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APPROXIMATE CONVERSIONS TO SI UNITS 

Symbol 

in 
ft 
yd 
mi 

in2 
ft2 
yd2 
ac 
mi2 

fl oz 
gal 
ft3 
yd• 

When You Know Multiply By 

inches 
feet 
yards 
miles 

square inches 
square feet 
square yards 
acres 
square miles 

fluid ounces 
gallons 
cubic feet 
cubic yards 

LENGTH 
25.4 
0.305 
0.914 
1.61 

AREA 
645.2 
0.093 
0.836 
0.405 
2.59 

VOLUME 
29.57 
3.785 
0.028 
0.765 

To Find 

millimetres 
metres 
metres 
kilometres 

Symbol 

mm 
m 
m 
km 

millimetres squared mm2 

metres squared m2 
metres squared m2 

hectares · ha 
kilometres squared km2 

millilitres 
litres 
metres cubed 
metres cubed 

ml 
l 
m• 
m• 

NOTE: Volumes greater than 1000 l shall be shown in m•. 

oz 
lb 
T 

•F 

ounces 
pounds 
shorttons(2000 lb) 

MASS 
28.35 
0.454 
0.907 

grams 
kilograms 
megagrams 

TEMPERATURE (exact) 
Fahrenheit 
temperature 

5(F-32)/9 Celcius 
temperature 

• SI is the symbol for the International System of Measurement 

g 
kg 
Mg 

•c 

APPROXIMATE CONVERSIONS FROM SI UNITS 

Symbol 

mm 
m 
m 

km 

mm2 

m2 
ha 

km2 

ml 
l 

m• 
m• 

g 
kg 
Mg 

•c 

When You Know Multiply By To Find Symbol 

OF 
-40 

t-' 
-40 oc 

millimetres 
metres 
metres 
kilometres 

millimetres squared 
metres squared 
hectares 
kilometres squared 

LENGTH 
0.039 
3.28 
1.09 
0.621 

AREA 
0.0016 
10.764 
2.47 
0.386 

inches 
feet 
yards 
miles 

square inches 
square feet 
acres 
square miles 

in 
ft 
yd 
mi 

in2 
ft2 
ac 
mi2 

VOLUME 
millilitres 
litres 
metres cubed 
metres cubed 

grams 
kilograms 
megagrams 

0.034 
0.264 
35.315 
1.308 

MASS 
0.035 
2.205 
1.102 

fluid ounces 
gallons 
cubic feet 
cubic yards 

fl oz 
gal 
ft3 
yd• 

ounces oz 
pounds lb 
short tons (2000 lb) T 

TEMPERATURE (exact) 
Celcius 
temperature 

32 

? ' ' ,I ~o I I I r::. io 0 

1.8C + 32 

98.6 

Fahrenheit 
temperature 

OF 
212 

•F 

~o I k 11~0. 1~ 
I -I 1.io 6() 80 

.~ 
100 oc 37 
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CHAPDR 1 ~ 94 - IOIBSAY, MINNESJm. 

1. INIKlllJCl'ICN 

'Ihis experimental project, located on I -94 near Rothsay, Minnesota, was 
constru.cted in 1970. 'Ihe experiment was corrlucted by the Minnesota 
I:eparbnent of Transportation (Mn/OOT) to evaluate the effects of base type, 
slab titlckness, and load transfer on concrete pavement perfo:nnance. Design 
variables include aggregate, asi;:halt-treated, and ceroont-treated base 
courses; 8- and 9-in (203 and 229 mn) pavE!lIElt slabs; and dCMeled and 
non:loweled joints. 'Ihe cement-treated base course was stabilized with 5 
percent portland cement; the asi;:halt-treated base consisted of 5 percent 
AC-1, 120/150 pen. All sections were reinforced, had 27-ft (8.2 m) skewed 
joints, and were constru.cted on a clay loam/clay subgrade (AASHIO 
Classification A-4 and A-6). 

Twelve sections in the westbourrl direction, designated as MN 1-1 
through MN 1-12, were surveyed and tested in 1987. In addition, MN 5, a 
"control" section (9-in [229 mm] slab over granular base, dc:Meled joints, and 
40-ft [12.2 m] joint spacing at right angles), was included for con:-parison 
with the 27-ft (8.2 m} joint spacing of the experimental sections. It is 
located on I-94 near the experimental sections and shares the same traffic 
levels. A carplete list:inJ of the original design arrl constru.ction 
infonnation is provided in the summary tables in chapter 32. 

2. CLIMATE 

'Ihe pavement sections are located in western Minnesota in the 
dry-freeze envirornnental zone. 'Ihe project site has a 'Ihornthwaite Moisture 
Irrlex of o, a Corps of Ergineers Freez:inJ Irrlex of 2188, and receives 23 in 
(584 mm) of rainfall annually. 'Ihe highest average monthly maximum 
temperature is 84 °F' (29 °c) while the lowest average monthly minimum 
temperature is -3 °F' (-19 °c) . 

Climatological data carpiled at Rothsay dur:inJ July and August 1970 
(the period that the project was paved) irrl.icated that the :maximum. daily 
temperatures ranged from 47 °F' to 97 °F' (8 °c to 36 °c), and the 
minimum daily temperatures ranged from 30 °F' to 72 °F (-1 °c to 
22 OC). 

3. 'IRAFFIC 

'Ihe roadway is a four-lane, divided highway (two lanes in each 
direction), and has a functional classification of Rural Interstate. Since 
being opened to traffic in 1970, the pavement has sustained approximately 5.5 
million 18-kip (80 kN) Equivalent S:inJle-Axle Load (ESAL) applications in the 
outer traffic lane and nearly 0.6 million ESAL's in the inner lane. 'Ihese 
figures represent estimates through 1987. 

'Ihe two-way Average I:aily Traffic (ADI') in 1986 was approximately 5000 
vehicles per day, including 21 percent heavy trucks. Weigh-in-notion data 
collected at the project site in 1987 provided a traffic count of 5100 
vehicles per day, including 30 percent heavy trucks. 
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4. MAINinWO AND REHABILITATiaf 

Rehabilitation was perfonned on the project in 1984. rue to severe 
faul tll'Y:3" of the nomoweled paveioont sections, diam.m:i grirrling was performad 
on those sections. A tied concrete edge beam, 2.5-ft (0.61 m) wide, 6-in 
(152 nm) thick and containing three 1-in (25 mm) diameter dowel bars, was 
added to those non::loweled paveioont sections whidl. were constructed over 
either granular or cement-treated base courses. Partial -depth concrete 
repairs were placed at both transverse and lorgitudinal cracks and sane 
joints, to repair localized spalling distress. Finally, all ramam cracks 
and transverse joints were sealed with a hot-poured rubberized ~t 
sealant. 

5. HIYSICAL ':lliSI-.u«:; RESUUl'S 

Cores from slab centers and from typical transverse joints were 
retrieved from the pavement sections in 1987. 'Ihe center cores were tested 
in split tensile to provide an imication of concrete ~- 'lhe joint 
cores were visually inspected for signs of deterioration beneath the joint or 
for any signs of material durability distress (microcracking in the coarse 
aggre;ate) • 

'Ihe split tensile~ values were used to obtain an esthnate of 
the nooulus of rupture. A nean m::dulus of rupture of 688 psi ( 4. 7 MPa.) was 
calculated for all sections. 

'Ihe joint cores taken from the sections imicated that a small annmt 
of deterioration was present directly beneath the joint, particularly for the 
norxioweled pavem:mt sections. 'lhe joint cores also displayed microcracking 
in the coarse aggregate ("D" cracking) for alioost every section. 

Deflection testll'Y:3" was performed on the sections in 1987 for p.n:po.ses 
of layer IOOduli characterization, detennination of load transfer 
efficiencies, and void detection. 'lhe elastic nooulus of the concrete (E) , 
the cc:mp::,site k-value, and the load transfer values are sunmarized for each 
section in the summai:y tables in chapter 32. 

'Ihe elastic m::dulus values of the slab ( obtained from FWD testll'Y:3") 
averaged 7,690, ooo psi (53,020 MPa.) for the experimental sections an:i 
7,560,000 psi (52,130 MPa) for the control section (MN 5). 'Ihe canp::,site 
dynamic k-values (on top of the base) varied sonewhat for the different base 
types. 'Ihe aggregate base was 200 pci (54 kPa/nm) , the asphalt-treated base 
was 296 pci (80 k:Pa/mn), arrl the cement-treated base was 265 pci (72 k:Pajmm). 

'Ihere was no subbase constnlcted beneath any of the bases. As 
previously mentioned, the subgra.de is an AASHIO Classification A-4 to A-6 
material. 'Ihe k-value for MN 5 (aggregate base) was calculated to be 156 pci 
( 42. 3 kPajnm) • 

As 'WOUld be expected, the average load transfer efficiencies were 
higher for the doweled pavement sections (64 percent) than for the norxioweled 
pavem:mt sections (46 percent). I.Dad transfer for MN 5 (doweled joints) was 
62 percent. However, for doweled joints, load transfer efficiencies of 62 to 
64 percent are not considered high. It is likely that the 1-in (25 nm) 
da,,iels are of insufficient size to contribute significantly to load 
transfer. ' · 
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In addition, voids urrler the slab conie.rs were identified us~ 
deflection-based void detection procedures. 'Ille pavement sections exh:ibitin:J 
voids are shc1.vn in table 1. Voids were not detected urrler any coniers of the 
dc:Meled pavement sections. 

Table 1. Co:mer voids on MN 1 sections at Rothsay. 

Section 
MN 1-3 
MN 1-9 
MN 1-11 

Base 'Iype 
Aggregate 

CTB 
CTB 

Dowels 
No 
No 
No 

% Corners 
Exhibitim Voids 

7 
14 
29 

6.. IEAINABIU.'lY OF PAVEMFNI' SECI.'ICR> 

A drainage analysis was perfonned on each section to evaluate the 
section's ability to reroove water fran the pavement structure. It was found 
that the sulxjrade was sw:prisirgly well-drainin:J arrl that the sections are in 
an area that has the potential for the pavenent to be saturated only about 10 

· percent of the time. Table 2 sumarizes . the firrlirqs of the drainage 
analysis. 

Table 2. Drainage suumary for MN 1 am. MN 5 sections. 

Base AASHIO overall 
Section Penneabilitv, ft/hr Drainage Coefficient Drainability 
MN 1-1 0.62 1.05 Fair-Good 
MN 1--2 0.17 1.05 Fair-Good 
MN 1-3 0.72 1.05 Fair-Good 
MN l-4 0.78 1.05 Fair-Good 
MN 1-5 0.00 0.85 Fair 
MN 1-6 o.oo 0.85 Fair 
MN 1-7 0.00 0.85 Fair 
MN 1-8 o.oo 0.85 Fair 
MN 1--9 0.00 0.80 Fair 
MN 1-10 o.oo 0.80 Fair 
MN 1-11 0.00 0.80 Fair 
MN 1-12 0.00 0.80 Fair 

MN 5 0.78 0.95 Fair 

'!he aggregate base course sections were somewhat drainable arrl thus 
contributed to the drainability of those sections. other factors 
contributirg to the drainability of the sections are the well-drained 
sutxJrac]e, the small aioount of tine durirg the year that the pavement has the 
potential to be saturated, arrl the fact that the aggregate base beneath the 
shoulder was "daylighted" to the ditchline. 'lhe control section, MN 5, had 
slightly less drainability than its aggregate base course counterparts 
because of the presence of a dense-graded subbase located beneath the base 
CCllirSe. 
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AGG 
BASE 

27 ft 
JT, ATB 

SPACING 

CTB 

40 ft AGG 
JT. BASE SPACING 

AVG. 

MINNESOTA 1 A.ND MINNES□ T A 5 
I-94 ROTHSAY 

OUTER LANE PERFORMANCE DATA 

8 In JRCP 9 In JRCP 

NO LOAD LOAD NO 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 

T, CKS,/1"11 33 47 0 23 
LONG, CKS,, ft/Ml 301 0 0 0 

¼ 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 

T. CKS,/MI 41 0 0 102 

LONG. CKS,, ft/I'll 1776 2073 1768 2589 
¼ JT, SPALL 24 31 15 69 

MN 1-11:llt MN 1-12 :11t MN F-9 MN 1-10 * 
FAUL TING, In 0.50 0,06 0.37 0.13 

T. CKS.IMI 0 48 0 39 

LONG, CKSv ft/Ml 1386 176 0 0 

¼ JT, SPALL 37 29 4 6 

MN 5 

FAUL TING, In 0.09 

T, CKS.IMI 53 

LONG, CKS¥ ft/ril 1261 

¼ JT, SPALL. 36 

\JITHCIUT MN 5 \JITH MN 5 

FAUL TING, In 0,39 0.04 0,33 0.08 0,09 

T, CKS./MI 25 47 0 55 54 

LONG, CKS,, ft/I'll 1154 750 589 863 963 

¾ JT, SPALL 23 25 8 30 · 31 

AVG. 

0.19 

26 
75 
10 

0.19 

36 

2051 

35 

0,27 

44 

391 

19 

·0.09 

53 
1261 

36 

ALL DAT A FROM 1987 CONDITION SURVEY, \./ITH THE EXCEPTION OF JOINT 
FAULTING FOR MN L THIS DATA REPRESENTS 1984 PRE-REHABILITATION AVERAGE 
JOINT FAUL TING. 
31€ THESE SECTIONS HAD SIGNIFICANT TRANSVERSE CRACKING IMMEDIATELY AFTER 

CONSTRUCTION. 

Figure 1. Outer lane performance data for Minnesota 1. 
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MINNESOTA 1 AND MINNES□T A 5 
I-94 ROTHSAY 

INNER LANE PERFORMANCE DATA 

8 in JRCP 9 in JRCP 

NO LOAD LOAD NO LOAD LOAD 
TRANSFER TRANSFER TRANSFER TRANSFER 

MN 1-3 MN 1-4 MN 1-1 MN 1-2 
PSR 3,3 3.6 3,4 3.5 

ROUGHNESS, In/Ml 108 100 124 86 

AGG. FAUL TING , In 0.06 0.02 0,03 0,03 
BASE T, CKS./MI. 0 47 0 0 

LONG. CKSv ft/Ml 0 0 0 0 

½ JT. SPALL 24 8 8 4 

MN 1-5 MN 1-6 MN 1-7 MN 1-8 
PSR 3.4 3,3 3,5 3.5 

27 ft ROUGHNESS, In/Ml 98 92 95 80 

JT, ATB FAUL TING , In 0.07 0,03 0.04 0,04 
SPACING T, CKS,/MI. 16 0 0 55 

LONG. CKS,, ft/Ml 880 12.99 1190 2644 

% JT, SPALL 16 23 15 81 

MN 1-11 MN 1-1~ MN 1-':;l MN 1-lU 
PSR 3,2 3.4 3.4 3.4 

ROUGHNESS, In/Ml 50 104 118 88 

CTB FAUL TING , In 0.04 0.02 0.03 0,03 

T. CKS./MI. 0 40 0 35 

LONG, CKS,, ft/Ml 2874 842 0 0 

½ JT, SPALL 74 50 15 18 

MN 5 
PSR 3.7 

ROUGHNESS, In/Ml 94 
40 ft AGG. FAUL TING , In 0,04 

JT, BASE T, CKS./MI. 33 SPACING 
LONG, CKS., ft/Ml 0 

:t. JT, SPALL 2.3 

'JITHCUT MN S \IITH MN ~ 

PSR 3.3 3.4 3.4 3.5 3.5 

ROUGHNESS, In/Ml 85 99 112 85 87 

FAUL TING , In 0.06 0.02 0,03 0.03 0.04 
AVG. 

T, CKS./MI. 5 29 0 30 31 

LONG. CKS., ft/Ml 1251 714 397 881 661 

% JT, SPALL 38 27 13 34 32 

ALL DATA FROM 1987 CONDITION SURVEY. 

Figure 2~ ~nner lane performance data for Minnesota 1. 

5 

AVG. 
3.4 

104 

0.04 

12 

0 

15 

3.4 

91 

0.05 

18 

1503 

34 

3.3 

90 

0.03 

19 

929 

39 

3.7 

94 

0.04 

33 

0 

23 



7. mmRIORATIOi OF PAVEMENI' SEX!I'IGIS 

'Ihe results of the distress sw::vey con:::lucted on each pavement section 
are given in the summary tables. 'Ihe pr.i.mary perfonnance in:ilcators are 
tabulated in figure 1 (outer lane) arrl figure 2 (inner lane). 'lhe relative 
perfonnance of each pavement section with respect to the prilnary performance 
in:licators are discussed below for the outer lane only. 

Joint Spalling 

'lhe annmt of medium- an::i high-severity joint spallin;;f was larger for 
the asphalt-treated base course sections than for the aggregate or 
cement-treated base course sections. It was also larger for doweled sections 
than for the non::loweled sections. In addition, the 8-in (203 mm) sections 
had a much higher incidence of spalling than the 9-in {229 mm) sections. 
'Ihese obsel:vations are illustrated in table 3. 

Table 3. Transverse joint spalling, by design variable. 

Distress AG£; ATB CI'B Ixmels No Dowels 8-in Slab 9-in Slab 
Jo.int 
Spalling, % 10 35 19 27 15 24 19 

Finally, there was more joint spalling on the a::>ntrol section {40-ft 
[12.2 m] joint spacing) than on the 27-ft (8.2 m) section with the same 
design features (9-in [229 nm] slab, aggregate base course, dowel bars). 

Best Perfonnance 

'Ihe pavement sections displaying the best perfonnance, in terms of 
joint spalling, had the following characteristics: 

o 9-in (229 mm) slab on any base course without load transfer 
devices. 

Worst Perfonnance 

'lhe worst perfonnance in tenns of joint spalling was exhibited by the 
pavement sections with the following design features: 

o kry 8- or 9-in (203 or 229 nm) slab on asphalt-treated base 
course with load transfer devices. 

Jo.int Faulting 

Joint faulting was larger for the cement-treated base course sections 
than for either the aggre:Jate or asp:lal.t-treated base course sections. In 
addition, the annmt of faulting for the IlOlD:Meled sections was much larger 
than for the doweled sections. Also, the a-in (203 nm) sections eoorlbited 
slightly larger faultin:J than the 9-in (229 nm) sections. 'Ihese results are 
tabulated in table 4. Finally, the faultin:J of the 40-ft (12.2 m) a::>ntrol 
section was greater than that of the ccarparable 27-ft (8.2 m) sections. 
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Table 4. Transverse joint faulting, by design variable. 

Distress AGG ATB CI'B Dowels No Dowels 8-in Slab 9-in Slab 
Joint 
Faulting, in 0.19 0.19 0.27 0.06 0.36 0.21 0.20 

It should be noted that the faultin::] values for the outer lane of the 
12 experimental sections represents those collected by the Minnesota 
Department of Transportation prior to the cliam::ni grin:li.n; arrl rehabilitation 
perfonned in 1984. 'Ihe faulting values shown for the inner lane are from 
1987. 

Best Perfonnance 

Pavement sections with the best perfonnance, in tenns of joint 
faulting, had the followin::] design features: 

o Aey 8- or 9-in (203 or 229 nm) slab on either aggregate or 
asphalt-treated base course with load transfer devices. 

Worst Perfonnance 

'Ihe pavement sections displaying the worst perfonnance, in terns of 
joint faulting, had the followin:J characteristics: 

o Any 8- or 9-in (203 or 229 nm) slab on cement-treated base 
course without load transfer devices. 

Transverse Cracking 

Transverse cracking is measured by the mnnber of deteriorated (meclium
arrl high-severity) 12-ft (3. 7 m) cracks per mile. It was observed to be much 
greater for the asphalt-treated base course sections than for either the 
aggregate or cement-treated base course sections. It also was observed to be 
greater for the sections with dowel bars than for those without dowel bars. 
'1he ancunt of deteriorated transverse cracks was about the same for the 8-
arrl 9-in (203 am 229 nm) sections. Table 5 summarizes these results. 

