY 2-15 99 8.4 0 0.85 

Table 33. Longitudinal lane-shoulder joint load transfer efficiency 
for New York 2. 

Section 
NY 2-3 
NY 2-9 
NY 2-11 
NY 2-15 

Longitudinal lane-Shoulder 
Joint Load Transfer Efficiency,% 
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NEw YORK 2 I-88 OTEGO 

OUTER LANE PERFORMANCE DATA 

PCC SHOULDER AC SHOULDER 
NY _2-3 

20 ft PSR 4.2 
JT. 

SPACING ROUGHNESS, In/Ml 61 

SEALED FAULTING, In 0.01 

LANE- T. CKS./Mi 35 
SHLDR. 
JOINT LONG. CKS., ft/Ml a 

% JT. SPALL. 0 

NY 2-9 
20 ft 

PSR 4,0 
JT. 

SPACING ROUGHNESS, In/Mi 66 
9 in FAUL TING, In 0.02 JPCP UNSEAL. 

LANE -- T, CKS./MI 25 
SHLDR. 
JOINT LONG. CKS., ft/Ml 543 

% JT. SPALL. 0 

NY 2-11 

PSR 4.1 

26,6 ft ROUGHNESS, in/Mi 76 

JT. FAUL TING, In 0.01 
SPACING 

T, CKS./Mi 26 

LONG. CKS., ft/nl 0 

% JT. SPALL. 0 

NY 2-15 
PSR 4.0 

63.5 Ft ROUGHNESS, In/Mi 63 
9 In JT. FAUL TING, In 0.02 JRCP 

SPACING 
T. CKS./MI 0 

LONG. CKS., f't/MI 73 

% JT, SPALL. 0 

ALL SECTIONS HAVE AGGREGATE BASE COURSES AND I-BEAM LOAD TRANSFER DEVICES. 

PSR 4.1 4.0 

ROUGHNESS, In/Mi 68 63 

0.02 
AVG. 

FAUL TING, In 0.01 

T, CKS./MI 29 0 

LONG. CKS., ft/Ml 181 73 

% JT, SPALL. 0 0 

Figure 26. Outer lane performance data for New York 2 
(Age= 12 years, ESAL's 1.4 million). 
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Longitudinal cracking was fairly prevalent on this project. The 
section with the most longitudinal cracking was the short-jointed section 
with 20-ft (6.1 m) joint spacing- and an unsealed. lane-shoulder joint. There 
was no longitudinal cracking recorded. on either the section with 26.7-ft (8.1 
m) joint spacing- or on the section with 20-ft (6.1 m) joint spacing and a 
prefonned neoprene sealed. shoulder. The control section had 73 ft/mi of 
longitudinal cracking. New York rer:orted. that the concrete strength was 
adequate and that a longitudinal joint did fonn under the sawcut. They 
reasoned. that the excessive cracking occurred in pavements constructed. over 
base materials with a high frost susceptibility and a ready source of 
moisture. The depth of the longitudinal sawcut was 2. 75 in (70 mm), or 31 
percent of the slab thickness. The concrete shoulders also experienced. a 
significant amount of distress in the form of extensive longitudinal cracking 
and some transverse cracking. 

'Ihe measured. roughness was universally loo and the PSR quite high for 
these 12-year-old sections. The rarqe in PSR for the four sections was from 
4.0 to 4.2, which indicates a pavement in excellent condition. 'Ihe Mays 
Roughness Index varied. from 61 to 76 in/mi, which again is a small rarqe. 
These values are lower than one might expect for the amount of cracking
present on these sections, but are not surprising in light of the low 
measured faulting- on each section. Of particular note is the excellent 
rideability of the long-jointed section, NY 2-15. 

The effect of the various design features on the performance of the 
different sections can not be easily evaluated.. As the performance summaJ::Y 
matrix shows, this project was not set up to isolate the design features; its 
purpose was more to evaluate the long-term performance of several alternative 
designs to New York's traditional JRCP design. A head-to-head comparison can 
be made for the two sections with 20-ft (6.1 m) joint spacing, as their 
designs were identical with the exception of the lane-shoulder joint 
sealant. In a direct comparison, the section with the sealed. joint performed 
better in most respects. The perf onnance of the other sections can not be 
readily corrpared because they had very similar performance and the main 
distress was the transverse and longitudinal cracking. 'Ihis cracking was 
most likely a result of nonload related causes. 

Conclusions 

'Ihis experbnental project was subject to mnnerous distresses that 
have been attributed to problems in the pavement's construction. 'Ihe most 
significant of these were extensive longitudinal cracking-. By 1980, there 
were also concrete spalls ab:Jve more than 10 percent of the shoulder 
tiebars. 'Ihese problems make it difficult to attribute any of the distresses 
that were observ'ed. during- the 1987 field survey to other factors. 

Despite the fact that NYWI' wanted. to subject the experbnental designs 
on I-88 to a greater volume of traffic than existed. on Route 23 at catskill, 
the ADI' was about the sarre at both project locations, and the traffic count 
obtained. by Weigh-in-Motion for I-88 was actually lower than that at 
catskill, although more trucks were recorded.. 
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Although many of the distresses that occurred were related to materials 
problems, a direct ccnnparison of perfonnance could be made between the 20-ft 
( 6. 1 m) JPCP sections with and without shoulder joint sealant. SUrvey 
results indicate better performance in the section with the sealed shoulder 
=ioint, which suggests the possible beneficial effects of sealirq those 
=ioints. '!his advantage did not extend to the inner lane, where the section 
without the sealed outer shoulder joint perfonrai better than the section 
with the sealed joint. 

For the given climate and traffic loading, the 1 in (25 mm) epoxy
coated I -beams used for load transfer appeared to have worked well. However, 
such devices probably would be inappropriate for heavily-trafficked roadways. 

Ohio 1 

'!his roq::ierimental project, located on U.S. 23 near Olillicothe, Ohio, 
was constructed in 1973. The roadway is a Principal Arterial, four-lane 
divided highway. Since beirq opened to traffic in 1973, the pavement has 
imstained approximately 3.4 million 18-kip (80 kN) FSAL applications in the 
outer lane and nearly 0.6 million E.SAL applications in the inner lane. These 
values represent calculations through 1987. 

Table 34 provides backcalculated E and k-values and table 35 presents 
additional deflection results and MSHIO drainage coefficients. The 
perfonnance indicators for each section are sunn.narized in figure 27. 

Obsenrations 

The asphalt-treated base course sections performed better than the 
::;ections constructed over aggregate base. This is based on the amount of 
faulting and transverse crackirq displayed by each section. Additionally, 
·:he sections with asphalt-treated base courses sections provided better 
::ru:pport to the slabs, as they shc:Med no voids at the slab corners. The 
::;ections with the aggre;ate base course exhibited voids at an average of 70 
percent of the slab corners. 

The load transfer efficiencies for all of the sections are good to 
1=Xcellent. It should be noted that while eNery section has dowel bars, the 
"':WO sections exhibitirq 100 percent load transfer (OH 1-6 and 1-7) are those 
containing plastic-coated dc:Mel bars. 

The sections with the shorter joint spacing (21 ft (6.4 m]) 
i:::onsistently exhibited better performance than the sections with longer joint 
:spaci.nJ (40 ft (12.2 m]). The 40-ft (12.2 m) slabs displayed larger faulting 
,:U'rl rrore transverse crackirq. Both of these are not unusual as the longer 
slabs un:lergo roore m:wement and are susceptible to larger curlirq stresses. 
However, it should be pointed out that the PSR and the roughness values show 
no significant differences for the different spacing. '!hat is, although the 
longer slabs shaw 100re distresses, the larger mnnber of joints on the shorter 
slabs makes the roughness and PSR approximately the same for each section. 
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Table 34. Slab m:lulus arrl CUllfX.Jl::,ite k-values for Ohio L 

Section 
00: 1-1 
OH 1-3 
00: 1-4 
00: 1-6 
OH 1-7 
OH 1-9 
OH 1-10 

E-Value. psi 
4,430,000 
5,310,000 
5,230,000 
4,060,000 
4,430,000 
3,400,000 
4,510,000 

k-Value. p:::i 
449 
440 
525 
431 
340 
351 
405 

Table 35. Deflection testing results and drainage coefficients 
for Ohio 1. 

IDad Transfer Corner % Corners Drainage 
Section Efficiencv % Deflection, mils Exhibitirg Voids Coefficient 
OH 1-1 95 13.0 71 0.95 
OH 1-3 79 7.8 0 0.90 
OH 1-4 70 7.7 0 0.90 
00: 1-6 100 20.4 94 0.95 
00: 1-7 100 16.4 81 1.07 
OH 1-9 86 15.7 100 0.90 
OH 1-10 71 9.5 0 1.05 
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OHIO 1 RTE. 23 CHILLICOTHE 

OUTER LANE PERFORMANCE DATA 

BASE TYPE 
AGGREGATE ATB 

DH 1-1 DH 1-9 OH 1-4 
?SR 4.2 4.2 4.1 

ROUGHNES·s, ln/nl 109 109 123 
STD. FAUL TING. In 0.13 0.14 0.07 DO\JELS 

T. CKS./MI 0 106 29 

LONG. CKS .. ft/Ml 0 0 0 
9 In 

0 JRCP 1/. JT. SPALL. 0 0 
-40 Ft DH 1-7 JT. 

SPACING 
PSR 4.2 

ROUGHNESS, In/Ml 115 

PLASTIC FAUL TING, In 0.07 
COATED 
DD\JELS 

STD. 
DO',/ELS 

9 In 
JRCP 
21 Ft 

JT. 
SPACING 

PLASTIC 
COATED 
DO\JELS 

AVG. 

T. CKS./MI 235 

LONG. CKS .. ft/Ml 0 

1/. JT. SPALL. 0 

OH 1-10 DH 1-3 
PSR 4.2 4.2 

ROUGHNESS, In/Ml 122 106 

FAUL TING, In 0.10 0.06 

T. CKS./Mt 0 0 

LONG. CKS., ft/Ml 0 0 

1/. JT. SPALL. 0 13 

OH 1-6 
PSR 4.2 

ROUGHNESS, tn/Mt 104 

FAUL TING, In 0. □3 

T. CKS./MI 31 

LONG. CKS, ft/Ml 0 

1/. .JT. SPALL. 0 

PSR 4.2 4.2 

ROUGHNESS, In/Ml 112 114 

FAULTING, In 0.09 0.06 

T, CKS./MI 74 14 

LONG. CKS. ft/Ml 0 0 

1/. JT. SPALL. 0 7 

Figure 27. Outer lane performance data for Ohio 1 
(Age= 14 years, ESAL's = 3.4 million). 
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45 
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0 
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0 

7 

4.2 
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0.03 

31 
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The effect of the plastic-coated dowel bars is not clear. While it 
would not be expected that they would reduce faulting, the sections with 
plastic-coated dowels are exhibiting less faulting than the standard dowel 
sections. However, it is somewhat surprising that the sections with the 
plastic-coated dowel bars display far Jrore deteriorated transverse cracking 
than those with the stan::lard dowels. For JRCP, this distress can often be 
attributed to the dowel bars freezing up ( due to corrosion) , and the 
movements associated with the slab force open any tight transverse cracks. 
Once the cracks are open, they can deteriorate and break down under traffic 
much more easily. One possible explanation is that the dowel bars were 
misaligned at construction, 'Which could also result in the opening of 
mid-slab cracks. 

Conclusions 

The most significant conclusion that can be drawn from this experiment 
is that joint spacing has a major inpact on reducing the amount of 
deteriorated transverse cracks occurring on a pavement. Thus, sections with 
shorter joint spacings would require less repair of deteriorated cracks than 
sections with longer joint spacing. 

It should be noted that the PSR and roughness information indicates 
similar performance between the sections with the two different joint 
spacings. It seems that although the shorter slabs exhibited less individual 
distress in terms of lower levels of faulting and less transverse cracking, 
the larger m.nnber of joints in the short slab sections increased the 
roughness and also served to decrease the PSR to a level where the two 
designs are performing about the same. However, the pavement was only 14 
years old at the tillle of survey and was surveyed before a lot of the 
transverse cracks on the sections with longer joint spacing had broken down. 
It is believed that once the transverse cracks on the longer slabs break 
down, the roughness on those sections will increase. 

The asphalt-treated bases exhibited better performance than the 
aggregate bases. They had less faulting and transverse cracking, and also 
were less erodible than the aggregate base courses. The aggregate bases 
typically had slab corners with 70 percent voids, but the asphalt-treated 
bases displayed no voids. 

Finally, 'While the sections with the plastic-coated dowel bars had less 
faulting than the ones with the standard dowel bars, there was more slab 
cracking associated with the plastic coated bars. It is possible that these 
dowels were misaligned when installed. If this it true, this would serve to 
open up any cracks occurring in the adjacent panels, much like joint lockup. 
'Ihis, in turn, would lead to the cracks breaking down under additional 
traffic loading. 

Ohio 2 

In 1974 an experinental project was constructed on State Route 2 near 
Vennilion, Ohio. 'Ihis roadway is a four-lane divided highway, with a 
functional classification of Rural Minor Arterial. Through 1987, the 
pavement has sustained 3. 3 million 18-kip (80 kN) ESAL applications in the 
outer lane and nearly 0.6 million FSAL applications in the inner lane. 
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reflection testing and coringjboring operations were not perfonned on 
these sections due to project constraints. 'Iherefore, no rocx:lulus values or 
deflection infonnation is available. Performance data from the corrlition 
sw:vey is surmnarized in figure 28. 

Observations 

Section OH 2-33b (AC shoulders) exhibited nearly twice as IIUlch joint 
spalling as section OH 2-33a (tied FCC shoulders) . 'Ibis could be due to the 
presence of the tied concrete shoulder whose lane-shoulder joint is well 
sealed. A well-sealed lon;ritudinal lane-shoulder joint will greatly reduce 
the anount of water that can infiltrate a pavement structure. Also, it is 
possible that the A-4 and A-6 subgrade beneath OH 2-33b is less penneable and 
nIXJrrls" or holds water. 'Ibis would result in a saturated corrlition which 
could lead to increased spalling of the joints. A major !X)rtion of the 
spalling can be attributed to non crackirq. I..cM-severity 11 D" crackirq was 
observed in both sections at transverse and lon;ritudinal joints and at some 
of the transverse and lorqituclinal cracks. 

As observed from figure 28, both sections exhibited the sane high 
anount of average transverse joint faulting. Significant purrping was also 
observed for both sections, with OH 2-33a exhibiting low-severity pt.nnping and 
OH 2-33b exhibiting medium-severity pumping. 'Ihe slab-on-grade design of 
these sections leros itself easily to pumping, particularly on fine-grained 
subgrades and in a wet envirormental region. 'Ihe difference in severity 
levels between the two sections can be attributed to the corrlition of the 
lane-shoulder joint sealant. 'Ihe lane-shoulder joint sealant on section 
OH 2-33a (tied shoulder) was in excellent corrlition, whereas the sealant on 
section OH 2-33b {AC shoulder) was in fair-!X)Or corrlition. 

Very little transverse crackirq occurred on the experimental sections. 
'Ihe section with the tied concrete shoulders exhibited no transverse 
crackinq, whereas the section with asphalt shoulders displayed only 11 
transverse cracks per mile. 'Ihe tied concrete shoulders appear to have 
provided oore support to the mainline pavement than the aspialt shoulders, 
thus reducing the amount of crackinq. 

I.on;ritudinal crack.in;; was observed in both pavement sections. 'Ihe 
cause of the lon;ritudinal crackinq is oost likely the result of late sawing 
or insufficient depth of sawing. Fram plans, the lon;ritudinal joint was 
required to be sawed to a depth of 3. 75 in (95 mm) , or 25 percent of the 
depth. 'Ibis is not considered adequate for the lon;ritudinal joint and, 
ooreover, it may be possible that thicker slabs require even deeper cuts to 
ensure the fonnation of the lon;ritudinal joint. It is also possible that the 
joint sawin;J creM was inexperienced or not aware of the sawin;J require:nents 
and actually sawed less than the depth of 3. 75 in (95 mm) • 

'!here is no discernible difference between the two sections with 
respect to roughness or PSR, reflectin;J the fact that the average faulting 
for both sections was the same. 
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□ HID 2 RTE, 2 VERMILLION 

OUTER LANE PERFORMANCE DATA 

TIED PCC SHOULDER AC SHOULDER 

DH 2-330. DH 2-33b 
15 In 

PSR 3.5 N□ND□'w'ELED 3.4 

JPCP ROUGHNESS, In.Ml 90 85 

20 ft FAUL TING, In 0.11 0.11 

JT. SPACING T. CKS./MI 0 11 

NO BASE LONG. CKS. ft/Ml 104 148 

1/. JT, SPALL. 15 23 

Figure 28. Outer lane performance data for Ohio 2 
(Age= 13 years, ESAL's = 3.3 million). 
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'Ihe tied concrete shoulder (OH 2-33a) is perfo:rmi.n;J IID.lch better than 
the asphalt shoulder. It exhibits no dropoff or separation an:l is in 
excellent overall corrlition. Recall also that there was less cracking on the 
mainline pavement for the tied concrete shoulder section. 

Conclusions 

It appears that the tied concrete shoulder provides more support to the 
mainline pavement than the asphalt shoulder. '!his resulted in the section 
with the asphalt shoulders exhibiting more pumpin;J an:l slightly mre 
transverse cracking. Although the amunt of transverse cracking rnay seem 
insignificant, recall that the slabs are 15 in (381 nun) thick. 

'Ihe joint sealant between the lane-shoulder joint was an important 
factor in the amount of pumpin;J exhibited by each section. 'Ihe lane-shoulder 
joint for the section with concrete shoulders was in excellent condition, 
thus preventirq water from entering the pavement system. 'Ihe lane-shoulder 
joint sealant was in fair-poor condition for the section with the asphalt 
shoulders. '!his allc:Med for the entry of water into the pavement structure 
an:l resulted in increased pumpin;J of the subgrade. 

Based on the perfonnance of the two sections in this e)(periment, thick, 
nondoweled concrete slabs placed directly on subgrade do not appear to be a 
favorable alternative to conventional designs which include a base course. 
Given the climate, traffic loadin;J, an:l sub;Jrade characteristics of the 
experiment, it is apparent that the additional concrete thickness is not a 
substitute for the inclusion of a high-quality base course beneath the slab 
or the use of mechanical load transfer devices. A high-quality base rnaterial 
will reduce pumpin;J an:l the use of mechanical load transfer devices will help 
to l:imi.t faultirq to acx::eptable levels. 

Ontario 1 

'!his experimental project was constructed on Highway 3N near Ruthven in 
1982. 'Ihis roadway's functional classification is Rural Minor Arterial. It 
is a two-lane, nondivided highway with unrestricted access. Since beirq 
opened to traffic in 1982, the pavement has been subjected to approximately 
1 million 18-kip (80 kN) ESAL applications (through 1987). 

'Ihe study sections in Ontario were not subjected to physical testin;J 
due to logistical an:l budgetary reasons. 'Iherefore, no 1987 core or 
deflection data is available. However, as part of an OIXJO.irq study beirq 
corrlucted by the Ontario Ministry of Transportation an:l Comnrunications, 
extensive physical testirq has been perfoniro by that agency. Results from 
this testirq are used here for reference purposes only, since testirq 
procedures an:l methodologies may not have been perfonned in a manner which 
allC1wS valid corrparisons to the other results. 

'Ihe deflection data was not used to backcalculate E an:l k-values, but 
load transfer efficiencies ard void detection results were detennined. 'Ihese 
are presented in table 36 alorxJ with drainage coefficients for the sections. 
Perfonnance data for each section (by direction) is given in figure 29. 
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Section 

ONT 1-1 

ONT 1-2 

ONT 1-3 

ONT 1-4 

Table 36. Deflection testin; results and drainage coefficients 
for Ontario 1. 

I.Dad Transfer comer % comers Drainage 
Efficiency% Deflection, mils Exhibiting Voids COefficient 

77 N/A 0 0.95 

48 N/A 0 1.00 

48 N/A 0 1.00 

44 N/A 0 1.00 

Note: Testing results were obtained by the Ontario MrC and are 
provided for informational purposes only. collection and 
measurement techniques might not be similar to allow for 
valid comparisons of deflection data. 
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□ NT ARID 1 HwY. 3N RUTHVEN 
PERFORMANCE DATA 

12-13-19-18 ft Sl<E\./ED JOINTS 
AC SHOULDER PCC SHOULDER 

8 In JPCP 12 In JPCP 7 In JPCP 8 In JPCP 

ONT 1-2 
DIRECTION SE N\J 

PSR 3.8 3.7 

ROUGHNESS, In/Ml 78 70 

PATE FAULTING, In 0.05 0.06 

T. CKS./MI 0 0 

LONG. CKS. ft/Ml 0 0 

1/. JT. SPALL. 0 I 

ONT 1-4 ONT 1-3 
DIRECTION SE N\J SE N\J 

PSR 3.7 3.8 3,8 3.8 

ROUGHNESS, In/r..1 65 72 57 66 

LCB FAUL TING, In 0.04 0.07 0.04 0.09 

T. CKS./MI 45 50 30 25 

LONG. CKS., Ft/Ml 85 260 0 490 

1/. JT. SPALL. 0 0 0 I 

ONT 1-1 
DIRECTION SE N\J 

PSR 3.8 3.8 

ROUGHNESS, In/Ml 90 62 
ND FAULT ING, In 0.05 0.07 BASE 

T. CKS./MI 0 0 

LONG. CKS., f't/r1I 0 40 

1/. JT. SPALL. 0 0 

PSR 3.8 3.8 3.8 

ROUGHNESS, In/Ml 76 68 62 

FAUL TING, In 0.06 0.06 0.07 
AVG. 

T. CKS./MI 0 48 28 

LONG. CKS., Ft/Ml 20 172 245 

¼ JT. SPALL, 0 0 I 

Figure 29. Performance data by direction for Ontario 1 
(Age= 5 years, ESAL's 1.0 million). 
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Obsel:vations 

'!here were insignificant differences in the average center slab 
deflections for the four sections, although the 12-in (305 mm) slab-on-grade 
had a IIU.lch smaller variation in its deflection than did the others. 
Approximately 95 percent of the project is constnicted on fill typical of the 
silty clay faun::l in the area. It is of low to intennediate plasticity and 
would have a corresporrling AASHIO classification of A-6 to A-7-6. 

'Ille load transfer efficiencies were not as good as might be expected 
for a pavement of this age. '!he 12-in (305 mm) slab-on-grade had the best 
load transfer efficiencies. '!he load transfer efficiencies for the thinner 
slabs, both with and without concrete shoulders, were similarly p:ior, ranging 
from 44 percent on the section with a 7-in (178 mm) slab, to 48 percent on 
the two sections with 8-in (203 mm) slabs. 

None of the sections exhibited particularly good drainability, as shown 
by table 36. It does appear as if the sections with concrete shoulders 
exhibited less punping. All of the sections were surveyed shortly after a 
rainfall, and it was apparent that excess moisture was not being completely 
rem::,ve:i from the pavement cross-section for any of the sections. '!his is 
especially surprising for ONT 1-2, which has a permeable asphalt treated base 
yet shows the most pumping. 

Since one of the design variables on this project was shoulder type, 
the condition of the shoulders is of interest. '!he general design of the 
shoulder was approxiniately 2 ft (0.6 m) of pave:i surface and 8 ft (2.4 m) to 
10 ft (3.0 m) of granular surface. 'Ihe pave:i surface on ONT 1-1 and 1-2 was 
asphalt concrete. Both of these shoulders exhibited extensive linear 
cracking and alligator cracking. 'Ihe overall condition rating was poor for 
both of these sections. 

'Ille~ shoulder on 1-3 was in excellent condition, although there was 
sane spalling along the shoulder/gravel e:ige. 'Ihe concrete shoulder on 1-4 
received a rating of good. It had an average of 35 transverse cracks/mile, 
I0CJSt of which extende:i from transverse cracks in the mainline pavement. 
'lhere was no lane-shoulder dropoff or separation on these two sections. '!he 
aggregate portion of all four sections was weathered and raveled. 

'Ille perfonnance of the sections placed on lean concrete bases was the 
worst of the three base types. 'lhis is especially true in terns of 
transverse cracking and longitudinal cracking. If considerable shrinkage 
cracking of the base occurs during curing, reflection cracking in the ~ 
slab can develop. If positive measures are not taken to deter reflective 
cracking, a potential problem exists for the pavement slab. Another factor 
to consider is the stiffness of the lean concrete base. 'This is a fairly 
stiff material and the combination of curling and warping stresses and load 
stresses can contribute to cracking in the concrete surface. 'Ihe other two 
base types showed no cracking. 

'Ille traffic lanes with AC shoulders performed better than the sections 
with tied ~ shoulders. However, as has been noted elsewhere, those 
sections with~ shoulders were also the sections with lean concrete bases. 
'Ille IOCJSt notable,difference in perfonnance between the sections with the two 
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different shoulder types is in the am::iunt of cracking. Since the occurrence 
of cracking is related to the presence of the ICB, the true effect of 
shoulder type can not be determined. It would be interesting to leam what 
type of curing compoun:i was used on the ICB. 