Table 5. Transverse cracking, by design variable. 

Distress AGG ATB CI'B D::Mel.s No Dowels 8-in Slab 9-in Slab 
Transverse 
Cracks/mile 26 36 21 43 12 27 28 

It was also cbse:rved that there were m:>re transverse cracks on the 
40-ft (12.2 m) control section than on the 27-ft (8.2 m) section of the same 
design. 'Ihe lon;Jer jointed section had o. 04 percent reinforce.ment mesh, as 
~ to the o. 08 to 0. 09 percent fourrl in the shorter slabs. 'lhls low 
level of reinforcement, combined with the small diameter, corrodible do.vels 
in the doweled sections, may help to explain the higher level of cracking in 
these sections. 
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Best Perfonnance 

In tet:ms of deteriorated transverse cracks, the best perfonnance was 
exhibited by pavement sections with the foll~ characteristics: 

o Any 9-in (229 nm) slab withoo:t load transfer devices. 

Worst Performance 

'Ihe worst perfonnance, in tenns of deteriorated transverse cracks, was 
displayed by pavement sections with·the following design features: 

o 9-in (229 nm) slab over asphalt-treated base cx,urse with load 
transfer devices. 

D:n:Jitudinal Cracking 

When evaluating longitudinal cracking, the total aIOC>llllt occurring in 
both traffic lanes was added together for each pavement section. '!his 
provides a clearer in:lication of the effect of the different design features 
on lon;itudinal cracking, as table 6 shows. 

Base 
'fype 
AG:; 

ATB 
CI'B 

Table 6. I..onJitudinal crackin:J, by design variable. 

a-in 
Non:iCMel.ed 

301 
2656 
4260 

8-in 
Doweled 

0 
3372 
1018 

9-in 
NondCMel.ed 

0 
2958 

0 

9-in 
Doweled 

0 
5233 

0 

'Ihe am::xmt of lon;iitudinal cracking, measured in feet per mile, was 
much larger for the asphalt-treated base course sections than for either the 
ag:Jiegate or cement-treated base course sections. 'Ihe aggregate base course 
sections had alm::>st no longitudinal cracking while the cemant-treated base 
course sections had about half that of the asphalt-treated base course 
sections. 'lhe annmt of longitudinal cracki.rg was ai:proximately the sane for 
the sections with am withrut dowel bars. '1he incidence of longitudinal 
crackin;J was higher for the a-in (203 nm) sections than for the 9-in (229 nm) 
sections. Finally, there was far IOC>re longitudinal cracking on the 40-ft 
(12.2 m) section than on the 27-ft (8.2 m) section. 

'Ihe longitudinal joint for all sections was fonned using a plastic 
insert placed to a depth of 2. 75 in (70 nm) • '!his is 34 percent of the slab 
thickness for the a-in (203 nm) se<..tions an:i 31 percent of the slab thickness 
for the 9-in (229 nm) sections. 

Best Perfonnance 

'Ihe pavement sections with the best perfonnance, in terms of 
longitudinal cracking, had the following characteristics: 

o Any s- or 9-in (203 or 229 nm) slab on aggregate base course. 
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o Afr;/ 9-in (229 mm) slab on cement-trea:t:Erl base course. 

Worst Performance 

'!he worst performance, in tenns of lorgitud.inal crackirg, was recorded 
by pavement sections with the followinq design features: 

o J,;rry 8- or 9-:-in (203 or 229 mm) slab on asphalt-treated base 
course. 

o Arrf a-in (203 mm) slab on cement-treated base course. 

Present 5aviceability Ra~ (PSR) and Roughness 

Since 1984 (pre-gr~) PSR and roughness values were not available, 
the rideability of the diaroom grouni sections (all non:loweled sections) 
could not be evaluated with regard to the ot1le.r sections. Havever, for those 
sections not diam:ni grourxi (including the 40-ft (12.2 m) section), there is 
no discemi.ble difference between the PSR or roughness values. 

other Distress Types 

In addition to the distress types previously discnssed, there was low 
severity 110 11 crackirg observed in every section. However, it was much m::>re 
prevalent on the asphalt-treated base course sections, where it was primarily 
located along the many longitudinal cracks occurrin; in those sections. !av 
severity pl.D.'[ping was also obsel:ved within. xoost of the sections, and medium 
severity pumping was reported for one asphalt-treated base course section. 

8. ~ OF ll!SIGN FFA'lORES. CN PAVEMEHI' ~ 

Fach. of the various design features had an influence on the performance 
of the pavement. 'llle relative effect of these .design features is •sunm:arized 
below. 

Base Type 

'Ihe asphalt'"'.'treated. base course sections were the poorest perfoniers of 
the three different base types. 'lb:is is primarily based on the aioount of 
crackirg (both transverse ard longitudinal) present in those secti011$. '!he 
aggregate base course sections perfo:r:ne:l the best as t.hey had less faultin;J 
and longitudinal crack.in;,. 

Joint wad Transfer 

'!he sections without load transfer devices faulted much worse than 
those with load transfer devices. 'Ihese sections were much rougher a.rd 
required rehabilitation in 1984. However, it should be noted that the load 
transfer was not particularly good for the doweled sections, probably because 
the devices were too small in diameter. Also, the sections without load 
transfer devices actually bad less joint spalli:ng arrl less deteriorated 
transver-..:.e cracking than the doweled sections. 
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Slab 'Ihickness 

'Ihe 9-in (229 nm) pavement sections perfonned better than their 8-in 
(203 nm) rounterparts in every distress category. 'Ihe ioost apparent 
advantage of the 9-in (229 nm) sections is in the smaller annmt of cracking 
. (both transverse am lOn:Jitudinal) as CCl1pil'ed to the a-in (203 nm) sections. 

Joint Spacin:J 

A direct cc.mparison of joint spacing can be made when includirq the 
40-ft (12.2 m) control sect.ion. Based on this information, the sections with 
27-ft (8.2 m) joint spacing are believed to be perfonn.irg slightly better 
than the control section, considerin:J the a100UI1t of crackirg (both trancsverse 
and lorqitudinal) , spallin:f, an:l faultin;J. . 

9. <XMPARISCfi OF aJl'ER IANE AND INNER IANE ~ 

AlthOI.Xjl bein:J subjected to far fewer traffic loadirqs than the outer 
lane, the inner lane sections still can provide saE insight into the 
perfonnance of the design sections. In fact, many of the performance t.ren.Js 
obsel:ved in the outer lane hold true for the inner lane. For instance, the 

. aspla].t-treated base course sections dencnstrated the worst overall 
deterioration; the doweled sections perfonned better than the norrloweled 
sections; the 9-in (229 nm) :pavement sections exhibited superior perfonnance 
over the 8-in (203 mm) sections; arrl 27-ft (8.2 m) sections'outperfonned the 
40-ft (12.2 m) sections in every distress category. An overall carrparison of 
the two traffic lanes by base type is provided in table 7. 

Table 7. carparison of perfo:r:mance by lane. 

AGGRFXiAT.E BASE axIRSE 

Variable 
ESAI/s (millions) 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
Dxg. Cracks, ft/mile 

ASPHAifl'-'mFAT BASE o::xJRSE 

Variable 
ESAI/s (millions) 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
Dxg. Cracks, ft/mile 

Inner lane 
0.5 
15 

0.04 (1987) 
12 

0 

Inner Iane 
0.5 

34 
0.05 (1987) 

18 
1503 

10 

outer lane 
5.5 

10 
0.19 (1984) 

26 
75 

Outer lane 
5.5 

35 
0.19 (1984) 

36 
2051 



Table 7. Corrparison of perfonnance by lane. (Cont'd) 

CEMENT...i:tREA BASE caJR5E 

Variable 
ESAL's (millions) 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
I.Dng. Cracks, ft/mile 

Inner lane 
0.5 

39 
0.03 (1987) 

19 
929 

outer Iane 
5.5 

19 
0.27 (1984) 

44 
391 

OVera.11, the two traffic lanes exhibited siJDilar perfonnance trerrls in 
the relative annmts of the various perfonnance in:licators. Slightly larger 
ann.mts of joint spalling cxx:urred in the inner lane than the outer lane, 
irrlicatin;J the insensitivity of spallin:;J to traffic. Also, the faultin;J for 
the irmer lane is far less than the cuter lane. longitudinal cracki.rq is 
about the same for the two lanes, while there are :roc>re deteriorated 
transverse cracks in the ruter lane than the irmer lane. It is believed for 
reinforced pavements that once a crack break downs in the ruter lane, it 
propagates to the inner lane as the reinforcement is ruptured across the 
lane. 

10. SCHfARY AND a:uc::rmIOOS 

'Ihe nost obvious conclusion that can be drawn from the experiment is 
that the sections with asphalt- or cement-treated base courses did not 
perfonn nearly as well as the sections constructed with the traditional 
aggregate base course. Because they did not .improve perfonnance, Mn/IXYr 
detennined that the use of those treated base courses may not be justified 
due to the higher cost associated with their construction. (1) 'Ihe 
perfo:rmance of the aggregate base course sections may have be.en enhanced by 
the better overall drainage characteristics of those sections. 

'!here was an extensive am.xmt of longitudinal cracki.rq oose:rved within 
the pavenent sections. 'Ihe cause of the longitudinal cracking must be 
related to the anrA.mt of friction between the base arrl slab. Asp'lalt- arrl 
cement-treated base courses have much higher friction coefficients than 
aggregate base courses, thus :restrainin;J the slab fran IOOVing arrl resulting 
in cracidn:J of the slab. In addition, the longitu:linal centerline joint was 
fonned with a plastic insert, which may not have produc.ed a deep enough 
weakene::i plane for the treated bases to allow for the slab to crack at the 
appropriate location. 'Ihe Minnesota Cepartment of Transportation has taken 
cores of the longitudinal joint arrl detennined that the crack did not always 
occur. 'Ihe plastic inserts were placed approximately at the suggested depth 
of one-third the slab thickness, but it is believed that .improved 
longitudinal joint forming techniques are needed for pavement slabs 
constnlcte.d over treated base courses. 

It is also known that the asphalt-treated base courses were not 
"whitewashed," resulting in large AC terrperatures at laydown. Greater 
layer-to-layer friction may also be a result of not whitewashing the 
asphalt-treated base. 'Ihese two factors could contribute to the large annmt 
of crack.in; occurring on the asphalt-treated base course sections. 
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other possible explanations for the substantial amount of longitudinal 
cracking which occurred on the project include late sawing, "skip-joint" 
sawing (sawing nighttime every other joint) , and the temperature at the time 
of paving. Temperatures at the time of paving may have ranged as high as the 
80's; temperatures as low as 30 °F' (-1 °c) were also encountered durinq 
the paving pericx:i. 'Ihis temperature differential may have contributed. to the 
lai:ge amount of cracking which occurred. on the project. 

'Ihe study also indicates the benefit of doweling 27-ft (8. 2 m) 
transverse joints in this cold climate. 'Ihe faultirxJ of the doweled joints 
was minimal and. far less than that of the non::l.cMeled joints. However, the 
load transfer of the doweled joints was not extremely high, in:licating 
perha:ps that the 1-in (25 nun) diameter dowels are not sufficient to provide 
reliable load transfer efficiencies. 

'Ihe nondc:Meled pavement sections had less spalling and transverse 
cracking than the doweled pavement sections. Since the dowel bars utilized 
on this project had no treatment to inhibit corrosion, this is probably a 
sign that the dowel bars have corroded and "locked-up," resulting in sp3.lling 
at the joint above the dowel bar and also serving to open any transverse 
cracks in the adjacent panel. 'Ihe use of coated dowel bars is recommended to 
inhibit corrosion of the devices. 

Another conclusion that can be drawn from the study is the benefit of 
irx:reased. slab thickness on perfo:nnance. 'Ihe thicker pavement sections 
outperfonned the thinner pavement sections in every distress categ01:y. 

Finally, it can be concluded that pavement sections with shorter, 27-ft 
(8.2 m) joint spacings perfonn better than the sections with the lOncJer, 
40-ft (12.2 m) joint spacings. However, the perfonnance of these reinforced 
sections was perhaps adversely influenced by the small amount of reinforcing 
steel in the pavement (less than O .10 percent) • 'Ihis small amount of steel 
is probably insufficient for the temperature ext:renV=S experienced by a 
pavement in this climate. 
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rnAPIER 2 INTERSTATE 90 - AIBERl' I.EA, MINNESJrA 

1. INil:OI:UCl'ION 

In 1977, the Minnesota Department of Transportation constructed four 
exi;::erimental concrete pavement sections on I -90 between Albert lea and 
Fainront, Minnesota. 'Ihe experiment was corrlucted to evaluate the effects of 
widened lanes, tied concrete shoulders, and slab thickness on pavenent 
performance. D:sign variables include plain and reinforced slabs, skew'e::i 
ran:lom (13-16-14-19-ft [4.0-4.1-4.3-5.8 m]) ar.d skew'ed unifonn (27-ft [8.2 
m]) joint spacings, tied FCC shoulders and AC shoulders, and 8- and 9-in (203 
arrl 229 nun) thick pavement slabs. 

'Ihis project was the subject of a field monitoring program. 'Ille test 
sections were instrurtElted to measure load-irrluced strains and deflections. 
In addition, pavement terrperature and slab curl were ironitored. (2) 'Illese 
items were :measured at the outer and inner lane slab edges and at the outer 
arrl inner lane transverse joints. 

Four sections, designated as MN 2-1 through MN 2-4, were sw:veyed and 
tested in 1987. Two sections, MN 2-1 and MN 2-2, were constructed with tie::i 
concrete shoulders. All sections contained dowel bars, except for the inner 
lanes of MN 2-1 and 2-2. 'Ihe pavement sections had 15-ft (4.6 m) inner 
lanes, aggregate base courses, and an MSHro Classification A-6 subgrade in 
camnx:>n. Complete project infoD11ation is provide::i in the summary tables 
presented in cllapter 32. 

2o CLIMATE 

'll1e pavement sections are located in the south-central part of 
Minnesota. 'Ihe project site has a 'Ihomthwaite Moisture Index of 16, a Co:rps 
of Er.q.ineers Freezing Index of 1688, and receives an average of 30 in 
(762 mm) of rainfall annually. 'Ille highest average 1Tonthly maximum 
temperature is 85 °.F' (29 °c) and the lowest average m:mthly minimum 
temperature is 6 °F' (-14 °c). 

3. '.mAFF.IC 

Interstate 90 is a four-lane divided highway (two lanes in each 
direction) . 'Ihe roadway's functional classification is Rural Interstate. 
Fran 1977 through 1987, the pavement has sustained approximately 2.8 million 
18-kip (80 kN) F.quivalent Single-Axle I.Dad (ESAL) applications in the outer 
lane and over 0.2 million 18-kip (80 kN) ESAL's in the inner lane. 

'Ihe two-way Average Daily Traffic (ADI') in 1986 was approximately 3900 
vehicles per day, including 20 percent heavy trucks. Weigh-in-mtion data 
oollected at the project site in 1987 provided a traffic count of 3950 
vehicles per day, including 29 :r;:;ercent heavy trucks. 

4. ~ AND REHABILrIWI'ICN 

Aa::ordirg to records provide::i by the Minnesota Department of 
Transportation (Mn/001'), transverse joint resealing with a hot-poured 
rubberized asphalt sealant was perfonned on sections 2-1 and 2-2. No other 
maintenance or rehabilitation activity has been perfonned on the sections. 
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5. mYSICAL 'fiS'l'.l}I; RES'Oill'S 

Cores from slab centers arrl from typical transverse joints were 
retrieved from the pavement sections in 1987. 'Ihe center cores were tested. 
in split tensile to provide an irrlication of concrete strength. '.Ihe joint 
cores were visually inspected for signs of deterioration beneath the joint or 
for any signs of naterial durability distress. 

'Ihe split tensile strength values were used to oota.in an estimate of 
the lOOdulus of rupture. A mean m:xiulus of rupture of 717 psi ( 4. 9 MPa) was 
calculated for all sections. 'Ihe joint cores taken from the sections 
irrlicated no deterioration beneath the joint, nor any signs of microcracking 
in the coarse aggregate. 

Deflection testing' was performed on the sections in 1987 for purposes 
of layer lOOduli characterization, detennination of load transfer 
efficiencies, arrl void detection. 'Ihe elastic m::x:iulus of the concrete (E), 
the canposite k-value, arrl the load transfer efficiency values are summarized 
for each section in the t.ables of chapter 32. 

'Ihe slab elastic nmul.us (E) values averaged 7,200, ooo psi ( 46, 640 MPa) 
for all sections. 'Ihe composite k-value (on top of the base) averaged 149 
pci (40.4 kPajnun), but varied by section. 'Ihis is shown in table 8. 

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

Table 8. Corrposite k-values. 

Base 
'IhicknesS • ll1 

5 
6 
5 
6 

k-value, pci . 
128 
127 
162 
178 

'!he base course am subgrade type for all four sections were a~te 
am silty clay (AASHIO A-6), respectively. Center slab deflections were 
obseJ:Ved to be highest for section MN 2-2 (whose slab thickness was 8 .in [203 
mm]), arrl lawest for MN 2-4 (thickest pavenv:mt system of the group: 9-in [229 
mm] slab arrl 6-in [152 nun] base course) • 

'Ihe load transfer efficiencies arrl percent comers exhibiting' voids are 
reported in table 9. 

Table 9. Load transfer efficiency arrl comers with voids. 

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

I.oad Transfer 
Efficiency, % 

79 
86 
99 
86 

% Comers 
Exhibitirg Voids 

7 
7 
0 
0 

It is observed that load transfer efficiency was good to excellent for 
all four sections. 'Ihe nagnitude of the coITier deflections was largest for 
MN 2-1 and MN 2-2, which contained the ram.an joint spacing' am tied concrete 
shoulders. 
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Deflection-based void detection procedures were used to identify voids 
urrler the slab co:mers. Only a small rn:nnber of slab co:mers are EOO.tlbitir.g 
voids. 

As previously stated, MN 2-1 and MN 2-2 both had tied an:i keyed. 
concrete shoulders. 'lhe shoulders were tied with o. 62-in (116 mm) diameter~ 
30-in {762 mm) tiebars, spaced at 30-in {762 nm) intervals. 

6. ~ OF PAVF.Jen' SEX:!l'IctE 

A drainage analysis was perfonned on each sect.ion to evaluate the 
section's ability to :r:em:we water fran the pavement structure. 'lhe subgrade 
soils were fourxi to be well-drained for MN 2-3 and MN 2-4, but were 
poorly-drained for MN 2-1 and MN 2-2. 'lhe pavement sections are lcx::ated in 
an area that has the potential for the pavement to be saturated approximately 
19 percent of the time. Table 10 summarizes the firdirqs of the drainage 
analysis. 

Table 10. Drainage summary for MN 2 sections. 

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

Base 
Permeability, 

0.93 
0.08 
0.06 
0.41 

ft/hr Drainage Coefficient 
0.85 

OVerall 
Drainability 
Poor-Fair 
Very Poor 0.75 

0.80 
0.95 

. Very Poor-Poor 
Fair 

While the aggregate base course was sc:mewhat drainable for MN 2-1, the 
poor dra.inability of the subgrade detracted from the overall drainability of 
that section. 'lhe effect of the :poor-draini.r.g subgrade on MN 2-2 was 
carpoun:led by a very low base penteability, thus givixq it the worst ratirq 
of the group. 'lhe drainability of MN 2-3 an::l MN 2-4 was assisted by the 
well-drained subgrade. It should be noted that the aggre;ate base beneath 
the shoolder of fNery section was "daylighted" to the ditchline. 

7.. ~CH OF PAVIH!Jl.r.~ 

'Ille results of the distress survey con:iucted on each pavement section 
are given in the summary tables. '!he primary perfonnance inilcators are 
tabulated in figure 3 for both the outer and inner lane. 'Ihe relative 
perfonnance of each pavement section with respect to the primaty performance 
in:licators are di solSSed below for the outer lane only. 

Joint Spalling 

A small annmt of medium- and high-severity joint spalling was abseJ:Ved 
on the pavement sections, as illustrated in table 11. 

Table 11. Transverse joint spallirg on MN 2 sections. 

section 
MN 2-1 
MN 2-2 
MN 2-3 
MN' 2-4 

Joint Spacing. ft 
13-16-14-19 
13-16-14-19 

27 
27 

15 

Joint Spalling, % 
3 
9 
3 
8 



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 

13-16-14-19 ft ROUGHNESS, In/I'll 82 72 
JT, SPACING FAUL TING, In 0,06 0,06 

DOWELED T. CKS./r,1 0 0 
JOINTS 

LONG, CKS., ft/Mi 150 0 AGGREGATE BASE 
% JT, SPALL 9 3 

~ 14N 2-'4 

JRCP PSR 4,0 4,0 

27 f't ROUGHNESS, In/I'll 76 96 
JT, SPACING FAUL TING, In 0,05 0.06 

]JOVELED T, CKS./r,1 0 5 
JOINTS 

AGGREGATE BASE LONG, CKS., rt/I'll 0 0 
Y. JT. SPALL. 3 8 

INNER LANE PERFORMANCE DATA 

8 In SLAB 9 In SLAB 
AC SHDULD£R PCC SHOULDER AC SHOULDER PCC SHOULDER 

MN 2-2 MN 2-1 

JPCP PSR 3,9 3,8 

13-16-14-19 ft ROUGHNESS, In/Ml 72 82 
JT, SPACING FAUL TING, In 0,03 0,03 

DIJ'w'ELED T, CKS.11'11 0 0 
JOINTS 

LONG, CKS., f't/MI 0 0 AGGREGATE SASE 
Y. JT. SPALL. 0 1 

MN 2.;,3 14N 2-'4 

JRCP PSR 4,0 4,0 

27 ft ROUGHNESS, In/Ml 62 74 
JT, SPACING F' AUL TING, In 0.03 0.02 

DO\o/ELED T, CKS./MI 0 0 
JOINTS 

LONG, CKS., f't/MI 0 0 AG~EGATE BASE 
?. JT, SPALL, 3 5 

Figure 3. Outer and inner lane performance data for Minnesota 2. 
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However, the aIOCllmt of joint spalling that did occur is of very little 
con.c;eq1..1ence. Sections 2-1 am 2-2 had hot-poured rutt,erized asphalt joint 
sealant and sections 2-3 arrl 2-4 bad preformed joint seals. OVerall, the 
hot-poured joint sealant was rated as fair-gocd., as it was displaying some 
distress. '!he preformed joint seals were in goo:i con:lition. 

Joint Faulting 

'Ihe amJUnt of joint faulting occurring on every pavem:mt section was 
very small. In fact, the average joint faultirig' for all sections was only 
0.06 in (2 :mm.}. 'Iherefore, in te..rms of faul~, all sections are perfonning 
about the same. It should be :noted that all of the outer lane joints within 
the project cont.a.in 1-in (25.4 mm) diameter dowel bars. 

Transverse Cracking 

For JRCP, transverse cracld.n3" is lDl3aSUred by the mnnber of deteriorated 
(ne:lium:- am. high-severity) 12-ft (3. 7 m) cracks per mile, whereas for JPCP, 
all 12-ft (3. 7 m) cracks are counted. 'Ihe only section displaying any 
transverse crackin:J was the 9-in (229 mm) JRCP with 27-ft (8.2 m) skewed 
joints am. 6-in (152 mm) aggregate base course (MN 2-4). Hawever, the amount 
of transverse cracking occurring on this section was so small (5 cracks/mile) 
that it is considered insignificant. 

longitudinal Cracking 

Includln] both outer and. inner lanes, two sections exhibited 
lo:ngitudina.l crackinq. '!his is illustrated in taple 12. 

Table 12. longitudinal cracking at MN 2, by design variable. 

~ion 
MN 2-1 
MN 2-2 
MN 2-3 
MN 2-4 

Slab 
'lhickness 

9 
8 
9 
9 

Shoulder 
Type 
PCC 
R.X: 

AC 
AC 

IDNGI'IUDINAL CRACKING, ft/mi 
outer Lane Inner I.ane 

0 746 
150 0 

0 0 
0 0 

In each case where longitudinal cracld.n3' was observed, it occurred over 
a localized stretch of several consecutive slabs. It is not believed that 
the crack.inl was due to the friction of the base course or to the 
const:ruci:ion of the longitudinal joint. 'Ihe lorqitudinal joints we.re sawed 
to a depth of 2. 75 in (70 mm) • Rather, it is believed that the cause of the 
longitudinal cracking was the presence of both the tied shoulders arx:1 widened 
lanes on sections MN 2-1 arrl MN 2-2. 

For the longitudinal cracking in the inner lanes, it is believed that 
the widened lane would produce larger curlirq stresses along the len:fth of 
the slab which cculd result .in extensive crackin:J of the slab. For MN 2-1, 
the cracking occurred at two locations {over 8 ani 3 consecutive slabs), 
while for MN 2-2 it occurred over 2 adjacent slabs. In each case, at least 
one short slab (either 13 or 14 ft [4.0 or 4.3 m] long) was exhibiting 
cracking. It is thought that the cracking probably initiated .in the shorter 
slabs of the rarrlam joint spacing and propa~ted to the adjacent 
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slabs. 'lb.e best way to reduce the potential for this longitudinal cracking 
would be to decrease the slab width slightly (say fran 15 ft [ 4. 6 m] to 
13. 5 ft ( 4. 1- m]) when usirg joint spacirg as short as was used here. 

'llle tied FCC shoulders may have contributed to the cracking in the 
a.rt:er lanes by actually restrainirg the slab as a1rling stresses act on the 
slab. '!his restraint could result in the lorgitudinal crackirq exhibited in 
the a.rt:er lane. However, note that the annmt of cracking occurrirg in the 
a.rt:er lane is much less than that occurring in the inner lane. 

Present Ser.viceability Rating (PSR) am Roughness 

'Ihe PSR am roughness values for the four pavement sections were all 
very close to one another am indicated a "good" rideability. '!he PSR's all 
hovered arourrl the 3. 9 mark, while the roughness values ra:rqed from 72 to 
96 in/mile (1137 to 1515 mm/km). Hc:Mever, the pavement sections were all 
relatively sm:x>th, as evidenced by the small annmt of faulting occurring on 
the sections. 

Overall Shoulder Corxlition 

Since one of the design variables in the experiment was shoulder type, 
the comition of the shoulders should be discussed. Sections MN 2-1 am 2-2 
had tied PCC shoulders, whereas MN 2-3 am 2-4 had AC shoulders. '!he 
relative shoulder perfonnance indicators are smmnarized in table 13 belc:M. 

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

Table 13. Shoulder performance at MN 2 sections. 

Shoulder 'fype 
PCC 
PCC 

AC 
AC 

I.ane--Shoulder 
Drop-off, in 

o.oo 
o.oo 
0.20 
0.59 

I..ane-Shoulder 
Separation. in 

0.00 
o.oo 
0.11 
0.49 

overall 
Rating 

Excellent 
Excellent 

Gocx:i 
Poor 

'lhe concrete shoulders were in excellent overall corxlition, whereas the 
asfX]alt shoulders were displaying sane distress. '!he asphalt shoulders, 
partia.llarly on MN 2-4, frequently displayed lorg segioonts of medium- arrl 
high-severity alligator cracking along the length of each section. 'lb.e 
lane-shoulder joint sealant was in excellent corxlition for the concrete 
shoulders an::l in !X)Or coniltion for the asp,alt shoulders. 

8. EFFECl' OF ImIGi' FEA.'IURES ~ PAv.EMENr ~ 

Four different pavement design features were evaluated within this 
project. 'Ihe effect that each of the various design features had on the 
perfonnance of the pavement is not always readily apparent, particularly 
since the experiment was not set up as a full factorial design to isolate the 
different design variables. However, sane general ccmnents can still be made 
on the influence of the various design features on pavement perfonnance. 
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Pavement Type 

Based on the perfonnance data, the JRCP sections de.toonstrated slightly 
better performance than the JPCP sections. Although the JRCP sections 
exhibited scme transverse crack.irq and joint spalling, the allOlrlts occu:rring 
were insignificant. While'both sections exhibited about the same am:JUIIt of 
joint faulting (recall that they were both doweled), the JR::P sections did 
display a substantial am:,unt of longitudinal cracking. Ha-lever, it should be 
noted that the perfonnance of these different pavenent types is confourrled by 
joint spacing arxl ·shoulder type. '!he JPCP had 13-16-14-19-ft 
(4.0-4.9-4.3-5.8 m) skewed joints with tied FCC shoulders, whereas the JRCP 
had 27-ft (8.2 m) skewed joints am AC shoulders. O\Terall, both pavement 
types were perfonnirq very well at the · time of the survey. 

Joint Spacing 

As reported above, the .JRCP sections with 27-ft (8.2 m) joint spacing 
perfonned slightly better than the JPCP sections with 13-16-14-19-ft 
(4.0-4.9-4.3-5.8 m) joint spacing. A small am::>U11t of transverse cracking and 
joint spalling occurred on the 27-ft (8.2 m) sections, but not enough to 
significantly detract from their perfonnance. '1his is to be expected with 
longer slab lengths, as IIDre m:>vement IWSt be accanm:rlated. '!he longitudinal 
cracking occurring on the sections with short random joint spacing was enough 
to detract from their perfonnance. It is not believed that the longitudinal 
cracking is load related, but is instead associated with the presence of the 
outside tied FCC shoulder and inside widened lane. 

Slab 'Ihickness 

A direct carparison of slab thickness can be made between sections MN 
2-1 an:i 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 crack.irq which occurred 
on the thinner section. However, as previously di scnssed, this is not 
attributed to the slab thickness. In £Wery other distress category, the 8-
arrl 9-in (203 arxl 229 mm) pavement sections perfonned about the same. 

Shoulder Type 

'!he intent in constructing a tied PCC shoulder is to provide support to 
the outer J;X')rtion of the slab, thus reducing edge an:i co:mer deflections. 
'!he presence of a tied PCC shoulder also provides a very tight joint between 
the shoulder am the outer lane whidl can easily be maintained arxl sealed. 
studies have in:licated that 60-80 percent of the water that gets into a 
pavaoont structure infiltrates through the lon;Jitudinal lane-shoulder joint. 
'lhus, if a tight, easily maintained joint is established at the lane-shoulder 
joint, the am::>U11t of IIDisture that infiltrates at that location will be 
reduced. 

Sections MN 2-1 arxl MN 2-2 each contain a tied arxl keyed outside FCC 
shoulder arxl a widened (15-ft [4.6 m]) inner lane. Sections MN 2-3 and MN 
2-4 each contain the same widened inner ·1ane, but have an AC outside 
shoulder. Although direct c::anpn-isons of designs are confou:rrled by joint 
spacing, by pavement type, and by pavement thickness, scme interestirq 
observations can still be made. For instance, the outside comer deflections 
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were actually hi.gher for the sections with PCC shoulders than for those with 
AC shoulders. Also, while the PCC shoulders contained. no transverse cracks, 
there were same locations along the lorqitudina.1. lane--shoulder jo:int 
exhibitirg spalliI)3'. 'Ihere were also two corner breaks at these locations 
( one on the s.houlder) • '!his may be due to the fact that the paint stripe 
delineating the break between the outer lane am outer shoulder had at one 
time been painted on the outer shoulder for all of the sections. 'llris would 
result in m:>re trucks encroaching on the shoulder and causing large edge 
stresses arrl deflections. 

Even though the presence of the tied FCC shoulders did not reduce the . 
comer deflections of the pavement, the PCC shoulders are in much better 
condition than the AC shoulders. 'Ihe PCC shoulders contained no transverse 
crackin;J arrl were :rated as "excellent. 11 · '!be AC shoulders exhibited medium-
to high-severity alligator crackin;J throughout their lergth arrl were rated. as 
''p:lor." Additionally, the sealant between the outer traffic lane arrl the AC 
shoulders was in very poor corxlition, arrl the lane-shoulder dropoff averaged 
nearly 0.4 in (10 mm). 

Widened Inside lanes 

It is not possible to evaluate the effect of the widened inside lane on 
pavement perfonnance since this design feature was· included on every pavement 
section. 'Ihe concept behin::l the use of the widened lanes is similar to that 
employed by the tied PCC shoulders-to reduce edge deflections. Widened 
lanes accarplish this by creat.in;J a n-ore interior loadin;J situation where 
larger deflections or stresses are not critical. In this project, a 
15-ft (4.6 m) lane was used with the paint stripe placed at 12 ft (3. 7 m), 
thus providirg a 12-ft (3. 7 m) wide traffic lane an:l a 3-ft (0.9 m) wide 
inner shoulder. However, the sec::tions with the widened inside lanes arrl tied 
I-u: shoulder were the only ones that exhibited longitudinal cracking. 'Ille 
reasons for this have been discussed previously. 

9. o:MP.ARTSCN OF CXJ1'ER IANE AND INNI!R LANE PERFORMANCE 

An overall c:anparison of the two traffic lanes is provided in table 
14. 'Ihe two traffic lanes exhibited similar.perfonnance tren:is in the 
relative anamts of the various performance indicators. Longitudinal 
crackin3' occurred only on the ran:ian 13-16-14-19 ft (4.0-4.9-4.3-5.8 m) 
sections with the tied ro:: shoulders. As would be .expected, the faultin] for 
the inner lane is less than that of the outer lane, although it is Ver:f small 
fo~ the project as a whole. No transverse cradd.rq occ:i..irred in the inner 
lane, arrl only a small amount occurred in the outer lane. Joint spall.ug was 
slightly less for the .irrner lane than for the outer lane. It should be 
recalled that on MN 2-1 an:i 2-2 only the outer lanes were dCYweled. 

10. SOMMt\m! AND CXNCUJSJ:.CJ(fS 

one ronclusion drawn :Eran this experimental project is the benefits 
gained fran using short-jointed slabs, whether plain or reinforced. Both 
JRCP an:1 JPCP sections, usir.g sho1.t joint spacir.g for their respective 
pavemant type, perfonred ver:1 well. 'Ihe distress which was exhibited by each 
was typical of the design. For instance, the JRCP displayed increased levels 
of transverse crackir.g, while the JFCP with th,e tied shoulders exhibited some 
lorgi tudinal cracl;_irq. 
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Table 14. catpu:ison of pe.rfonnance by lane at MN 2. 

13-16-14-19 FT JOINT SPACING. p::,wels only in outer lane 

Variable 
ESAL' s (millions) 
Joint Spallinq, % 
Joint Faulti.rq, in 
Trans. cracks/mi 
long. Cracks, ft/mi 
PSR 

Roughness' in/mi 

27-Fr JOINT SPACING. 

Variable 
ESAI./s (millions)· 
Joint Spallin;J, % 
Joint Faultin;J, in 
Trans. cracks/mi 
Long. Cracks' ft/mi 
PSR 
Roughness, in/mi 

MN 2-1 
Inner Iane outer lane 

No Dowels Dawels 
0.2 2.8 

1 3 
0.03 0.06 

0 0 
746 0 
3.8 3.8 
82 72 

MN 2-3 
Inner Iane outer Iane 

0.2 2.8 
3 3 

0.03 0.05 
0 0 
0 0 

4.0 4.0 
62 76 

MN 2-2 
Inner Iane outer lane 
No Dawels Dowels 

0.2 2.8 
0 9 

0.03 0.06 
0 0 
0 150 

3.9 3.9 
72 82 

MN 2-4 
Irgr lane outer lane 

0.2 2.8 
5 8 

0.02 0.06 
0 5 
0 0 

4.0 4.0 
74 96 

'!he 9-in (229 mm) pa.venent section performed better than the 8-in 
(203 nm) pavement section of the same design. '!his is based primarily on the 
thinner section containin:J sane lorgitudinal cracking. 'lhese sections have 
been subjected to a relatively low level of traffic (2. 8 million ESAL' s aver 
10 years) , which may be a contrib.rt:o:cy factor to their overall good 
performance. 

'llle presence of the widened lanes a.rd tied PCC shoulders appears to be 
the reason for the lorgitudinal cracking which occurred on the project. 
While widened . lanes . do reduce edge stresses . am deflections, it is clear that 
they cannot be widened to the point where lcn;Jitudinal cracking will occur. 
Based on the infonnation on this project, a 13-ft (4 m) widened lane may be 
the maxiJmnn width allowable for this short ran:icm joint spacmJ. 'Iha 
possibility of a cxanbined effect of late joint sawin;;J am widened lanes 
should also be considered. If the lorgitudinal joint sawin:J was not 
performed in a timely fashion, the effect of the widened lanes on the 
occurrence of 1QD3'itudinal crackirq may beo:me critical. 

'llle effects of the tied concrete shoulder are unclear. '!hose pavement 
sections with the tied PCC shoulders actually displayed la:r:ger corner 
deflections than the sections with AC. shoulders. Additionally, more 
distresses (lorgitudinal joint spallin;J am two corner breaks) were 
associated with the lorgiti.ninal lane-shoulder joint on the sections with 
tied. FCC shoolders. '1he PCC shoulders were in much better condition than the 
AC shoulders. 

It is possible that the drainability of the sections with i::a: shoulders 
(MN 2-1 an:i MN 2-2) reduced or eliminated~~ potential benefits of the tied. 
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shoulders. Both of these sections were c:onstnlcted aver poorly-draining 
sul:grade, which may have detracte:i fran the perfonnanc:e of the tied concrete 
shoulders. 'Ihe overall drainability of these sections rarge:i fran very poor 
to fair. Good drainability is still reqJi.red for the overall perfonnance .of 
the sect.ions; the addition of tied concrete shoulders is not a substitute for 
the consideration of drainage in the pavemerrt: design. 

'!he lai:ge corner deflections on the sections with tied ooncret.e 
shoulders is even nore pei:plexin.;J in light of a 1978 report. (2) '!hat report, 
which analyzed the pavement sections discussed here and several other 
projects in Minnesota, concluded, amxg other thirgs, that tied PCC shoulders 
reduce edge strains by 28 percent, that lane widening was as effective as 
cx:n::rete shoulders in reducing strains am deflections, arrl that the· presence 
of tied PCC shoolders may allow for a thinr.er mainline pavement thickness to 
be c:onstnlcted. (2) Since the load transfer across the lon;ritudina.l joint was 
excellent, it is pos.csible that the higher deflections may be due to the 
~ placement of the tiebars at the coniers. 
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Cl1APlm. 3 1NTER>TAIB 90 - ADSTIN, MINNESOrA 

1. INmOIDCrICN 

'Ibis pavement section is lcx::ated on I-90 in Austin, Minnesota, in the 
southeastern part of the State. 'Ihe section is a four-lane divided highway 
with a functional classification of Urban Interstate. It was constructed and 
opened to traffic in 1984 and is designated as MN 3. 

2. IE:,IGJ 

'!he pavement is a 9-in (229 mm) JRCP with 27-ft (8.2 m) skewed joints. 
A 4-in (102 mm) aggregate base rests beneath the slab on a 10-in (254 mm) 
aggregate sill::lbose. 'Ihe subgrade for the project is an .AASHIO A-4 material. 

load transfer is accomplished through the use of 1-in (25 mm) diameter 
epoxy-coated d.a,/el bars. 'Ihe joints are sealed with a prefonned compression 
seal. 'Ihe slabs are reinforced with approximately O. 05 percent steel. 