'Ihis project included 7-in (178 mm), 8-in (203 mm), and 12-in (305 mm) 
thick pavement slabs. Unfortunately, no apparent trerrl related to slab 
thickness emerges frcnn the sw:vey results. For exanple, one of the sections 
that perfonned the best was the a-in (203 mm) slab on 4 in (102 mm) of PATB 
with AC shoulders. '!he 12-in (305 mm) slab-on-grade with AC shoulders 
perfonned as well, however. A direct comparison can be made between the 7-in 
(178 mm) and the a-in (203 mm) sections on ICB, as the only design difference 
is slab thickness. '!he data shows that the thinner section had more overall 
transverse cracking, but less longitudinal cracking. '!he effect of slab 
thickness will not become known until after lt'Ore traffic loadings. 

While base drainability is not directly a variable in this exper:il11ental 
project, an examination of the effects of drainage characteristics on 
pavement performance provides interesting results. While none of the 
sections had gcx::d drainability, the section with a penneable layer had 
arguably the best performance of any of the sections. However, it should be 
noted that the penneable base was placed directly on the sul:grade without the 
use of a filter layer and that the accompanying edge drains were placed in 
the dense-graded base course beneath the shoulder, beyond the penneable base 
material. 'lhus, water was trapped in the penneable layer and could not be 
removed from the structure~ widespread pumping was the result. '!he limited 
results available confinn the positive effects of a penneable base layer on 
pavement perfomance, yet also irrlicate the problems of not placing a filter 
material beneath the base course and not placing edge drains within the 
penreable material. 

Conclusions 

overall, the section with a penneable, asphalt-treated base perfonned 
the best and the sections with concrete shoulders on a lean concrete base 
perfonred the worst. 'Ihe construction of a drainable base layer may have 
contributed to a slight improvement in the perfonnance of ONT 1-2 over the 
other sections, although there is no identical design without the permeable 
layer to 'which a direct comparison can be made. '!his section was the only 
one without both transverse and longitudinal cracking and, along with ONT 
1-4, also had the lowest average joint faulting of any of the sections. 
Hooever, the penneable base section had the highest pumping of all of the 
sections as a result of water being trapped within the structure and not 
easily removed. 

Ontario 2 

Highway 427 is an urban principal arterial highway located in Toronto, 
Ontario. 'lhis 9 in (229 mm) thick section was included in the study because 
it is one of the oldest, heavily-trafficked JFCP designs with dowel bars. It 
is estimated that this pavement has sustained roughly 36 million 18-kip 
(80 kN) ESAL applications in the outer lane. 
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'!his highway was one of several on which no physical testing was 
perfonned. 'Therefore, no strength estimates of the various layers are 
available. 

D.le to the excessive traffic on this pavement and the unavailability of 
lane closures, physical :rre.asurements were only recorded on the outer lane. 
These perfonnance results, alo~ with the project design data, are summarized 
in table 37. 'Ihe results of the drainability analysis perfonned on the 
pavement section yielded an AASHIO drainage coefficient of o. 80. 

Obsel:vations 

For a 16-year-old pavement which has sustained 36 million ESAL 
applications, this pavement is performing extremely well. Faulting is 
:minimal, virtually no crackirq has occurred, and the rideability is 
reasonably goa:l. 'Ihe crackirq that did occur was only in the 19-ft (5.8 m) 
slabs. 

Conclusions 

'!his pavement is perfonning very well after 16 years of service and a 
very high level of heavy traffic. Pavement deterioration is negligible and 
the only maintenance arrl rehabilitation required on this section to date has 
involved the AC shoulders. The low level of faulting on such a heavily 
trafficked pavenent in this cold and wet climate suggests the benefit to be 
derived from doweling transverse joints. In addition, the edge drains that 
were added after 11 years of service may also have helped the perfonnance of 
this section. 

Pennsylvania 1 

An experinlental project was constructed on Route 66 and Route 422 near 
Kittanning in 1980 to investigate the feasibility of several alternative base 
designs to Pennsylvania D:!part:ment of Transportation's existing base design. 
Both roadways are four-lane highways (two lanes in each direction) and have a 
functional classification of U:rban Minor Arterial. 

Estimates of the rnnnber of 18-kip (80 kN) ESAL applications sustained 
by each section (through 1987) are presented in table 38. Table 39 provides 
backcalculated E and k-values for the sections within the project. Table 40 
presents additional results from deflection testing and also drainage 
coefficients for each section. 'Ihe perfonnance data for the outer lane of 
each section is summarized in figure 30. 

Observations 

'Ihe approach joint comer deflections for sections 1-2, 1-3, and 1-5 
were alnost triple those of the other two sections. However, adjacent load 
transfer efficiencies (Irl'E) were the highest for these sections. Of the 
other two sections, the IrI'E was lower on the section with the well-graded 
aggregate base. 
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Table 37. Design arrl perf o:rmance data for the outer lane of Ontario 2 
(Age = 16 years, ESAL' s = 36 million) . 

Design Data 

9.0 in JPCP 
6.0 in CI'B 
No subbase 
12-13-19-18 ft joints 
1. 00 in dowels 
AC shoulders 
SUbgrade not known 

Perfonnance Data 

Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
Long. Cracks, ft/mile 
Roughness, in/mile 
PSR 

81 

0 
0.01 

5 
0 

104 
3.9 



Table 38. Traffic infonnation for Pennsylvania 1. 

'Iwo--Way 1987 E.SAI/s, millions 
Highway Section{s) ADI', 1987 % Trucks Inner outer 

Rt. 422 PA 1-1 10,300 6 0.08 0.60 

Rt. 66 PA 1-2 thru 10,200 4 0.03 0.27 
PA 1-5 

Table 39. Slab modulus and composite k-values for Pennsylvania 1. 

Section 
PA 1-1 
PA 1-2 
PA 1-3 
PA 1-4 
PA 1-5 

E-Value, psi 
4,210,000 
3,390,000 
3,230,000 
4,530,000 
3,620,000 

k-Value, pci 
731 

1040 
538 
747 
540 

Table 40. Deflection testing results and drainage coefficients 
for Pennsylvania 1. 

load Transfer Corner % Corners Drainage 
Section Efficien~ % Deflection, mils Exhibitino Voids Coefficient 
PA 1-1 84 12.9 45 0.80 
PA 1-2 100 41.4 100 1.05 
PA 1-3 98 40.0 95 1.05 
PA 1-4 39 11.1 15 1.00 
PA 1-5 98 33.4 95 1.00 
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PENNSYLVANIA 1 RTE. 422 & RTE. 66 KITTANNING 

OUTER LANE PERFORMANCE DATA 

10 in JRCP 
46,5 ft JOINTS 

PA 1-1 
PSR ~ 
ROUGHNESS, In/Ml 75 

CTB FAUL TING, In 0.03 

T, CKS./MI 0 

LONG, CKS. ft/Ml 0 

1/. JT, SPALL 0 

PA 1-2 
PSR 3.8 

ROUGHNESS, in/Ml 91 

PATB FA UL TING, In 0.02 

T. CKS./MI 0 

LONG, CKS. ft/Ml 0 

1/. JT. SPALL 0 

PA 1-3 
PSR 3,7 

BASE AGG ROUGHNESS, In/Ml 113 

TYPE <UNIFORM- F" AUL TING, In 0,03 

GRADED) T, CKS./MI 0 

LONG. CKS. ft/Ml 0 

1/. JT, SPALL 0 

.EA..!:.! 
PSR 4.0 

AGG ROUGHNESS, In/Ml 109 

(\/ELL- FAUL TING, In 0.03 

GRADED) T. CKS,/MI 0 

LONG. CKS., ft/Ml 0 

1/. JT, SPALL. 0 

PA 1-5 
PSR -4-.0-

ROUGHNESS, In/I'll 82 
AGG FAUL TING, In 0.03 

<CONTROL) 
T, CKS./MI a 
LONG, CKS. Ft/I'll 0 

1/. JT, SPALL. 0 

PSR 3,9 

ROUGHNESS, in/Ml 94 

FAUL TING, In 0,03 
AVG. 

T, CKS./MI 0 

LONG. CKS. ft/I'll 0 

1/. JT, SPALL. 0 

Figure 30. Outer lane performance data for Pennsylvania 1. 
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'Ihe sections with the nost voids were also the sections with the 
highest IIT'E's. They also had the highest approach corner deflections. 
Penneabilities were not a factor in deflections, load transfer efficiency, or 
presence of corner voids. The least penneable sections, 1-1 arrl 1-2, had 
both low an:l high percent voids. The mid-slab deflection of 1-2 was the 
lowest an:l 1-3 was the highest, but their penneabilities were essentially 
identical. Well-drained sections had both high IIT'E's (1-2, 1-3) an:l low 
IIT'E's (1-4). The IIT'E's of the poor-draining sections were consistently gocd 
(84 to 98 percent) . 

Only one design feature, base type, was varied in this experiment. The 
primary question of interest is whether or not the five base types had any 
differential effect on pavement perfonrance. Very little differentiation is 
noted for the various reported distresses, so the answer can only be that 
vai:ying the penneability of the base layer has no effect on pavement 
perfonnance, for the given low level of traffic and slab design. While the 
base penneabilities varied by several orders of magnitude, all of the 
sections were constnicted with longitudinal edge drains, providing them with 
identical subdrainage design. Another factor to consider is that all of the 
sections, with the exception of 1-2, were constnicted on a substantial 
longitudinal grade, vai:ying from 1 percent to aver 4 percent. It is believed 
that these factors combined to provide all of the subdrainage necessary for 
these sections to remove free moisture. 

Conclusions 

This project was designed to evaluate the constnictability and 
feasibility of several base designs that were substantially different from 
Pennsylvania's typical base design at the time. The results certainly 
support the contention that other base designs can be successfully built, but 
no trends have begun to develop in the performance of the different designs. 

Several factors no doubt contributed to the excellent performance of 
all of the sections. Constniction control on this experimental project was 
probably very good, as is shown by the care taken in obtaining large volumes 
of both lab and field results. Each section was constnicted with 
longitudinal subdrains which provided drainage to water entering the pavement 
system along the lane-shoulder interface, which is considered to be the 
greatest source of excess moisture in a pavement. The longitudinal grade of 
this particular portion of Route 66 is quite high. Thus surface runoff is 
likely to be swift an:l excess moisture I!'aY be removed from the pavement 
surface rapidly, before it has an opportunity to enter the pavement system. 
Another good feature of these designs is the use of 1. 25-in (32 mm) 
epoxy-coated dow-el bars at the transverse joints. These I!'aY also be 
contributing to the excellent perfomance of all of these sections. 

Finally, it should be pointed out that this experimental project was 
only 7 years old at the time of its evaluation. While the ADI' was fairly 
high, there is very little heavy tnick traffic on this pavement as shown by 
the aCCllilllllative ESAL's. Deterioration that would be accelerated by high 
volumes of heavy traffic will take longer to develop. 
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New Jersey 2 

Route 130 is a four-lane Principal Arterial highway located in a 
heavily developed part of central New Jersey, east of Trenton. Since l:eing 
opened to traffic in 1951, this 10-in (254 mm) JRCP has sustained 
approximately 35 million 18-kip (80 kN) ESAL applications in the outer lane 
and nearly 7. 2 million ESAL applications in the inner lane. 'Ihese represent 
calculations through 1987. 

Backcalculated material properties include an elastic modulus of the 
PCC surface (E) of 6,720,000 psi (46,330 MPa) and a carrposite k-value on top 
of the aggregate base of 234 :p:::i (63.5 kPa/mm). 'Ihe approach comer slab 
deflection was 7 .2 mils. '!he adjusted load transfer efficiency at the 
transverse joints was 76 percent. Deflections taken at the slab comers 
irrlicated that no voids existed beneath any of the approach or leave 
comers. '!he calculated drainage coefficient is 1. 05, and the pavement 
received an overall drainability rating of good. 

Obsezyations 

Typical of pavements in New Jersey, this pavement incorporated 
expansion joints at every joint. It is observed from table 41 that the 
section is perfo:nning fairly well. Joint faulting is reasonably low, a small 
amount of cracking is occurring, and the rideability is fairly high. Joint 
spalling is becoming more of a problem, but this is not unexpected due to the 
use of the formed expansion joints. 

Conclusions 

'!his section was in remarkably good condition for a pavement that is 
36 years old. Distresses were minbml, especially considering the age and 
traffic loadings of this pavement. Faulting and cracking were lower on the 
inner lane, al though its roughness and PSR were higher than on the outer 
lane. 'Ihe need for regular joint resealin::, is not unffi4)ected, given the 
design of the expansion joints. At the time of the sw:vey, the average joint 
openin::, in the outer lane was 1.27 in (32 mm) for the 78-ft (23.8 m) slabs. 

Pavement designs usin::, all expansion joints have historically served 
New Jersey well and this pavement is no exception. However, one drawback is 
the high roughness values that are typically associated with the design. 

New Jersey 3 

'lhis experimental project, located on I-676 near cam:len, New Jersey, 
was constructed in 1979. 'Ihe roadway's functional classification is Uman 
Interstate. It is a six-lane divided highway, with three lanes in each 
direction. 'Ihrough 1987, the project has sustained an estimated 4.2 million 
18-kip (80 kN) ESAL applications in the outer lane, 2.5 million ESAL 
applications in the middle lane, and nearly 0.6 million ESAL applications in 
the inner lane. 

Table 42 gives backcalculated E and k-values for each section, and 
table 43 presents additional deflection information as well as drainage 
coefficients for each section. Figure 31 summarizes the outer lane 
performance data for the project. 

85 



Table 41. D=sign and performance data for the outer lane of New Jersey 2 
(Age = 36 years, FSAL's = 35 million). 

D=sign Data 
10.0 in JRCP 
5.0 in AGG base 
7.0 in AGG subbase 
78.5 ft joints 
1. 25 in dowels 
AC shoulders 
A-4 5Ub¥ade 

Performance Data 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
IDng. Cracks, ft/mile 
Roughness, in/mile 
PSR 

20 
0.06 

24 
10 
63 

3.8 

Table 42. Slab nroulus and conposite k-values for New Jersey 3. 

section 

NJ 3-1 

NJ 3-2 

E-Value. :r;:si 

5,400,000 

5,330,000 

k-Value. pci 

356 

210 

Table 43. Deflection ~ results an:i drainage coefficients 
for New Jersey 3. 

Load Transfer Corner 
Section Efficiency % Deflection. mils 

NJ 3-1 50 9.2 

NJ 3-2 57 6.7 

86 

% Corners 
Exhibiting Voids 

0 

0 

Drainage 
Coefficient 

1.10 

1.10 



NE'w JERSEY 3 I-676 CAMDEN 

OUTER LANE PERFORMANCE DATA 

PERMEABLE AGG BASE PERMEABLE ATB 

NJ 3-1 NJ 3-2 
PSR 3.6 3.5 

9 In ROUGHNESS, In/Ml 134 153 
JRCP 

78.5 ft 
FAUL TING., In 0.05 0.06 

JT, SPACING T. CKS./ro11 0 0 
LONG. CKSv ft/I'll 0 0 

% JT. SPALL. 0 43 

Figure 31. Outer lane performance data for New Jersey 3 
(Age= 8 years, ESAL's = 4.2 million). 
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Observations 

'!he center slab deflections were higher for the penne.able 
asphalt-treated base than for the open-graded aggregate base. However, 
corner deflections were just the reverse; the aggregate base corner 
deflections were higher than those of the asphalt base. 

The load transfer efficiencies were fairly low for doweled joints (50 
arrl 57 percent) in:licating that sarre looseness of the dowels may exist. This 
may be due, in part, to the use of wide expansion joints in lieu of 
contraction joints. 

No voids, or loss of support, were detected at slab corners. Since the 
aggregate gradation of both base layers was open-graded arrl a filter fabric 
was placed between the base arrl subbase, these results suggest that no 
migration or displacement of fines is taking place. 

After 8 years of service, the section with penne.able aggregate base had 
no joint spalling. The section with the penneable asphalt-treated base had 
43 percent spalled joints (medit.nn- or high-severity). One of the reasons for 
the difference in joint spalling may be related to the construction of the 
expansion joints. 

Joint faulting in the outer lane was similar for the two sections, O. 05 
in (1.3 nun) arrl 0.06 (1.5 nun). These levels of faulting are not considered 
very significant for long-jointed, doweled JRCP. 

No transverse cracld.nJ of any severity oocurred on either section. 
This absence of cracld.nJ may be due to the relatively low level of tnick 
traffic over the 8 years of service life of this pavement. 

No longitudinal cracld.nJ occurred on either section. The plans 
irrlicate that these pavements were paved one lane at a time, with keyways 
built between the lanes. This would eliminate two of the most common causes 
of longitudinal cracld.nJ, insufficient depth of sawcut or late sawing of the 
longitudinal joint. 

'!here exists a significant roughness problem for both sections. The 
reason for the high roughness is not readily apparent, since there exists 
very little surface distress. '!he high roughness values of both sections are 
probably not related to the perfonnance of the sections, but may have been 
built in during construction or may be due to the wide expansion joints 
utilized in the design. It is not likely that the penne.able base type had 
caused the joint spalling since the concrete aggregate is generally sound. 

'!he only design feature that is evaluated in this project is the type 
of penne.able base. '!he performance of both of the sections evaluated was 
very good, with the exception of the greater spalling of transverse joints 
observed in the section with the asphalt-treated base. In general, both of 
the penne.able base designs have performed similarly well after 8 years and 
4.2 million ESAL applications. 
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Conclusions 

Both sections with penneable base courses have perfo:aned very well. No 
significant deterioration has occurred after 8 years and 4.2 million E.SAL's, 
except for spalling of the transverse joints in the penneable asphalt-treated 
base section. since this pavement has expansion joints every 78-ft (23. 8 m) 
instead of the rrore corwentional contraction joints, the spalling may be 
related to the construction methods used with the expansion joints. 

The high base penneabilities for both of these sections provide rapid 
subdrainage to water entering the pavement section. In this manner, excess 
rroisture is rerooved from the pavement st.J:ucture and erosion of the base or 
saturation of the concrete slab is prevented. 'Ihis ultimately aids in 
re:iucing faulting. 

5. ~ ~ REXiICN 

'Ihree States in the wet-nonfreeze erwirornnental region contributed 
projects to the study: califomia, North carolina, and Florida. 'Ihe 
perfonnance of the projects in these States is discussed in this section. 

The projects in this erwirornnental region have a Corps of Engineers 
Freezing Irx:lex of 0, a Thornthwaite Moisture Ind.ex ranging from 20 to 40, and 
annual precipitation ranging from 44 in (1118 nnn) to 59 in (1499 mm). The 
highest average rronthly maxiJnum temperature averages about 90 °F (32 °C), 
while the lowest average rronthly minimum temperature ranges from 29 °F 
(-2 °c) to 50 °F (10 OC). 

califomia 3 

In 1975, an experimental project was constructed on U.S. 101 near 
Geysei:ville to examine the effects of different shoulder types on the 
perfonnance of jointed plain concrete pavement (JK:P) performance. The 
roadway has two lanes in each direction and has a functional classification 
of Principal Arterial. Through 1987, the pavement sustained approxbnately 
3. 6 million 18-kip (80 kN) ESAL applications in the outer lane and nearly O. 7 
million ESAL applications in the inner lane. 

Table 44 shows backcalculated E and k-values for each section in the 
project. Table 45 presents additional deflection testing results and gives 
drainage coefficients for each section. Table 46 provides longitudinal 
lane-shoulder joint load transfer efficiencies, and figure 32 sumrrarizes 
perfo:anance data for the outer lane of each section. 

Obser:vations 

As expected, the two sections with tied concrete shoulders showed a 
higher average load transfer efficiency than the nontied concrete shoulder 
section. No voids, or loss of support, were detected beneath any of the slab 
corners tested. The subgrade material for all three sections was 
well-drained. '!his helps to provide the sections with average drainability. 
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Table 44. Slab nodulus an:i c:cmq:,osite k-values for california 3. 

Section 

CA 3-1 

CA 3-3 

CA 3-5 

E-Value. psi 

3,530,000 

4,170,000 

4,380,000 

k-Value, pci 

286 

312 

397 

Table 45. Deflection testin;; results an:i drainage coefficients 
for california 3. 

I.cad Transfer Comer % Comers Drainage 
Section Efficiency% Deflection. mils Exhibitim: Voids Coefficient 

CA 3-1 79 3.8 0 0.90 

CA 3-2 86 3.1 0 1.00 

CA 3-5 74 6.0 12 0.90 

Table 46. longitudinal lane-shoulder joint load transfer efficiency 
for california 3. 

Section 

CA 3-1 

CA 3-2 

CA 3-5 

longitudinal Lane-Shoulder 
Joint I.oad Transfer Efficiency, % 

90 

70 

85 

55 



CALIFORNIA 3 U.S. 101 GEY SERVILLE 

OUTER LANE PERFORMANCE DATA 

9 in 
12-13-19-18 

TIED PCC 
SHOULDER 
CA 3-1 

PSR 3.6 

RDUGHNESs; In/Ml 134 
JOINTS F" AUL TING. In 0.08 SEALED 

T. CKS./1'11 27 

LONG. CKS., f't/l'll 0 

1/. JT. SPALL. 2 

CA 3-2 
PSR 3.9 

ROUGHNESS, In/I'll 104 
JOINTS FAUL TING. In 0.11 UNSEALED 

T, CKS./l'll 6 
LONG, CKS. rt/I'll 0 

1/. JT. SPALL 3 

PSR 3.8 
ROUGHNESS, In/I'll 119 

AVG. 
FAUL TING, In 0,10 

T. CKS./l'll 16 
LONG, CKS. f't/l'll 0 

1/. JT. SPALL 2 

JPCP 
ft JOINTS 

NON TIED PCC 
SHOULDER 

CA 3-5 
3.8 

123 

0.10 

118 

34 

6 

3.8 
123 

0,10 

118 

34 

6 

AVG. 
3.6 

134 

0.08 

27 

0 

2 

3.8 

114 

0.10 

62 
17 

4 

Figure 32. Outer lane performance data for California 3 
(Age= 12 years, ESAL's = 3.6 million). 
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'Ihe concrete shoulders were in gcx::d con::lition after 12 years of 
service. 'Ihe sections with tied concrete shoulders had high longitudinal 
joint load transfer efficiencies, which may have helped reduce transverse 
crackirq. While the overall con::lition of the nontied shoulder was excellent, 
the sealant in the longitudinal lane-shoulder joint was in poor condition. 
'Ihe nontied section did have poor load transfer across that longitudinal 
lane-shoulder joint and also exhibited high corner deflections. 

Fram the limited data, sealing of the transverse joints appears to 
reduce both transverse joint faulting and spalling. While the reductions 
achieved by the section with the sealed joints are not substantial, there 
does appear to be a correlation. '!he correlation suggests that sealing 
joints will reduce the all'OUI1t of water that can infiltrate the pavement 
system (thereby reducing pumping, erosion, and subsequent faulting) and will 
prevent the infiltration of incorrpressibles (thereby reducing joint 
spalling) . 

The amount of transverse cracking was greater in the outer lane than in 
the inner lane. 'lhis is due to the higher truck volumes in the outer lane. 
'!he number of spalled joints was also observed to be higher for the outer 
lanes. '!he mean PSR is higher for the inner lane than for the outer lane 
which reflects the quantity and severity of distresses observed in this 
lane. It should l::e noted that CA 3-1, which had l::een flcx::ded and required a 
substantial amount of bituminous patching, had the highest roughness index in 
both lanes. It is believed that the large roughness values reflect the 
roughness of that patched area. 

Conclusions 

'lhis experiment evaluated the effect of joint sealing and tied concrete 
shoulders on concrete pavement. It was observed that the section with the 
sealed joints perfonned better than the others with respect to transverse 
joint spalling and joint faulting. HOW'ever, it should be noted that the 
reduction was not substantial. 

With regards to the tieing of concrete shoulders to the mainline 
pavement, it was detennined that the sections with the tied K'C shoulders 
perfonned l::etter than the section with nontied PCC shoulders. '!he sections 
with tied concrete shoulders had less transverse cracking and smaller corner 
deflections than the section with nontied concrete shoulders. '!he relatively 
short tiebar spacing 22 in (559 nun) appears to be satisfactory to provide 
gcx::d support to the mainline pavement. Thus, the practice of tieing the 
concrete shoulder to the mainline pavement is an irrportant aspect of concrete 
shoulder construction that should not be omitted. 

North caro1ina 1 

'lhis experimental project, located on I-95 near Rocky Mount, was 
constructed in 1967. The roadway is a four-lane divided highway, with a 
functional classification of Rural Interstate. Since l::eing opened to traffic 
in 1967, the pavement has sustained 9 .1 million 18-kip ( 80 kN) ESAL 
applications in the outer lane and over 1. 9 million ESAL applications in the 
inner lane. 'Ihese values represent calculations through 1987. 
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Deflection testing results are presented in table 4 7 and table 48. 
Table 48 also includes drainage coefficients for each section. Figure 33 
sunnnarizes perfonnance data for the outer lane of each section. 