'Ibis pavement section is constructed with widened lanes. 'Ihe outer 
lane is 14 ft (4.3 m) wide and the inner lane is 13 ft (4.0 m) wide; however, 
both lanes are striped such that they are 12 ft (3.6 m) wide. 'Ihe shoulders 
outside of the widened lanes consist of 3 in (76 mm) of asphalt concrete over 
10 in (254 mm) of aggregate base. No subsurface drainage exists on this 
pavement. 

3. CLIMATE 

'Ibis section is lcx::ated in the dry-freeze enviromental zone. 'Ihe 
CoI.'pS of Engineers Freezing Irrlex for this area is 1250, and the 'Iho:rnthwaite 
M:>isture Irrlex is 21. 'Ihis area averages 30 in (762 mm) of rainfall 
annually. . 

4. ':IRAFFIC 

'!he pavement carried a two-way AJJr of 10,600 vehicles in 1987, 
includirq 15 percent heavy trucks. Weigh-in-notion collected on the project 
site in 1987 inlicated a two-way traffic ca.mt of 6400 vehicles per day, 
includirq 25 percent trucks. Since opemn;J to traffic in 1984, this section 
has sustained approximately 1.5 million 18-kip (80 kN) ESAL applications in 
the outer lane and nearly 0.25 million 18-kip (80 kN) ESAL applications in 
the inner lane. 

5. mAINABILl'1.Y AND a.mm mYSICAL T&STllC RESCJillS 

'!he subgrade material was well-draine:i. However, since the base and 
~hh::i.se layers of this pavement were dense-graded and had poor to marginal 
penooability, this reduce::l the overall drainability of the section. 'Ibis 
section was assigned an AASHIO Drainage Coefficient of O. 80, corresponding to 
an overall drainability ratin;J of vecy poor to fair. 

Testing perfonned on the pavement showed that the IOOdulus of elasticity 
of the slab was 8,810,000 psi (60,740 MPa) and the IOOdulus of subgrade 
reaction on top of the base was 256 pci (70 kPajmm) • Comer deflections 
averaged 9. 6 mils and the adjusted load transfer efficiency of the transverse 
joints was 93 percel1t. Voids were detected urrler 17 percent of the co:mers. 
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6. MAIN.rmANCE AND REHABil.J.1IM'IQIJ 

According to records provided by the Minnesota Department of 
Transportation, no maintenance or rehabilitation has been perfonred on this 
section to date. 

7. PAVEMENI' PERFCllM\NCE 

'lhe pavement section is in excellent corrlition. '!he average PSR was 
3. 8 in the outer lane an:l 4. o in the inner lane. 'Ihe Mays Meter Roughness 
Irrlex was 44 arrl 51 in/mi for the outer an:l inner lane, respectively. 
Transverse joint faulting -was extremely low for the project, averaging 0.02 
in (0.5 mn) for the outer lane an::i 0.01 in (0.3 mm) for the inner lane. 
'Ihere was no pumpirg, joint spalling, transverse cracking, or longitudinal 
crac.kin:J observed in the section. 

8. CXH![IEI(R; 

Although this pavement is only 3 years old, it has experienced 1. 5 
million ESAL applications in the outer lane. However, even under this 
relatively heavy traffic loading, the pavement is performing very well, as no 
major distress was observed. With the low levels of faultirg, the 
rideability of the pavement is very good. 
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ClJAPim 4 '1HlNK mGBWAY 15 - Nmf UIM, MINNESOrA 

1. nmu:DCl'ICfi 

I.cx::a.ted in south central Minnesota on Trunk Highway 15 near New Ulm, 
this pavement section is a· two-lane highway. It was constructed arrl opened 
to traffic in 1986 arrl is designated as MN 4. 

2. IE:ITGN 

'Ihe pavement is a 7.5-in (191 nun) JPCP with 13-16-14-17 ft 
(4.0-4.9-4.3-5.2 m) skewed joints. 'Ihe slab rests on a 5-in (127 nun) 
aggregate base course. 'Ihe subgrade for the project is an AASHIO A-2-6 
material. 

I.oad transfer is accomplished through the use of 1-in (25 nun) diameter 
epoxy-coated dowel bars. 'Ihe joints are sealed with a hot-poured sealant 
material. I.orqitudinal edge drains, 4 in {102 nun) in diameter, run 
continuously alo:rg the project, with outlets at approximately 500-ft (152 m) 
int.avals. 

Widened lanes were included in the design of this pavement section. 
F.ach lane is actually 13.5 ft (4.1 m) wide, but the paint stripe is placed 
such that the travelli:rg lanes are 12 ft (3. 7 m) wide, with a 1.5-ft (0.46 m) 
shoulder. '!he shoulders adjacent to the slab consist of 3 in (76 nun) of 
asphalt concrete over 9.5 in (241 nun) of aggregate base. 

3. crJ:MATE 

'Ihis section is located in the dry-freeze envirornnental zone. 'Ihe 
Corps of Ergineers Freezi:rg Irrlex for this area is 1800, arrl the 'Ihornthwaite 
Moisture In:lex is o. It averages 28 in (711 nnn) of rainfall annually. 

4. 'IRAFFIC 

'Ihe pavement carried a two-way ADI' of 2,900 vehicles in 1987, including 
13.5 percent heavy trucks. Weigh-in-mtion data collected on the project 
site in 1987 imicated a two-way traffic count of 4058 vehicles per day, 
including 15.4 percent trucks. Since openi:rg to traffic in 1986, this 
section has sustained awroximately 0.22 million 18-kip (80 kN) ESAL 
awlications in each direction. 

5. IEA1NABILITY AND 01BER m:YSICAL ':.1£Sl'.l.NG RESJTilS 

'Ihe subgrade material for this section was poorly drained. 'Ihe 
permeability of the base course was such that it had a marginal 
drainability. 'Ihe presence of the edge drains elevate the overall 
drainability of the section to fair, correspoming to an AASHIO Drainage 
Coefficient of 0.90. 

Testi:rg performed on the pavement shCMed that the IOOdulus of elasticity 
of the slab was 6,300,000 psi (43,440 MPa) arrl the IOOdulus of subgrade 
reaction on top of the base was 222 pci ( 61 kPa/nun) • Corner deflections 
averaged 7. 9 mils arrl the adjusted load transfer efficiency of the transverse 
joints was 86 ~t. Voids were not detected under any slab corners. 
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6. ~ AND REHABILI'mTICW 

According to records provided by the Minnesota Depa.rt:mnt of 
Transportation, no maintenance or rehabilitation has been performed on this 
section to date. 

7. PAVEMENI' ~ 

'1he paveneits in both directions of this section were in excellent 
con:lition. No difference in performance was observed between the two 
directions. 'lhe average PSR (both directions) was 4. 7, the Mays Meter 
Roughness averaged 40 in/mi, an:i transverse joint faultin:} averaged only 0.01 
in (0.3 mm). '!here was no pumpin:J, joint spalling, transverse crackin:J, or 
lorgitudinal. cracking observed within the pavement section. 

8. CXECUEiaE 

As woold be expected for a new pavement, this section is in exc.ellent 
con:lition. No distresses of any ki.rrl were observed. After 1 year of 
service, the pavem:mt has sustained only 0.22 million 18-kip (80 kN) load 
awlications. 
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aJAP.Jm 5 'IH1NK filrnwAY 15 - ~, ~ 

1. IN.IR)[.[JCrICN 

I.Dea.tea in south central Minnesota on Trunk Highway 15 near Truman, 
this pavement section is a two-lane highway. It was constructed and opened 
to traffic in 1983 and is designated as MN 6. 

2. IE:ITGN 

'Ihe pavement is an 8-in (203 mm) JRCP with 27-ft (8.2 m) skewed 
joints. 'lhe slab contains a:pproxi.mately o. 06 percent reinforcement. A 4-in 
(102 mm) permeable asphalt-treated base course an:l a 4-in (102 mm) 
dense-graded aggregate subbase course lie directly beneath the slab. 'Ihe 
permeable asphalt-treated :base contained between 1. 5 arrl 3. O percent of a 
60/70 penetration-graded asphalt cement. 'Ihe aggregate subbase was required 
to IOOet specific gradation for a filter layer. 'Ihe subgrade for the project 
is an MSHro A-2-4 material. 

I.Dad transfer is provided by 1-in (25 mm) diameter epoxy-coated dowel 
bars. 'Ihe joints are sealed with a prefonned joint sealant. longitudinal 
edge drains (4 in [102 mm] in diameter) run continuously along the project, 
with outlets at approximately 500-ft (152 m) intervals. 

Widened lanes were included in the design of this pavement section. 
F.ach lane is actually 13.5 ft (4.1 m) wide, but the paint stripe is plac:ed 
such that the travelling lanes are 12 ft (3. 7 m) wide, with a 1.5-ft (0.46 m) 
shoulder. 'Ihe shoulders adjacent to the slab consist of 4 in {102 mm) of 
asphalt concrete over 12 in (305 mm) of aggregate base. 

3. CLIMA'JE 

'Ihis section is located in the dry-freeze environmental zone. 'lhe 
C.Orps of Engineers Freezirg Index for this area is 1800, and the 'lllomthwaite 
M:>isture Irrlex is 20. It averages 30 in (762 mm) of rainfall annually. 

4. 'IRAFF'.IC 

'!he 1987 ADI' for the section was 3900 vehicles per day, including 17 
percent heavy trucks. Since opening to traffic in 1983, this section has 
sustained approximately 0.85 million 18-kip (80 kN) ESAL applications in each 
direction. 

5. IEAINABILrlY AND OIBER PHYSICAL TFS'l'..l.N3 RFSJillS 

'Ihe sutqrade material for this section was poorly drained. 'Ihe base 
course was constructed to be very permeable, and the subbase was rated as 
marginal in tenns of drainability. 'lbe fact that the base was permeable and 
that edge drains were present on the project results in an overall 
drain.ability ratinJ of good. 'Ihis cor:responjs to an AASHIO Drainage 
Coefficient of 1.05. 
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Testirg perfonned on the pavement shaved that the m::xiulus of elasticity 
of the slab was 6,570,000 psi ( 45, 300 MPa.) ani the m:x:lulus of subgrade 
reaction on top of the base was 199 pci (54 kPajmm) • Corner deflections 
averaged 7.2 mils an:l the adjusted load transfer efficiency of the transverse 
joints was 80 percent. Voids were not detected under any slab comers. 

6. M1uNl.»WD AND REBABILITAT.ICli 

Acco:rdi.ng to records provided by the Minnesota Deparbnent of 
Transportation, no maintenance or rehabilitation has been perfonned on this 
section to date. 

7. PAVEffi.Nr ~ 

'Ibis pavement section was perfonn.irq very well. Both directions were 
exhibiti.rq similar perfonnance. 'Ihe average PSR (both directions) was 4.4, 
the Mays Met.er Roughness averaged 51 in/mi, ani transverse joint faulting 
averaged only 0.01 (0.3 mm). '!here was no purrpi.ng, joint spalli.ng, 
transverse cracld.n;J, or longitudinal cracking observed within the pavement 
section. 

8. cr.NCimIOOS 

'Ihis 4-year-old pavement is exhibiting outstaniirg perfonnance after 
0.85 million ESAL applications. No major distresses were observed. 
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amP.rER 6 S'mI'E IU1.IE 360 (SUPfR3'l'ITION FREEWAY) - PIDF.mX, ARI?.CNA 

1. ImRDJCY.ICN 

Experimental pavement sections were built on the SUperstition Freeway 
in ~..nix, Arizona, over a number of years fran the :in.i.d-1970's through the 
early 1980's. 'Ihese sections differoo fran Arizona's traditional design in 
that they introduced a number of experineltal features, including different 
base types arrl pavement thicknesses. One section was constructed with edge 
drains arrl five of the sections incorporated the no;;r-staooard tied B':C 
shoulders. Design variables evaluated in th.is project include lean concrete 
base courses and slabs built on grade; 9-, 11-, arrl 13-in (229, 279, and 330 
mm) pavement slabs; and edge drains ar.d no edge drains. All sections were 
JR::P, had random joint spa.cing of 13-15-17-15 ft (4.0-4.6-5.2-4.6 m), no 
dow-el.s, and had skewed joints. 'Ihe subgrade for all sections was an A-6 
silty clay soil. ':there are three lanes in each direction of traffic. 'Ihe 
staooard design at the time these experimental sections first started being . 
built was 9-in (229 mm) of JPCP oonstructed on 6-in (152 mm) of cement
treated base an:l a 4-in {102 mm) aggregate subt>ase. '!his design is 
represented by AZ 1-1. 

In total, six sections, designated. as AZ 1-1, AZ 1-2, and AZ 1-4 
through AZ 1-7, were sm:veyed arrl tested in 1987. other experimental designs 
on the SUperstition 'F1:e:alay 'which were not included in this project include 
an experimental prestressed section ·arrl a retrofitted CRCP outer lane am 
shoulder. A complete 1~ of the original design am construction 
information for each section, as well as other pertinent project info:rmation, 
is provided in chapter 32. 

2. CLIM1ilE 

'Ihe pavement sections are located in the scuth-ce.ntral portion of 
Arizona, in the dry nonfreeze environmental zone. 'Ihe project site has a 
'lhorn:thwaite Moisture Irrl.ex of -47, a Corps of ~ineers Freezing Irrlex of o, 
am. receives an average of 8 in (203 mm) of rainfall annually. 'Ihe highest 
average llDl1thly maximum temperature is 105 °F ( 41 °c) an::l the lowest 
average mnthly minimum temperature is 36 °F (2 °c) . 

J. ~c 

'!his roadway's functional classification is Urban Principal Arterial. 
As previously .in:licated, the sections included in this project were 
constructed over a period of 10 years, fran 1972 to 1981. All were 
constructed originally as four-lane divided highway (two lanes in each 
direction) , but a third lane was retrofitted to several of the sections. 

'Ihe traffic for each section varies considerably over the let)'Jth of the 
project. 'Ihis is due to the numerous interc::han:1es occurring on the roadway 
an:l is also a function of the proximity of the section to central Iboe.nix. 
'!he sections all car.cy about 3 percent heavy trucks. 

'Ihe traffic on each section as well as the rnnnber of 18-Jdp (80 kN) 
Equivalent Single-Axle load (ESAL) applications sustained by each section 
since being- opened to traffic (through 1987) are shown in table 15. 
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Table 15. Traffic summary of AZ 1 sections. 

Section 
AZ 1-1 
AZ 1-2 
AZ 1-4 
AZ 1-5 
AZ 1-6 
AZ 1-7 

Year 
Built 
1972 
1975 
1979 
1979 
1981 
1981 

2-Way 
ADI', 1987 
110,380 
118,580 
93,690 

106,440 
97,770 
75,370 

lanes Fach 
Direction 

3 
3 
3 
3 
2 
2 

4. ~ AND RmABI.UTATIW 

Year 'Ihlrd 
lane Added 

1985 
1984 
1985 
1985 

ESAL's, millions 
outer Lane lane 2 

4.0 2.0 
3.4 1.8 
2.4 1.2 
2.8 1.5 
2.0 0.8 
1.5 0.5 

'!he information provided by Arizona oor shows that several maintenance 
activities have taken place on AZ 1-1 and 1-2. 'Ihese include transverse 
joint resealing, crack sealing, lane-shoulder joint resealing, and partial 
depth spall repair. No major maintenance or rehabilitation has been 
perfonned on the four other sections. 

5. mYSICAL ~ RmJIIl.'S 

Cores from slab centers were retrieved from the pavement sections in 
1987. 'Ihe center cores were tested in split tensile to provide an indication 
of the concrete strength. A joint core from AZ 1-2 was also retrieved at 
that tine. It was visually inspected for signs of deterioration beneath the 
joint or for any signs of material durability distress. 

'!here were no visible signs of deterioration at the bottom of the joint 
which might indicate a concrete durability problem. '!here was no sign of 
micracrackinq observed in the core's aggregate. 

'Ihe split tensile strength values were used to obtain an estimate of 
the modulus of rupture. 'Ihese values are reported in chapter 32. A mean 
IOOdulus of rupture of 753 psi (5.2 MPa) was obtained, which indicates that 
sound concrete was present. 

Deflection testing was perfo:nned on the sections in 1987 for pw:poses 
of layer moduli characterization, detennination of load ·transfer 
efficiencies, and void detection. 'Ihe elastic nm.ulus of the concrete (E), 
the cc:arposite k-value (on top of the base), arrl the load transfer values are 
summarized for each section in the summary tables of chapter 32. 

'Ihe slab E values averaged 3,360,000 psi (23,170 MPa) for all of the 
sections. 'Ihe carrposite k-values for the sections are given in table 16. 

Table 16. SUmmary of k-value by base type. 

Base Type 
None (slab on grade) 
Ceo:ent-Treated 
lean Concrete 

k-value, pci 
425 
546 
603 

'Ihe average center slab deflections for the different base course sections 
varied considerably. 'Ihe lowest deflections were found on the sections with 
the lean concrete J~se. '!he next lc:Mest deflections were fourrl on the thick 
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slab sections constructed directly on the sul:grade. Ano~ the thick slab 
sections, the center slab deflections of the 13-in (330 mm) slabs were nn.lch 
lower than those of the 11-in (279 mm) slab. '!he section with the highest 
deflections was the one with the cement-treated base. 

'!he transverse joint load transfer efficiencies were excellent for all 
of the sections. 'Ihe sections constructed on grade had the highest values, 
follOitled by the sections on I.CB am. then the section on cm. Hc:Mever, these 
only varied frcm 94 to 100 percent, which suggests that there was no 
significant differenc.e anorg the various sections in tenns of load transfer 
efficiency. 'Ihe load transfer efficiency across the tied PCC shoulders 
ran;ed from an average of 79 percent for the thick slabs without a base, to 
97 percent for the 9-in (229 nnn) slabs on I.CB. 

Usin;J deflection-based void detection procedures, voids were detected 
um.er 30 percent of the joint comers in the section with a cm, unje:r 12 
percent of the joint corners on the sections with no base, arrl. under 12 
percent of the joint corners in the sections with a I.CB. 'Ihe thicker slabs 
a1 grade appear to have inhibited the developnent of voids as well as the 
sections on I.CB, arrl. :both were 111.lCh better than the section on cm. 

6. mAINABILI'lY OF PAVEMEBI' ~CH., 

A drainage analysis was perfo:rmad on each section. 'Ihis was perfomed 
to evaluate the section's ability to renxwe water from the paveirent 
structure. It was detennined that the subgrade soil was somewhat 
well-drained arrl. that with the low annual rainfall there exists little 
potential for the pavement to be saturated. Table 17 summarizes the results 
of the drainage analysis. 

Table 17. Drainage S1..1ll'lmal:Y for AZ 1 sections. 

Section 
AZ 1-1 
AZ 1-2 
AZ 1-4 
AZ 1-5 
AZ 1-6 
AZ 1-7 

Base 
Permeability.ft/hr 

0.0 

o.o 
o.o 

MSHIO Drainage 
Coefficient 

1.00 
1.10 
1.10 
1.10 
1.10 
1.15 

OVerall 
Drainability 

Fair 
Fair-Good 
Fair-Good 
Fair-Good 
Fair-Good 
Fair-Good 

Although the base courses were :i.rrp:uneable, the drainage provided by 
the subgrade in combination with the fact that the pavements will not 
nonnally be subjected to saturated con:litions provides the sections with gocx:l 
overall drain.ability. 

7. mmRICEAT!Cli OF PAVEMEBI' ~as 

'lhe results of the extensive distress survey corrlucted on each pavement 
section are given in chapter 32. In order to better present the results, as 
well as to denalstrate the limited extent of the factorial design of the 
experiment, the primary distress results are tabulated in figure 4 ( out.er 
lane) am. figure 5 (middle lane). 'Ihe relative perfonnance of each pavement 
section with respect to the primary distress types is discussed below for 
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9 In 
JPCP 

11 In 
JPCP 

13 In 
JPCP 

~ 

ARIZONA 1 RTE. 360 PHOENIX 

OUTER LANE PERFORMANCE DATA 

13-15-17-15 ft SKEVED JOINTS 
NO 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. CKS., ft/Ml 149 

% JT, SPALL 22 

AZ 1-6 AZ 1-7 
PSR 3.5 3.8 

ROUGHNESS, In/Ml 97 91 

LCB FAUL TING, In 0.01 0,02 

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

% JT, SPALL 1 0 

AZ 1-5 
PSR 3.8 

NO ROUGHNESS, In/Ml 97 

BASE FAUL TING, In 0.01 

T, CKS.IMI 0 

LONG, CKS., ft/I'll () 

% JT, SPALL 0 

AZ 1-2 AZ 1-4 

PSR 3.8 3,6 

ROUGHNESS, In/Ml 65 102 
NO 

FAUL TING, In 0.01 0.01 BASE 
T, CKS./MI 0 0 

LONG. CKS~ ft/I'll 0 0 

¾ JT, SPALL 1 0 

PSR 3.4 3,7 3,8 

ROUGHNESS, In/Ml 114 90 91 

FAUL TING, In 0.08 0.01 0.02 

T. CKS./MI 0 0 0 
LONG. CKS., f't/MI 149 0 0 

¾ JT, SPALL 22 1 0 

Figure 4. Outer lane performance data for Arizona 1. 
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AVG. 
3,4 

114 

0.08 

0 

149 

22 

3,6 

94 

0,02 

0 
0 

1 

3,8 

97 

0,01 

0 

0 
0 

3,7 

88 
0.01 

0 
0 
1 



9 In 
JPCP 

11 In 
JPCP 

13 In 
JPCP 

AVG. 

ARIZONA 1 RTE. 360 PHOENIX 
INNER LANE PERFORMANCE DATA 

13-15-17-15 ft SKE\./ED JOINTS 
NO EDGE DRAINS EDGE DRAINS 

AC PCC AC PCC 
SHOULDER SHOULDER SHOULDER SHOULDER 

AZ 1-1 
PSR 3,4 

ROUGHNESS, In/Ml 102 

CTB F" AUL TING, In N/A 
T, CKS,/MI 0 

LONG. CKS., ft/Ml 84 
¼ JT, SPALL 26 

AZ 1-6 AZ 1-7 
PSR 3,8 3.8 

ROUGHNESS, In/Ml 83 74 

LCB F" AUL TING, In NIA N/A 

T. CKS./1'11 0 0 
LONG. CKS., ft/Ml 0 0 

¼ JT, SPALL. 6 0 

AZ 1-5 
PSR 3,8 

ND ROUGHNESS, In/Ml 83 

BASE F" AUL TING, In NIA 
T, CKS./MI 0 
LONG. CKS,. ft/Ml 0 
¾ JT, SPALL. 0 

AZ 1-2 AZ 1-4 

PSR 3.8 3.4 
ROUGHNESS, In/I'll 76 100 

NO F" AUL TING, In N/A NIA BASE 
T. CKS,/1'11 0 0 
LONG, CKS,. ft/Ml 0 0 

¾ JT, SPALL. 8 0 

PSR 3,4 3.7 3.8 

ROUGHNESS, In/Ml 102 85 74 

f AUL TING, In NIA NIA N/A 

T, CKS,/1'11 0 0 0 

LONG. CKS,. ft/Ml 84 0 0 

Y. JT. SPALL 26 4 0 

Figure 5. Inner lane performance data for Arizona 1. 
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AVG. 
3.4 

102 

N/A 

0 

84 

26 

3.8 

79 

NIA 
0 

0 

3 

3,8 

83 

NIA 
0 

0 

0 

3.6 
88 

NIA 
0 

0 
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the outer lane only. It can not be overenq;:hasized that for this set of 
sections the validity of any carparisons is highly suspect. Not only were 
the sections built and exposed to traffic at different times, they are also 
located between different interchanges. 'Ibey therefore share neither an 
accumulated ESAL or an ADI'. In other projects with an incarrplete factorial 
design, conparisons still have some validity because all of the sections 
share the same age and approximately the same daily traffic (and accumulated 
ESAL's). When these factors are not held constant, the evaluation of the 
effects of the design variables on perfoma.nce becomes tenuous, at best. 

For the following discussion, the sections are compared as if they had 
the same age and were exposed to the same loa.din3s. 'Ihis is not a good 
assumption for deterioration, which accelerates with age arrl traffic, and 
that fact should be kept in mini. 

Joint Spalling 

Substantial annmts of medium- and high-severity joint spalling 
occurred only on the section constructed on cm (22 percent of the joints) • 
'Ibis is the oldest section (15 years) and has received the llDSt traffic. 'lhe 
inner lane also had at.out the same anount of spalling, so that it appears not 
to be related to traffic. None of the other sections exhibited any 
significant spalling. It is known that all of the joints were sealed 
sometime after construction. HcMever, at the time of survey, incarrpressibles 
were present in the joints. 

Joint Faulting 

'Ihe average transverse joint faultin3' was much higher for the section 
on cm. 'lhe range of joint faulting measured on the other five sections is 
frc:an 0.01 in (0.3 mm) to 0.02 in (0.5 mm). 'Ihe section with 0.02-in (0.5 mm) 
faulting was the one with edge drains. However, the magnitude of the 
measured faulting and its uniformity provides no basis from which any 
conclusions can be drawn. 

Transverse Cracking 

Transverse cracking was not obse:tved on any of the sections on 
SUperstition Freeway. 'lhis is also the case when the secorxl lane is 
considered. 

I.Drgitudinal Cracking 

I.orqitudinal cracking was obseI.ved on only one section, AZ 1-1. 'Ihis 
section exhibited 149 ft of longitudinal cracki.rg per mile (28.2 mjkm) in the 
outer lane and 84 ft of lorgitudinal cracking per mile (15.9 m/km} in the 
secorrl (middle) lane. 'lhe transverse an:1. lorgitudinal joints on this section 
only were forn:ai with inserts, which frequently broke dur:inJ paving. No 
other sectiora displayed any longitudirlal crackirg. It is suspected that the 
cause of the longitudinal cracking is insufficient depth of the longitudinal 
lane-lane joint; all joints were const:ructe.d to a depth of 25 percent of the 
slab thickness. 
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Present Se:rviceability Rating (PSR) ani Roughness 

'!here was very little difference between the PSR ani roughness values 
on the different sections. 'lhe best perfonnance was measured on one of the 
13-in (330 mm) slab-on-grade sections, arrl the section with the worst 
pe.rfonnance in tenns of PSR ani roughness was the 9-in (229 mm) slab on cm. 
'Ihe effect of the other variables, shoulder type arrl drainage, can not be 
separated. 

8. EF.FEx:r OF DESI~ FEldURES Cfi PAVEMEN.r ~ 

'Ihe various design features ev'aluated in this group of pavement 
sections included shoulder type, base type, slab thickness, am presence of 
subdrainage. Because of the confounilng effect of different ages, 
aa:unu.lated. traffic, arrl heavy traffic loadirgs, ani the absence of a filled 
experimental design matrix, analysis of the the effect of the various design 
features on the :perfonnance of the different sections is not straight
forward. Some comments about the relative effect of these design features 
are summarized below. 

Base Type 

'!here were no sections built in which the slab thickness, drainage 
dlaracteristics, ani shoulder type were held constant while the base type was 
varied. Of the three base types, the best c:::atp:>Site k-value (on top of the 
base) was fourrl on the sections with lean concrete base. 'Ihe next best was 
the cr:s section, follc:Med by the sections constructed without a base. 
Havever, these were all in the rarge of 400 to 600 pci (108 to 163 kPajmm), 
an:l would be consideroo unifonnly excellent in any location. While no means 
of differentiating amorq the performance of the three separate base types is 
readily apparent, it can be said that the thickened sections constnicted 
without a base are performing at least as well as the other sections 
constnlcted on a base. 'lhe cm section does have mre fault.irq than any of 
the other sections. '!his section has an AC shoulder, while the others have a 
tied PCC shoulder. ~ may have sane effect on the perfonnance of that 
section. 

load Transfer Devices 

'Ihe use of load transfer devices was not a variable in this project arrl 
thus no c::arrparison can be made between sections with ani without load 
transfer devices. '!he fact does starrl out, however, that in pavements 
raD3"irg in age from 5 to 15 years ani subject to a medium level of traffic 
loaclin;s, load transfer efficiency was unifonnly excellent, vm:yirq from 94 
to 100 percent. 'Ihese would be gocxi values even for pavements with load 
transfer devices. In informal discussion with those familiar with the 
l:hoen.i.x-area pavenent.s, it has been suggestErl that in allowin;J the intrusion 
of incamp:ressibles into the joint, a situation is created where the slabs are 
always in carpre.ssion against each other an1 the load transfer stays high. 
'Ihe validity of this or other ~la.nations would require further evaluation 
an1 field test:in; before it is accepted. 
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Slab 'Ihi.ckness 

Slab thickness varied fran 9 in (229 ll11l) to 13 in (330 mm); however, 
the effect of slab thickness is confourxied with base type. 'Ihe 11-in (279 
nm) and 13-in (330 mm) slabs constructed over sul:grade have performed as well 
as the 9-in (229 mm) slab constructed on ICB. '!here are no significant 
differences between the :p,erfonnance of the 11-in (279 mm) section and the 
13-in (330 mm) sections. However, there were no comer voids um.er the 13-in 
(330 nm) section an:i there were voids u:oo.er 36 percent of the 11-in (279 mm) 
sections. 

Shoulder Type 

Two shoulder types were included in this project, AC shoulders and tied 
fCC shoo.lders. It is believed that tied PCC shoulders reduce slab edge 
deflections and load-related deterioration. Havever, this feature is not 
isolated so that its possible benefits can be evaluated. 'Ille PCC shoulders 
were performirq quite well, and the shoulder-mainline pavement load transfer 
was gcod. 

SUl::dra:inage 

One of the pavement sections, AZ 1-7, was constructed with edge 
drains. It is a 9-in (229 nm) slab on 4-in {102 mm) of I.CB and its 
performance can be readily compared to AZ 1-6, as they share · the same 
cross-section and were both built in 1982. '!here was no cracking or spalling 
observed on either section and faultinJ is insignificant on both. Both the 
PSR and roughness were better for the section with edge drains, al though not 
by a significant amount. 

9. CCMPARISCN OF amm IANE AND MIIDIE IANE ~ 

'!he superstition Freeway is a four- and six-lane divided highway. Due 
to the heavy traffic volUIOOS, limited performance data was collected from the 
inner two lanes. In particular, the nature of the traffic rontrol and the 
volume of the traffic precluded the collection of faulting data on these 
lanes. However, very little distress was cbserved in the middle lane a:rrl 
even less in the innenrost lane. 'Thus it is difficult to say if any of the 
performance tren:ls observed in the outP-r lane hold true for the middle lane. 
Average distress data is summarized in table 18. 

Table 18. Cc:mparison of perfonnance by lane at AZ 1. 

Perfonnance Indicator 
PSR 
Roughness, injmile 
Trans. Cracks/mile 
long. Cracks, ft/mile 
Fumping 
Joint Spallirq, % 
Joint Faulting, in 

Middle Lane 
3.67 

36 

86 
0 

25 
None 

5 
N/A 

Outer lane 
3.65 

92 
0 

14 
None 

4 
0.02 



10. ~ AND o::.u:::r.JEIOOS 

It is difficult to draw any strong conclusions frcm this project, due 
to tile limitations of the experbnental factorial design an:i the differences 
in age am accumulated ESAL' s of all of the sections. Hc:,wever, several 
inferences c.an be made. 'Ihe only section that is showing significant 
deterioration is AZ 1-1, with a 9-in (229 :mm) slab on a cm. 'Ihis section 
has relatively significant faulting an:l joint spallirq. 'lhe joint spallin;l 
may be caused by infiltration of inconpressibles into the joints. 'Ihe other 
sections, which vary considerably in design, do not show any significant 
deterioration to date am appear to be equivalent designs. 'Ihis includes 11 
to 13 in (279 to 330 mm) of JP.:P placed on the sub;Jrade, and 9 in (229 :mm) of 
JPCP placed over a lean concrete base. 'Ihe available performance data to 
date suggests that these thickened pavements constructed on the sul:qrad.e are 
perfo:nn.ing as well as the thinner pavenents const:ructed on the ICB. '!here is 
no real evidence to support the beneficial effects of edge drains on paveroont 
perfonnance in this project, although these sections have not carried 
sufficient traffic, perhaps, for the differential effect of the variables to 
be clear. 

IDngitudinal cracking was observed on one section (AZ 1-1). 'Ihis 
section happened to be the oldest section in the experiment, but it is not 
believed that the cracking is due to loadirq. Rather, it is believed that 
the insufficient depth of the longitudinal lane-lane joint (only 25 percent 
of the slab thickness) and the use of inserts was the cause. 

It is a widely-held feelirq in the AOOI' organization that there are 
certa:in factors which help alm:>st any paveroont design to perfonn well there. 
'Ihese include a very low- annual rainfall, the absence of freeze-thaw 
problems, arrl a source of exceptionally durable aggregate used in their 
concrete. While these factors may not be sufficient to allow any design to 
perfonn in:iefinitely, they may help to explain why significant distresses are 
taking so lorg to develop. 
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rnAP1m. 7 ~ 10 - IBJElilX, ARIZCNA 

1. IN'IBJIDCI1ICE 

'Ibis pavement is a six-lane Urban Interstate highway located on I-10 
just outside of Ihoenix. 'Ihis section was consb:ucte:l an::i opened to traffic 
in 1983. It is designate:i as AZ 2. 

2. DESIGN 

'Ibis section was constructed as a 10-:in (254 mm) JPCP. 'Ihe transverse 
joints are skewed and spaced at 13-15-17-15 ft (4.0-4.6-5.2-4.6 n~ 
intervals. 'Ihe transverse joints contain 1.25-in (32 mm) dianeter 
epoxy-coated dowels bars an:i are sealed with a hot-poured polymerized asphalt 
sealant that has a shape factor of 0.67. 

'Ihe base course for the section consists of 5 in (127 mm) of lean 
concrete. 'lhe subgrade is an AASHIO Classification A-6 material. 'Ihe 
section has tied concrete shoulders that are 10 in (254 nm) thick arrl rest on 
the 5-in (127 mn) lean concrete base. No subdrainage was provide:i on the 
section. 

3. CLIM1tm 

'Ibis section is located in a dry-nonfreeze climatic zone. 'Ihe area has 
a 'Ihomthwaite Moisture Irrlex of -49, a Freez.inc;J Irrl.ex of o, an::l receives an 
average annual precipitation of 7 .in (178 mm). 'Ihe highest average nonthly 
maximum tenperature is 105 °F ( 41 °c) while the lowest average ironthly 
minimum telrp:rature is 39 °F (4 OC). 

4. 'mAFF.IC 

In 1987, this pavement section had a two-way ADI' of approximately 
50,000 vehicles, includi.rg 9 percent trucks. 'Ihe pavement section was 4 
years old at the time of survey an:i had sustained approximately 1. 6 million 
18-kip (80 kN) ESAI/s in the outer lane, 0.8 million ESAL's in the center 
lane, ar.rl 0. 2 million ESAI/ s in the inner lane. 

5. mAINABIL1'fi AND OlHER mYSI~ 'llSTDG RESOIJrS 

'Ihe pavene1t consists of an iinpermeable lean concrete base am contains 
no positive subsurface drainage. However, the sukx3rade is sarewhat 
well-dra.in.m;f, which should assist in the removal of excess misture. 
kklitionally, in a given year the pavemant section is not~ to 
saturated con::litions very often. 'Ihus, an AASHIO drainage coefficient of 
1.05 is assigrm to this sect.ion, which corresporrls to an ove?:all 
drainability of fair-gocx:i. 

Deflation testing, coring, arrl material sampl.irq were performed on the 
pavement section. From deflection testin:.;f, the backcalculated E of the slab · 
was determined. to be 5,560, ooo psi (38,340 MPa) • 'Ihe modulus of rupture 
estimated from the split tensile testing of cores was 725 psi (5.0 MPa). 'Ihe 
composite dynamic k-value on the top of the lean concrete base was 174 pci 
(47 kPajnun), which appears low. 
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'Ihe average transverse joint load transfer for the section was 72 
percent. Recall that these joints were doweled. 'Ihe ire.an slab conier 
deflection (urn.er a 9-kip [ 40 kN] load) was measured to be 11. 1 mils. Slab 
conier deflection tests showed that 31 percent of the comers were exhibiting 
voids. 

6. MAIN.rmANCE AND RmABII..ITATICfi 

Acx:ording to records provided by the Arizona Department of 
Transportation, this project has not received any maintenance or 
rehabilitation. 

7. PA'VEMENI' ~ 

'Ihis pavement section is in excellent condition after 4 years.of 
service. Joint faulti.rq is very small am. there are no other distresses 
present within the section. 'Ihe relevant perfonnance infonnation is 
summarized in table 19. 

Table 19. eon-parison of perfonnance by lane at AZ 2. 

Indicator Inner lane 
ESAL's, millions 
Joint Spalling, % 
Joint Faulting, in 
Purrping 
Transverse Cracks/mile 
longitudinal Cracks, ft/mile 
Rcughness, in/mile 
PSR 

0.2 
N/A 
N/A 
N/A 

0 
0 

N/A 
N/A 

Center Lane 
0.8 

0 
N/A 

None 
0 
0 

N/A 
N/A 

outer lane 
1.6 

0 
0.01 
None 

0 
0 

71 
3.6 

Several of the distress items could not be collected in the inner two lanes 
due to high traffic volumes. 

'Ihe tied concrete shoulder was in excellent cordition. 'Ihe 
lane-shoulder joint was well-sealed an:i had a load transfer efficiency of 100 
percent. 'Ihe shoulders were tied with 0.50-in (13 mm) dianeter, 24-in (610 
mm) long tiebars, spaced at 30-in (762 mm) intervals. 

8. CXtiC[IJSIC'NS 

'Ihis 4-year-old pavenent section is perfonning very well. It has 
sustained heavy traffic levels arrl does not exhibit any distress. 'Ille only 
item that may be of concem is the relatively la.v serviceability value 
(3.6). However, th.is is believed to be the result of construction problems. 
For instance, it is knawn that the contractors had little experience with tl1e 
installation of dowel bars am. that subsequently there were problems in 
achieving adequate consolidation of the con::::rete in the area of the dowel 
bars. Furt:hel:more, the Arizona OOI''s construction specifications at the time 
allowed for the contractor to pave 48 ft (14.6 m) wide. 'Ihis created 
problems in keeping an adeq.m.te supply of concrete in front of the paver, 
resulting in small surface irregularities. 'Ihe pavenent was later grourrl to 
iooet :roughness specifications, but the overall rideability was still 
adversely affected by these construction-related incidents. 
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'Ihe extent of the loss of supJ;Ort at the c::onlerS is a cause for concerrl 
in the future. Given the comer deflection (11 mils) , it is likely that 
erosion is oo:::mrin:J beneath the slab, which rray adversely affect the long
tenn perfo:nnance of this section. 
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~ 8 ~ 5 - ~, CALIRHITA 

1. INIKXlJCl'ICN 

Interstate 5 near Tracy, california, was the site of an experimental 
project constructed in 1971. '!he experiment was corrlucted to evaluate the 
perfonnance of jointed plain concrete paveroo.nts (JFCP) placed on different 
base types and constructed with different joint spacing, concrete strength, 
and slab thickness. Experimental design variables that can be evaluated to 
some extent include different base types ( cement treated aggregate, lean 
concrete), joint spacing (5-8-11-7 ft [1.5-2.4-3.4-2.1 m] and 12-13-19-18 ft 
[ 3. 7-4. 0-5. 8-5. 5 m] ) , normal and high stren:Jth concrete, and slab thickness 
(8.4 in [213 mm] and 11.4 in [290 mm]). 