Obsel:vations 

'lhe load transfer efficiencies were Il'Ore depen:ient upon base type than 
on the presence or absence of dowels (load transfer efficiencies of 78 
percent for the doweled sections compared to 63 percent for the nondoweled 
sections). Voids, or loss of support, were detected beneath the joint 
corners for several of the pavement sections. Particularly, it appears that 
significant erosion is occurring beneath the aggregate base course sections. 

'lhe drainability for all of the sections was not very good. '!he 
aggregate base course had a very law permeability which detracted from the 
drainability of the sections with that base course. If the subgrade for a 
section was somewhat well-draining, this served to slightly increase the 
overall drainability of that section. 

'lhe pavement section constructed over the asphalt-treated base 
displayed superior perfomance over all of the other base types in every 
distress category. 'lhe other base types perfonned approximately the same, 
although the aggregate base course sections :rray have been in slightly worse 
condition. '!he remaining base course sections exhibited their own unique 
deterioration: the aggregate base course sections had transverse cracking, 
faulting, and erosion of the base; the soil -cement base course sections had 
significant longitudinal cracking and faulting; and the cement-treated base 
course section had longitudinal cracking and faulting. 

With the exception of the section constructed over the asphalt-treated 
base course, the treated bases all had a certain am:runt of longitudinal 
cracking. It is believed that the treated bases contribute to the cracking 
because of their larger coefficient of friction produced at the slab-base 
interface. 'Ihe longitudinal joint was sawed to a depth of 2. 75 in (70 mm), 
or 31 percent to 34 percent. 

'lhe effect of load transfer devices on the perf omance of these 
pavements is unclear. Only two direct comparisons can be made between 
doweled and nondaweled sections. In one case the doweled section perf onned 
better than its nondaweled counterpart (agg1:egate base course), and in the 
other case the nondaweled section perfonned better than the doweled section 
(soil cement base course). However, it appears likely that erosion is 
occurring on the aggregate base course sections and subsequently the dowels 
are effective at reducing faulting. 'lhe less ercdible soil-cement base 
course sections are not ~iencing any erosion, and therefore unifonn 
support is provided to the slab. 

For nondoweled joints, it appears that skewed joints offer some 
advantages over perpendicular joints, particularly in the level of faulting 
and measured roughness. '!his information is shown in figure 33 by comparing 
NC 1-1 and NC 1-8. 
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Table 47. Slab nooulus arrl corrposite k-values for North carolina 1. 

Section E-Value, ]2§i k-Value, :ggi 
NC 1-1 4,630,000 538 
NC 1-2 5,190,000 347 
NC 1-3 3,970,000 494 
NC 1-4 4,210,000 570 
NC 1-5 5,500,000 628 
NC 1-6 5,140,000 672 
NC 1-7 5,090,000 128 
NC 1-8 4,220,000 513 

Table 48. Deflection testinJ results an:l drainage coefficients 
for North caroli.na 1. 

load Transfer Comer % Comers Drainage 
section Efficiencv % Deflection, mils Exhibiti.nc:r Voids Coefficient 
NC 1-1 50 7.6 0 0.75 
NC 1-2 100 5.7 0 0.80 
NC 1-3 100 4.0 0 0.80 
NC 1-4 59 8.8 15 0.75 
NC 1-5 92 4.5 0 0.75 
NC 1-6 58 4.6 0 0.90 
NC 1-7 77 8.3 0 0.90 
NC 1-8 16 11.8 40 0.80 
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NORTH CAROLINA 1 
I-95 ROCKY MOUNT, NC 
OUTER LANE PERFORMANCE DATA 

JPCP JRCP 
30 ft JOINTS 60 ft JOINTS 

Sl<E'JED JOINTS PERPENDICULAR JOINTS PERPENDICULAR 
JOINTS 

NO LOAD LOAD NO LOAD LOAD 
TRANSF"ER TRANSFER TRANSFER TRANSFER 

NC 1-7 
PSR ~ 

8 In 
ROUGHNESS, In/I'll 85 

PCC AGG f" AUL TING, In 0,1S 

T, CKS./1'11 0 

LONG, CKS. f't/rll 29S 

¼ JT, SPALL 0 

NC 1-1 NC 1-4 NL. l· ·B 
PSR 3,4 ~ 3.7 

ROUGHNESS, In/I'll 83 85 95 

AGG FAUL TING. In 0.12 0,13 0.22 

T, CKS./1'11 5 0 64 
LONG. CKS. ft/I'll 0 0 0 

¼ JT, SPALL 3 0 0 
NC 1-2 NC 1-3 

PSR 3.5 7:6 

SOIL 
ROUGHNESS, In/I'll 79 77 

CEM f" AUL TING, 1n 0.16 0.13 

T. CKS,/1'11 10 5 
LONG. CKS., ft/I'll 14S1 3068 

9 I~ ¼ JT, SPALL 0 0 

PCC NC 1-S 
PSR 3.2 
ROUGHNESS, ln/r,I 10S 

CTB F' AUL TING, In 0,16 

T. CKS./1'11 0 

LONG, CKS. ft/Ml 179 

¼ JT, SPALL 0 
NC 1-6 

PSR 3,8 

ROUGHNESS, In/I'll 69 

ATB FAUL TING, In 0.05 

T, CKS,/1'11 0 

LONG. CKS. ft/Ml 0 

¼ JT. SPALL 0 

PSR 3.4 3,4 3.6 3.4 

ROUGHNESS, In/Ml 63 82 86 85 

AVG. FAUL TING, In 0.12 0,15 OH 0,15 

T. CKS./MI 5 0 1 0 

LONG. CKS. ft/Ml 0 725 812 295 

¼ JT, SPALL. 3 D 0 0 

Figure 33. Outer lane performance data for North Carolina 1 
(Age= 20 years, ESAL's = 9.1 million). 
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A general corrparison of JRCP am JFCP and joint spacirxJ (60-ft [18.2 m] 
and 30-ft [9.1 m]) can be made, although the two items confound one another 
and are further confounded by pavement thickness. Nevertheless, the two 
sections have approximately the sane perfonnance in tenns of roughness, PSR, 
and faulting. However, the JRCP section with 60-ft ( 18. 2 m) joint spacing 
has a m:::iderate amount of longitudinal cracking but no deteriorated transverse 
cracking. '!his may be partially attributed to the mild environment, the 
reduced curling stresses, and the soft aggregate base course. 

Conclusions 

The perfonnance of the section constructed over asphalt-treated base 
course was superior to all other designs within this exper:inient. The other 
base course sections (soil-cement, CTB, and aggregate) perfonned 
approximately the sane, although the aggregate base course sections displayed 
the most distress. 

The mild climate is probably the reason for the sections being 
relatively free of distress. Although sorre cracking occurred on the 
soil-cement sections, overall very little cracking and virtually no spalling 
occurred on the project. The absence of the latter may also be attributed to 
the mild climate, but in conjunction with good quality aggregates and what 
appears to have been a regular joint sealing prcgram. 

The cause of the longitudinal cracking observed on these sections is 
probably related to the amount of friction between the base and slab. The 
soil-cement base courses have a larger friction coefficient than aggregate 
base courses, but the asphalt- and cement-treated base courses are also 
thought to have large friction coefficients and they did not display any 
significant longitudinal cracking. Other ~sible explanations include late 
sawing, insufficient depth of sawing, or differential support conditions. 

For nondoweled joints, there is evidence to support the advantage of 
skewed joints over perpendicular joints. In both the outer and inner lane, 
the nondoweled skewed joints over aggregate base course had less faulting 
than the nondoweled perpendicular joints over the same base course. 

Finally, it appears that for a mild climate, treated base courses can 
have an effect on reducing faulting. In addition, dowel bars are believed to 
have a definite effect on reducing faulting when used in conjunction with 
erodible base courses, such as the aggregate base course used on this 
project. However, the dowel bars used in this experbnental project were only 
1 in (25 rnm) in diameter, probably of insufficient size to keep faulting to a 
reasonable level. '!he use of dowel bars of adequate diameter is essential to 
achieve the desired levels of load transfer. 

North carolina 2 

'!his single section, located on I-85 near Greensboro, is a doweled, 
11-in (279 rnm) JFCP with a lean concrete base and tied concrete shoulders. 
Through 1987, this pavement section has sustained approximately 5.8 million, 
1.5 million, and 0.4 million ESAL applications in the outer, center, and 
inner lanes, respectively. 
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'Ihe m:dulus of the slab was backcalculated fran deflection data to be 
5,890,000 psi (40,610 MPa) arrl the a:xnposite k-value on top of the lean 
concrete base was detenni.ned to be 293 pci (80 kPajmm) • '!here was 100 
percent loa.d transfer across the transverse joints arrl only 5 percent of the 
slab corners were exhibiting voids. 'Ihis pavena1t section had an overall 
drainability of fair-good, correspon:ling with an AASHro drainage coefficient 
of 0.95. 

Observations 

Significant arcounts of punping was obsel:ved throughout the section. 
'Ihe punping was oo::urring at the corners of transverse joints, both in the 
mainline pavertalt arrl in the shoulder. A small arrount of transverse cracking 
was observed, but only in the longer slabs (23 arrl 25 ft [7. o am 7. 6 m]) • 
Design arrl perfomance data for the outer lane of this section is presented 
in table 49. 

Conclusions 

'Ihe large anount of punping that is occurring on this pavement section 
is a cause for concern. 'Ihe punping is apparently fran noisture which is 
flowing between the slab arrl the lean concrete base. It is believed that 
this distress will soon result in additional pavena1t deterioration, 
including faulting arrl corner breaks. The large diameter (1.38 in [35 mm]) 
dowels used on this project have thus far kept joint faulting to a very low 
level. 

Florida 2 

located on I-75 near Tan-pa arrl built in 1986, this single section is a 
doweled, 13-in (330 mm) JPCP resting on a sarrl base course. 'Ihrough 1987, 
this paveirent has carried approxiinatel y 2 million ESAL applications in the 
outer lane, 0.8 million ESAL applications in the center lane, am 0.2 million 
ESAL applications in the inner lane. 

Backcalculatian procedures using deflection data provided a slab 
m:dulus value of 5,550,000 psi (38,270 MPa) arrl a CX:XtlfX.)Site k-value of 378 
pci (180 kPajmm). IDad transfer efficiency was detenni.ned to be only 29 
percent with 10 percent of the slab comers exhibiting voids. 

Design arrl perfomance data for the outer lane of this pavement section 
is summarized in table 50. 'As would be expected, this 1-year-old pavena1t 
section is in excellent corrlition. 'Ihe pavertalt displays no spalling or 
cracking arrl has minimal joint faulting. However, the relatively low PSR may 
be an in:iication that sane roughness problems were built in to the pavena1t 
at construction. 

Florida 3 

'!his single section project on I-75 was included in the sb.rly in an 
effort to evaluate the poor perfonnance arrl rapid failure of this pavement. 
It had carried 4 .1 million 18-kip (80 kN) ESAL applications in the outer 
lane, 1. 7 million ESAL applications in the center lane, arrl 0.4 million ESAL 
applications in the inner lane. 

97 



Table 49. Design arx:l performance data for the outer lane of North 
carolina 2 (Age= 5 years, ESAL's = 5.8 million). 

Design Data 
11.0 in JK:P 
5.0 in I.CB 
No subbase 
18-25-23-19 ft joints 
1. 38 in dowels 
FCC shoulders 
A-4 subgrade 

Performance Data 
Joint Spallin;J, % 
Joint Faultin;J, in 
Purlpin;J Severity 

0 
0.02 
High 

10 Transverse cracks/mile 
l.Dn:Jitudinal Cracks, ft/mile 
Roughness, in/mile 

0 
64 

4.2 PSR 

Table 50. Design arx:l performance data for the outer lane of Florida 2 
(Age = 1 year, ESAL' s = 2 million) . 

Design Data 
13.0 in JK:P 
6. 0 in sarx:l base 
No sill±ase 
12-18-19-13 ft joints 
1. 25 in dowels 
FCC shoulder 
A-3 subgrade 

Performance Data 
Joint Spallin:,J, % 0 
Joint Faultin;J, in 0.01 
Transverse Cracks/mile o 
lDD'.]itudinal cracks, ft/mile o 
Roughness, in/mile 64 
PSR 3.7 
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'lhe backcalculated E of the slab was determined to be 4,160, 000 psi 
(28,680 MPa) • 'lhe m,lfX)S_;._te dynamic k-value on the tq> of the lean concrete 
base was backcalculated to be 529 pci (144 kPa/mm). 'lhe load transfer 
zreasured on the doweled transverse joints averaged only 19 percent, while the 
mean slab comer deflection was an extremely high 23.9 mils. Slab comer 
deflection tests showed that 73 percent of the corners were exhibitirg loss 
of Sllp!Xlrt. Fran the drainage analysis, the Sl..lb;Jrade was determined to be 
very p:x>rly drainirg. This infomation, coupled with the presence of the 
lean concrete base course, resulted in the assigrnnent of a drainage 
coefficient of 0.75. 

For a pavement section only 5 years old, this section is displayirg a 
large airount of deterioration. 'lhe design arrl perfomance data for this 
section is summarized in table 51. 

Observations 

'lhe major distress that has occurrerl is deteriorated transverse 
cracking which has reached an excessive aroc,unt (generally 70 transverse 
cracks/mile is a critical level). 'lhese cracks were :routed arrl sealed just 
before the survey was corducted. Transverse cracking varies across the 
traffic lanes (as does the aca.nnulated ESAL's). This infonnation is 
summarized in table 52. 

In addition, the joint spacin:f had an effect on cracking. '!he slab 
lengths in the rarrlam joint spacin:f pattern ran;ed from 16 ft ( 4. 9 m) to 
23 ft (7. O m) . '!his infomation is tabulated in table 53. 

Combined, the results from tables 52 arrl 53 show the effect of slab 
len;Jth arrl traffic load.in;J on transverse cracking. Generally speaking, the 
longer the slabs arrl the heavier the traffic, the greater the number of 
cracked slabs. 'lhe longer slab lergt:hs of 22 arrl 23 ft (6.7 arrl 7.0 m) 
consistently had larger am:iunts of transverse cracking, an::i it should be 
noted that many of those larger slabs actually had two transverse cracks. 
'lhe shorter 16- arrl 17-ft (4.9 arrl 5.2 m) slabs located on the lighter
trafficked inner lane had no transverse cracks, whereas, for the sarre lane, 
the longer 22- am 23-ft ( 6. 7 arrl 7. o m) slabs had over 50 percent of the 
slabs cracked. A general reduction in transverse crack:in;r is observed as 
lower traffic loadings are experienced. 

'!here also existed a fair annmt of lorgitudinal cracking within the 
project. A total of 896 ft/mi was recorded for all lanes. 

Faultirg averaged 0.08 in (2.0 mm) at transverse joints, which is 
approaching a critical level of 0.13 in (3.3 mm). '!here existed visible 
signs of nmium-severity pumpirg in the fonn of fines on the surface. This 
is apparently from the lean concrete base, which nrust be ercxiinJ away. The 
1-in (25 mm) dianeter dowels may be insufficient to harrlle the heavy traffic 
loadirgs that are present on the project. Nearly 3 out of 4 joints had a 
zreasured loss of support, which correlates with the presence of purtpirg, arrl 
a low load transfer at the transverse joint certainly contributed to the 
pumpirg corrlition. Also, corner deflection was very high, irrlicatirg that 
extensive pumpirg arrl loss of support exists along the outer lane. 
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Table 51. ~ign arrl perf onnance data for the outer lane of Florida 3 
(Age= 5 years, ESAL's = 4.1 million). 

~iqn r:ata 
9.0 in JFCP 
6.0 I..cB 
No suJ?b;lse 
16-17-23-22 ft joints 
1. 00 in dowels 
FCC shculders 
A-3 subgrade 

Performance r:ata 
Joint Spallin;, % 2 
Joint Faultin;, in 
.Purrpin; severity 

0.08 
Medium 

310 
440 

Transverse Cracks/mile 
IDn;1itudinal Cracks, ft/mile 
Roughness, in/mile 84 

3.2 PSR 

Table 52. Transverse crack:in; by lane for Florida 3. 

a.nnulative Transverse 
lane ESAL's, millions Cracks/mile 

outer 4.1 310 

Center 1.7 250 

Inner 0.4 80 

Table 53. Effect of slab length on crack.i.nq for Florida 3. 

% CRACKED SLABS 
Slab Length, ft outer lane Center lane Inner lane 

16 85 54 0 

17 86 71 0 

22 100 100 69 

23 92 100 50 

CUmulative ESAL's 4.1 1.7 0.4 
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'lhe FCC shoulder was generally in good corx:lition. However, there were 
some localized areas of joint spallin:J. Load transfer at the lon:Jitudinal 
lane-shoulder joint was detenn.i.ned to be 44 percent, irrlicatin:J that the tied 
K'C shoulder is not len:il.ng a substantial annmt of support to the mainline 
paverocmt in edge an:l corner loadim' situations. 

Conclusions 

'Ibis 5-year-old, heavily-trafficke:l pavement shaved extensive 
transverse crackirg an:l significant pumpin:J an:l faulti_n:J. An examination of 
the transverse crackirg by traffic lane (e.g., loadim' level) an:l slab length 
shows that both factors have contrib.rted to this distress. Additionally, it 
is possible that the dCMeled, skewed joint design may have contributed to the 
crackirg by providim' additional restraint; with such a design, it can be 
difficult to properly align the dowel bars. 

Based on these results an:l up:m other aspects of the pavement design, 
the major causes of the transverse crackirg is believed to be a combination 
of thennal curlin:J, shrinkage (frictional restraint), other restraints 
pemaps irrluced by the dCMeled, skewed joints, an:l traffic loadim' stresses. 
'!here still remains sane questions as to why such a large anount of crackirg 
developed, however. 

Poor drainability, an erodible lean concrete base, an:l small diameter 
dowels have contributed. to the erosion of the lean concrete base. '!his 
erosion has led to significant faultin:J an:l serious loss of support urxier the 
outer lane corners, which will eventually lead to corner breaks an:l 
additional transverse crackirg. 
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rnAPim 4 EF'Fl'X.!l' OF IJ.'SIGN l'EA'.I.URES al PAVEMENI' ~ 

1. INmOllJCI'ICN 

'llle experimental projects were originally select:erl to allow a study of 
the effect of jointed concrete pavement design features on pavement 
perfonnance. Of special interest were those factors which could be shown to 
improve pavement subdrainage and rerluce deflection. However, the extensive 
surveys and data collection allow for an analysis of the perfonnance of the 
entire concrete pavement system. 

Eleven design features are included in this analysis: slab thickness, 
base type, joint spacing, reinforcement, joint orientation (skewed or 
pel:.1)8l"rlicular), transverse joint load transfer, dowel bar coating, 
lon:ritudinal joint design, joint sealant, shoulders, and subdrainage. The 
number of sections available for evaluating certain features is limited, so 
that their direct effect on perfonnance cannot be determined without 
considerable mechanistic and statistical analyses. such analyses were 
performed and are included in volume II. 

All of the data presented here, except where noted, is from the outer 
traffic lane, which represents the heaviest traveled lane. 

2 • SIAB 'llIICKNESS 

Pavement sections having slab thicknesses ranging from 7 to 15 in ( 178 
to 381 mm) were included in the study. Although often confounded with other 
variables, the following con,parisons can be made from the field data. 

Minnesota 1 and Minnesota 2 

'Iwo experimental sections in Minnesota, Minnesota 1 on I-94 near 
Rothsay and Minnesota 2 on I-90 near Albert Lea, showed mixed results with 
respect to slab thickness. For Minnesota 1, the 9-in (229 mm) JRCP 
norrloweled slabs performed :much better than the 8-in (203 mm) JRCP nondoweled 
slabs in every distress category. However, the doweled 8- an:l. 9-in (203 and 
229 mm) JRCP sections did not exhibit a significant differenc.e in 
perfom.ance. It should be noted that the norrloweled pavement sections 
faulted so severely that they required rehabilitation after 14 years of 
service. For Minnesota 2, the 8- and 9-in (203 and 229 mm) JPCP slabs 
displayed nearly identical perfonnance, except that the 9-in (229 mm) slab 
had m:ire lon:Jitudinal crackin;,. 'lllese results are summarized in tables 54 
and 55. 

Arizona 1 

On this experimental project on State Route 360 in Phoenix, 11- and 
13-in (279 and 330 mm) norrloweled, concrete sections placed directly on the 
sul::grade are perfonning better than a norrloweled 9-in (229 mm) concrete 
pavement on a cement treated base in terns of faulting, longitudinal 
crackin;,, and joint spalling. No difference in perfonnance was observed 
between the 11- and the 13-in (279 and 330 mm) slabs. However, the 9-in (229 
rrnn) pavement was older and had sustained greater traffic loadin:Js. No 
transverse era~ were observed for any pavement section. These results are 
summarized in table 56. 
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Slab 
'Ihick, 

8 
9 

8 
9 

Slab 

Table 54. outer lane perfonnance data relative to slab thickness 
for Minnesota 1 (Age= 17 years, ESAL's = 5.5 million}. 

Joint Transverse Iort]itudinal % Joint 
in Dowels Faultina, in cracksbni cracks, fti'.'.mi Soallina 

No 0.39* 25 2406 23 
No 0.33* 0 968 8 

Yes 0.04 32 1464 25 
Yes 0.08 47 1744 30 

* Data from 1984 prior to rehabilitation of norrloweled sections. 
IoNJitudinal crackiNJ includes inner arrl outer lanes. 

Table 55. outer lane perfomance data relative to slab thickness 
for Minnesota 2 (Age = 10 years, FSAL' s = 2. 8 million) • 

Joint 
'Ihick. in Dowels Faul ting:, in 

Transverse 
cracksl'.'.mi 

Iort]itudinal 
cracks. ftl'.'.mi 

% Joint 
Spallin::r 

9 8 Yes 0.06 
0.06 

0 
0 

150 
746 9 Yes 3 

Slab 
'!hick, 

9 
11 
13 

IoNJitudinal crackiNJ includes inner arrl outer lanes. 

Table 56. outer lane perfonnance data relative to slab thickness 
for Arizona 1. 

ESAL's, Joint Iort]itudinal % Joint 
in millions Age Faultina, in cracks, fti'.'.mi Soallina 

4.0 15 0.08 233 22 
2.8 8 0.03 0 0 
3.4 12 0.01 0 0 

IoNJitudinal crackiNJ includes inner arrl outer lanes. 
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califomia 1 

'!he project on I-5 near Tracy, califomia included two different slab 
thiclmesses constructed over cement-treated bases. 'Ihe 8.4-in (213 mm) slabs 
had significantly more transverse and lon:1itudinal cracking than the 11. 4-in 
(290 mm) slabs. other distresses were about the same for each section. 
However, the sei:viceability was lower for the thicker slab. '!his infomation 
is smmnarized in table 57. 

Ohio 2 

On State Route 2, near Vermilion, Ohio, two 15-in (381 mm) JFCP slabs 
were constructed on grade. '!hey were 13 years old and had carried 3. 3 
million ESAL's. '!he slabs showed very little transverse cracking or 
transverse joint spallin:]. However, significant lon:Jitudinal cracking was 
observed. Faultin:] was 0.11 in (2.8 mm) for each of the two sections, which 
is fairly high. Typically, faul tin] of o .13 in ( 3 . 3 mm) results in a rough 
ride for JFCP. Increased slab thiclmess did not prevent joint faultin:] for 
these sections. 

Ontario 1 

On Highway 3N, near Ruthven, 12-, 8-, and 7-in (305, 203, and 178 rrrrn) 
nooooweled slabs were built. '!he 12-in (305 mm) slab on grade displayed no 
transverse cracking and only a small amount of lon:1itudinal cracking. The 7-
and 8-in (178 and 203 mm) slabs placed on lean concrete base courses showed 
much mre longitudinal and transverse cracking. The amounts of spalling, 
faultin:J, and PSR were conparable for all of the sections. Table 58 
summarizes this infonnation. 

North carolina 2 

'!his 11-in (279 mm) doweled JFCP was built in 1982 on I-85 near 
Greensboro. While structurally sourrl, the pavement is displayin:] an 
extensive am::iunt of pumpin:J, which is evidently occurrin:] beneath the lean 
concrete base. The pumpin:J is believed to be caused by the presence of free 
IIIOisture beneath the lean concrete base; the I110isture is trapped there since 
the pavement cross-section is a bathtub-type design that holds water. The 
purrpin:J has not resulted in excessive faultin:] yet because of the large 
(1. 38-in [35 mm] diam:ter) dowel bars. 'Ihus, while the thick slab appeared 
to have minimized slab crackin:], it could not control the pumpin:J brought 
about by the poor cross-sectional design of the pavement. 

SUmmary of the Effects of Slab 'Ihiclmess 

Regardless of cl.ilnatic zone, the thicker slabs reduced the amount of 
transverse and longitudinal crac](in:J. However, joint spallin:], faultin:], and 
purrpin:J did not generally decrease with increased slab thiclmess. Poor 
drainage design evidently dilnini.shed the effect of the thicker slabs. '!hick 
slabs on grade appeared to perfonn well in dry clbrates, al though the 
sections studied were only 8 and 12 years old and had been subjected to only 
2.8 and 3.4 million ESAL applications. '!he thick, slab-on-grade design did 
not perfonn as well in wet cl.ilnates, as the sections exhibited substantial 
faultin:] of non:ioweled joints after 13 years of sei:vice and only 3.3 million 
ESAL applications. 
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Table 57. outer lane perfonnance data relative to slab thickness 
for california 1 (Age= 16 years, ESAL's = 7.6 million). 

Slab 
'Thick, in 
8,4 

11.4 

Dowels 
No 
No 

Joint 
Faul ting, in 

0.10 
0.11 

Transverse 
Cracks/mi 

30 
0 

longitudinal 
Cracks, ft/mi 

940 
0 

% Joint 
Spalling 

3 
3 

longitudinal cracking includes inner arrl outer lanes. 

Table 58. outer lane perfornance data relative to slab thickness 
for Ontario 1 (Age= 5 years, ESAL's = 0.84 million). 

Slab Base Joint Transverse longitudinal 
'!hick, in Dowels Type Faulti.ncr, in Cracks/mi Cracks, ft/mi PSR 

7 No I.CB 0.05 48 345 3.8 
8 No I.CB 0.06 27 480 3.8 

12 No None 0.06 0 40 3,8 

longitudinal cracking includes inner arrl outer lanes. 
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3. BASE '1YPE 

'!he type of base course was foun:l to be a vecy inp:>rtant factor in the 
perfonnance of jointed concrete pavements. Distress types that appeared to 
be affected by the base include joint faulting, transverse cracking, 
longitudinal cracking, joint spalling from J)OOr drainage and the resultant 
"D" cracking, and loss of seJ::Viceability related to the presence of the above 
distresses. 'Ihe base affects the occurrence of these distress types because 
of the support it provides for the slab, and its large effect on subsurface 
drainage and erosion potential. 

'Ihe base types included. were dense-graded. aggregate base courses (AGG), 
cement-treated base courses (CTB), asphalt-treated base courses (ATB), lean 
concrete base courses (LCB), soil-cement base courses (SC), permeable 
aggregate base courses (PAGG) , and penneable asphalt-treated base courses 
(PATB). In addition, some slabs were constructed directly on the sul::grade 
without a base course. 

Detailed design infonnation for the base course was typically not 
available. It is known that certain factors in the design of the base course 
influence its perfonnance. '!his is particularly true for asphalt-treated 
base courses where factors such as the type and amount of asphalt cement and 
the type of mix (hot or cold) are expected to play a key role in the 
perfonnance of the pavement. For cement-treated bases, the cement content is 
the prinru:y, but certainly not the only, factor of interest. For aggregate 
base courses, the percent fines and the plasticity index are significant 
factors. Where possible, the effect of these factors is discussed but, as 
previously indicated, they were not always available. 

One important factor to consider in the analysis of base types is the 
friction that is produced at the interface between the base and the concrete 
slab. Stabilized base courses produce a larger amount of friction than 
aggregate base courses. 'Ihe larger friction factors often result in slab 
cracking, because of the restraint to slab movement. '!his factor, while not 
directly measured, is discussed where appropriate. 

Minnesota 1 

'!his project on I-94 showed a large difference in perforniance between 
three different base types: aggregate, asphalt-treated, and cement-treated. 
'Ihe ATB, containi!l:f 5 percent of a 120-150 penetration-graded asphalt cement, 
displayed the IroSt transverse cracking and by far the most longitudinal 
cracking. 

Aggregate bases showed. the best perfonnance in tenn.s of low 
longitudinal cracking and joint spalling. '!he aggregate base course was a 
well-drained. material which probably enhanced its perfol'.1'llcl11ce. '!he aggregate 
base course and the CI'B, containing 5 percent cement, had about the same 
amount of transverse cracking, although the CI'B displayed a significant 
arrount of longitudinal cracking. 'Ihe cause of the large airount of cracking 
for the ATB and CI'B is probably increased friction produced by those 
materials at the slabjbase interface. Additionally, it is known that the 
longitudinal joint was fanned with a plastic insert which did not completely 
fonn the joint; this factor coupled with the large friction factors of the 
stabilized base courses are believed to have contributed to the longitudinal 
cracking. 
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'Ihe aggregate base course arxl. the ATB both exhibita:l about the same 
rurount of faultin;J. SUrprisin;Jly, for both dCMeled an::l norrlCMeled pavements, 
the CTB exhibita:l the nost faultin;J. '!he perfonnance data relative to base 
type for this project is summarized in table 59. 

Minnesota 6 

'!his section on Trunk Highway 15 near Truman is an 8-in (203 mm) JRCP 
with a PATB. A 81:ibbase material with specific gradation requirerrents was 
placed beneath the pel:'m=able base to serve as a filter material. 'Ihe 
pavement section is in excellent corrlition, displayin;J no structural 
deterioration arxl. faultin;J of only 0.01 in (0.3 mm). However, the section 
was built in 1983 arxl. has only sustained approxunately 0.85 million ESAL 
applications. 

Arizona 1 

'!his project demonstrata:l that 11- an::l 13-in (279 arxl. 330 mm) thick 
slabs placed directly on the subgrade had the same low amount of faultin;J as 
9-in (229 mm) slabs placed on I.CB. '!hey also had less faulting than a 
pavement slab on a CI'B base. 'Ihe reason for the good performance is probably 
due to the low annual rainfall (8 in [203 mm]) , the high load transfer 
efficiencies (>90 percent) , arxl. the relatively mild climate. '!he performance 
data for this project is shown in table 60. 

California 1 

'!his project on Interstate 5 near Tracy included a direct o:anparison 
between a CI'B arxl. an I.CB with all other factors held constant. '!he I.CB 
section displayed 100re than twice as much transverse crackin:;f as the CTB. 
'Ihe increased crackir)3' was due to either reflective crackin:;f from the lean 
concrete base or increased curlin;J due to a reduced borrl between the I.CB arxl. 
the slab. '!he lean concrete base section had a large am:iunt of base 
purrpin;J. 'Ih.e CI'B section exhibita:l m:ire longitudinal crackin:;f arxl. 100re 
faultin;J than the lean concrete base. 'Ih.e I.CB displayed a lower PSR than the 
era, prooably due to the extensive transverse crackin:;f. 'Ihese results are 
tabulata:l in table 61. 

California 2 

Two experimental sections on Interstate 210 in I.os An:Jeles compared a 
conventional CI'B arxl. a two-layered base system consistin;J of a dense AC layer 
over a perneable cement-treata:l base. Both pavements exhibited a large 
rurount of faultin;J, averagin;J o. 11 in (2. 8 mn) . '!he dense AC/penneable 
cement-treata:l base section was rougher than the stan:Iard cerrent-treata:l base 
section. 'Ihe CI'B had a large anount of transverse crackin:;f, but the dense 
AC/perneable cement-treata:l base had no crackir)3'. '!his may be due to the 
influence of the AC separation layer placed in that section. However, the 
presence of the AC layer above the penneable base layer probably altered the 
drainability an::l erosion characteristics of the permeable base, essentially 
rerrlerin;J it ineffective. '!he performance results for these sections are 
illustrata:l in table 62. 
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Table 59. Outer lane perfonnance data relative to base type 
for Minnesota 1 (Age= 17 years, ESAL's = 5.5 million). 

Base Joint Transverse I.Dngitudinal % Joint 
'fype D:Jwels Faul t.in:r' in Cracks/mi Cracks, ftL'.mi Soallinc:r 
AGG No 0.31* 17 150 6 
ATB No 0.34* 21 2807 20 
cm No 0.44* 0 2160 20 

AGG Yes 0.06 35 0 15 
ATB Yes 0.03 51 4302 50 
cm Yes 0.10 44 510 18 

* Data fran 1984 prior to rehabilitation of norrla./'eled sections. 

Base 

IDngitudinal cracking includes inner arrl outer lanes. 

Table 60. outer lane perfonnance data relative to base type 
for Arizona 1. 

Slab ESAL's, Joint longitudinal % Joint 
TvPe '!hick, in millions ooe Faultin:r, in Cracks, ftL'.mi Soallioo 
CTB 9 4.0 15 0.08 233 22 
NONE 11-13 2.9 9 0.02 0 0 
I.CB 

Base 
'fype 
CTB 
I.CB 

Base 

9 1.8 5 0.02 0 0 

IDngituclinal cracking includes inner arrl outer lanes. 

Table 61. Outer lane perfonnance data relative to base type 
for california 1 (Age= 16 years, ESAL's = 7.6 million). 

No 
No 

Joint 
Faul ti,rn, in 

0.10 
0.06 

Transverse 
Cracks/mi 

30 
75 

longitudinal 
Cracks ' ftL'.mi 

940 
230 

Pumpi,rn 
None 
High 

longitudinal cracking includes inner arrl outer lanes. 

Table 62. Outer lane perfonnance data relative to base type 
for california 2 (Age= 7 years, ESAL's = 4.4 million). 

Type Dowels 
Joint 

Faulti,rn, in 
0.11 

Transverse 
CracksL'.mi 

longitudinal 
Cracks, ftL'.mi Pumpi,rn 

AC/PCTB No 
CTB No 0.11 

0 
290 

0 
0 

None 
None 

longitudinal cracking includes inner arrl outer lanes. 
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califomia 6 

Section CA 6 on Route 14, located in the greater Los Angeles area, was 
a non:iowele:i 9-in (229 mm) JJ;al with an I.CB. Built in 1980, this section has 
had about the same amount of traffic (4.4 million ESAL applications) as the 
califomia 2 sections; however, it displaye:i a slightly larger anount of 
faulting (0.15 in [3.8 mm]). 'lhe I.CB apparently was not effective in 
reducing faulting. Deflection measurem;mts in:iicated no voids beneath the 
slab, so it is believe:i that purrping was cx:x::urring beneath the I.CB. 

Michigan 1 

'lhe sections on U.S. 10 near Clare, Michigan include:i a PATB an:i an 
agg,.....,.r:r"""eg.,,.aa=te base course with far better perfonnance characteristics than 
pavement sections constnicte:i over a dense-grade:i ATB. 'lhe PATB containe:i 
between 2 an:i 3 percent of an 85-100 penetration-grade:i asphalt cement an:i 
did not utilize a filter layer beneath it as the existing san:i subbase 
closely approximated the gradation of the proposed filter material. '!his 
section had very little faulting or joint spalling. 

'lhe sections constructed over ATB ( containing between 5 an:i 9 percent 
of a 250-300 penetration-grade:i asp,alt cement) were the poorest perfonners, 
since it was a bathtub design that held water an:i contributed to a large 
amount of erosion an:i spalling from 11D11 cracking. '!his section also had a 
lot of cracking an:i faulting an:i a low PSR. 'lhe aggregate base course 
sections had a fair amount of drainability that resulted in far better 
:perfonnance than the sections constructed over the dense-graded ATB. Table 
63 includes the perfonnance results for this project. It should be noted 
that the pavement sections are un:ier relatively light traffic (less than 1 
million ESAL applications after 12 years of service) . 

Michigan 3 

'!his 10-in (254 mm) JRCP located on I-94 has a permeable aggregate base 
course placed on an existing san:i subbase. Built in 1986, this pavement 
section is perfol:1llin;J very well after 1 year of service and 2. 8 million FSAL 
applications. No structural deterioration was observed arrl faulting was only 
0.02 in (0.5 mm). 

Michigan 5 

Built in 1984, this 10-in (254 mm) JRCP is also located on I-94 an:i 
contains a permeable aggregate base course place:i on an existing san:i 
~ubba.se. '!his pavement is beginning to show serious signs of deterioration 
after only 3 years an:i 3.1 million ESAL applications. 'lhe major problem is 
the amount of deteriorated transverse cracks that have ocx::urred (144/mile). 
'lhis is believed to be the result of a canbination of locked joints (due to 
the use of an ineffective borrlbreaker on the dowel), offset spacing of the 
shmlder and pavement joints, and small top size of the coarse aggregate 
(which could not provide adequate load transfer and would allc:M the crack to 
break down rapidly un:ier traffic) • In addition, testing perfonnerl by MIXYI' 
has in:iicated that the san:i subb3se has infiltrated into the penneable base 
course. '!his will reduce the permeability of the base and not allow for the 
:rapid removal of ,fi::ee noisture, which could contribute to the deterioration 
i:,f the transverse cracks. Finally, there was sane concern tllat the gradation 
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'fype 

JPCP 

JPCP 

JPCP 

JRCP 

Table 63. outer lane perfonnance data relative to base type 
for Michigan 1 (Age= 12 years, ESAL's = 0.9 million). 

Base Joint Transverse IDngitudinal % Joint 
'fype D::Mels Faulting, in Cracks/mi Cracks. ft/mi Spa,lling 

PATB No 0.03 0 0 9 

ATB No 0.18 24 0 69 

Nr, Yes 0.04 0 0 12 

Nr, Yes 0.07 2 0 0 

IDngitudinal cracking includes inner an:l outer lanes. 
r:::u..el bars were epoxy-c.oated. 

llO 

PSR 

3.9 

2.9 

3.6 

3.4 



arxl percent crushirq specifications for the permeable base may I'X)'t have been 
proper arxl could have resulted in an unstable base carrse. 

New York 1 

Experimental sections on Ra.rt:e 23 included asphalt-treated arxl 
aggregate base courses. 'Ihis experiment sha,.,ed that for JFCP, the sections 
with ATB performed better than those with aggregate base courses in tenn.s of 
transverse arrl longitudinal cracking arrl joint spalling. However, for JRCP, 
the ATB sections exhibited m:::>re faulting an:i spalling than the aggregate base 
courses. 'Ihe aggregate base mrrse had a plasticity irrlex of 1. 7 a.rd 
contained 7 percent fines. '!he ATB cxmtained 2. 5 to 4. O percent asphalt 
cement. 'Ihe perfonnance data for this section is summarized in table 64. 

Ohio 1 

'!his experimental project on U.S. 23 near Chillicothe had 
asphalt-treated arxl aggregate base courses. sections with asphalt-treated 
bases perfornro better than the the sections with aggregate bases. '!he 
aggregate bases had 1r0re faulting arrl much m::,re cracking, arrl also displayed 
many m::,re voids beneath the slab corners. '!he sections with the 
asphalt-treated bases did have m::,re spalling on the un::ler side of the joint 
than did the aggregate base sections, probably due to the lower drainability 
of the asphalt-treated base. Unfortunately, no information was available 
concerning the design of either the asphalt-treated or aggregate base 
courses. Table 65 provides the perfonnance infonnation for this project. 

Ontario 1 

'lhese norrloweled JPCP sections on Highway 3N near Ruthven corrpared a 
PATB, an ICB, arrl a thick slab placed directly on subgrade. 'Ihe section with 
the I.CB displayed far m::,re longitudinal cracking a.rd IlDre transverse cracking 
than the other two base types. 'Ibis is probably due to either reflective 
cracking from the base or to the stiffness of the base when the slab is 
urrlergoing curling effects. 

'Il1e section with the PATB had very little distress; however, it did 
display a lot of p.mpinJ. '!his may be attributed to the permeable base being 
,::onstructed directly on grade without the use of a filter material arxl that 
the longitudinal edge drains interrled to drain the penneable base were placed 
.in a dense-graded aggregate material 6 in (152 mm) from the penneable base. 
'Ihus, fines could easily infiltrate the penneable base course where excess 
water could not readily be rerocwed. 

'Ihe 12-in (305 mm) slab placed directly on grade perfonood nearly as 
well as the penneable base section. It did exhibit some longitudinal 
cracking, but this may be due to the thick slab being sawed only 25 percent 
c::if its depth. '!he perfonnance data for these sections is shown in table 66. 

Pennsylvania 1 

'!he pavement sections on Ra.rt:e 66 near Kittanning e>:hibited no 
significant differences in perfonnance between five different base sections: 
C'I'B, PATB, permaql)l_e aggregate base of relatively unifonn gradation, a I1¥Jre 
well-graded, high penneability aggregate base, arrl a conventional 
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'.IYPe 
JFCP 
JFCP 

JRCP 
JRCP 

Joint 

Table 64. CXrt.er lane perfonnance data relative to base type 
for New York 1 (Al:]e = 22 years, ESAL's = 2.0 million). 

Base 
TvPe 

ATB 
N:r, 

ATB 
N:r, 

Joint Transverse I.on;ri tudinal % Joint 
Faul tin::r I in CracksLmi Cracks I ftLmi Soallincr 

0.02 0 0 6 
0.03 35 264 13 

0.14 0 0 73 
0.09 0 0 9 

I.on:Jitudinal crackirg includes inner arrl outer lanes. 
load transfer is provided by A01E devices. 

Table 65. outer lane perfonnance data relative to base type 
for Ohio 1 {Al:Je = 14 years, ESAL's = 3.4 million). 

Base Joint Transverse I.on:Jitudinal % Joint 
Soacincr,ft TvPe J:'cMels Faul tin::r' in CracksLmi eracks,ftLmi Soallin::r 

21 ATB Yes 0.06 0 0 13 
21 N:r, Yes 0.10 0 0 0 

40 ATB Yes 0.07 29 0 0 
40 N:r, Yes 0.14 53 0 0 

I.on;ritudinal crac:km;J includes inner arrl outer lanes. 

PSR 
4.0 
3.9 

3.6 
3.4 

PSR 
4.2 
4.2 

4.1 
4.2 

Results summarized for starrlanl (paint.Erl/greased) dowels only. 

Slab 
'I.hick, in 

8 
8 

12 

Table 66. Average perfonnance data relative to base type 
for Ontario 1 (Al:]e = 5 years, ESAI./s = 0.84 million). 

Base Joint Transverse lon:Jitudinal 
TvPe rowels Faultincr, in CracksLmi Cracks, ft/mi Pu!nlJincr 
PATB* No 0.06 0 0 Medium 

I.CB No 0.07 28 480 Low 
None No 0.06 0 40 Low 

* PATB placed directly on sul::x;Jracle; no filter layer used. 
lon:Jitudinal crac:km;J includes inner arrl outer lanes. 
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d~ded aggregate base. A conventional dense-graded aggregate subbase 
was placed beneath eacil base type. 

Essentially no deterioration had taken place an::1 the PSR of all of the 
sections was very high. '!his is m:ist likely due to the very low traffic 
level whicil, after 7 years of service, was only 0.27 million ESAL's. All 
five sections have longitudinal un:lerdrains an::1 are located on a significant 
grade, whicil combined to provide nore than adequate drainage of free water 
from eacil of the base layers. 

New Jersey 3 

'!his project on Interstate 676 was 8 years old an::1 had carried 
4.2 million ESAL's at the time of survey. 'Ihe project included two permeable 
bases: aggregate arrl asphalt-treated. Eacil of these perfonned very well an::1 
exhibited only mini1nal faulting. No cracking or p.mping occurred. 'Ihe PATB 
did exhibit IrDre joint spalling than the permeable aggregate sections, but 
this is believed to be construction-related since the joints are all 
expansion joints spaced at 78.5-ft (24 m) intervals. 'Ihe wide expansion 
joints may have caused the roughness that resulted in a PSR of 3.5. A filter 
fabric was placed beneath both the penneable base courses. 

North carolina 1 

'!his project on I-95 had four d~ded base types: ceroont-treated, 
asphalt-treated, soil cement, an::1 aggregate. 'Ihe sections with the 
dense-graded asphalt-treated base course displayed superior perfonrance in 
every category 0\/er the sections constructed on the other base courses. 'Ihe 
sections constructed on cement-treated, soil cement, an::1 aggregate base 
courses all had a substantial am:,unt of faulting an::1 lower PSR. 'Ihe sections 
constnicted on the soil-cement base course displayed a large am:,unt of 
longitudinal cracking. '!his infonnation is shown in table 67. 

North caro1ina 2 

'!his 11-in (279 mm) JPCP on I-85 contained a lean concrete base 
course. 'Ihe paverent was in structurally good corxlition, but there was a 
substantial annmt of pumping observed at the joints in the mainline pavement 
an::1 in the shoulder. Inspection of the reddish-brown punp:d material shows 
that it is the curing canpourrl placed on the lean concrete base. 'Iherefore, 
the pumping is believed to be occurring from noisture between the slab an::1 
the lean concrete base. 'Ihe cross-sectional design of the pavement section 
was a bathtub design that did not allow for the rerroval of excess noisture. 

Florida 3 

Lean concrete served as the base course for this 9-in (229 nun) JPCP on 
I-75 near Tampa. '!his pavement section has exhibited extensive cracking an::1 
pumping. A major portion of the cracking has been attributed to the use of 
relatively long (22 an::1 23 ft (6.7 an::1 7.0 m]) slab lengths with skewed 
dcweled joints. 'Ille pumping is believed due to a poor cross-sectional design 
with no provision for drainage. Water was trapped between the slab an::1 lean 
concrete base whicil resulted in the erosion an::1 pumping of the base 
material. 'Ihe pumping action has also caused loss of support at 73 percent 
of the slab corners, resulting in additional slab cracking. 

113 



Table 67. outer lane perfo:rmance data relative to base type for 
North caro1ina 1 (Age= 20 years, ESAL's = 9.1 million). 

Base Joint Transverse I.Dngitudinal 
'fype ~els Faulting, in Cracks/mi Cracks, ft/mi PSR 

AC/2, Yes 0.13 0 0 3.4 

AC/2, No 0.17 32 0 3.5 

ATB No 0.05 0 0 3.8 

CTB No 0.16 0 179 3.2 

SC No 0.13 5 3068 3.6 

SC Yes 0.16 10 1451 3.5 

I.Dngi tudinal cracking includes inner arrl outer lanes. 
Joint spacing = 30 ft (9 .1 m) , dowel diameter = 1 in (25 mm) . 
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SUmmacy of the Effects of Base Type 

The type of base course material usually had a large impact on the 
distresses observed on the pavement surface, particularly for heavily 
trafficked pavements. Key variables appear to be base/slab interface 
friction, stiffness, eroclibility, and permeability. These had a large effect 
,:::,n transverse and lon:Jitudinal cracking, joint spalling, and faulting. Table 
68 provides a subjective ranking of the relative perfonnance of the bases at 
,each project site. The following summarizes the overall results for each 
:Oase type, starting with the poorest perfonnirq base: 

VERY RXJR: 

EUJR: 

E7uR-RXJR: 

GCXID: 

VERY G:X)I): 

Cement-treated or soil-cement d§1Se:::9raded bases. Practically 
every site showed very poor perfonnance in terns of pumping, 
faulting, and cracking. 

Lean concrete bases. '!his base was associated with 
considerable pumping, faulting and transverse and lon:Jitudinal 
cracking. This is particularly true when located in a 
"bathtub" situation with poor subdrainage. 

Asphalt-treated. dense--graded bases. Most sections perfonned 
poorly, but there were some that showed good perfonnance. 
Severe lon:Jitudinal cracking and faulting existed at several 
locations. A bathtub section at Clare, for exarrple, resulted 
in severe faulting and accelerated 11D11 cracking at joints. 

No base. Only three sites existed, one showing good 
perfonnance, one showing fair performance, and one showing poor 
perfonnance. However, it should be noted that each of these 
sections were constructed with thicker slabs (in the range of 
11 in (279 mm) to 15 in (381 mm]) and had been subjected to 
relatively lc:M traffic levels. These two factors skew the 
performance results of these sections. 

Aggregate dense=m:aded bases. Perfomance ran:Jed from poor to 
very good, but was generally fair to very good. 'Ihe more open 
the gradation, the better the perfomance. 

Penneable bases. With one exception (MI 5) , the sections with 
perneable bases displayed virtually no faulting, cracking, or 
joint spalling. Pumping was observed at one site (ON!' 1-2), 
but this is believed to be caused by the infiltration of the 
sul:grade into the permeable base and the :i.n,proper location of 
edge drains to remove the excess water. While the permeable 
base sections generally performed well, it should be noted that 
they are not very old and have not been subjected to heavy 
traffic loadings. 

Pavement sections constructed with perrneable base layers generally 
require the use of a filter layer beneath the base. The purpose of such a 
layer is to arrest the migration of fines into the penneable base course from 
:::ielow. The absence of a filter layer can result in clogging of the permeable 
:oase arrl subsequently pumping and faulting. This phenomenon is believed to 
::-iave been partially responsible for the pumping observed on the section in 
Ontario. 
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Table 68. overall relative sunmm:y of the perfonnance of base types. 