'!he setup of the experilllent included a complete replicate of each 
section in the northoound and southbound traffic lanes. Only the northbound 
sections were included in this study. A recent report by cal trans has 
in:iicated a distinct difference in the perfonnance of some sections in the 
southl:x:,urrl lanes versus the replicate sections in the northboun:1 lanes. (3) 
'Ihe reasons for this difference are that the southern end of the project has 
much poorer drainage, and has exhibited much irore pumping and slab cracking. 
'lhis has greatly affected several of the sections in that area, including the 
short jointed section and the high strength concrete section. 

Five sections in the northboun:1 lanes, designated as CA 1-1 through CA 
1-9, were surveyed and tested in 1987. One section, CA 1-3 was essentially a 
control section to represent California's existing design of 8.4-in (213 mm) 
m constructed on a cement-treated aggregate base, with skewed joints at 
12-13-19-18 ft (3.7-4.0-5.8-5.5 m) intervals (current california design uses 
12-13-15-14 ft (3.7-4.0-4.6-4.3 m] joint spacing). All of the sections 
incluced 24 in (610 mm) of aggregate flubbose. 'Ihe sul:grade was an A-1-a 
soil. No sealant was placed in the transverse joints and a plastic insert 
was used to fonn the lo:n3itudinal joint. A complete listing of the original 
design and construction infonnation for each section is provided in chapter 
32. 

2. CLIMAIB 

'Ihe pavement sections are located in the central valley of califomia, 
south of Sacramento, in a d:ty-nonfreeze erwirormental zone. 'lhe project site 
has a 'Ihomthwaite Moisture Index of -42, a Co:r:ps of Erqi.neers Freezing Index 
of o, and receives 9. 7 in (246 mm) of precipitation annually. 'Ihe highest 
average mnthly maximum temperature is 94 °F' (34 °c) arrl the lc:MeSt 
ave.rage Ironthly minimum temperature is 37 °F' (3 °c) . 

3. m.AFFIC 

'Ihe roadway is a four-lane divided highway, with a functional 
classification of Interstate Rural. Since bein:J opened to traffic in 1971, 
the pavement has sustained approximately 7. 6 million 18-kip (80 kN) 
F.quivalent Single-Axle load (ESAL) awlications in the outer lane lane and 
over 1.1 million ESAL applications in the inner lane. 'Ihese figures 
represent calculations through 1987. 'Ihe two-way Average Daily Traffic (AIJr) 
in 1987 was approxi:mately 12, ooo vehicles per day, including 19 percent heavy 
trucks. 
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4. MAIN.rENANCE AND ~Clf 

According to records provided by the California Department of 
Transportation, some repairs were placed in the sout:hoound lanes (not the 
direction included in the study) in 1987. Also, in 1988, 40 percent of the 
11-ft (3.4 m) slabs in the sections with joint spacing of 5-8-11-7-ft 
(1.5-2.4-3.4-2.1 m) had interior comer breaks an:i received full-depth 
repair. However, this work was done after the con:lition survey was 
conducted. 

5. IHYSICAL TESI'llG RESOlJIS 

Cores from slab centers an:i from typical transverse joints were 
retrieved. from the pavement sections in 1987. 'llle center cores were tested 
in split tensile to provide an indication of the concrete strength. 'Ihe 
split tensile strength values were used to obtain an estilnate of the nmulus 
of rupture as provided in sumrna:cy tables of chapter 31. A mean modulus of 
rupture of 807 psi (5.6 MPa) was obtained from three cores taken from the 
sections with "nonnal" strength concrete, while a m:dulus of rupture of 
802 psi (5.5 MPa) was obtained from the one core from the section of "high" 
strength concrete. 'Ihis appears to be an anomaly as the original 
construction data showed that at 7 and 28 days the high strength section did 
have a higher strength concrete. However, slab modulus values backcalculated 
using deflection data from each of the different sections irrlicated that the 
high strength section had a larger E-value as illustrated in table 20. 

Table 20. Backcalculated E-value by concrete type. 

Section 
CA 1-1, 1-3, 1-5, 1-7 
CA 1-9 

Concrete Strength 
Nonnal 
High 

E-value, psi 
5,903,000 
6,950,000 

It should be noted that a nonnal concrete mix design was used for the 
high strength concrete section, with the cnan;re to a higher cement content (a 
7. 5-sack mix instead of a 5. 5-sack mix) • 'Ihe high strength section did not 
exhibit a higher annmt of shrinkage cracking immediately after construction. 

'Ihe joint cores were visually inspected for signs of deterioration 
beneath the joint or for air:f signs of material durability distress 
(microcracking in the aggregate) . 'Ihe joint cores taken fran the pavement 
sections i.rrlicated. that no concrete deterioration was present directly 
beneath the joint. 'Ihere did exist, hcwever, a considerable am::,unt of 
microcracking in the aggregate for every joint core. 'Ihis may be the 
beginning of a reactive aggregate problem, as there were signs on the slab 
surface of fine cracks similar to map cracking. 

Deflection testing was perfontai on the sections in 1987 for purposes 
of layer noouli characterization, determination of load transfer efficien
cies, an:i void detection. 'Ihe elastic modulus of the concrete (E) , the 
carrposite k-value (on top of the base), an:i the load transfer values are 
summarized for each section in chapter 32. 
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'Ihe carrposite k-values for the sections varied by base type as shown in 
table 21. 

Table 21. Composite k-value by base type. 

Base 'Iype 
Celoont-treated 
Lean concrete 

k-value, pci 
303 
433 

'Ihe lean concrete base showed a greater slab support than the 
c.emant-treated aggregate base. '!here was a 24-in (610 mm) aggregate subbase 
beneath each base type arrl, as noted earlier, the su:bgrade was classified 
primarily as an A-1-a soil frcm boring tests. 

'Ihe lead transfer efficiencies for all sections rarged from 85 to 89 
i=ercent, which is very high for non::loweled joints. '!he stiff, stabilized 
bases may be aic:ti.n:J in the develcpoont of joint load transfer. 

Voids were identified beneath slab comers using deflection-based void 
detection procedures. 'Ihese results are shown in table 22. All sections 

Table 22. Corners with voids am p..mping severity by base type. 

Base '1ype 
Cement-Treated. 
Iean Concrete 

% Corners 
Exhibiting Voids 

56 
15 

Punping 
severity 

tow-Medium 
High 

showed some signs of punping, f:ran blowholes to extensive fines on the 
shoolder. '!here is a significant difference between the cement-treated base 
and lean concrete base in tenns of the development of loss of support. '!he 
visual extent of purrping, as evidenced by fines on the surface, was llUlCh 
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 irrlicative of the actual loss of support beneath the slab. 

6. J.m.INABI.LITY OF PA'V.EHFN.1' SEC.l'IOE 

A drainage analysis was perfonood on each section to evaluate the 
section's ability to rerocwe water frcm the pavement structure. It was 
determined that the subgrade for the section is a well-drained material. 
Since every section has a base that is considered :i.nper.meable, this factor 
assists tremen:lously in the overall drainability of each section. In 
ad:lition, the aggregate subbase located beneath the base also influences the 
drai.nability of each section. 'Ihe results of the drainage analysis are shown 
in table 23. 

Section 
CA 1-1 
CA 1-3 
CA 1-5 
CA 1-7 
CA 1·-9 

Table 23. Drainage summary for CA 1 sections. 

SUl:m.se 
.Penneabili:cy. ft/hr 

26.34 
0.75 
2.32 
1.65 
2.72 

MSHro 
Drainage Coefficient 

1.10 
1.00 
1.10 
1.15 
1.10 
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Drainability 
Fair-Good 
Fair-Good 
Fair-Good 
Fair-<;ood 
Fair-Good 



Reasons for the good drainage of the sections include the drainability 
of the sul:base, the draina.bility of tbe sul:grade, ar:rl the fact that the 
pavement is not likely to be saturated in a typical year. 'Ihe annual average 
:rainfall is a low 9. 7 in (246 mm) per year. HcMever, it should be noted that 
the cross-section of the pavement sections is not a crarm.; rather, l:>oth 
traffic lanes in ea.ch direction are slcped tcMard the outer shoulder. 'Ibis 
results in all water beirq directed toward either the longitudinal lane-lane 
joint or the lorqitudinal. lane-shoulder joint. 

7. IErEm:OOATICfi OF PAVEMENI' SECl'ICH, 

In order to better present the results of ti.'le extensh-""' distress survey 
com.u.cted on each p,3.veme:nt section, as well as to provide the factorial 
design of the experiment, the primary performance indicators are tabulated in 
figure 6 (outer lane) arrl figure 7 (inner lane). 'Ihe relative performance of 
each pavement section with respect to the primary perfonnance inlicato.rs are 
discusseci below for b'le outer lane only. 

Joint Spalling 

'Ihere was very little joint spa.Hing on any of the sections. 'Ihe 
percent of joints spalled ~ed from 1 to 9. 'Ihe section with 9 percent 
spalling contained the high strength concrete. It is possible that the 
microc:racking observed in the large aggregate of the joint cores may lead to 
increased spalling in the future. 

Joint Fault:ir.g 

Joint faultirq varied greatly between test sections. '!his is sha,,,;n in 
table 24. 'Ihe cement-treated base sections with 12- to 19-ft (3. 7 to 5. 8 m) 

Table 24. Transverse joint faulting. 

Base Joint Slab SUbbase Joint 
Section ir:me SJ2gcing, ft 'Ihickness, in Penneabilij;y, ftLh!: Faultingt in 
CA 1-1 cm 5-11 8.4 26.34 0.06 
CA 1-3 cm 12-19 8.4 0.75 0.10 
CA 1-5 cm 12-19 11.4 2.32 0.11 
CA 1-7 I.CB 12-19 8.4 1.65 0.06 
CA 1-9 CI'B 12-19 8.4 2.72 0.13 

joint spacirq had the highest faultirq. A maxim.mi value of about 0.13 in (3 
mn) average faulting for JR::P is critical to good rideability of the 
pavement. Slab thickness did not appear to reduce joint faultirq at all. 
'Ihe shorter joint spacirq section had 50 percent less joint faulting, as did 
the lean concrete base section. 'Ihus, either shortening the joint spacing or 
p:rovid.in:J a less erodible base course seems to have a significant effect on 
reducing joint faultin;J. 

While none of the sections containerl any positive sub:l:rainage, there 
was an aggregate subbase exhibited fairly gocd permeability, as sha;,m in 
table 24. '!he good drainability of this Sl:ibbase layer may have contributed 
to reducing joint faulting. In addition, the ~de was classified as an 
A-1-a soil, which should provide significant bottan drainage. 
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NORMAL 
STRENGTH 

PCC 

HIGH 
STRENGTH 

PCC 

AVG. 

CALIFORNIA 1 I-5 TRACY 
OUTER LANE PERFORMANCE DATA 

JPCP SKE\JED JOINTS 
5-8-11-7 f't 12-13-19-18 f't 
JT, SPACING JT, SPACING 
8,4 In PCC 8,4 In PCC 11.4 tn PCC 
CA 1-1 CA 1-3 CA 1-5 

PSR 2.9 3,0 2.7 

ROUGHNESS, In/Ml 102 94 122 

CTB F" AUL TING. In 0,06 0.10 0.11 

T, CKS./MI 5 30 0 

LONG, CKS,. f't/MI 0 500 0 

7. JT. SPALL 2 3 3 

CA 1-7 
PSR 2.7 

ROUGHNESS, In/Ml 122 

LCB FAUL TING, In 0,06 

T. CKS./1"11 75 
LONG, CKS,. f't/MI 230 
% JT, SPALL, 9 

CA 1-9 
PSR · 2.5 
ROUGHNESS, In/I'll 116 

CTB r AUL TING, In 0.13 

T. CKS./1'11 190 
LONG, CKS,. f't/MI 449 
Y. JT. SPALL. 3 

PSR 2,9 2,7 2,7 

ROUGHNESS, In/Ml 102 111 122 
F" AUL TING, In 0,06 OJO 0.11 
T, CKS./1"11 5 95 0 
LONG, CKS.. ft/Ml 0 341 0 

% JT, SPALL. 2 5 3 

Figure 6. Outer lane performance data for California 1. 
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AVG. 
2.9 
106 

0,09 

12 

167 

3 

2.7 

122 
0.06 

75 
230 

9 

2,5 

116 

0,13 

190 

449 
3 



NORMAL 
STRENGTH 

PCC 

HIGH 
STRENGTH 

PCC 

AVG, 

CALIFORNIA 1 I-5 TRACY 
INNER LANE PERFORMANCE DATA 

JPCP SKE\vED JOINTS 
5-8-11-7 rt 12-13-19-18 f't 
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 3,8 4.0 3.3 

ROUGHNESS, In/Ml 88 86 103 

CTB FAUL TING, In NIA NIA N/A 

T,CKS.Jr,11 0 0 0 

LONG, CKSv ft/I'll 0 440 0 

¾ JT, SPALL, 1 0 0 

CA 1-7 
PSR 3,4 

ROUGHNESS, In/Ml 115 

LCB f AUL TING, In NIA 
T,CKS./MI 0 
LONG, CKS., Ft/Ml 0 
¾ JT, SPALL, 3 

CA 1-9 
PSR 3,2 

ROUGHNESS, in/Ml 120 
CTB f AUL TING, In NIA 

T,CKS.IMI 0 
LONG, CKS., ft/Ml 70 
¾ JT, SPALi_, 1 

PSR 3,8 3,5 3.3 
ROUGHNESS, In/Ml 88 107 103 

f" AUL TING, In NIA N/A NIA 
T,CKS./MI 0 0 0 
LONG, CKS,. Ft/Ml 0 170 0 
¾ JT, SPALL 1 1 0 

Figure 7. Inner lane performance data for California 1. 
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3.7 

92 

NIA 
0 

147 
0 

3,4 

115 

N/A 

0 
0 
3 

3,2 

120 

NIA 
0 
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Best Performance 

Pavement sections with the best perfonnance, in terms of joint 
faulting, had the follCMing design features: 

o JFCP slab on lean concrete base. 

o JFCP slab with extra short joint spacing (5 to 11 ft [1.5 to 
3.4 m]). 

Worst Perfo:rmance 

'Ille pavement section displayin:J the worst performance, in terms of 
joint faultirg, had the follCM:in:J characteristics: 

o JFCP slab on cement-treated aggregate base course without load 
transfer devices. 

Transverse Cracking 

Transverse crack.ing, :measured by countirg all severity levels of 12-ft 
(3. 7 m) cracks per mile, occurred on saroo of the experimental sections. A 
sununary of results are given in table 25. 

Table 25. Transverse cracking on CA 1 sections. 

Slab Joint Concrete Base Transverse 
Section 'Ihickness, in sm,c.im, ft S:g::eng:tl) 'fype CracksLmile 
CA 1-1 .8.4 5-11 Normal CI'B 5 
CA 1-3 8.4 12-19 Normal cm 30 
CA 1-5 11.4 12-19 Nonna.I cm 0 
CA 1-7 8.4 12-19 Nonnal ICB 75 
CA 1-9 8.4 12-19 High cm 190 

'Ihe section with ''high" sb::'en:Jth concrete had considerably more 
cra.ckirg than the other sections. 'Ihls might be due to higher shrinkage of 
the concrete slab at the t:i.ma of construction, although none was noted by 
Cal trans. 'Ihe sections on the le.an concrete base also had same significant 
cra.ckirg, which may be due to stiffer support provided by the lean concrete 
base. '!his stiffer support irrluces higher curling stresses in the slab, that 
result in transverse cracking-. Most of the cracked slabs were those of 18-
to 19-ft (5.8 to 5.5 m) joint s.pacing, whereas the 12- and 13-ft (3. 7 and 4.0 
m) slabs rc:rrel.y cracked transversely. '.Ihe best sections were the thicker 
slabs and the shorter joint spacing. 

Best Performance 

In terms of transverse cracks, the best perfonnance was exhibited. by 
pavement sections with~ follCMing characteristics:. 

o 11.4-in (290 nm) JKl' slab on cement-treated base course. 

o 8.4-:~ (213 nm) JPCP slab on cement-treated base with short 
joint spacing (5-11 ft (1.5-3.4 m]). 
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Worst Perfonnance 

'Ihe worst perfonnance, in tenns of deteriorated transverse cracks, was 
displayed by pavement sections with the following design features: 

o 8.4-in (213 mm) JPCP slab containing 11high11 strength concrete. 

o 8.4-in (213 mm) JPCP slab having a lean concrete base. 

longitudinal Cracking 

Longitudinal cracking occurred t.o a significant degree on three 
sections. 'Ihe aioount of longiti..:dinal cracking" occurring in both lanes by 
section is shown in table 26. 

Table 26. longitudinal cracking on CA 1 sections. 

Slab Joint Concrete Base Longitudinal 
Section 'Iru.Ckness1 in Spacing, ft Strer,gth TvPe Cracking~ ftLmi 
CA 1-1 8.4 5-11 Nonnal CI'B 0 
CA 1-3 8.4 12-19 No:rmal CI'B 940 
CA 1-5 11.4 12-19 Nonnal CI'B 0 
CA 1-7 8.4 12-19 Nonnal I.CB 230 
CA 1-9 8.4 12-19 High cm 519 

For the IOOSt part, the longitudinal cracking occurred near the 
centerline, .iniicating that inadequate joint fanning proce:iures are the 
likely cause of the majority of the cracking. It is known that the 
longitudinal joints were forme:l with plastic inserts placed to a depth of 2 
in (51 mm) for the 8.4-in (213 mm) slabs (24 percent of the slab thickness), 
ard to a depth of 3 in (76 mm) for the 11.4-in (290 mm) slabs (26 percent of 
the slab thickness). 

Present Serviceability Rating (PSR) ard Roughness 

Roughness was measured on each pavenent section using a Mays 
Ridemeter. In addition, Present Sel:viceability Ratings were perfonned in 
conjtinc:tion with the roughness measurenents. '!his infonnation is presented 
in table 27. 

Table 27. Roughness ard present serviceability on CA 1 sections. 

Base Joint Slab 
Section 'lype Soacing, ft 'Ihickness I in Rouahness, in/mi PSR 
CA 1-1 CIB 5-11 8.4 102 2.9 
CA 1-3 CI'B 12-19 8.4 94 3.0 
CA 1-5 CIB 12-19 11.4 122 2.7 
CA 1-7 I.CB 12-19 8.4 102 2.7 
CA 1-9 CI'B 12-19 8.4 116 2.5 

'Ihe smoothest riding (ard highest panel PSR) section after 16 years is 
the JPCP havin:J a cement-treated base with 12 to 19 ft (3. 7 to 5.8 m) joint 
spacing. 'lhis is hard to explain, because this section had a considerable 
am:::.iunt of faulting and some transverse cracking. '!he next two SIOOOthest 
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sections were those with either the lean concrete base or the short joint 
spacing, which also had the least joint faulting. 'Ihe roughest section had 
the high st.rerqth cxmcrete with the cement treated base and long joint 
spacing. '!his section had the highest faultinJ and transverse cracking. 
However, it should be i;x::iinted out that the PSR values are all approadl..in;J the 
critical lower limits for high-volmre, Interstate highways, irrlicating that 
none of the sections are perfonning particularly well. 

8. EFFEX!l' OF ImIGl FFAWRES CE PAVEMENI' ~ 

Several of the design features had an influence on the performance of 
the pavement sections. 'Ihe general effects of these design features are 
summarized in the following sections. 