PROJECT BASE TYPE 
ID CI'B/SC ATB ICB NONE 

MN 1 VP VP G 
MN 6 

MI 1 VP VG 
MI 3 
MI 5 

NY 1 G F 

OH 1 G F 
OH 2 p 

ONI' 1 VP F 
ONI' 2 VG 

PA 1 (VG) (VG) 

NJ 3 

NC 1 VP VG p 

NC 2 P-F 

FL 3 VP 

CA 1 VP VP 
CA 2 VP VP 
CA 6 VP 

A2 1 p VG VG 

SC: Soil-cement KEY: Cl'B: Cement-treated base 
ATB: Asphalt-treated base 
ICB: Lean concrete base 
PERM: Penneable base 

AGG: Dense-graded aggregate base 
NONE: No base course, slab on grade 

RATINGS: VG: 
G: 
F: 
P: 

VP: 

Very good base perfonnance (no distress) 
Good base perfonnance 
Fair base perfonnance 
Poor base perfonnance 
Very poor base perfonnance (extensive distress) 

PERM 

VG 

VG 
VG 
VP 

F 

(VG) 

VG 

( ) : Irrlication that pavement was subjected to less than one-half 
million ESAL's in the outer traffic lane. 
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For the sections constructe1 with permeable bases, the subbase layer 
beneath the base was evaluated to determine if it met filter requirements. 
'Ihis evaluation calls for an analysis of the gradation of the permeable base 
course, the subbase, and the sul:grade. The projects incorporating permeable 
bases and the gradation data necessary for the filter evaluation are shown in 
table 69. The table is fairly corrplete with the exception of the Minnesota 6 
base course gradation and the Ontario 1-2 subgrade gradation. In addition, 
this table does not include the New Jersey 3 sections since these both 
contained a filter fabric that is expected to prevent the infiltration of 
fines into the permeable base. 

The base, subbase, and sul:grade gradations were then used to evaluate 
the necessary filter criteria. '!he results of this evaluation are presented 
in table 70. This evaluation o:insisted of two parts: an evaluation of the 
base and subbase to detennine if the subbase would contaminate the base 
o:iurse, and an evaluation of the subbase and subgrade to detennine if the 
subgrade would contaminate the subbase. 

An examination of table 70 shows that, for the base/subbase evaluation, 
all of the existing subbase materials met the necessary filter requirements, 
with one exception. The one exception was MI l-4a, which is a section that 
is in good condition and is not exhibiting any purrping, but is displaying 
large corner deflections and substantial loss of support beneath slab 
corners. 

Very few of the projects met the filter criteria for the subbase and 
subgrade evaluation. This is an in:ilcation that fines from the sul:grade are 
likely to migrate into the subbase and contaminate that layer. 

4. JOINI' SPAClNG 

Existing design procedures provide only very limited guidance on the 
selection of joint spacing. 'Ihis is trne for both JRCP and JPCP. In theory, 
longer jointed pavements will experience more transverse cracking than 
shorter jointed pavements. Furthermore, it is expected that joint 
deterioration may be greater in long-jointed pavements, as the corrpressive 
forces that build up in the slabs from inc.orrpressibles increase. 

There was wide variation of joint spacings included in the study. 
Also, joint spacing consisted of both unifonn and variable, or random, 
lengths. A Irajor confounding factor in the analysis of joint spacing was 
pavement type (JRCP vs. JPCP). 

Minnesota 1 

The sections on I-94 near Rothsay all were 27-ft (8.2 m) JRCP. 
However, an adjacent section of 40-ft (12.2 m) JRCP of similar age and 
traffic (MN 5) was also tested and included in the study. Results in table 
71 show that faulting and PSR are about the same while the number of 
deteriorated transverse cracks and spalled joints is much higher for the 
section with 40 ft (12.2 m) joint spacing. However, the amount of 
reinforcement (0.085 percent for MN 1 and 0.04 percent for MN 5) present in 
both JRCP sections was believed to be inadequate for the large temperature 
extremes encountered in this climate. The steel was unable to hold the 
cracks tight, which resulted in their further breakdown and deterioration. 
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Table 69. Gradation information for permeable bases required for filter criteria evaluation. 

MN 6 MI 1-4a MI 3 MI 5 ONT 1-2 PA 1-2 PA 1-3 PA 1-4 

Base PATB PATB PAGG PAGG PATB PATB PAGG PAGG 

Ds N/A 4.3 2.2 0.60 2.0 2.4 5.1 2.3 

D10 N/A 7.1 2.5 2.7 4.3 3.7 5.7 5.1 

Dis N/A 9.9 3.2 4.4 5.6 4.9 6.2 6.1 

Dso N/A 15 8.1 9.8 15 10 12 19 

D6o N/A 17 11 11 18 12 15 29 

Subbase AGG SAND SAND SAND NONE AGG AGG AGG 

f-' Ds 0.089 0.096 0.25 0.10 0.095 0.095 0.095 
f-' 
co 

D10 0.15 0.15 0.32 0.16 0.21 0.21 0.21 

Dis 0.27 0.25 0.37 0.25 0.28 0.28 0.28 

Dso 0.79 0.46 l. 7 0.60 8.5 8.5 8.5 

D6o 1.3 0.79 2.9 0.84 12 12 12 

Das 3.8 6.2 19 4.4 22 22 22 

Subgrade A-2-4 A-2-4 A-2-4 A-2-4 A-7-6 A-4 A-4 A-2-4 

Dis 0.25 0.21 N/A N/A N/A N/A N/A N/A 

Dso 1.1 0.41 0.082 0.14 N/A N/A N/A 0.88 

Das 3.6 2.5 l. 5 l. 9 N/A 0.074 0.23 11 



Table 70. Evaluation of filter criteria. 

Base/Subbase Subbase/Subgrade 
Filter Requirements Met Filter Requirements Met 

Project Cl C2 C3 C4 cs Cl C2 C3 C4 cs 

MN 6 N/A N/A N/A N/A N/A y N y y y 

MI 1-4a y y N y y y N y y y 

MI 3 y y y y y y y y y y 

MIS y y y y y y N y y y 

ONT 1-2 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

PA 1-2 y y y y y y N N y N 
I-' 
I-' PA 1-3 y y y y y y N N y N -0 

PA 1-4 y y y y y y N y y N 

* Criteria 1 (Cl): (D15} bu•/•ubba•• ~ 5 * (D95) subbaae/aoil 

* Criteria 2 (C2): (D1~) bue/aubbaH ~ 5 * (D15} subbaaa/aoil 

* Criteria 3 (C3): (D5o}be••/•ubbaa• < 25 * (D50} aubbaoe/aoil 

* Criteria 4 .{lli: (D5) ba ■e/aubba■e > 0.074 mm 

* Criteria 5 (CS): (CU} baaa/aubbau == (D60) h•••/•ubbaae I (D10} base/aubb••• < 2 0 

* Criteria from "Highway Subdrainage Design," By L. K. Moulton, FHWA-TS-80-224, August 1980. 



Joint 

Table 71. outer lane perfonnance data relative to joint spacing 
for Minnesota 1 (Age = 17 years, ESAL' s = 5. 5 million) . 

Joint 
Spacing. ft D::iwels Reinf. % Faul ting. in 

Transverse 
Cracks/mi 

% Joint 
Spa.Hing 

27 

40 

Yes 

Yes 

0.08 

0.04 

0.10 

0.09 

23 

53 

Sections are 9-in (229 mm) JRCP with aggregate base. 

14 

36 

Table 72. outer lane perfonnance data relative to joint spacing 
for Minnesota 2 (Age = 10 years, ESAL' s = 2. 8 million) . 

Joint Joint Transverse % Joint 
Spacing, ft CO,,,,els Faulting. in Cracks/mi Spalling Pumping 

13-16-14-19 Yes 0.06 0 3 None 

27 Yes 0.05 3 3 None 

Sections are 9-in (229 mm) slabs. 

120 

PSR 

3.3 

3.3 

PSR 

3.8 

4.0 



Minnesota 2 

'Ihese sections on I-90 near Albert. I.ea provide a corrparison between 
long-jointed JRCP and short-jointed JR::P. Results in table 72 show 
essentially equal perfonnance. However, the shorter, rarrlom joint spacing of 
13-16-14-19 ft (4.0-4.9-4.3-5.8 m) resulted in a slightly lower PSR than the 
longer unifonn joint spacing of 27 ft (8. 2 m) , probably due to increased 
joint faulting. Minnesota currently uses a joint spacing of 13-16-14-17 ft 
(4.0-4.9-4.3-5.2 m). 

california 1 

'!his project on I-5 allows a carparison of a pavement with an extremely 
short, rarrlorn joint spacing of 5-8-11-7 ft (1.5-2.4-3.4-2.1 m) and 
california's fonner starnard joint spacing of 13-19-18-12 ft (4.0-5.8-5.5-3.7 
m). 'Ihe paveroonts with the shorter joint spacing had less faulting and less 
transverse cracking than the paveroonts with corwentional spacing. However, a 
1989 reinspection revealed that the section with the extremely short joint 
spacing is beginning to develop extensive slab cracking. 

'Ihe 7. 75-ft (2. 4 m) average section had less joint moveroont, which 
helped maintain good aggregate interlock. load transfer at the nondoweled 
joints. Most of the transverse cracks that occurred on the 15-ft (4.6 m) 
average joint spacing section were in the longer slab se;pnents (i.e., in the 
18- and 19-ft [5.5 and 5.8 m] slabs). 'Ihis corrparison is illustrated in 
table 73. '!he data shown in this table was measured in the northbound 
lanes. 'Ihe southbc:urrl lanes recently showed considerably Il'Ore pumping and 
cracking, p:,ssibly due to a poorer drainage erwirornnent. r::ue to the cracking 
in the longer slabs, california has mxli.fied their joint spacing to 
12-15-13-14 ft (3.7-4.6-4.0-4.3 m) in an effort to avoid large differences 
between lMXlltUlll\ and mininrum slab lengths. 

Michigan 1 

'Ihe sections on U.S. 10 included long-jointed JRCP and short-jointed 
JPCP placed on a granular base. I..ong-jointed pavements, with a joint spacing 
of 71 ft (21. 6 m) perfonned similarly to the short, ran:km-jointed pavements 
which had a joint spacing pattern of 13-17-16-12 ft (4.0-5.2-4.9-3. 7 m). 
Faulting was about the same for each section. 'Ihe long-jointed sections 
contained prefonned joint seals and 0.15 percent reinforcement, a canbination 
that resulted in no spalling and very little deteriorated transverse 
cracking. 'Ihe shorter jointed sections had Il'Ore joint spalling than the 
longer sections, while the longer jointed sections had a lower PSR. Both 
sections included epoxy-coated dowel bars which awarently reduced joint 
locJOJp and subsequent spalling. 'Ihe perfonnance information on these 
sections is summarized in table 74. 

New York 1 

'Ihese sections on Route 23 had 20-ft (6.1 m) JPCP and 60-ft (18.3 m) 
JRCP. 'Ihe long-jointed sections did not display any transverse crack 
deterioration, perhaps because they contained 0.2 percent reinforcing steel. 
HC1Never, the JRCP on ATB did have nuch rrore joint spalling and llUlCh higher 
joint faulting than the short-jointed sections. 'Ihe performance data results 
for this project 'are shown in table 75. load transfer for these sections was 
provide:i by AOIB devices. 
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Table 73. outer lane performance data relative to joint spacing 
for Califo:rnia 1 (Age= 16 years, ESAI/s = 7.6 million). 

Joint Joint Transverse % Joint 
Soac:inq, ft D:lwels Faulting. in Cracks,:'.mi Soall:inq Pumo:inq 
5-8-11-7 No 0.06 5 2 Medium 
13-19-18-12 No 0.10 30 3 None 

Sections consist of 8. 4-in (213 mm) PCC slabs over CIB. 

Table 74. outer lane perfonnance data relative to joint spacing 
for Michigan 1 (Age = 12 years, ESAL' s = 0. 9 million) . 

Joint 
Spacing. ft 
13-17-16-12 

71 

D:lwels 
Yes 
Yes 

Joint 
Faul ting. in 

0.04 
0.06 

Transverse 
Cracks,:'.mi 

0 
2 

% Joint 
Spalling 

11 
0 

Pumping 
None 
None 

FSR 
2.9 
3.0 

PSR 
3.6 
3.2 

All cracks counted for JR::P, but only medium-high severities for JRCP. 
D:lwel bars are epoxy-coated. 

Table 75. outer lane perfonnance data relative to joint spacing 
for New York 1 (Age= 22 years, ESAL's = 2.0 million). 

Joint Base Joint Transverse £, 
0 Joint 

SPacina. ft Type Dowels Fault:inq, in Cracks,:'.mi Soall:inq PSR 
20 ATB Yes 0.02 0 6 4.0 
60 ATB Yes 0.14 0 73 3.6 

20 AG; Yes 0.03 35 13 3.9 
60 AG; Yes 0.09 0 9 3.4 

load transfer devices are AGlE. 

Table 76. outer lane perfonnance data relative to joint spacing 
for New York 2 (Age = 12 years, ESAL's = 1.43 million). 

Joint 
Soacina, ft 

20 
27 
63 

Joint Transverse % Joint 
D:lwels Faultina. J.n Cracks,:'.mi Soallina 

Yes 0.01 30 0 
Yes 0.01 26 0 
Yes 0.02 0 0 

load transfer devices are epoxy-coated I-Beams. 
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New York 2 

Interstate 88 near otego includes a range of joint spacings from 20-ft 
(6.1 m) to 63-ft (19.2 m). As illustrated in table 76, the JRCP section with 
63-ft (19.2 m) joint spacing exhibited excellent performance. It did not 
have any deteriorated cracks, al though it did have same low severity 
transverse cracks that were held tight by the large arocn.mt of reinforcing 
steel (0.2 percent). 'lhe 20- and 27-ft (6.1 and 8.2 m) JPCP showed some 
transverse cracking. 'lhe faulting was low for all of the sections and the 
PSR was very high and about the same for all of the sections. I.Dad transfer 
for these sections is provided by epoxy-a:,ated I-beams. 

Ohio 1 

U.S. 23 near Cru.llicothe had JRCP sections with 21-ft (6.4 m) and 40-ft 
(12.2 m) joint spacing. 'lhe short-jointed sections consistently performed 
better than the lorg-jointed sections. 'Ihe 40-ft (12.2 m) slabs displayed 
higher faulting and much more deteriorated transverse cracking. However, the 
overall PSR was about the same. 'lhe performance data for this project is 
shown in table 77. 'lhe sections presented included 1. 25-in (32 mm) noncoated 
dowel bars and contained the same amount of reinforcement, 0.09 percent. For 
the section with larger joint spacing, this is a fairly low amount. 

New Jersey 2 

'Ibis 10-in (229 mm) doweled JRCP on Route 130 near Yardville was built 
in 1951 and is exhibiting only 24 deteriorated transverse cracks per mile 
after approxbnately 35 million E.SAL applications. 'Ibis section employs a 
joint spacing of 78.5-ft (23.9 m) in which every joint is an expansion 
joint. It also contains stainless steel clad dowel bars and 0.14 percent 
reinforcement. 'lhese factors have apparently combined to provide excellent 
pavement performance (PSR = 3.8). 

North carolina 1 

'Ihese sections on I-95 near Rocky Mount had 30-ft (9.1 m) doweled JPCP 
and 60-ft (18.3 m) JRCP, but the results are confounded by slab thickness. 
'Ihe lorg-jointed slabs displayed no deteriorated transverse cracking, but a 
substantial amount of longitudinal cracking. Short jointed sections had no 
cracking at all. Faulting was obsaved to be higher for the larger slabs. 

Florida 3 

'!his 9-in (229 mm) doweled JPCP on I-75 near Tampa employed a joint 
spacing of 16-17-23-22 ft (4.9-5.2-7.0-6.7 m) and is exhibiting 310 
transverse cracks per mile in the outer lane. It was observed that 100 
percent of the 22-ft (6.7 m) slabs and 92 percent of the 23-ft (7.0 m) slabs 
are cracked, and that the joints exhibited only 19 percent load transfer. 

SUmmary of the Effects of Joint Spacing 

Joint spacing was observed to have a large effect on the performance of 
both JRCP and JPCP for most of the projects. For JFCP, the Tracy sections 
showed that redu<;:in;J joint spacing from an average of 15-ft ( 4. 6 m) to an 
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Table 77. o..iter lane perfonnance data relative to joint spacing 
for Ohio 1 (Age= 14 years, ESAL's = 3.4 million). 

Joint Base Joint Transverse % Joint 
Spacing, ft Type Dowels Faulting, in Cracks/mi Spalling PSR 

21 ATB Yes 0.06 0 13 4.2 

40 ATB Yes 0.07 29 0 4.1 

21 AGG Yes 0.10 0 0 4.2 

40 AGG Yes 0.14 53 0 4.2 

Results sunmarized for stan::lard (painted/greased) dowels only. 
All pavements are 9-in (229 nun) JRCP. 
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average of 7.75 ft (2.4 m) ra:iuced faulting arrl transverse cracking 
significantly. '!his effect was ooserved on many of the ram.an joint-spaced 
JR::P sections where the 18- arrl 19-ft (5.5 arrl 5.8 m) slabs always exhibited 
crackirg arrl the 12- arrl 13-ft (3. 7 arrl 4. o m) slabs rarely displayed 
crackirq. However, from a project inspection in 1989, the section with 
extraooly short joint spacing has begun to display lon;itudinal crackirg and 
interior comer breaks. '!his may be an in:lication that too short of slab 
len;ths can cause problems as well. 

For JRCF, the shorter joint spacings (e.g. 20- to 27-ft [6.1 arrl 
8.2 mJ) usually provided better perfonnance in terns of fewer deteriorated 
transverse cracks, less joint faulting, arrl a ra:iuced percent of joints 
spalled. However, several lon;-jointed reinforced sections in Michigan, New 
York, arrl North carolina displayed surprisingly good performance in terns of 
minimal faulting, little or no transverse crackirg, arrl little joint 
deterioration. &::m; of these sections had high :reinforcement content arrl 
good joint seals, which probably contributed to their performance. 

An analysis was corrlucted for the JR::P sections to further detennine 
the effect of specific design factors on transverse slab cracking. Table 78 
provides a summary of crackirg by joint len;th for the sections with random 
joint spacing. While other factors such as base type, climate, arrl traffic 
levels came into play, the majority of the transverse cracking was obseJ:ved 
at joint spacings greater than 18 ft (5.5 m). 

In an effort to consider the effect of the fourx:lation stiffness on 
transverse crackirq, the radius of relative stiffness, 1, was calculated for 
each JR::P section. 'lhe radius of relative stiffness is define::i by: 

where: E = concrete m:xlulus of elasticity, psi 
h = slab thickness, in 
k = static effective k-value, pci 

( detennined by di vidin; dynamic k by 2) 
u = Foisson's ratio 

(1) 

A ratio of slab len;th (L) to the radius of relative stiffness (1) was 
determine:i for each section arrl is provided in table 79. An examination of 
this table in:licates that large arramts of transverse cracking occurs when 
the 1/1 ratio increases. 

'lhe data from table 79 was broken out to consider other factors, IOOSt 
notably base type. 03.ta from the California 1 sections near Tracy is given 
in table 80 to shav crackirg for different joint spacin;s, base types arrl 
slab thicknesses. All other factors are constant. A plot of this data for 
all California 1 sections is shc:Mn in figure 34. At high 1/1 ratios, rore 
transverse crackirg is noted. 

A similar analysis was corrlucted for the different base types. Results 
for cement-treated an::l lean concrete bases from all sections are shc:Mn in 
figure 35. Even though traffic loadi.rgs varied widely, there exists a 
general relationship between increased 1/1 arrl percentage of slabs cracked. 
1/1 ratios of greater than about 5.0 had a rapidly increasin; probability of 
developing transverse cracks. 
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Table 78. Summary of transverse cracking by slab length for 
sections with random joint spacing (data for outer lanes only). 

Project 
Section 

ID 

Number PERCENT SLABS CRACKED BY SLAB LENGTH TOTAL% 
Of 5 7 8 11 12 13 14 16 18 19 22 23 25 SLABS 

fl ft ft ft fl ft fl ft tt tt tt tt 
AZ 1-1 

ONT 1-4a 68 
ONTT--4b 68 \ 

ONT2 68 

#vet($$ o:o o:o o;o 1:p ~;~ ~'* «* t;~ Jtc 
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Table 79. Ratio of slab length to the radius of relative stiffness (L/1). 

Slab Percent Rad. of Rel. 

Section Slab Static Slab E, Cum. Base Slabs Stiff., I 
LIi 
5.4 
6.2 
7.0 
3.9 
4.5 
5.1 
3.5 
4.1 

_4.6 
4.3 
5.0 
5.6 
5.6 
6.4 
7.3 
5.2 
6.0 
6.9 
3.2 
3.7 
4.2 
1.5 
2.0 
2.3 
3.2 
4. I 
4.4 
6.2 
6.5 

CA 1-5 11.4 167.5 5280000 16 7621830 CTB 12 0 44.67 3.2 
13 0 3.5 
18 0 4.8 
19 0 5. I 
12 0 35.07 4. I 
13 12 4.4 
18 52 6.2 
19 24 6.5 
12 12 39. 18 3.7 
13 6 4.0 
18 71 5.5 

5.8 
5.4 
5.9 
8.1 
8.6 
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Table 79. Ratio of slab length to the radius of relative stiffness (L/1) (cont'd). 

Slab Percent Rad. of Rel. 

Section Slab Static Slab E, Age, Cum. Base Length, L Slabs Stiff., I 
ID Thick, in k, pci psi yrs ESAL's Type ft Cracked in Lil 

CA 2-3 8.4 286 4980000 7 4423827 CTB 12 7 30.63 4.7 

13 53 5.1 
18 100 7.1 

100 7.4 

13 35.19 4.1 
4.4 
6.1 
6.5 

12 0 35.90 I 4.0 

13 0 4.3 
18 7 6.0 

19 0 6.4 

12 43 34.22 4.2 

13 40 4.6 
18 7 6.3 

19 13 6.7 

12 o• 41.04 3.5 
' 13 I 0. 3.8 

14 0 4.1 • 
15 12 4.4 ' 
12 11 43.17 3.3 

13 29 3.6 

18 47 5.0 

19 47 5.3 

CA 8 10.2 169.5 6420000 7 1190558 HMAC 12 0 43.02 3.3 

13 0 3.6 
14 0 3.9 
15 0 4.2 

12 0 48.43 3.0 

13 0 3.2 

18 0 4.5 

19 0 4.7 . 

FL3 9.0 264.5 4160000 5 5967175 LCB 16 77 31.44 6.1 

17 79 i 6.5 

22 i 92 8.4 
23 ! 100 8.8 . 

MI l-4a 885249 PATB 12 0 35.35 4.1 

13 0 4.4 

9.0 I 
18 0 6.1 

I 

19 I 0 6.4 ! 

MI l-7a 146 6340000 12 885249 AGG 12 I 0 40.53 3.6 I 

i 13 I 0 3.8 I 

I 
16 i 0 4.7 

' nl 0 5.0 , 
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Table 79. Ratio of slab length to the radius of relative stiffness (L/1) (cont'd). 

Section Slab Static Slab E, Age, Base 

MN4 7.5 111 6300000 218813 AGG 

... 3136345 

3136345 

3136345 
3136345 
1428074 
1428074 

1428074 

9137389 

129 

Slab 
Length, L 

ft 

13 
14 
16 
17 

Percent Rad. of Rel. 
Slabs Stiff., I 

0 37.80 

0 
0 
0 

30.48 
30.10 

29.90 
30.63 
36.92 

34.04 

40.04 

32. 16 

31.80 
46.22 

3.3 
3.8 

4.1 

4.4 
5.1 
5.4 
7.9 
8.0 

8.0 
7.8 
6.5 

7.0 

8.0 

11.2 
9.7 

11.3 
4.7 

4.9 
6.0 

6.5 



Table 80. Effect of joint spacing, slab thickness, and base type 
on transverse cracking for california 1. 

Radius of Percent 
Joint Slab Base Rel. Stiff, Slabs 
Space, ft Thick, in Type 1, in Cracked L/1 

5 8.4 CTB 41.1 0 1.5 
7 8.4 CTB 41.1 0 2.0 
8 8.4 CTB 41.1 0 2.6 

11 8.4 CTB 41.1 3 3.2 

12 8.4 CTB 35.1 0 4.1 
13 8.4 CTB 35.1 0 4.4 
18 8.4 CTB 35.1 6 6.2 
19 8.4 CTB 35.1 29 6.5 

12 8.4 LCB 35.1 0 4.1 
13 8.4 LCB 35.1 12 4.4 
18 8.4 LCB 35.1 52 6.2 
19 8.4 LCB 35.1 24 6.5 

12 11.4 CTB 44.7 0 3.2 
13 11.4 CTB 44.7 0 3.5 
18 11.4 CTB 44.7 0 4.8 
19 11.4 CTB 44.7 0 5.1 

12 8.4 CTB 39.2 12 3.7 
13 8.4 CTB 39.2 6 4.0 
18 8.4 CTB 39.2 71 5.5 
19 8.4 CTB 39.2 65 5.8 

130 



p 
80 e 

r I TRACY • 
C 
e I . 
n 
t 

60 

I • 

s 
I 

r' a 40 
w b r' 

s 
I 

• 

• 
C 20 r 
a I . . 
C 
k I 

• • . 
e 0 
d 0 1 2 3 4 5 6 7 8 

L/1 

Figure 34. Percent cracked slabs vs. L/1 for California 1 (Tracy) sections. 
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As seen in figure 36, transverse cracking occurred for slabs with 1/1 
greater than about 6.5 for sections havin:J either dense-graded aggregate or 
no base (slab on grade). Asphalt-treated bases showed very little transverse 
cracking; a similar plot showed that transverse cracking occurred on some 
sections for 1/1 ratios of greater than 5.5. 

It appears that there exists a general relationship between the 1/1 
ratio an::l transverse cracking. For each base type there exists a level of 
1/1 that, if exceeded, greatly increases the probability of transverse 
cracking. 'Ihe data from this study of over 2500 slabs suggests the following 
general limits to reduce transverse slab cracking. 

Base Type 

AGG 
Cl'B, ATB, I.CB 

Maxilm.nn I./1 for crack control 

6.5 
5.0 

Usin:J these guidelines, the allavable joint spacin:J would increase with 
increased slab thickness, but decrease for increased (stiffer) foundation 
support conditions. Although little data was available to evaluate penneable 
bases, it is believed that the 1/1 value for each type of penneable base 
construction (stabilized or nonstabilized) would be the same as the 1/1 
values given above for the nonpenneable base designs. 

5. RElNFORCEMENI' DESIGN 

Reinforcement is placed in JRCP to keep transverse cracks from opening 
an::l deterioratin:J. It is accepted that these longer slabs will crack from 
curlin:J an::l shrinkage stresses; the reinforcement is expected to hold the 
crack tight to prevent spallin:J an::l faultin:J of the crack. However, there 
nrust be an adequate amount of steel present to hold the crack tight; to date, 
little guidance has been provided on the amount of reinforcement needed to 
accomplish this. 

'!here are several factors that affect the perfonnance of the JRCP 
pavements, in addition to the amount of reinforcement used in the slab. 'Ihe 
size, coatin:J, spacin:J an::l, ultilllately, the performance of dowels has an 
impact in that they detennine whether the joints will continue to work to 
accamm::x:1ate thennal :rcoveme.nts of the slab. If the dowel bars become corroded 
an::l lock up, the joint will be ren:lered ineffective an::l mid-slab cracks will 
open up an::l begin workin:J. '!he base type also has an effect, as different 
base materials will have different friction coefficients which again affects 
slab :rcovement. Finally, the effect of joint spacin:J should be considered. 
More :rcovement at joints or workin:J cracks can be expected from longer slabs. 

Minnesota 1 

'!he transverse crackin:J data from this project on I-94 near Rothsay 
clearly suggests that dowels had locked up due to corrosion. '!his is because 
there were oore deteriorated transverse cracks in the doweled sections than 
in the norrloweled sections, which implies that the reinforcement design was 
unable to accommodate the increased stresses of immobile joints. '!here 
existed only 0.08 percent to 0.09 percent reinforcement in these slabs, which 
is believed to be inadequate for the temperature extrerres of the region. In 

133 



p 
40 e 

r I AGGREGATE BASE 
■ 

C 
e 
n 
t 

30 

s 
I 

...... a 20 
uJ b -"' 

s 
I ■ -

C 10, r ■ 

a 
C 
k 

I ■ 

e 0 
d 0 1 2 3 4 5 6 7 8 9 10 11 12 

L/1 

Figure 36. Percent cracked slabs vs. L/1 for all sections with aggregate bases. 



addition, the aggi:e:Jate base sections had the least transverse cracking 
(follcwed by the CTB am the ATB sections), a.rd longer (40 ft [12.2 m]) JRCP 
slabs had 100re transverse cracks than shorter 27 ft (8.2 m). 

Ohio 1 

'!he sections with plastic-coated dowels perfonre::l much worse in tenns 
of transverse cracking that the sections with noncoated dowels. '!his is an 
anomaly that needs to be studied further. Of interest would be the final 
alignment of the plastic-coated dowels an::1 the current quality am con:lition 
of the coat:in;. 'Ihe results suggest that while the longer jointed slabs do 
not perform as well, o. 09 percent reinforcenent is perhaps adequate to hold 
cracks tight in the doweled JRCP slabs of this particular clbtatic region. 

New Jersey 2 am New Jersey 3 

'Ihese heavily trafficked pavements both have a high percentage of 
reinforcement steel (0.14 percent arrl 0.16 percent) am 1.25-in (32 nun) 
diameter, stainless steel clad dowel bars. Since both of these factors are 
expected to contribute to the reduction of transverse cracking, it is not 
possible to further differentiate between them. The perfonnance of NJ 2 
after 36 years am 35 million ESAL's is particularly noteworthy. 

Other sections 

Most other reinforced sections all had fairly high amounts of 
reinforcement steel, rang:in; from 0.15 to 0.20 percent. Traffic on these 
pavements ranges from 0.9 million ESAL's to 9.1 million ESAL's, arrl joint 
spacings are all comparatively high, rangin;J from 60 ft (18.3 m) to 71 ft 
(21. 7 m). 'Ihese are constructed over a variety of base types. With the 
exception of MI 4, which had 205 transverse cracks/mile arrl MI 5, which had 
144 transverse cracks/mile, none of these pavements e)dubited a significant 
amount of transverse cracking. 

SUmmacy of the Effects of Reinforcement 

'Ihe isolated effect of reinforcement on transverse crack deterioration 
am pavenent perfomance cannot be directly determined because there were no 
direct carrparisons available. However, an examination of table 81 in:ilcates 
that the sections with IOClre than 0.10 percent reinforcement appear to have 
perfonim very well regardless of the joint spacin;J, base type, or dowel 
coat:in;. At lower levels of reinforcement, it appears that the shorter joint 
spac:in;s perfo:rrood better than the lon:Jer joint spacin;Js arrl that bases with 
higher friction coefficients had more crack:in; than those with lower friction 
coefficients. 'Ihus, a minimum of 0.10 percent reinforcement appears to be 
necessary to control transverse crackirg, with higher amounts for extreme 
cl.il!latic con:litions or stiff base course materials. 

6. JOim' CRIENrATICN 

Joint orientation refers to the angle that the transverse joint is 
placed with respect to the centerline of the mainline pavement. 
Perpendicular joints are constructed at a right an:Jle to the centerline of 
the mainline pavement. Skewed joints are placed at an angle to the 
centerline of the mainline pavement, usually offset 2 ft (0.6 m) per lane. 
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Table 81. SUmmacy of perfonnance data related to reinforcement design. 

ESAL's Bl!ISE JOillT PERCENI' I:CWEL TRANSVERSE 
LOCATION (millions) TYPE SPACING, ft REINF. DIA., in CRACKS/mile 

rnY-FREEZE 

MN 1 5.5 N:r, 27 0.085 0.00 16 
N:r, 27 0.085 1.00 NC 35 
ATB 27 0.085 0.00 21 
ATB 27 0.085 1.00 NC 51 
cm 27 0.085 0.00 0 
cm 27 0.085 1.00 NC 44 

MN 5 5.5 N:r, 40 0.040 1.00 NC 53 
MN 2 2.8 N:r, 27 0.090 1.00 NC 3 
MN 3 1.5 N:r, 27 0.050 1.00 EC 0 
MN 6 0.9 PATB 27 0.060 1.00 EC 0 

WEI'-FREEZE 

MI 1 0.9 ACG 71 0.150 1.25 EC 3 
MI 3 2.8 PN:r, 41 0.140 1.25 EC 0 
MI 4 4.3 N:r, 71 0.150 1.25 NC 205 
MI 5 3.1 PN:r, 41 0.140 1.25 EC 144 

NY 1 2.0 N:r, 61 0.200 ACNE 0 
ATB 61 0.200 ACNE 0 

NY 2 1.1 N:r, 63 0.200 I-BEAM EC 0 

OH 1 3.4 N:r, 21 0.090 1.25 NC 0 
N:r, 21 0.090 1.25 PC 31 

N:r, 40 0.090 1.25 NC 0 
N:r, 40 0.090 1.25 PC 235 

ATB 21 0.090 1.25 NC 0 
ATB 40 0.090 1.25 NC 29 

NJ" 2 35.0 N:r, 78 0.140 1.25 SSC 24 
NJ 3 4.2 PN:r, 78 0.160 1.25 SSC 0 

PATB 

~ 

NC 1 9.1 N:r, 60 0.170 1.25 NC 0 

Key: NC = No Coating (of Dowels) 
EC = Epoxy-Coated 
PC = Plastic-Coated 

SSC = Stainless-Steel Coating 
AGIB = Proprietary two-part malleable iron load transfer devices 
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Skewed joints are usually constructed to reduce the number of critical 
wheel loads occurrirg at the transverse joint from two to one, arrl thus 
should reduce joint deflection. Skewed joints are often placed in a random 
pattern an:l are expected to be of IroSt benefit to norrloweled pavements, as it 
is not believed that they 'WOU.ld add any load transfer if adequate diameter, 
corrosion-resistant dowel bars are present. Similarly, the use of a random 
joint spacing pattern is not expected to assist in pavement perfonnance for 
doweled pavements. 

'!he effect of skewed joints on pavement perfonnance is not always 
clear, as this variable is often confourrled by other factors (e.g., dowel 
bars an:l pavement type) • Few projects ma.de a direct ccxnparison between 
skewed an:l perperrlicular joints. 

New York 1 

Route 23 near catskill included skewed am-perperrlicular norrloweled 
joints for JK:P. '!he section with skewed joints has slightly less transverse 
cracking an:l a lower PSR, rut slightly rrore faulting than the section with 
perperrlicular joints. Measured roughness was the same for both sections. 
'!his distress infonnation is provided in table 82. 

North carolina 1 

Interstate 95 near Rocky Mount included skewed an:l perperrlicular 
norrlc:Meled joints for JK:P. Skewed joints exhibited about one-half the joint 
faultirg of the perpendicular joints an:l transverse cracking was l!D.lc:h greater 
for the perperrlicular joints. Measured roughness an:l the panel PSR was less 
for the skewed joints than for the perperrlicular joints. Perfonnance data 
for these sections is summarized in table 83. 

SUmmacy of the Effects of Joint Orientation 

'!he ~le size is too small to draw definite conclusions about the 
effect of skewed joints on pavem:mt perfonnance. In fact, the only two sites 
with direct c:::arprrisons showed different results. '!he Rocky M:Junt sections 
showed that narrlc:lweled skewed joints have much lower faulting than norrloweled 
perpendicular joints. At the catskill site, however, the norrloweled 
perpendicular joints had slightly less faultirg than the norrloweled skewed 
joints, although the faultirg for both sections was very small. '!he skewed 
joints for both test sites had lower PSR than perpendicular joints. 

Skewed joints an:l rand.an joint spacings are believed to be of nost 
benefit for non:loweled pavements. 'llle perfonnance of pavement slabs with 
adequate diameter, corrosion-resistant dowel bars is not expected to increase 
utilizin;J those features. 

7. 'lRl\NSVERm JOlNI' UW) '.IR1\NSFER 

Transverse joint load transfer, the mechanism by which wheel loads are 
transferred fran one side of the joint to the other, is a critical design 
element for jointed concrete pavements. It is typically ac:hieved by either 
aggregate interlock, whic:h is the face-to-face interaction of the aggi:eqate 
particles on either side of the joint, or mechanical load transfer devices, 
such as dowel bars,· which are installed across a joint at the mid-depth of 
the slab. 
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Table 82. Outer lane perfonllalX:e data relative to joint orientation 
for New York 1 (h;Je = 22 years, ESAL' s = 2. o million) . 

Joint 
Orientation 
Skewed 
Perperxlicular 

Joint 
Faul tin::J, in 

0.03 
0.01 

Transverse 
Cracks/mi 

0 
9 

% Joint 
Spallbp 

0 
0 

:Roughness, 
in/mi 

65 
64 

Sections are 9-in (229 mm) norrla.,eJ.ed JK:P over A'IB 
with 20-ft (6.1 m) joint spacin:J. 

PSR 
3.8 
4.1 

Table 83. Outer lane perfonnance data relative to joint orientation 
for North caro1ina 1 (h;Je = 20 years, ESAL's = 9.1 million). 

Joint 
Orientation 
Skewed 
Perperxlicular 

Joint 
Faultbp, in 

0.12 
0.22 

Transverse 
Cracks/llli 

5 
64 

% Joint 
Spallbp 

0 
0 

:Roughness, 
in/mi 
83 
95 

Sections are 9-in (229 mm) norrl~led JK:P over an aggregate 
base with 30-ft (9.1 m) joint spacin:J. 
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For cold clim.tes an:l heavy traffic loac:lims, aggregate interlock is 
generally not acceptable for provicli.n] adequate load transfer. If aggregate 
interlock is relied on where it is not suitable, excessive joint faulting 
will usually occur. However, other factors can also contribute to faulting. 
'Ihese include the diameter an:l spacing of da.Tel bars (which detennines the 
dowel/CX)ncrete bearin::J stresses), the base type (stabilized base courses 
reduce the rate but not the occurrence of faulting), an:l the drainage 
CX)mitions (the presence of free water beneath the slab can cause pumping 
an:l, ultim.tely, faulting). 

'Ihe ex>ncrete thennal coefficient of expansion has a major i.nq:>act on the 
suitability of agg1.eqate interlock for load transfer. Also, the size an:l 
relative quality of the aggregate, as well as the anticipated tenperature 
charqes, are very inp:>rtant factors. Existin::J design irethodologies do not 
currently account for these factors. 

Joint load transfer was ireasured on all sections using a Falling Weight 
Deflectarneter (FWD) during cx,oler m::il.l1.i.n:} hours. I.Dad transfer affects 
romer an:l transverse joint deflection an:l thus is stron,Jly related to 
pumping, erosion, an:l faulting. 'Ihe following diSOJSSion addresses the 
pavement sections included in the study which evaluate the effectiveness of 
the two primary ireans of load transfer. 

Doweled an:l Norrloweled canparisons 

Minnesota 1 

'!his project on I-94 clearly dem::instrates the effectiveness of dowel 
bars in reducing faulting in rold clim.tes subject to IOOderate-heavy traffic 
levels. '!he results in table 84 shaw that da.Teled joints had greater 
IOOaSUred load transfer, lower ex>l.Tler deflections, an:l a lower percentage of 
CX>l.TlerS with voids (loss of support). 'As a result, the faulting was reduced 
by 87 percent on average. In fact, the non:ia.Teled sections required 
rehabilitation in 1984 due to their severe faulting. However, the 1-in (25 
mm) diameter dowel bars may not have been large enough, as they have become 
loose as imicated by the relatively la.,, load transfer. In addition, doweled 
sections did display higher levels of joint spalling aro. ~ deteriorated 
transverse cracks due to dowel freeze-up. 

North carolina 1 

'Ihe results for this section are sha;.m in table 85. Dowel bars 1-in 
(25 mm) in diameter were fairly effective in reducing faulting on aggregate 
base a::m:ses un:ier heavy traffic as canpared to no dowel bars. Doweled 
joints showed far higher load transfer, lCMer romer deflections, an:l 
one-third fewer CX>l.TlerS with loss of support after the very heavy traffic 
loac:lims on this project. However, due to the magnitude of faulting for the 
doweled joints an:l the loss of load transfer, it ~ that, for the given 
traffic loadings an:l joint spacing, the 1-in (25 mm) diameter da.Tels were not 
of sufficient size to keep joint faulting at an acceptable level. 

'!he 1-in (25 mm) dowels were ccmpletely ineffective for the soil cement 
stabilized bases. '!his resulted in large faulting an:l loss of support at the 
rorners. SUl.pr~in;Jly, the norrloweled joints tested had 100 percent load 
transfer an:l very law CX>l.Tler deflections. '!here was no ireasured loss of 
support at the CX>l.TlerS. 
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Table 84. Q.lter lane performance data relative to joint load transfer 
for Minnesota 1 (Age = 17 years, ESAL's = 5.5 million). 

tu,.,,el Joint Transverse % Joint L.T. Corner % Corner 
Slab,in Dia,in Faul t:im I in CracksL'.mi Soallira Eff,% ~fl,mils Voids 

8 0.00 0.39* 25 23 53 12.3 12 
8 1.00 0.04 32 25 62 11.1 0 

9 0.00 0.33* 0 8 38 13.1 5 
9 1.00 0.08 55 30 67 10.5 0 

Data is average:! across all base types. 
* ~ta fran 1984 prior to rehabilitation of norrloweled sections. 

Table 85. Q.lter lane perfonnance data relative to joint load transfer 
for North carolina 1 (Age= 20 years, ESAL's = 9.1 million). 

Base tu,.,,el Joint Transverse % Joint L.T. Corner % Corner 
TvPe Dia,in Fault:im,in CracksLmi Soallira Eff,% D9fl,mils Voids 

AG:; 0.00 0.22 64 0 33 9.7 20 
AG:; 1.00 0.13 0 0 68 8.6 7 

SC 0.00 0.13 5 0 100 4.0 0 
SC 1.00 0.16 10 0 59 8.8 15 

Sections are 9-in (229 mm) JPCP with 30-ft (9 .1 m) joint spacinJ. 
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'!here was no joint spalling for both doweled and nondoweled joints. 
Transverse cracki.rg was much greater for nondoweled joints on an aggregate 
base course, but about the same for the soil cement base. 

Nondoweled Sections 

In addition to the above directly comparable results, there existed 
nany sections of JPCP without dowels under medium to heavy traffic that 
provide inforrna.tive results. '!his data is presented in table 86. '!he 
following results are suggested from an examination of that table. 

o Nondoweled joints, irrespective of other design features or 
cl.il!late, will generally develop significant faulting under heavy 
traffic loadings (over 1 million ESAL's). 

o Although faulting developed in all cl.il!lates, colder and wetter 
cl.il!lates developed more faulting than wanner and dryer cl.il!lates. 

o In general, the higher the joint load transfer, the lower the 
comer deflection, the fewer the comers with loss of support, and 
the lower the joint faulting. 

o IDnger joint spacing, in the range of 18 to 30 ft (5.5 to 9.1 m) 
has a much greater am::iunt of faulting than joint spacings in the 
range of 5 to 13 ft (1.5 to 4.0 m). 

o 'Ihere were sections with dense-graded aggregate, ATB or CTB, or 
lean concrete bases that showed significant faulting. 'Ihe 
penneable bases showed low faulting, al though they were not very 
old and had not been subjected to a significant amount of traffic. 

Other Doweled Sections 

'!here were also several in:lividual sections of JPCP and JRCP with 
dowels that generally showed lower faulting. However, dowel bar diameter 
also appears to be important in controlling faulting. 'Ihe following results 
are obtained from an examination of table 87. 

o IDad transfer is fairly high for doweled joints, with the 
exception of FL 2 and FL 3. 

o 'Ihe longer jointed pavements tend to have higher faulting. 
Acceptable faulting for longer jointed pavements is about 0.26 in 
( 6. 6 mm) before roughness becc:llles a problem. 

o A 1-in (25 mm) dowel bar diameter may be too small for heavy 
traffic. For example, the NC 1-4 and 1-7 sections showed 
considerable faulting after 9 million ESAL' s, as did FL 3 after 
5.6 million. However, the shorter jointed ONT 2 and MN 1, both 
with a 1-in (25 mm) diameter dowel, showed very little faulting 
after 35 million and 5.5 million ESAL's, respectively. 

o Several sections with 1.25-in (32 mm) diameter or larger dowel 
bars showed low faulting after many ESAL loadings. 
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Table 86. Load transfer perfonnance data for non:ioweled pavement sections. 

ERES ESAL's Base Joint L.T. comer % comer Joint 
ID (mill} Type Spacing.ft Eff,% Defl,mils Voids Pumping Fault. in 

~= 
CA 3 3.6 CI'B 12-19 80 4.3 4 None 0.10 

WRI'--FREEZE: 

MI 1 
4a 0.9 PATB 12-19 19 21.8 75 None 0.03 
lOab 0.9 ATB 12-19 42 17.1 85 I.J::M 0.17 

OH 2 3.3 None 20 Medimn 0.11 
ONT 1 

1 1.0 None 12-19 I.J::M 0.05 
2 1.0 PATB 12-19 Medimn 0.05 
3,4 1.0 I.cB 12-19 I.J::M 0.04 

NY 1 
8ab 3.1 ATB 20 100 10.9 22 None 0.02 

IRY--NCNFREE:ZE: 

CA 1 
1 7.6 CI'B 5-11 85 15.9 60 Medimn 0.06 

3,5,9 7.6 CI'B 12-19 87 14.0 55 I.J::M 0.11 
7 7.6 I.cB 12-19 88 8.2 10 High 0.06 

CA 2 
2 4.4 AC/PCI'B 12-19 10 14.9 65 None 0.11 
3 4.4 CI'B 12-19 19 24.4 90 None 0.11 

CA 6 4.4 I.CB 12-15 79 5.9 0 None 0.15 
CA 7 10.5 CI'B 12-19 35 9.8 23 None 0.06 
CA 8 5.2 HMA.C 12-15 92 3.2 0 None 0.04 
AZ 1 

1 4.0 CI'B 13-17 94 8.6 30 None 0.08 
2,4,5 2.9 None 13-17 100 7.8 12 None 0.02 
6,7 1.8 I.CB 13-17 97 6.0 12 None 0.01 

CRY-FREEZE: 

MN 1 
1,3,5, 5.5 Am 27 46 12. 7 8 N--Med 0.36* 
7,9,11 ATB 

CI'B 

* Data from 1984 prior to rehabilitation of non:ioweled sections. 
Data averaged over sections of silllilar design. 
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Table 87. Load transfer perfonnance data for doweled sections. 

ERES ESAL's Joint DcMel L.T. Corner % Co:rner Joint 
ID (mill} Spacing.ft Dia.in Eff,% Defl.mils Voids Fault.in 

WE::1'-F:REEZE: 

OH 1 3.4 40 1.25 88 13.2 63 0.10 

MI 3 2.8 41 1.25 88 5.1 0 0.02 
MI 4 4.4 71 1.25 59 21.3 58 0.09 
MI 5 3.1 41 1.25 94 26.9 95 0.05 

NJ 2 34.8 78 1.25 76 7.2 0 0.06 

OH 1 3.4 21 1.25 83 12.6 31 0.06 

ON1' 2 35.6 12-19 1.00 0.01 

~= 
NC 1-7 9.1 60 1.00 77 8.3 0 0.15 
NC 1-4 9.1 30 1.00 59 8.8 15 0.13 
NC 2 5.7 18-25 1.38 100 7.5 5 0.02 

FL 2 2.0 12-19 1.25 29 7.6 10 0.08 
FL 3 5.6 16-23 1.00 19 23.4 73 0.08 

[RY :Fi<Et:Z.E: 

MN 1 
2,4,6, 5.5 27 1.00 64 10.8 0 0.06 
8,10,12 

MN 3 1.5 27 1.00 93 9.6 17 0.01 
MN 4 0.2 13-17 1.00 86 7.9 0 0.01 
MN 6 0.9 27 1.00 80 7.2 0 0.01 

[R[~: 

AZ 2 1.6 13-17 1.25 72 11.1 31 0.01 
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SUrnmaJ:y Of the Effects Of IDad Transfer 

In.el bars were fourrl to substantially reduce the annmt of joint 
faultin;J when a::mpared directly with norx:ioweled sections of otherwise similar 
design. 'Ihe diameter of the bar was a factor, with 1.25-in (32 mm) diameter 
bars pravidin;J gocxl load transfer and faultin;J control urrler heavy traffic, 
while a 1-in (25 mm) diameter dowel was saretimes ineffective, particularly 
for heavy traffic loadin;J. 

Norx:ioweled JIG> generally developed significant faulting, regardless of 
pavement design or climate. Sections with dowels displayed higher levels of 
joint spallin;J and mre deteriorated transverse cracks. '!his is believed to 
be the result of joint lc:x::kup caused by either corrosion or d™el 
misaligment. 

Several other observations can be made concenri.n,r load transfer. 
Although significant faultin;J developed in all climates, colder and wetter 
climates develop oore faultug than wanner and &:yer climates. Also, the 
lonqer the joint spacin;J the greater the faultin;J, both in sections with and 
without d™el bars. Finally, base type seemed to have an effect on 
faultug. NoI'XlC1,/eled pavement designs included sections with dense-graded 
aggregate, ATB or CT'B, and lean concrete bases that sh™ed significant 
faul tug. 'Ihe penreable bases showed l™er faul tug, al though they were not 
very old and have not been subjected to heavy traffic. 

Nearly all of the d™eled pavement sections in the project had 
conventional dowel coatings of paint and/or grease. HCMeVer, several 
sections utilized sane sort of corrosion inhibitor, such as stainless steel, 
plastic, and epoxy. 'Ihe corrosion inhibitor is expected to prevent the dowel 
frc:m corrodinq and subsequently lc:x:::kin;J up, which can result in joint 
spallin;J and the openirg of transverse cracks in the slab. 'Ihe followug 
information is available :regardi.nq the perfonrance of these special coatugs. 

Michigan 1 

'Ihe project on U.S. 10 near Clare represented one of the earlier uses 
of epoxy-coated dowel bars. While the short-jointed slabs also perfonned 
well, m:,st noteworthy were the 71-ft (21.6 m) JRCP sections which exhibited 
no deteriorated transverse cracldJq and no significant joint spallug. 'Ihe 
coatug is believed to have prevented corrosion and subsequent dCMel lc:x::kup, 
whidl can produce extensive mid-slab cracldJq. It should be noted that these 
pavemant sections have been subjected to less than 1 million ESAL's. 