Base Type 

'Ihe two different base types produced mixed results for different 
distress types. Holding everythinJ else constant, the average performance 
data for the sections having 8.4-in (213 mm) slabs, 12-19 ft (3. 7-5.8 m) 
joint spacing, and normal st.rerqth concrete are shown in table 28. 

Base 
Type 
cm 
ICB 

Table 28. Performance summarized by base type. 

Faulti.m, in 
0.10 
0.06 

Transverse 
Cracks/mi 

30 
75 

IDngitudinal 
Cracks. ft/mi 

500 
230 

None 
High 

Roughness, 
in/mi 

94 
102 

PSR 
3.0 
2.7 

'Ihese results indicate that the cement-treated base section has 
performed better in all cases except faultinJ and lon;1itudinal cracking. In 
terms of lon;1itudinal cracking, it is suspected to be a construction-related 
problem and not due to the base type. With respect to faulting, overall 
roughness and serviceability rati.ng shows the cement-treated base section to 
have performed better. 

Joint Spacing 

A direct CCIIIt)arison of joint spacing can be made between the 5 to 11 ft 
(1.5 to 3.4 m) JIG? and the 12 to 19 ft (3. 7 to 5.8 m) JFCP with 
cenE'lt-treated bases and no:nnal strerxJth concrete, as shown in table 29. 

Joint 
§pacing, ft 

5-11 
12-19 

Table 29. Perfor.mance summarized by joint spacing. 

Joint 
Faulting, in 

0.06 
0.10 

Transverse 
Cracks/mi 

5 
30 

Joint 
Spalling. % 

2 
3 

Roughness 
i,n/mile 

102 
94 

PSR 
2.9 
3.0 

Faulti.ng is less for the shorter joint spacing section. Measured joint 
~ after construction for the shorter jointed paveoonts was about 
one-half that of the nonnal joint spacing sections, which would help maintain 
gcx:xi load transfer and thus result in lower faulti.rq. However, recall that 
the 11-ft (3.4 m) slabs on the shorter-jointed section require:l 
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rehabilitation in the fonn of full-depth repairs because of interior comer 
breaks. .. 'lhe longer-joint spaq::d se=tion has greater transverse crackirg, 
probably due to :increased theDnal curling of the longer slabs. 

High strength Concrete 

'Ihe "high" strength section contained 7. 5 sacks of ceoont per cubic 
yard of concrete, canpared to 5. 5 sacks of ceioont for· the "nonnal" concrete 
mixtures. 'Ihis resulted in a higher early strength of the concrete in that 
section. . After 16 years, the extremely limited core data showed about the 
same .strength for each section. HcMever, the backcalculated m:::dulus of 
elasticity showed a ImJ.ch higher value for the "high" strength concrete 
section. Since the backcalculated E is based on much JIDre data from the 
sections, it is JIDre reliable than a sing],e core test. 

'lhe section with high strength concrete· had. JIDre deterioration for 
every distress (transverse cracking, longitudinal crackinJ arxi faulting) arrl 
increased roughness ani decreased PSR. 'Ihe reason for this p:x>r perfonnance 
is not clear, although it may be related to higher shrinkage of the concrete. 

Slab 'Ihickness 

One section had a slab thickness of 11.4 in (290 nm) as ccmpared to 8.4 
in (213 nm) for the rest. A direct comparison can be made for both sections 
on ceroont-treated bases, 12- to 19-ft (3. 7 to 5.8 m) joint spacing am no:nna.l 
strength concrete. Table 30 makes this canparison. 

Slab 
'Ihickness f in 

8.4 
11.4 

T-dble 30. Perfonnance summarized by slab. thickness. 

Joint 
Faul tirg, in 

0.10 
0.11 

Transverse 
Cracks/mi 

30 
0 

Longitudinal Roughness, 
Cracks. ft/mi in/mile 

500 94 
0 122 

PSR 
3.0 
2.7 

'Ihe thicker slab had far · less slab cracking, but increased roughness 
arrl a lower PSR. 'lhe reason for :increased roughness is not clear, as after 
constJ:uction · it was not rougher than the other sections. With increased 
traffic loadin:Js, the level of cracking present in the thinner section will 
11DSt likely accentuate the difference in :pf'.rfonnance between these sections. 

9. a.EPARISOl OF aJllm 1\ND INNER IANE ~ 

Altllough bein'J subject.ai to far fewer traffic loadings than the outer 
lane, the inner lane sections provide an interesting canparison. Table 31 
summarizes the average. performance for all of the sec.,tions. 

Table 31. Ccmparison of performance by lane at CA 1. 

Variable 
ESAL's (millions) 
Joint Spallil'q, % 
Trans. CJ:p.cksjmile 
Long. Cracks, ft/mile 
Roughness I in/mi 
PSR 

Inner lane 
1.1 

1 
0 

102 
102 
3.5 

50 

outer lane 
7.6 

4 
60 

205 
111 
2.8 



Transverse era~ is muc:h greater :in the outer lane than the inner 
lane, probably due to the greater truck load.i.n;s. I.on;Jitud.inal crackin;;J is 
also higher :in the outer lane, but it is believed that the cracking is due to 
insufficient depth of the lomitudinal jo:int. 'lhe :roughness is greater an:i 
the PSR much lawer in the outer traffic lane also. 'lhus, the increased 
traffic in the outer lane is ta.kin3' its toll on overall perfonnance. 

10. SCIH\RY AND CXIIClllSI<H> 

'lhe m:,st significant conclusions that can be drawn from the experiment 
are related to the ir:dividual design paraneters, rather than to aey given 
pavement section. 

'Ihe lean concrete base did not perform significantly better than the 
cement-treated base, except that faultirq was lC11,,Ter due to the use of a less 
erodible material. Neither of these pavement designs has perfo:nned 
particularly well, especially :in consideration of the 24-in (610 mm) granular 
su~se arrl the A-1-a sul::grade soil. 

'lhe thicker slab reduced slab transverse cracking greatly. As traffic 
increases in the future, this performance difference should become even 
greater. 

'lhe "high" strength concrete slab showed significantly poorer 
perfo:nnance than the "nonnal" strength concrete. 

'lhe shorter-jointed pavement perfo:nned sind Jarly to the lon;er-jc:::inted 
pavement, except for reduced transverse crackin;;J am faultl.Jl3'. However, 
overall :roughness was sinrl.l.ar. Most of the cracking occurred in the 18- arrl 
19-ft (5.5 arrl 5.8 m) slabs. 'lberefore, reducing joint spa.cl.Jl3' may be a very 
effective way to reduce transverse cra.ckirXJ. 

'lhe lomitudinal crackin;J occurring on the project was located very 
near the centerline joint an:i is attributed to improper consb:uction of that 
jo:int. 'lhe lomitudinal joint was only fo:nned to a depth of 24 to 26 percent 
of the slab thickness, which is less than the accepted :mininum depth of 33 
percent.of the slab thickness. 

'I.he muc:h higher traffic loadin;s on the outer lane resulted in greater 
cracking, greater roughness, am redliced PSR than on the inner lane. 
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CBAP.IJ.R 9 Dl.rmsmTE 210 - 100 m:;ETJiS, CAUlitR{IA 

1. INlR)fJJC1'1:Qf 

'lhis experi.nental project, lcx::ated on r-i10 near r.os At:geles, 
california, was constructed in 1980. '!he experiment was ccn:1ucted to 
evaluate the effect of drainable base layers in c:n,junction with edge drains 
on jointed plain concrete pavements (.TICP) • 'lhe experimental project 
included two replicates of the drainage section arrl one control section. 

'Ihe drainage sections (designated CA 2-1 arx:1 CA 2-2) consisted of an 
s. 4-in {213 mm) portla:p:i cement concrete (PCC) surface layer constructai over 
a 2.4-in (61 mm) asphalt concrete separation layer, a 5.4-in (137 Ipm.) 
permeable cement treated base (PCI'B) course layer, arrl a 3-in (76 mm) 
aggregate subbase. 'Ihese sections were oonstruct£d with lateral edge 
drains. '!he control section (CA 2-3) consisted of an 8.4-in (213 mm) PCC 
surface layer consqucted over a 5.4-in (137 nm) nonpermeable cement-treated 
base (CI'B) course layer am a 6-in (152 mm) aggregate subbase layer. 

Since CA 2-1 an:l CA 2-2 are replicate sections, only CA 2-2 was 
suiveyed alorq with the control section (CA 2-3). In addition to the 8.4-in 
(213 mm) slab, each section had in ccrnm:>n a randomized, skewed joint pattern 
of 12-13-19-18 ft (3. 7-4.0-5.8-5.5 m) ar.d were constructed over an AASHro 
classification A-4 subgrade material. A c::cmplete listirq of the original 
design and const:ruction info:nnation for each section, as well as other 
pertinent project infomation, is provided :in chapter 32. 

2.. ~ 

'Ihe pavetent sections are located in sa.rt:hem Califomia in the 
dry-nonfreeze environmental zone. '!he project site has a 'lbomthwai.te 
M::>isture Irrlex of -29, a Co:cps of Engineers Freezirg Index of o, and receives 
an average of 15.6 in (396 nm) of precipitation annually. 'Ihe highest 
average nxmthly maximum temperature is 89 Op (32 °c) an1 the lowest 
average 100nthly minimum temperature is 41 Op (5 °c). 

3.. 'mAFFIC 

'llle roadway is an eight-lane divided highway (four lanes in each 
direction) , and has a functional classification of Ul'.ban Interstate. Since 
be.irg ~ to traffic in 1980, the pavement has ~ awroximately 4. 4 
million 18-kip (80 kN) F.qu.ivalent Sirgle-Axle load (ESAL) applications in the 
cuter lane, 2 .1 million ESAL applications in the cuter center lane, ani 
raqJ.y o. 3 million ESAL applications in both the inner center lane am the 
inner lane. 'Ihese values represent cal~qtions through 1987. 'llle two-way 
Average Daily Traffic (AOr) in 1985 was awroxima.tely 42, ooo vehicles per 
day, includin:;J 9 percent heavy trucks. 

4. ~ N-ID RmABIIJ.TATICN 

Ao::ortling to records provided by the califomia ~t of 
Transportation, no rehabilitation or :maintenance has been perfonned on the 
sections to dab~. 
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5. IHYSICAL ~ RESOI1lS 

Cores from slab centers were retrieved from the pavement sections in 
1987. 'Ihe center cores were tested in split tensile to provide an indication 
of the concrete strength. 'Ihe split tensile strength values were used to 
obtain an estimate of the modulus of rupture as provided in the su:m:rnacy 
tables of chapter 32. A mean m:Jdulus of rup~ of 687 psi (4. 7 MPa) was 
obtained, which is indicative of sourrl concrete (at the slab center). Since 
the project is relatively new, no joint cores were taken from this 
experiiren.tal project. 

Deflection testing was perfonned on the sections in 1987 for purposes 
of layer noouli c:haracterization, detennination of load transfer 
efficiencies, am void detection. 'Ihe elastic IOOdulus of the concrete {E), 
the COilJ)O,Site k-value, ani the load transfer values are summarized for each 
section in chapter 32. 

'Ihe slab E values averaged 6,010,000 psi (41,440 MPa) for both 
sections, which is indicative of stro:rq concrete. 'Ih,e composite k-values (on 
top of the base) for the sections are shown in table 32. 

Table 32. SUrmnary of composite k-values of CA 2. 

Section 
CA 2-2 
CA 2-3 

Base'J;ype 
AC/PCIB 

CI'B 

k-value, pci 
1423 

572 

Both sections display a high k-value, alt.hough the support provided by 
the AC/PCIB is much larger. Recall that the Sllb;3rade was classified as an 
A-4 soil from boring tests, which is a fairly stiff soil. 

'Ihe load transfer efficiencies an:i percent corners with voids, or loss 
of support, are shown in Table 33. 

Table 33. load transfer efficiencies arrl coniers with voids at CA 2. 

Section 
CA 2-2 
CA .2-3 

Base 'IM 
AC/PCI'B 

cm 

F.dge 
Drains 

Yes 
No 

I.Dad 'l'ransfer 
Efficiency,% 

10 
19 

% Comers 
Exhibiting Voids 

65 
90 

'Ihe load transfer efficiencies are extremely low. It is clear that 
aggregate interlock is not providi.rg adequate load transfer. 

Both sections exhibit a substantial am:,unt of loss of support/erosion 
beneath the slab corners. Although there is loss of support within the 
penneable base sections, the permeable base/edge drain combination appears to 
reduce the am::iunt of loss of support. i:rhe voids were identified using 
deflection-based void detection procedures. 

6. IEAINAm.LI'l'Y OF PAVD1ENI' ~CHS 

A drainabi:i.ity analysis was per.fonned on the project to detennine the 
overall drain.ability of e.ach section. The sul:grade for both sections was 50 
percent v.rell--drained; the other 50 pero?.nt of the soils have been altered or 
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m:d.ified. 'Ihe borrCYN material, however, is also well-drained. 'Ihe sections 
are in a location where the pavement would be expected to be saturated only 
11 perc:ent of the tia:eo 'Ihe results of the drainage analysis are tabulated. 
belCM: 

Table 34. Drainage summary for CA 2 sections. 

Section 
CA 2-2 
CA 2-3 

Aggregate SUbbase 
Penneability, ft/hr 

232.00 
2.50 

AASHro 
Drainage Coefficient 

1.10 
0.90 

Ol/erall 
Orainability 

Fair-G::xxl 
Fair--Gocd 

No information is available pertaining to the penneability of the 
penneable cm. 'Ihe conventional cm was assunm to be inpanneable. Both 
sections contained well-draining evbboses (:t.eneath the cement-treated base) 
arrl a well-drained subgrade; however, CA 2-2 contained edge drains. 'Ihe 
combination of longitudinal edge drains arrl the penneable CI'B on CA 2-2 
resulted in a better overall drainability for that section. '!he longitudinal 
edge drains present on CA 2-2 were 8-in (203 mm) perforated metal pipe, 
connectin:J to 8-in (203 mm) cross-drains at approximately 400-ft (122 m) 
inte.rvals. 'lhese cross-drains discharge into drop inlets and stonn drains. 

7. IEIERIORATICH OF PAVEMENI' ~CH:; 

'Ihe relative perfonnance of each pavem:mt section with respect to the 
primary performance irrlicators are discussed in the follow.in:r sections. 'Ihis 
information is tabulated in figure 8. 

Joint Spalling 

Medium- an::l high-severity joint spalling was not observed in either 
section, although a small amount of lCM-severity joint spalling was 
identified. It was noted, hcwever, that reactive aggregate distress was 
present in the pavement for both sections; this could ev-entually lead to an 
increase in joint spalling. 

Joint Faulting 

Both sections exhibited a large amD\lllt of faulting, as in:licated in 
table 35. 'lhe large annmt of faultin;J is not surprising, after examination 

Table 35. Transverse joint faultirq at CA 2. 

Section 
CA 2-2 
CA 2-3 

Average 
Faulting. in 

0.11 
0.11 

Highest 
Faulting, in 

0.27 
0.18 

lowest 
Faul ting:. in 

0.01 
o.oo 

of the erodibility analysis. '!he majority of the corners emibited voids, 
ani since the joints do not contain dowel bars, the faul~ exhibited by 
these sections is not unusual. Generally si;;.eakirq, the data rollected does 
not i.n:licate a difference in performance of the two sections with respect to 
fault:uq. 
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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, rn/r,I 107 98 JPCP 

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

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

¾ JT, SPALL 0 0 

MIDDLE LANE PERFORMANCE DATA 

AC/PERMEABLE CTB CTB 

CA 2-2 CA 2-3 
PSR NIA NIA 

8.4 In 
ROUGHNESS, In/rd N/A N/A JPCP 

13-19-18-12 Ft FAUL TING, In NIA NIA 
JT. SPACING T, CKS, /r,I 0 162 

LONG, CKS., ft/r,I 0 0 

¾ JT, SPALL 0 0 

Figure 8. Outer and middle lane performance data for California 2. 
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Transverse Cracking 

No transverse cracking occurred on the permeable base/edge drain 
section (CA 2-2). 'Ihe nonpenneable control section, hCMever, experienced 
transverse mid-panel cracking in nearly every lorq slab. 'Ihe cracks were all 
of lCM or medium severity. 

'Ihis difference in cracking may be peu:tially attributed to the use of 
the hot-mix asphalt separation layer (2.4-in [61 mm] thick) placed between 
the FCrB and the FCC slab on CA 2-2; the FCC slab was placed directly on the 
nonpenneable cm for CA 2-3. It is likely that the large am.:iunt of friction 
produced by the cm at the slabjbase interface contributes to the cracking on 
the lorqer slabs, since longer slabs experience m::,re movement than shorter 
slabs due to expansion an:i contraction. · 'Ibis 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 curlin:J 
stresses in the longer slabs, actin:J in ccanbination with a vecy stiff base. 

longitudinal Cracking 

No longitudinal cracking was observed on either of the pavement 
sections. 

Present Serviceability Rating (PSR) am Roughness 

'Ihe ride.ability of the pavement sections was rated by the survey crew 
am also was rreasured by a Mays Ridemeter. 'Ihe results of these measurements 
are reported in table 36. 

Table 36. Roughness an:l present serviceability at C'A 2. 

Section 
CA 2-2 
CA 2-3 

Base Tyi:e 
AC/PCI'B 

CI'B 

Roughness, in/mi 
107 

98 

PSR 
3.8 
4.1 

'lhe smoothest riding (arrl highest panel PSR) section after 7 years is 
the nonpenneable base section. However, the values are relatively close to 
one another, inllcating that both sections have about the same rideability. 
Since t.~ sections had the same levels of faulting ani CA 2--J had llX)re 
transverse cracking, the expectation is that CA 2-3 would have a lower PSR 
(arrl higher roughness readings) • 'Ihe actual results may be attributed to the 
larger magnitude of faulting occurring in the permeable base section. 
Recall, in section CA 2-2, that the largest faulting value was greater than 
0.25 in (6 mm). 

other Pavement Distress 

Low-severity reactive aggregate distress was obser.ved in both 
sections. No other distresses were observed on this experimental project. 

8. ~ OF I'ESIGN FEAWRES CH PAVEMENI' ~ 

'Ihis experiment evaluated the effect of two different base types an 
pavement performance. As the two sections were constructed adjacent to one 
another arrl were subjected to the same traffic loading, the effect of base 
type is isolated~ can be evaluated. 
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Upon examination of the performance data, it is evident that the 
section with a penneable cm and edge drains (CA 2-2) perfo:rnm better than 
the section constructed over conventional cm (CA 2-3). It would .be 
convenient to state that this is due to the inclusion of drainage into the 
design of CA 2-2, but there is one confoun:lin;J factor: the presence of the AC 
separation layer. 'Ihis confourrls the experiment entirely, as its presence 
alters the drainage characteristics of the pe:rmeable cm, an:i may also affect 
same of its other properties. 'Iherefore, it can .be stated that CA 2-2 
performed .better than CA 2-3, but the reason cannot .be clearly attributed to 
the presence of drainage, although it may have been a contributing factor. 

9. a:m>ARISCfi OF CDI'ER AND MilDIE IANE ~ 

Large traffic volumes on the four-lane roadway prevented the 
~ of faulting in the three inner lanes. For the same reason, PSR 
and roughness infonnation was not collecte:i in these lanes. Nevertheless, 
other distresses oocurring in the secon:l lane were noted. 'lhis infonnation 
is presented in table 37, which summarizes the outer lane an:i the seconi lane 
distresses for both sections. 

Table 37. Corrpa.rison of perfonnance by lane at CA 2. 