Michigan 5 

'!his newer JRCP section on I-94 near Paw Paw contained epoxy-coated 
dowel bars. HCMever, the lubricant placed on the dowel to facilitate 
m:,vemant was ineffective, and this served to increase the restraint in the 
slab. 'Ihe restraint was also increased due to the basket tie wires not being 
severed prior to pavin;J. Subsequently, many of the joints locked up, which 
served to open adjacent transverse cracks. 
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Ohio 1 

Plastic-coated dowel bars used on U.S. 23 near Chillicothe displayed 
less faulting than standard-coated (paint/grease) dowel bars. However, it 
appears that the plastic-coated dowels had an adverse effect on other 
distresses, such as transverse cracking and joint spalling. The exact cause 
of the increased deterioration is not known, but a possible explanation could 
be that the dowel bars were misaligned during construction. Table 88 
provides perfonnance data for this project relative to dowel bar coating. 

New York 2 

This project on I-88 near otego contained epoxy-coated I-beams. The 
long-jointed section (63.5-ft [19.3 m) joint spacing) displayed no 
deteriorated transverse cracks and no transverse joint spalling. The 
epoxy-coated I-beams and the large amount of reinforcement (0.2 percent) 
evidently combined to provide excellent perfonnance after 1.4 million ESAL's. 

New Jersey 2 

The stainless steel dowel coating used in the New Jersey 2 section 
resulted in excellent perfonnance. Very little deteriorated transverse 
cracking occurred after 35 million ESAL's and 36 years of service. This 
perfonnance is typical of other similar pavements in New Jersey. 

SUmmary of the Effects of Dowel Coatings 

Gocxi anticorrosion coatings appear to have been very successful in 
limiting distresses related to the occurrence of dowel lockup. However, 
insufficient data was available for a direct conparison of coated and 
noncoated dowels. In addition, an effective dowel lubricant must be placed 
on the dowel to ensure its movement and thereby prevent joint lockup. 

9. I.CN;I'IUDmAL JOlNI' DESIGN 

There existed a substantial amount of longitudinal cracking on some 
sections and none on many others. It is believed that the design and 
construction of the longitudinal joint and the base/slab friction may greatly 
influence the occurrence of longitudinal cracking, which can lead to serious 
pavement deterioration, increased maintenanc.e efforts, and reduced pavement 
life. The results shown in table 89 were obtained from the field data that 
has been averaged over sections of similar design. 

The results show that base type is a very brportant factor in the 
development of longitudinal cracking. This can be related to the friction 
factor that is an indication of the relative amount of friction that is 
produced at the slab-base interface; stabilized bases produce higher friction 
than nonstabilized bases. The average longitudinal cracking for each base 
type is summarized below: 

No Base = 86 ft/mile (st.nu of inner and outer lanes) 
Lean Concrete Base = 226 ft/mile 
Aggregate Base = 228 ft/mile 
Asphalt-Treated Base= 664 ft/mile 
Cement-Treated Base = 729 ft/mile 
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Table 88. outer lane perfonnance data relative to da..el coa.tin:J 
for Ohio 1 (Age= 14 years, ESAL's = 3.4 million). 

Joint D'.:lwel Joint Transverse % Joint 
Spacing. ft Coating Faulting. in cracks/mi Spalling 

21 Paint/Grease 0.10 0 0 

21 Plastic 0.03 31 0 

40 Paint/Grease 0.14 53 0 

40 Plastic 0.07 235 0 

All sections are 9-in (229 nun) on aggregate base. 
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Table 89. SUmmary of lon;,itudinal cracldn;J arrl relate::i design data. 

I.ONG. JT. I.ONG. JT. DEPIH/ I.ONG. CRACKS I 
SECI'ION AGE BASE FORMING DEPIH, in 'IHICK ft/mile 

OH 2 13 None Saw 3.75 0.25 258 
ONT 1-1 5 None Saw 3.00 0.25 0 

AZ 1-2,3 10 None Saw 3.25 0.25 0 
ID :BASE MEAN= 86 

MN 5 18 AGG Saw 2.75 0.30 1261 
MN 2 10 AGG Saw 2.75 0.32 224 
NY2 12 AGG Saw 2.25 0.25 194 
NYl 22 AGG Saw 2.00 0.22 132 
MI 4 15 AGG Saw 2.75 0.30 91 
MN 1 17 AGG Insert 2.75 0.32 75 
NC 1 

1,4,7,8 20 AGG Saw 2.75 0.30 74 
OH 1 14 AGG Saw 2.25 0.25 0 
MI 1 12 AGG Saw 2.75 0.30 0 

,a; :BASE MEAN = 228 

CA 1-5 16 I.CB Insert 2.00 0.24 230 
AZ 1-6, 7 5 I.CB Saw 2.25 0.25 0 
CA 6 7 res Insert 2.00 0.24 0 
NC 2 5 I.CB Saw 3.50 0.32 0 
FL 3 5 I.CB Saw 2.50 0.28 900 

I.cB MEAN = 226 

NC 1-2,3 20 SC Saw 2.75 0.30 2260 
CA 7 7 Cl'B Saw 3.00 0.29 2060 
MN 1 17 Cl'B Insert 2.75 0.32 1320 
CA 1-1,3,9 16 Cl'B Insert 2.00 0.24 500 
AZ. 1-1 15 Cl'B Insert 2.25 0.25 233 
NC 1-5 20 Cl'B Saw 2.75 0.30 179 
CA 3 12 Cl'B Insert 2.00 0.22 11 
CA 1-5 16 Cl'B Insert 2.00 0.26 0 
CA 2-3 7 Cl'B Saw 2.00 0.24 0 

cm MEAN= 729 

MN 1 17 ATB Insert 2.75 0.32 3550 
CA 8 7 AC Saw 3.00 0.29 1026 
NYl 22 ATB Saw 2.00 0.22 73 
OH 1 14 ATB Saw 2.25 0.25 0 
NC 1-6 20 ATB Saw 2.75 0.30 0 
CA 2-2 7 AC/FCI'B Saw 2.00 0.24 0 

ONT 1-2 5 PATB Saw 2.20 0.27 0 
AIB MEAN = 664 

I.on;,itudinal joint depths obtained from plans or State specifications. 
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'!here is likely a great difference between slabjbase friction for these 
base types. 'Ihe slab-on-grade designs are expected to have l<M friction and 
in fact show very little longitudinal cracki.JxI. 'Ihe CI'B and ATB are known to 
bond very tightly to the slab and, due to their stiffness, produce a large 
arrount of friction. '!his is reflected by the large arrount of cracking that 
they display. 'Ihe 1CB and aggregate bases rank between the two extremes. 

'Ihe longitudinal joint depth ranged from 22 to 34 percent of the slab 
thickness, and was famed by either sawing or plastic insert. It should be 
noted that the depths of the longitudinal joints were obtained from plans or 
State specifications and do not represent actual field-measured depths. 

Within each base type, there does not appear to be any relationship 
between depth/slab thickness ratio and the anvunt of longitudinal cracking. 
A trerrl is noticed, however, concerning the~ of joint forming technique 
used. It was obseJ:ved that the average longitudinal era~ on all sections 
with inserts was 658 ft/mi (125 ny'km) campared to 364 ft/mi (69 mjkm) for the 
sections with the sawcut longitudinal joint. 'Ihus, it is not believed that 
the inserts are as effective in creating the longitudinal joint. 

SUmmary of the Effects of Longitudinal Joint Design 

Two conclusions can be reached concerning the longitudinal joint 
design. 'Ihe first conclusion is that the type of base has a profourrl effect 
on the arrount of longitudinal crackin3', as previously discussed. 'Ihe second 
conclusion is that the establishment of the longitudinal joint is critical in 
order to minimize longitudinal crackin;J. Every effort must be made to ensure 
the fo:rmation of the longitudinal joint. For inserts, it is critical that 
the insert is placed to the specified depth. For sawcuts, the important 
factor is the tine of sawing. If the sawcut is not made in sufficient tine, 
a longitudinal crack will not fonn beneath the cut. When stabilized bases 
are used, the timing of the longitudinal joint sawing becaroos even 1t0re 
critical. If borrling develops or the slab is placed thicker than the plans 
specify, sawing to the recamnended depth of one-third of the slab thickness 
may not be enough to ensure the formation of the longitudinal joint. 

10. TRANSVERSE JOJNr SEAIANl' 

Data fran the field sections was analyzed to detennine the effect of 
joint sealant on pavement performance. 'Ihe types of joint sealants included 
asphalt cement, rubberized asphalt, silicone, and preforna:i a::anpression 
seals. In addition, sections were included which contained no joint sealant. 

Two projects were studied where joint sealant type was varied and other 
factors held constant. In addition, several other obseJ:vations on the effect 
of joint sealants can be made from other sites. It should be noted that 
joint sealing maintenance also has an effect on joint spallirq as well as the 
original sealant type, but this information was often not available. 

Direct Sealant Catparisons 

California 3 

Section 3-1 received a rubber asphalt sealant, while CA 3-2 and 3-3 did 
not have any sealant. Section 3-1 exhibited joint spalling at 2 percent of 
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the joints whereas the nonsealed sections displayed joint spall~ at 3 
percent an:i 6 percent of the joints, respectively. 

Minnesota 2 

'lhese four sections on I-90 were constructed in 1977. Sections 2-1 an:i 
2-2 were sealed with a hot-poured sealant an:i sections 2-3 an:i 2-4 were 
sealed with prefonned campression sealants. Spall~ was minimal for both 
sealant types, averaging about 6 percent of all joints for both. H~ver, 
the prefo:aned sealants were in better con:lition than the hot poured. Also, 
the prefo:aned sealant was used on the section with 27-ft (8.2 m) joints, 
whereas the hot poured was used on the shorter, ran:iom joint spac~ 
section. 'Ihus, the prefonned seals were able to perfonn as well as the hot 
poured while acx:amm::ldating larger joint m:,verrents. 

Nonsealed Joints in California 

Joint sealant is typically not used in concrete paverrent construction 
in California. 'lherefore, it is interest~ to note that the sections 
included from California did not display significant spall~, despite the 
fact that the oldest section was 16 years old. Typical spall~ aioounts 
ran::Jed fran O percent to 10 percent of the joints spalled. Spall~ appeared 
to be slightly less in the inner lane of the projects. However, it should be 
noted that in the southbound lanes of the I-5 project near Tracy, failure of 
several of the the 11-ft (3.4 m) slabs was attributed to the absence of 
longitudinal tiebars between lanes, the absence of joint sealant in the 
lonJituclinal an:i transverse joints, arrl poor drainage corrlitions. 

li::M annual rainfall, moderate tenperature extremes, arrl the absence of 
deicing materials (salt, san:i) applied to the roadway apparently all combine 
to provide for the gcxxi perfonnance of nonsealed joints in california. 
However, further investigation is required to detennine the long-tenn effects 
=if nonsealed joints on concrete paveIOOI1t perfonnance. 

Prefo:aned Ccrrpression Seals 

Prefo:aned campression seals were used on several sections. '!he 
following summarizes sane of the abse?ved results on these sections. 

o Joints that used prefonned campression seals included the MI 1 
sections. Even though "D" cracking existed, the lOnJ-jointed MI 1-1 
showed no medium- or high-severity joint spalling after 12 years. 
Epoxy-coated dowel bars were used at the joints. 

o Sections NY 1-aa an:i 1-ab were 22 years old, had no load transfer 
devices (to cause spalling), arrl had prefonned campression sealants. 
None of the joints exhibited arr'f medium- or high-severity spall~. 

o 'lhe OH 1 sections rontai.ned prefo:aned campression sealants arrl 
displayed virtually no joint spalling. '!hey were 14 years old at the 
tbne of survey. 

o 'lhe ONT 2 section rontai.ned prefo:aned compression seals. After 16 
years of sei:vice, it did not display arr'f medium- or high-severity joint 
spalling. 
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other Sealant Types 

Rubberized asphalt was used as a joint sealant on many of the 
projects. Its perfonnance ranged from fair to gcxxl and generally fell off 
after about 7 years. However, one section in california had a rubberized 
asphalt sealant that was perfonning well after 12 years of service. 

A few projects included in the study contained silicone joint sealant. 
Although not very old (less than 5 years), the sealant was in very gcxxl 
condition. 

81..nmrary of the Effects of Joint Sealing 

From the limited data, it appears that there may be some benefit gained 
from sealing joints in harsh climates. Preformed. joint sealants were used 
quite extensively on the projects evaluated and have performed. very well. 
They appear to be able to offer long-term service lives on the order of 10 to 
15 years or more. Rubberized asphalt joint sealant typically showed gcxxl 
perfonnance for 5 to 7 years. Silicone sealant was exhibiting gcxxl 
perfonnance through 5 years of service. 

california's mild climate, absence of deicing materials, and short 
joint spacing appears to allow for nonsealed joints to perform relatively 
well. However, little is known on the effect of nonsealed joints on 
long-term concrete pavement perfonnance. In one case, nontied longitudinal 
joints, nonsealed longitudinal and transverse joints, and p:or drainage 
conditions resulted in early pavement failures. 

11. TIED PCC SH'.XJIDERSjWIDENED I.ANES 

Several sections included in the research project provided a direct 
comparison between a tied K.'C shoulder and an AC shoulder. Tied K.'C 
shoulders were also included on several other sections and can be included 
for evaluation. 

There were no direct comparisons between sections with widened outside 
lanes and sections with concrete or asphalt shoulders. In fact, only four 
sections included in the project had widened outside lanes and these were all 
relatively new. 

Minnesota 2 

Four sections in all were constructed, two with tied K.'C shoulders and 
two with AC shoulders. In terms of shoulder condition, K.'C shoulders 
constructed on I-90 near Albert Lea are performing much better than AC 
shoulders. The K.'C shoulders are in excellent condition with minor 
deterioration, whereas the AC shoulders were in p:or condition, due to 
alligator cracking and lane shoulder dror:off. Some corner breaks and 
spalling along the longitudinal lane-shoulder joint occurred in the K.'C 
shoulder, but this is attributed to the fact that the paint stripe 
delineating the transition between the pavement and outside shoulder was 
located on the shoulder, thus encouraging heavy trucks to ride the paint 
stripe and cause large edge deflections. 
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'!he effect of the concrete shoulders on the perfomance of the traffic 
lane was unclear. Very high load transfer across the longitudinal 
lane-shoulder joint was measured. However, nruch higher corner deflections 
v.'ere exhibited in the traffic lanes with the FCC shoulders. 

'!he sections with FCC shoulders averaged 448 ft/mi (85 m,lkm) of 
longitudinal cracking, while the AC shoulder sections had no longitudinal 
cracking. '!he full tied width of a 15-ft (4.6 m) inner traffic lane, a 12 ft 
(3.7 m) outer traffic lane, and a 10 ft (3.0 m) outer shoulder nay have 
resulted in high tensile stresses. 'Ihese high tensile stresses are believed 
to have resulted in longitudinal cracking. 

Arizona 1 

'!he tied FCC shoulders on State Route 360 are in better overall 
c:::>ndition than the AC shoulders. Corner deflections have been reduced by 25 
percent by the FCC shoulders. No apparent influence on the perfornance of 
t:ie traffic lane pavement was noted. 

Michigan 1 

'!his project on U.S. 10 near Clare included a section with a tied 
a,::celeration ramp. 'Ihis section illustrated that if the shoulders (in this 
c'l.Se, the acceleration ramp) are not adequately tied to the niainline 
pavement, or if poor drainage conditions exists, the shoulders will have no 
effect on traffic lane performance. Joint faulting on this section was 
s.imilar to similar sections with AC shoulders. 

Michigan 4 

Two adjacent sections, one with tied FCC shoulders and the other with 
AC shoulders, were constructed on I-69 near Oiarlotte. '!he section with tied 
FCC shoulders exhibited higher joint faulting, lower crack faulting, and 
lc::wer transverse cracking compared to the section with AC shoulders. 'There 
was no significant longitudinal cracking for either pavement type. Mainline 
!)Erlonnance data as influenced by the shoulders is summarized in table 90. 

'!he condition of both shoulders was rated as fair. '!he tied FCC 
shoulders had smaller comer deflections (reduced by nearly 60 percent) and 
far fewer comers with loss of support (22 percent vs. 95 percent). However, 
for the section with the FCC shoulders, the load transfer efficiency measured 
across the lane/shoulder joint was only 35 percent. '!his niay be partly due 
tci the small tiebars that were not intended to provide load transfer and to 
the fact that the face of the pavement was finished very smooth to facilitate 
differential movement between the slab and shoulder. 'Ihese factors probably 
contributed to reduce the beneficial effect of the FCC shoulder edge support. 

New York 2 

Both FCC am. AC shoulders were constructed on I-88 near otego. 
However, the pavement designs varied from JK:P to JRCP am. thus a direct 
ccrnparison as to the effect of a tied FCC shoulder is not possible. Very 
little faulting occurred for any section. However, the FCC shoulders were 
only 6-in (152 mm) thick which, coupled with the bathtub design, made them 
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Table 90. Influence of shoulder on perfonnance of mainline pavement 
for Michigan 4 (Age = 15 years, ESAL' s = 4. 4 million) . 

Section 

MI 4-1 

MI 4-2 

Shoulder 
'fype 

FCC 

AC 

L.T. 
Eff,% 

51 

67 

Comer 
Defl.mils 

15.6 

27.1 

% Comer Joint 
Voids Faulting.in 

22 0.12 

95 0.06 

152 

crack 
Faulting.in 

0.20 

0.31 



susceptible to frost heave. '!he frost heave which occurred was believed 
responsible for the longitudinal crackin;J that occurred on each of the 
concrete shoulder sections. 

Ohio 2 

Two norrloweled 15-in (381 mm) JFCP sections on State Route 2 near 
Vennilion carrpared PCC an:i AC shoulders. Although the PCC shoulder was in 
better overall con:iltion than the AC shoulder, it did not re::luce transverse 
joint faulting; both sections exhibited faulting of 0.11 in (2.8 nun). 

Ontario 1 

PCC shoulders constnicted on Highway 3N near Ruthven, Ontario were in 
nn.ich better overall con:iltion than AC shoulders. 'Ihe AC shoulders were 
cracked an:i badly deteriorated. 'Ihe effect of the shoulders on traffic lane 
perfonnance is confourrled, however, by other pavement design variables. It 
should be noted that there was an average of 417 ft/mi (79 n,/krn) of 
longitudinal cracking on the section with PCC shoulders an:i only 20 ft/mi 
(3.8 mjkrn) on the section with AC shoulders. However, this ooy be due to the 
fact that the tied PCC shoulder actually "ovemung" the lean concrete base. 
'Ihus, half of the shoulder rested on the I.CB and the other half rested on a 
d~ded aggregate base. 'The dissimilar support provided by the 
different ooterials undoubtedly contributed to the cracking. 

california 3 

'Ihe pavement sections on u. s. 101 near Geyserville had both tied and 
nontied PCC shoulders. 'Ihe tied PCC shoulders exhibited higher longitudinal 
lane-shoulder joint load transfer efficiencies than the nontied pavement 
sections. 'Ihe tied PCC shoulders were also shown to re::luce comer 
deflections by 50 percent an:i appeared to reduce the amount of transverse 
cracking occurring in the ooinline pavement. Joint faulting was about the 
same for sections with tied an:i nontied FCC shoulders. Practically no 
longitudinal cracking was noted on the sections with either tied or nontied 
shoulders. 

Widened lanes 

Four pavement sections, MN 3, MN 4, MN 6, an:i CA 8, included widene::l 
lanes in their design. 'Ihese sections are all in excellent con:iltion. 
However, it should be noted that these sections are all less than 4 years old 
and have sustained less than 1.5 million ESAL applications. 'Iherefore, given 
the current pavenv:mt con:iltion arrl age arrl traffic limitations, it is 
impossible to draw any conclusions regarding the effect of widened lanes on 
pavement performance. 

Summary of the Effects of Tied PCC Shoulders/Widened lanes 

'Ihe effect of a tied PCC shoulder on the adjacent traffic lane was 
mixed. However, it can be said that tie::l concrete shoulders appear to 
irrprove the performance of the adjacent traffic lane pavement, provided that 
an adequate tie is established arrl positive subdrainage is provided. A tied 
PCC shoulder on a dense-graded base can result in a bathtub design arrl reduce 
performance. ' · 
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Corner deflections and the percent of corners with voids were usually 
less for pavements having tied PCC shoulders. In frost areas, the PCC 
shoulder should be the sarne thickness as the traffic lane to avoid 
differential frost heave and corresponding cracking. In several projects 
where a direct comparison could be Il\3.de, there was a larger amount of 
longitudinal cracking on the sections with tied PCC shoulders than on the 
section with AC shoulders. 

The overall shoulder condition exhibited by the concrete shoulders was 
consistently better than that of the AC shoulders. The AC shoulders 
exhibited extensive amounts of alligator cracking, other surface 
deterioration, and severe lane-shoulder dropoff. There was practically no 
patching observed on the PCC shoulders. 

D.le to the young age of the sections, no conclusions could be reached 
regarding the effect of widened lanes on concrete pavement perfonnance. 

12. SlJ13rnAINllGE 

Very few projects directly compared drained and nondrained pavement 
sections. Those that did are included for discussion. The subdrainage 
provided to a pavement was accomplished either by the installation of 
longitudinal edge drains or by the inclusion of a drainable base layer and 
edge drains. Many of the projects that did not directly include subdrainage 
as a variable did include sections with quite different drainage coefficients 
(Ca). The difference in drainage coefficients was largely affected by the 
construction of different base types. These projects can also be compared. 

Michigan 1 

This experimental project allows a determination of the effect of 
drained sections and a section constructed with a penneable asphalt-treated 
base. Drained sections displayed 21 percent less faulting on average, 
reduced the number of slab corners exhibiting loss of support, and, for 
dense-graded asphalt-treated base courses, reduced the amount of spalling 
from 61 percent to 41 percent, due to better drainage and less "D" cracking. 

The performance of the pavement section constructed with a penneable 
asphalt-treated base Il\3.terial was far superior to that of sections with 
dense-graded asphalt-treated base course in tenns of faulting and joint 
spalling. The dense-graded aggregate section with dowels performed similarly 
to the penneable nondoweled asphalt base in tenns of faulting and spalling. 
Most notably, faulting in the PATE section was held to 0.03 in (0.8 mm) 
without the use of dowel bars versus 0.20 in (5.1 mm) faulting for dense 
asphalt base. The composite k-value for the penneable asphalt-treated base 
was 468 pci (127 kPa/mm), about the sarne as for the dense-graded 
asphalt-treated base. Perfonnance data for this project is summarized in 
table 91. 

The high percentage of corners indicating a loss of support for the 
JPCP with either a granular base and da.veled joints (95 percent) or a 
penneable asphalt base without dowels (75 percent) , and high corner 
deflections, causes concern for the long-tenn performance of the sections 
under heavy traffic. Traffic for these sections has been relatively light, 
only 0.9 million ESAL's over a 12-year period. 
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Table 91. Perfonnance data relative to drainage for Michigan 1 
(Age = 12 years, ESAL's = 0.9 million). 

Pavement Base Joint % Joint % Corner Corner 
'fype 'fype Drained Faulting.in &ruling W/ Voids Cefl. mils 

JPCP ATB Yes 0.14 41 70 13. 7 
JPCP ATB No 0.19 62 100 20.4 
JPCP PATB Yes 0.03 9 75 21.8 

JRCP Ac;:; Yes 0.05 0 0 6.7 
JRCP Ac;:; No 0.08 0 15 10.3 

JFCP Ac;:; No 0.04 12 100 31.8 
JPCP Ac;:; Yes 0.04 11 94 26.3 

Positive drainage was provided by French drains installed in 1981, 
except for PATB section which contained edge drains. 
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Michigan 5 

'1his newer sin]le section on I-94 was built in 1984 with a penneable 
aggregate base course. After three years of service, the section is in poor 
con:lition, exhibitinJ extensive cracking. '1his is believed to be due, in 
part, to the fact that specifications allChled the penneable base to contain a 
low percentage of crushed material am an imp:rq,er gradation. '!his resulted. 
in poor support con:litions which contributed to the poor perfonnance of the 
section. 

Arizona 1 

On State Roote 360 in Fhoenix, no difference in perfo:nnance was 
observed between sections with an:i without edge drains. H~er, the 
sections are only 5 years old arrl are placed. in a mild, dry climate where 
edge drains may not be appropriate. 

california 2 

Section CA 2, on I-210 near IDs Angeles showed that the construction of 
a stron::J penneable cement-treated. base course can be accomplished 
(k = 1400 pci [380 kPa/nnn]). However, the pa.venient consisted of a dense 
graded AC layer directly beneath the FCC slab an:i on top of the penneable 
CTB. '!his layer has apparently eroded or rutted at the joint which has 
contributed to the annmt of faulti,m (0.11 in [2.8 nnn]) observed on this 
pa.venient after only 4.4 million ESAL's. 

Pennsylvania 1 

On Roote 66 near Kitta.nrun:J, it appears that any positive means of 
renvvil')'.J water, either in the form of edge drains or a penreable base layer, 
is enough to provide good perforrrance. However, the sections are only 7 
years old arrl urder relatively light traffic. 'Ille W111f.X)S.i.te k-value for the 
penneable asphalt-treated base was 1000 pci (271 kPa/nnn), much higher than 
that of either the cement-treated or aggregate bases. 

New Jersey 3 

Permeable base courses constructed on I-676 near carrrlen dennnstrated 
good perfonnance urder heavy traffic (4.4 million ESAL's). No significant 
distress was observed. c.arposite k-values of 350 pci (95 kPajnnn) for the 
penneable aggregate base course arrl 210 pci (54 kPa/mm) for the penneable 
asphalt-treated base course were obtained. 

SUmmary of the Effects of SUl:rlrainage 

Positive subdrainage, in the form of either edge drains or penneable 
base layers with edge drains, generally shChled a marked effect in reducil')'.J 
faultil')'.J arrl other distresses, nost notably "D" crackin;J. several sections 
havil')'.J a penneable base are perforrn.i.IxJ very well. Most of these are un::ler 
lighter traffic, however. '!he structural support provided by a penreable 
base is excellent at the slab center. However, the corner deflections are 
quite high an:i there is in:lication of loss of support at the comers also. 
'Ihus, it may be necessary to dowel these pavements when they are to be loaded 
with nmium to heavy traffic. 
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Placenent of the penneable drainage layer directly beneath the slab is 
critical, as shOIIII'l by the results of CA 2. No intennediate layer of AC 
should be placed between the drainage layer arrl the slab, or the expected 
benefits of the permeable base may not be realized. 

As previously discussed, for sections with a permeable base course, the 
importance of a properly-designed filter material beneath the base cannot be 
overenp1a5ized. '!he absence of such a layer or an i.nproperly-designed layer 
will allOiti the infiltration of fines into the penneable base rourse, 
resulting in the decreased permeability of that layer. In addition, 
maintenance of the outlets for the urrlerdrains arrl the proper location of the 
urderdrains (within the penneable base layer) are critical to prevent the 
poooing of water in the penneable bases. Finally, as illustrated by MI 5, 
the gradation of a permeable base rourse is critical to its perfonnance. It 
must consist of a stable gradation to ensure that lonJ-tenn perfonnance is 
adtleved. 

Another way of loo~ at the perfonnance data is to organize the 
projects with different base types by AASHIO drainage coefficient, Ca· 'lhe 
drainage coefficient is an overall measure of the drainability of the 
pavement arrl takes into acx:ount ItPre than just the permeability of the base 
layer. Voh.nne V discusses the detennination of the drainage coefficients. 
Calculation of the drainage coefficient by a rational method allows these 
values to be used for comparative µrrposes between sections. In table 92, 
the projects with different base types are organized by drainage 
coefficient. Several key distresses are averaged for each base type, arrl the 
drainage coefficients for each section are reported for that type. For the 
pavements which have sustained enough traffic loads for the trerrls to became 
clear, it can generally be stated that as the drainage coefficient improves 
or increases, the load-related distresses decrease. '!his appears to hold 
true for joint faulting arrl transverse cracks with very few exceptions. 

'lhe different designs whose distresses are averaged in table 92 
represent a wide range of design variables, none of which was the overall 
drainability of the section. 'lhe effects of these variables are obscured, 
however, by averaging the perfonnance results by base type only. 'lhe trerrl 
that emerges suggests that the overall drainage of the section, alnost 
regardless of the other variables, has a large effect on the perfomance of 
the section. 
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Table 92. Summary of selected perfonnance data related to Cd. 

ESAL's BASE JOINT % JOINT IBANSVERSE AVERAGE 
LOCATION (millions) TYPE FAULTING I in SPALLlNG CRACKS/MI Cd 

I:RY-FREEZE 
MN 1 5.5 CTB 0.27 19.0 22 0.80 

ATB 0.19 34.8 36 0.85 
AGG 0.19 10.3 28 1.05 

MN 2 2.8 AGG 0.06 5.8 1 0.84 
MN 3 1.5 AGG 0.02 o.o 0 0.80 

WEI'-FREEZE 

MI 1 0.9 ATB 0.18 59.7 16 0.80 
AGG 0.05 5.8 1 0.90 

PATB 0.03 9.0 0 1.10 
MI 3 2.8 FAGG 0.02 o.o 0 1.13 
MI 4 4.3 AGG 0.09 3.0 205 0.73 
MI 5 3.1 FAGG 0.05 0.0 144 1.05 

NJ 2 35.0 AGG 0.06 20.0 24 1.05 
NJ 3 4.2 FAGG 0.05 o.o 0 1.10 

PATB 0.06 43.0 0 1.10 

NY 1 2.0 AGG 0.06 11.0 18 0.78 
ATB 0.05 19.8 2 0.93 

NY 2 1.4 AGG 0.02 o.o 43 0.88 

OH 1 3.4 ATE 0.07 6.5 74 0.90 
AGG 0.09 o.o 15 0.96 

OH 2 3.3 NONE 0.11 19.0 5 0.92 

ONT 1 1.0 NONE 0.05 o.o 0 0.95 
PATE 0.05 o.o 0 1.00 

I.CB 0.04 o.o 38 1.00 
ONT 2 36.0 CTB 0.01 o.o 5 0.80 

PA 1 0.3 CTB 0.03 o.o 0 0.90 
AGG 0.03 o.o 0 1.02 

PATE 0.02 o.o 0 1.05 
~ 

NC 1 9.1 CTB 0.16 o.o 0 0.75 
AGG 0.16 o.o 17 0.80 

SC 0.15 o.o 8 0.89 
ATE 0.05 o.o 0 0.90 

NC 2 5.8 I.CB 0.02 0.0 10 0.95 

FL 2 2.0 AGG 0.01 o.o 0 0.80 
FL 3 4.1 I.CB 0.08 2.0 310 0.75 
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CEAPmi 5 SCIH\RY AND a:H:UI:ITOE 

Performance results obtained from a number of experimental projects 
constnicted over the past 20 years were studied to assess the effect of a 
large number of pavernent variables on pavernent :t,erfonnance. Ninety-five 
pavement sections located in 4 major climatic re;rions were thoroughly 
evaluated. '!his analysis is not carrplete, as it will be exterrled to include 
statistical and mechanistic analyses of the field data. However, the interim 
results which are presented in this study provide same revealinJ insights 
into pavement :t,erformance. 

1. SUMMARY OF 'lliE EFFEX:T OF DESIGN FEA'.IURES 

Specific fin:iings on the effect of several design features have been 
summarized in the text. Based upon these firrlings, same general conclusions 
can be made relative to the design and :t,erformance of jointed plain and 
reinforced concrete pavernents. 

'!he effect of slab thickness on pavem:mt :t,erformance was 
unarrbiguous. It was found that increasin_J slab thickness helped to reduce 
transverse and longitudinal slab cracking in all cases, in every climatic 
zone. '!his effect was much IOCJre noticeable when slab thicknesses were 
increased an inch on thinner pavements, say from 8 in to 9 in (203 mm to 229 
mm), then when they were increased several inches, from 9 to 11 in (229 to 
279 mm) or 11 to 13 in (279 to 330 mm). It was not possible to directly 
compare the :t,erformance of the thinner slabs and the thicker slabs, as the 
thick slabs were all constructed directly on the ~de and the thinner 
slabs were all constructed on base courses. 

Increasin_J the thickness of the slab did not appear to reduce joint 
spalling or joint faultin_J. '!hick slabs on grade, especially in wet climates 
and exp'.)Se:l to heavy traffic, faulted as l!U.lch as thinner pavements 
constnicted on a base course. 

'!he base type seemed to have a very large effect on the performance 
of jointed =n=ete pavements. 'Ihe aspects of base type which affected 
pavement performance included: base/slab interface friction; base stiffness; 
base ercxlibility; and base penneability or drainability. '!he major 
perfonrance in:licators which were affected by variations in base type were 
transverse and longitudinal crackin;, joint spallin;, and faultin_J. 

'!he worst-:t,erfonning base type was the cement-treated or soil-cement 
bases. 'Ihese tended to exhibit excessive pumping, faulting, and cracking. 
'!his is IOClSt likely a result of the use of an irrpermeable layer that traps 
:rroisture and yet can break down and contribute to the movemant of fines 
beneath the slab. 

'Ihe use of lean concrete bases generally produced poor concrete 
pavement performance. large curlin; and warping stresses have been 
associated with slabs constructed over lean concrete bases. 'Ihese stresses 
result in considerable transverse and longitudinal cracking of the slab. 
'Ihese bases can also contribute to a bathtub section in which noisture is 
trapped within the pavement cross section, particularly where there is poor 
subdrainage. 
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Danse-graded, asphalt-treated base courses ranged in perfonnance from 
very poor to good. 'Ihe fact that these type of bases were often constructed 
as a bathtub-type design contributed to their p:x,r perfonnance. This 
inproper design often resulted in severe cracking, faulting, arrl pumping. 
However, a few sections displayed good perfonnance, perhaps due to an 
adequate cross section. More investigation is required before any 
recarmnemations or guidelines concerning the use of asphalt-treated base 
courses are proposed. 

'Ihe construction of thicker slabs directly on the sul:grade (no base) 
resulted in a pavement that perfonned marginally. 'Ihese pavement were 
especially susc.eptible to faulting, even urrler low traffic levels. However, 
the perfonnance of these pavements is not directly comparable to other 
pavement sections, as the slabs were thicker (11 in (279 mm] to 15 in (381 
mm] ) than conventional pavements. 

Pavements constructed over aggregate bases had varied performance, but 
were generally in the fair to very good category. In general, the more open 
the gradation of the aggregate in the base, the better the pavement 
perfonned. An advantage of the aggregate bases is that they contribute the 
least to the high curling arrl warping stresses in the slabr Also, even 
aggregate bases that are not open-graded tend to perfonn fairly well because 
they are more penneable arrl have a lower friction factor than stabilized base 
courses. 

'Ihe best bases in tenns of pavement performance were those designed to 
be penneable. Typical base courses have penneabilities rarXJing from D to 
less than 1 ft/day (0.3 mjday); good penneable bases have permeabilities 
upwards of 1000 ft/day (305 mjday) . The highly penneable bases typically 
perfonned very well, although it should be noted that the sections are 
generally not very old arrl have not been subjected to a significant amount of 
traffic. Specific areas of concern, however, were the high comer 
deflections arrl the low load transfer exhibited by the penneable base 
courses. Since these could inpact their long-tenn performance, the use of 
dowel bars ma.y be required for these types of bases. 

'!he analysis of the effect of penneable base types is confounded by the 
presence of other design variables, but the l:ilnited data available suggests 
that the use of a penneable base layer niay provide an effective means of 
inproving pavement perfo:mance. An unexpected benefit of the use of 
penneable bases was the reduction in "D" cracking on pavements susc.eptible to 
that distress. 

A carefully-designed filter material is recommended beneath the 
permeable base course. such a filter layer will prevent the intrusion of 
fines into the penneable base. If the permeable base becomes contaminated 
with fines, then it will no longer remove water as quickly from the pavement 
structure. Regular niaintenance of the drainage outlets is necessary to allow 
for the water to be removed from the pavement structure. Finally, the edge 
drains placed to remove the water from the penneable base layer nrust be 
located within the permeable base so that water can reach the drain arrl be 
removed. 
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Several experimental projects evaluated the effects on performance of 
different slab leq:rt:hs. '!he range of slab len;t:bs for JPCP pavenvants was 
frarn an average of 7. 75 ft (2.4 m) to 30 ft (9.1 m). For JPCP pavements, 
reducing the slab length reduces both the magnitude of joint faulting an:i the 
aJIOUilt of transverse crackinq. Shorter slabs may also reduce joint spalling, 
although there was insufficient data to support this conclusion. On sections 
with ran:larn joint spacing, it was fourrl that if the longer slabs were greater 
than 18 ft ( 5. 5 m) long, they experienced m::>re transverse crackin; than the 
shorter slabs. 

Jointed reinforced concrete pavements (JRCP) included in this study 
ranged from 21 ft (6.4 m) to 78 ft (23.8 m) long slabs. Generally, the 
shorter joint spacings performed better, as rooasured by deteriorated 
transverse cracks, joint faulting, an:i joint spalling. However, several 
long-jointed JRCP slabs performed quite well. In particular, the 
long-jointed pavements in Ne<,,,t Jersey which were consb:ucted with expansion 
joints displayed excellent perfonnance. Factors to consider for enhanced 
JRCP performance are the aJIOUilt of reinforcenent, the dowel coating, the base 
type, the durability and top size of the aggregate, an:i the coefficient of 
expansion of the concrete. 

AA examination of the stiffness of the fouroation was rede through the 
use of the radius of relative stiffness. Generally~, when the ratio 
of 1/1 was greater than 5, transverse crackinq occurred within the slab. 
'!his factor was further examined for different base types, which showed that 
stiffer base courses required shorter joint spacing to reduce or eliminate 
transverse cracld.nq. 

'!he ammt of reinforcement appeared to have an effect in controlling 
the amount of deteriorated transverse crackinq. Al though often confoun:ied by 
the presence of corrosion-resistant dowel bars, pavement sections that 
contained m::>re than 0.1 percent reinforcing steel exhibited less deteriorated 
transverse cracking; sections with less than that airount often displayed a 
significant aoount of transverse cracking, particularly in cold climates. A 
min.inn.nn of 0.1 percent reinforcing steel is therefore recamnerrled, with 
larger ammts required for harsher climates and lon:Jer slabs. Corrosion
resistant dowel bars are also reccmnerrled. 'Ihe canbination of corrosion
resistant dcMel bars,, an adequate am:iunt of reinforcement, an:i preformed 
cx:arpression seals appears to enhance the performance of jointed reinforced 
concrete pavements. 

'!he issue of joint orientaticn has been of interest in paveroont 
design for many years. Conventional wisdom has it that skewed joints reduce 
the number of wheel loads being applied to the pavement from two to one an:i 
thus may reduce load-associated distresses. While the results frcm the 
limited sample size in this study are ambiguous, all of the norxlawel.ed 
sections with skewed joints had a lower PSR than similar designs with 
~cular joints. '!he available data provides no definitive corx::lusions 
on the effectiveness of skewing transverse joints for non:ioweled slabs. 
Skewed joints, an:i rarrlom joint spacing for that matter, are not believed to 
provide any benefit to dcMeled slabs. 
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Many sections in the study allOvled for the direct c::anparison of the two 
rrethods of transverse joint load transfer. D::MeJ. bars were fourrl to 
substantially reduce the amount of joint faulting when a:irnpared directly with 
norrlCMeled sections of otherwise similar design. 'Ihe iirpact of load transfer 
devices becanes 110re significant at higher traffic levels. 

'Ihe diarreter of the dCMel bar had an effect on perfonnance, as larger 
diarreter bars provided better load transfer arrl control of faulting urrler 
heavy traffic than did smaller dowels. It appeared that a minilnum 1.25-in 
(32 mm) diarreter dowel bar was necessary to provide good perfonnance. 

Norrloweled JFCP slabs generally developed significant faulting, 
regardless of paverrent design or climate. 'Ihis effect was somewhat mitigated 
by the use of penreable bases. However, the sections in this group had a 
Il'lllch lower number of aca.nnulated ESAL's, so no conclusions can be drawn yet. 

&ma sections with dowels displayed higher levels of joint spalling arrl 
110re deteriorated cracks than sections of similar design without load 
transfer devices. It is stron:rly suspected that the load transfer devices in 
these sections have corroded arrl locked up, or were misaligned at the time of 
placement. 'Ihis has resulted in the development of working cracks instead of 
workinq joints. However, the use of dowel coatings that inhibit corrosion 
arrl the proper placement of the load transfer devices will certainly 
contribute to inproved perfonnance. 

Two projects in New York used load transfer devices other than dowels. 
On these particular projects, these nonconventional devices perfonned fairly 
well, but the paverrents have not been subjected to a large number of 
aca.nnulated ESAL's. For instance, on other high-volume roadways, it is known 
that the ACME devices were unable to provide adequate load transfer arrl 
failed. At this time, circular, corrosion-resistant dowel bars are believed 
to provide the best rreans of transverse joint load transfer. 

Dowel bar coatims are applied to dowel bars to provide resistance to 
corrosion brought about by 110isture arrl deicing chemicals. While 110St of the 
sections in this study did not contain corrosion-resistant dCMel bars, those 
that did generally exhibited enhance:l :perfomance. Very little deteriorated 
transverse cracking was identified on these sections, which would seem to 
irrlicate that the transverse joint was still functioning properly. In fact, 
one section in Ne., Jersey with stainless-steel clad dCMel bars was performing 
satisfactorily after 36 years of service. 

'Ihe lan:ri:tu:linal joint design was fourrl to be a critical design 
element. Both inadequate forming techniques or insufficient lorxritudinal 
joint depths can contribute to the development of lorxritudinal cracking. 
'!here is evidence to support the advantage of sawing techniques over the use 
of inserts. However, no clear trerrl was identified pertaining to the :minimum 
depth needed to ensure the fonnation of the longitudinal joint. 'Ihe presence 
of stabilized base courses also contributed to the development of 
lorxritudinal cracking, arrl their use makes the timing of sawing operations 
even 100re critical, as the joint must be established before a strorxr borrl 
devel«¥. 'Ihe depth of the longitudinal joint is generally recanmerrled to be 
one-third of the actual (not plan) slab thickness, arrl may have to be deeper 
when stabilized bases are included in the design. 

162 



Joint seal;im appeared to have a beneficial effect on the performance 
of concrete pavements. This was particularly true in harsh climates with 
excessive amounts of moisture. Prefonned compression sealants were shown to 
perfonn for 15 or more years on heavily-trafficked pavements. Except where a 
"D" cracking problem existed, the pavement sections containing the preformed 
sealants generally exhibited little joint spa.Hing and were in good overall 
condition. 

Rubberized asphalt joint sealants showed good performance for 5 to 7 
years, although falling off after that time. Silicone joint sealant was 
included on a few projects and was perfonning well for up to 5 years of 
service. 

It is a widespread belief that the construction of tied shculders on 
jointed concrete pavements serves to reduce edge stresses and edge and corner 
deflections by providing more lateral support to the mainline pavement. '!his 
is thought to inprove pavement perfonnance and increase pavement life. 
SUrprisingly, this study showed that while portland cement concrete (FCC) 
shoulders perfonned better than asphalt concrete shoulders, many of the tied 
shoulder designs were deficient and actually contributed to poorer 
perfonnance in the mainline pavement. Several factors are critical if the 
benefits of tied concrete shoulders are to be realized. The spacing of the 
tiebars must not be too great. A spacing of 40-in (1016 nnn) on NY 2 was 
found to be too great for the shoulder to provide support to the mainline 
pavement. Tiebars must be strategically located near slab corners to provide 
support. Also, in areas susceptible to frost heave action, it is recommended 
that the shoulder have the same thickness as the slab to avoid the effects of 
differential frost heave. 

'!he use of tied shoulders on concrete pavements also allows for the 
establishment of a sealable joint reservoir between the mainline pavement and 
the shoulder. '!his joint is the major source of moisture in a pavement and 
sealing of this joint should help to reduce the occurrence and deterioration 
of moisture-related distresses. 

Tied PCC shoulders did not appear to have any effect on the faulting of 
the transverse joints in the mainline pavement. In some cases, tied FCC 
shoulders were constructed over a stabilize:i dense-graded base course in a 
bathtub design that resulted in the poor performance of the mainline 
pavement. 

Widened traffic lanes are expected to enhance concrete pavement 
performance by reducing e:ige and corner loadings. By allowing for a more 
interior-loading condition, edge and corner stresses are reduced. However, 
the sections that incorp:irated widened lanes in their design were relatively 
new and had been subjected to low traffic loadings; hence, the effect of 
widened lanes on concrete pavement performance could not be evaluated. 
Nevertheless, it is believe:i that the use of widene:i lanes should be 
considere:i in the design of a concrete pavement. 

One area of pavement design for which little guidance exists is 
subdrainage. The provision of positive subdrainage, either in the fonn of 
longitudinal edge drains or the combination of a drainage layer and e:ige 
drains, generally resulted in a reduction in faulting and spalling relate:i to 
11D11 cracking. 
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'!his study also evaluated subdrainage irrlirectly, by the rational 
calculation of a coefficient of drainage (Ca) for every pavement section. 
'lhis coefficient not only takes into account the permeability of the layer 
c:lirectly beneath the slab, it also considers the permeability of the other 
layers, the presence of edge drains, the transverse arrl lon:Jitudinal slopes 
of the pavement surface, the drainage distance, arrl the climate. 

'lhe results shc,;,ed that, with very fEM exceptions, as the drainage 
characteristics of the pavernent sections improved, the load-related 
distresses decreased. 'lhis was especially true for faultin:J an:l transverse 
crackin:;r. 'lhe effect of improved drainage characteristics on other 
perfonnance in::licators will be examined in greater depth. Hc,;,ever, it 
appears that overall pavement perfonnance can be improved by the construction 
of a base layer with a high drainage coefficient. Two major a::anponents of 
such a base are an open-graded material with a high permeability an:l the 
restriction of the percent fines. A filter layer :must be provided belc,;, the 
penneable base arrl regular maintenance of the outlets :must be perfonned. 

'lhe tren:ls that are reported above result from prel:inti.nary analyses of 
the data collected. More thorough rrechanistic arrl statistical analyses are 
required to remove the effects of confoun:linJ factors arrl also allc,;, 
canprrison of projects with different traffic levels located in different 
areas. 'Ihe goal is to develop specific conclusions regard.in:J the effect of 
the variables studied in this project on pavement performanc.e. Perfonnance 
nx:id.els will be developed usin:J the significant effects arrl significant 
interactions between these effects to aid in the detennination of perfonnance 
a.n:ves, estimates of remainin;J life, an.:i life-cycle cost estimates. Volume 
II documents the results of this investigation. 

2. FU!URERESEI\R(l{ 

A great deal of infonnation, knoflledge, arrl insight on the design an:l 
perfonnance of jointed concrete paveitEnts emerged from this study. Hc,;,ever, 
as is often the case, there were many areas where the results were either 
inconclusive or could not adequately be assessed due to the limited number of 
sections (arrl associated design features) included in the study. 'Ihe 
follc,;,inq list has been prepared to identify those areas of concrete pavement 
design arrl perfonnance requirin:J further or additional study: 

o Ongoin:J evaluations of permeable base courses (l:x:rt:h stabilized arrl 
nonstabilized) to detennine their lon:J-tenn perfonnance 
capabilities arrl the incorporation of their design considerations 
into current design procedures. 

o Detailed drainage studies in each climatic region to quantify the 
life extension gained by provictin:J positive subdrainage arrl to 
detennine the appropriateness of the ran:Je of Ca values. 

o A roc,re thorough evaluation of slabjbase frictional characteristics 
arrl their effect on slab crackirq. 

o An analysis of the effectiveness of skewin:J joints. 
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o A lorg-term evaluation of the effectiveness of corrosion-resistant 
da,,,el bars. 

o Ferfonnance evaluations regardirg the effect of widened lanes on 
lorg-term concrete pavement performance. 

o A thorough evaluation of the longitudinal joint design an:l fanning 
procedures, including the depth of joint, type of base, timing of 
sawirg, an:l the effect of large terxperature d1anges durirg curirg. 

o Inproved guidance on the selection of joint spacin;J for JRCP. 

o More carplete analysis of the effectiveness of different types of 
joint sealant materials. 

o Collection an:l examination of mid-slab edge deflections. 

o Further evaluation of the accuracy of weigh-in-notion (WIM) 
studies. 

o An evaluation of the effect of the concrete coefficient of 
e>1pansion, the maxi.nn.nn aggregate size, an:l the aggre,Jate quality 
(durability) on concrete pavement perfomance. 

To address sane of these areas, the current project database could be 
exten:Ied by including additional sections from less well-represented regions, 
particularly with specific design variables. '!his would allc:M for an 
evaluation of many of the above items by providirg a ncre balanced 
representation of design features. 

3. scmS'l'ICfiS FCR FUIURE DM:2\ CDI..UC:'ICN AND 'll!S'l'..I.N; 

Every effort was made to make the data collection arrl testirg 
procedures for this project as carplete as p:,ssible. However, as is often 
the case, several uncollected data items an:l unperformed tests were later 
identified which would have contributed to the performance evaluation of the 
projects. 'Ihese items include: 

o Actual field IOOaSUrel'l"ents of the transverse arrl lon;Jitudinal joint 
depths. 

o Mid-slab edge deflections with the FWD. 

o Measurerrents of the volume of the cores before arrl after 
subjectirg them to heatin;J an:l coolirg to detennine the thermal 
coefficient of e>1pansion. 

o Distinction between defonned an:l sirooth welded wire reinforcement. 

o Site-specific ~ture data for the oonths of the concrete 
pavirg arrl curirg. 
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