CA 2-2 

CA 2-3 

Variable secom lane 
ESAL' s (millions) 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
I.ong. Cracks, ft/mile 
Roughness' in/mi 
Pumping 
PSR 

2.1 
1 

N/A 
0 
0 

N/A 
None 

N/A 

Variable Secorrl lane 
ESAL's (millions) 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
IDng. Cracks, ft/mile 
Roughness' in/mi 
Pumping 
PSR 

2.1 
2 

N/A 
28 

0 
N/A 

None 
N/A 

Outer lane 
4.4 

0 
0.11 

0 
0 

107 
None 

3.8 

Outer lane 
4.4 

4 
0.11 

50 
0 

98 
None 
4.1 

In tenns of spalling, there was no discenrlble difference .between the 
two lanes. It is interesting to note that no transverse cracking occurred on 
the PCI'B section in either lane, but a significant annm:t occurred on the cm 
section. Furthenrore, all transverse cracking occurred on the conventional 
CrB section (CA 2-3). 

10. EDH\RY' AND cnJCIDSict5 

DJe to the limited nature of the study, it is diffiaJ.lt to draw any 
strong conclusions. However, enough results are available to make several 
observations. 
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'!he design of the permeable CI'B appears to facilitate drainage and 
reduce the erosion/loss of support 1::eneath the slab cx,niers; however, the 
arcnmt of faulting which occurred was still high. 'Ihe true effect of the 
permeable CI'B on perfor.mance cannot be unmasked because of the inclusion of 
an AC separation layer over the base course. 'lhe AC separation layer appears 
to have assisted in red.ucing transverse cracking, however. 

While the construction of a ~ permeable cm can be acca:tplished 
(the k-value on top of the base for this section was greater than 1400 pci 
[380 kPajmn]), and while the permeable cm may have reduced the am:iunt of 
voids beneath the slabs by rem:wing excess noisbJre, such a base course by 
itself is not a substitute for providin;J a ne:::hanical means of load 
transfer. It is believed that for pavements urxier heavy truck traffic, 
positive load transfer devices such as dowel bars are required to keep 
faulting at an acceptable level. 

Finally, longer slab lengths ~ to be 100re vulnerable to transverse 
cracking than shorter slab lengths. All of the transverse cracking which 
occurred within the section was in the 18- and 19-ft (5.5 arrl 5.8 m) slabs. 
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ClJAPl.m. 10 KX.rm 14 - SOIDUN.r, CALIRRllA 

1. IllIKUJCI'ICE 

'Ihis pavement section is located in the greater I.cs Angeles area. It 
is designated as CA 6 arrl was constructed am opened to traffic in 1980. The 
roadway is a six-lane divided highway with an Urban Freeway functional 
classification. 

2. ImIGN 

'lhe pavement was constructed as a 9-in (229 mm) JR:!P. It has a random, 
skewed joint spacing of 12-13-15-14 ft (3. 7-4.0-4.6-4.3 m). The transverse 
joints were not sealed arrl did not contain load transfer devices. 

'Ihe plans called for a 5-in (127 lllll) penneable asphalt-treated base, 
but on-site coring am boring in the survey area revealed that a 5-in (127) 
lean concrete base actually existed. A 2-in (51 mm) asphalt concrete subbase 
course was located beneath the lean concrete. 'Ihe subgrade for the project 
was an AASHIO Classification A-2-4 silty sarrl material. Asphalt shoulders, 
3.6 in (91 mm) thick arrl 8 ft (2.4 m) wide, run continuously alon;r the 
project. 

SUbsurface drainage is provided by 3-in (76 mm) diameter longitudinal 
edge drains that run continuously along the project. outlets are spaced at 
approximately 150-ft (46 m) intervals. 

3. cra::MATE 

This section is located in a dl:y-nonfreeze climatic zone. 'Ihe area has 
a 'lhornthwaite Moisture In:iex of -43, a Freezing In:iex of o, and receives an 
average annual precipitation of 7 in (178 mm). The highest average oonthly 
maximum temperature is 98 °F' (37 °c) while the lCT.t1est average mnthly 
minimum temperature is 32 °E' ( 0 OC) • 

In 1987, this section had a two-way ADI' of 46,000 vehicles, including 9 
percent trucks. At the time of survey, the pavement was 7 years old arrl had 
carried 4.4 million 18-kip (80 kN) ESAL's in the outer lane, 2.2 million 
ESAL's in the center lane, and 0.5 million ESAL's in the inner lane. 

5. mAINAmI,;r:ry AHD cmmR mYSICAL 'fiS'l'.llG RESJilIS 

The lean concrete base is inlpe:t:meable, which hirxiers the overall 
drainability of the pavement section. Ha.vever, the longitudinal edge drains, 
the well-draininJ ~, arrl the small am::,unt of annual rainfall will all 
contriliute positively to the drainability of the section. 'lhe pavement 
section was assigned an AASHIO drainage coefficient of 1. oo, in:lica.ting an 
overall drainability of fair to good. 

'1he slab m:rlul.us value backcalculated from deflection testirq was 
determined to be 6,710,000 psi {46,260 Ml?a). 'Ihe m::xmlus of rupture 
estimated from slab cores was 791 psi (5.4 MPa) ., The conp:,site dynamic 
k-value on the tog_ o_f the lean concrete base was 294 pci (80 kPajmm.). 
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~flection testing also provided infonnation on load transfer and loss 
of support. 'Ihe average transverse joint load transfer was determined to be 
79 percent. 'lhe mean slab o:):tner deflection (un::ier a 9-kip [40 kN] load) was 
neasured to be 5. 9 mils. Slab o:)mer deflection tests showed that none of 
the COD1erS were exhibiting loss of support. 

6. MAIN.I'mWD AND ~CH 

Acco~ to records provided by the californ.ia Department of 
Transportation, no maintenance or rehabilitation has been perfo:rnm on this 
project. 

7. PAVEMENI' PERRHmNCE 

After 7 years of savice, this pavement section is beginning to exhibit 
significant :roughness problems. 'Ihe :roughness in the outer lane, as measured 
by the Mays Meter, is 158 injmi. 'Ihe serviceability of the paverent was 
rated at 3.4, which is fairly low for such a new p.3.vement. 'Ihe roughness can 
be attributed to the substantial annmt of faulting that is occurring ( o .15 
in [3.8 mm]) in the outer lane. A small am::iunt of joint spalling (3 percent) 
and transverse cracking (10 cracks/mi) did occur in the outer lane. Small, 
closely-spaced cracks were identified throughout the section, which is 
believed to be reactive aggregate distress. No lonJitudinal. cracking or 
purrq:,ing was observa::l within the section. Perfonnance data for the section is 
summarized below: 

Table 38. c.atparison of performance by lane at CA 6. 

Indicator Inner lane 
ESAL's, millions 
Joint Spalling, % 
Joint Faulting, in 
Pumping 
Transverse Cracks/mile 
I.orgitudinal Cracks, ft/mile 
Roughness, in/inile 
PSR 

0.5 
N/A 
N/A 
N/A 

0 
0 

N/A 
N/A 

Center lane 
2.2 

13 
N/A 

None 
0 
0 

N/A 
N/A 

outer lane 
4.4 

3 
0.15 
None 

10 
0 

158 
3.4 

Certain distress information CX>Uld not be collected for the two inner lanes 
due to high traffic volumes. 

8. a:HCII:SICH; 

While structurally sourrl, this pavement section has faulted 
significantly. 'Ihe excessive faulting has resulted :in poor rideability, as 
indicated by the high :roughness imex and lC111 PSR. 'lhe cause of the large 
joint faul~ is not clear, since pumping was not d:served arrl the 
deflection measurements :imicate full SUR;X>rt. It is possible that erosion 
may be occurring beneath the lean concrete base. 

'lbe reactive aggregate distress that was identified has not yet caused 
extensive damage to the pavement. However, it is expected that this distress 
will ultimately result in a substantial aIOClUl'lt of joint spall:i.n:J. 
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amP.mR. ll Ilf.IERSfi\m 5 - ~, CAIIltHlIA 

1. IN'mOIXJCT'.[(E' 

One experimental section was evaluated on I-5 about 15 miles (24 km) 
south of Sacramento, califomia. It is designclted as CA 7 in this sb:rly. 
'Ihis section of I-5 is a four-lane divided highway with a functional 
classification of :Rural Interstate. It was a:>nstructed arrl opened to traffic 
in 1979. 

2. DESIGN 

'Ihis jointed plain concrete pavement (JPCP) was constructed 10.2 in 
(259 :mm) thick over a 5.4-in (137 :mm) cement-treated base (Cl'B). '!he 
fine-grained clay subgrade (AASHID classification A-7) present at the project 
site was treated with lime to a depth of 5.4 in (137 nm) to act as a -working 
platfonn durin:3' constniction arxi also to provide additional structural 
support to the pavement system. 

'!he transverse joints were skewed with a random spacin:l of 12-13--19-18 
ft (3. 7-4.0-5.8-5.5 m). 'Ihe joints were not sealed at construction arrl no 
load transfer devices were placed at the transverse joints. 'lhe outer 
shoulder was constructed of 4 in (102 :mm) of asphalt concrete placed over 12 
in (305 :mm) of asphalt-treated penneable material. 'lhe lane-shoulder joint 
was sealed at construction. 

'Ihe section was constructed with lorgitudinal drains which were placed 
within the penneable asphalt material at a depth of 15.6 in (396 mm). '!he 
drainpipes were 1. 5 in (38 mm) in diameter an:i the lateral outlets were 
spacej fNery 250 ft (76 m) along the project. Drainage fabric was used at 
the interface between the penneable asi;.ralt material and the subgrade to 
guard against infiltration of fines into the penneable material. 

Additional project information is contained in the summary tables in 
chapter 32. 

3. ~ 

'Ihis section of I-5 is located in the dry-nonf:reeze environmental 
region. 'lhis area has a Corps of Engineers Freez.in"J Imex of o and a 
'lbornthwaite Moisture In:iex of -31. '!he average annual precipitation for the 
site is 17 in (432 mm). 'Ihe highest average nx:>nthly maximum temperature is 
93 °I-' (34 °c) and the lC1.¥est average nDnthly minililum temperature is 
38 °F' (3 °c). 

4.. llfflAF.FIC 

Traffic re.cords provided by the california DepartJoont of Transportation 
indicate that, in 1985, the Average Daily Traffic (ADI') for the project was 
20,000 vehicles. 'Ihis includes 22 percent heavy trucks. Since its openi.n:J 
to traffic in 1979, the pavenent has sustained approximately 10.5 million 
18-kip (80 kN) F.quivalent Single-Axle loads (ESAL) applications in the outer 
lane and nearly 2.4 million ESAL applications in the inner lane. '1hese 
estimates are based on calculations through 1987. 
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5. I.EA1NAB1IJ..'l AND C1ffiER IHYSICAL TES:l'ING RESJTirS 

'lhe strength properties of the surface arrl the support layers were 
backcalculated usin:J the center slab deflections as zooasured by the Falling 
Weight Deflecta.neter (FWD). 'lhe m:xiulus of the surface was calculated as 
6,260,000 psi (43,160 MPa) arrl the carposite k-value on tcp of the base was 
calculated. as 326 pci (88.5 kPa/nm). 

A loss of support analysis was performed using the procedures outlined 
in NOIRP 1-21. Twenty-three percent of the slab corners exhibited voids or 
loss of support beneath the comers. 

'lhe load transfer efficiencies were calculated using the FWD 
deflections. 'lhe average load transfer efficiency for the transverse joints 
was 35 percent. 'Ihis is a typical value for joints relying strictly on 
a<.:1:3i~te interlock for load transfer. 

core sanples -were retrieved frcm the stabilized pavement layers. 'lhe 
center oores were tested .in split tensile to provide an indication of the 
o:ncrete strength. '!he split tensile strength values were used to obtain an 
estimate of the modulus of rupture. A nean mcx:lulus of :rupture of 552 psi 
(3. 8 Ml?a) was obtained, which is in:ticative of scum concrete (at the slab 
center). No joint o:>res were retrieved from this section. 

A drainage analysis was performed on the section to deter.mine the 
pavement's ability to renove excess misture from the pavement structure. 
'!he subgrade was determine:l to be somewhat poorly-drained am the presence of 
the lime-treated material decreased the drainahility of the section. 
Ha,,.lever, the edge drains assist in draining a-way excess misture, thus 
providing for an overall drainability rating of "fair." An AASHIO drairage 
coefficient of 0.85 was assigned to the section. 

6. MAINJ»mNCE AND REHABILITATIW 

In 1986 the longitudinal ar.rl transverse cracks arrl rarxiamly selected 
joints were sealed with a hot-pour rubberized asphalt sealant. 'Ihe cracks 
were not routed before application of the sealant. No other significant 
rehabilitation or maintenance has been perfonned on this section to date. 

7. PAVEMEN.r PmR::HWK:E 

'lhe perfo:anance of both the inner arrl outer traffic lanes is Sl.llmlarized 
.in table 39. 

Table 39. SUmmary of perfo:nnance by lane at CA 7. 

Variable 
ESAL' s (millions) 
Joint Spalling, % 
Joint Faulting, in 
Trans. cracks/mile 
wrg. cracks, ft/mile 
Roughness' in/mi 
PSR 

Inner lane 
2.4 

0 
N/A 

74 
1426 
N/A 
3.9 

62 

outer 1ane 
10.5 

0 
0.06 
119 
598 

87 
3.8 



'lhe section exhibited a large an-a.mt of transverse arxi longitudinal 
crackin:J. -:Ihis cracking was confined to the first 500 ft (152 m) of the 
conlition sw:vey to a point where a construction joint was located. After 
the construction joint, no longitudinal or transverse cracking was observed.. 
'lhus, the cracking may be constl:uction-related, as the cracked section 
evidently was at the en::i of a day's pavin:J. 'lhe concrete might have been 
unable to cure prq;,erly or perhaps other constiuction problems are to blame, 
such as late sawin:J of the joints. 

No joint spallirq or purrpin:J was observed at the ti.me of survey for 
either lane. 'lhe average transverse joint fau.ltin:J for the outer lane of the 
project was 0.06 in (1.5 mm). Joint fau.ltin:J :measurements were not collected 
in the inner lane· due to high traffic volumes. 

8. CXH::IDSICH3 

'Ihe large am::mits of longitudinal ani transverse cracking, which both 
the inner ani outer lane exhibited, may be attributed to a construction 
problem such as late sawing of the transverse am. longitudinal joints or 
inq;,:roper depth of saw cut of the joints. '!his is evident in that all of the 
crackin:J occun:ed. before placement of a construction joint, which was located 
in the middle of the section. 

'lhe construction problems aside, the section is perfonning quite well 
in tenns of spallin:J arxi roughness/serviceability. Given the high traffic 
volumes, it is possible that faulting could reach significant levels before 
the pavenent reaches its design life. '!he low load transfer efficiency for 
this section am its relatively low mnnber of years in service are not 
encouraging imicators for future good performance. 
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Cl1APIER 12 U.S. 101 - 'lKlEAND OARS, CALIFORNIA 

1. IN1RllJCJ.'ICN 

'Ihis section of U.S. 101, designated as CA 8, is an l.l.l::ban principal 
arterial highway located near 'Ihousarrl oaks, califomia in the greater IDs 
Angeles area. It consists of four lanes in each direction. A condition 
survey was corrlucted on the outennost lane, whidl se:rves as an exit lane. 
'Ihis project was constructed arx:l opened to traffic in 1983. 

2. IEUGN 

'lhe design of the pavement cross-section is 10.2 in (259 mm) of JPCP on 
5.4 in (137 mm) of asphalt-treated base. A 9-in {229 mm) aggregate subbase 
is located l:eneath the base course. 'lhe sul:grade is an AASHro A-7 san:ly clay 
material. 

Transverse joints are skewed, with a rarxiam joint spacin:J of 
12-13..,.15-14 ft (3. 7-4.0-4.6-4.3 m). 'lhe joints are not sealed am do not 
contain load transfer devices. I.Dn;Jitudinal edge drains, (2-in (51 mm] in 
diameter) with lateral outlets spaced at approxilnately 300-ft (91 m) 
interrcus, were included in the original construction. 

'Ihis pavement section was constructed with a widened (15 ft [ 4. 6 m]) 
outside lane, which is actually an exit lane. 'Ihe outer shoulders are 
asphalt concrete, 4.2 in (107 mm) thick am 7.5 ft (2.3 m) wide. 

3 • crJ:MATE 

'Ihis section is located in the dry-nonfreeze enviromnental zone. It 
has a Co:rps of Engineers Freezin;J Irrlex of 0 arx:l a 'Ihornthwaite Moisture 
Imex of -25. 'Ihe average annual precipitation is 15 in ~381 mm). 'Ihe 
highest average monthly maxinuJm terrparature is 76 °F' (24 C} arxi the 
lowest average monthly minimum temperature is 43 °c (6 °c). As the 
sectiori is not far fran the coast, it appears that coastal environmental 
effects greatly influence the local climate. 

'Ihe 1987 two-way ADr for this section was 135, ooo vehicles, including 7 
percent CClIIln'erCial vehicles. It is estimated that this pavement · has 
sustained approximately 1.2 million 18-kip (80 kN) F.quivalent Sin;Jle-Axle 
load (ESAL) applications in the outer lane, 4.1 million ESAL's in the center 
two lanes, arxi 0.6 million ESAL's in the inner lane. 

5. mAINABII.JTY AND o:mm HIYSICAL 'DS'l'.nn RESJillS 

'!his pavement section was constnlcted with a relatively .ircpmneable 
asµlalt-treated base course over a poorly-draining aggregate subbase. 'Ihe 
presence of the longitudinal edge drains coupled with a subgrade that was 
S011'ewtlat well-draining 111I>roved the overall drainability of the section. It 
was rated as fair, with an AASHIO drainage coefficient of o. 95. 

64 



'!he elastic m:::dulus of the slab was backcalculated from deflection 
testing to be 6,420,000 psi (44,260 MPa). '!he nn:lulus of rupture was 
estimated to be 727 psi (5.0 MPa) from split tensile testi.rg of cores. 'fue 
dynamic k-value on top of the asphalt-treated base was detemined to be 339 
pci (92 kPa} • 

Ioad transfer across the transverse joints was measured to be 92 
percent. IDaded comer deflections averaged only 3. 2 mils. Using 
deflection-based void detection prcx::edures, no voids ~ identified beneath 
the slab co:rners. 

6. ~ AND REHABII..I'mT.IClf 

Fran reco:rrls provided by the califomia Deparblv:mt of Transportation, 
no maintenance or rehabilitation has been perfonned on the paveoont section. 

7. PAVfflENI' ~ 

rue to the large traffic volumes on this pavement, distress items were 
not collected on the inneno::>st lanes; limited data was collected for lane 2. 
'lhe :results of the distress survey are summarized in table 40. 

Table 40. Colrg;)arison of performance by lane at CA 8. 

Indicator 
ESAL' s (millions) 
Joint Spalli.rg, % 
Joint Faulti.rg, in 
Punping 
Trans. Cracks/mi 
Iag. Cracks, ft/mi 
Roughnes.s, in/mi 
PSR 

outer lane 
1-2 

0 
0.04 
None 

0 
0 

92 
3.8 

Iane 2 
4.1 

0 
N/A 

None 
0 
0 

N/A 
N/A 

'!he pavenent section is perfonnin:J fairly well after 4 years of 
service. No cracking was present a:r:rl faultin} is fairly low:. Hc:Mever, there 
was a small ail¥Jllilt of joint spallin;J observed along the longitudinal joint 
between the outerm::>St lanes. 

8. a:JaDSICES 

OVerall, this pavement is in good comition. No major distresses were 
cbsel:ved arrl it has maintained an acceptable level of rideability. 'Ihe 
favorable coniltion of the pavement could be due to the widened traffic lane 
which reduces the moount of critical edge am corner load:in;J situations. 

'!he high load transfer, low: corner deflections, arrl absence of voids 
are irxlicative of adequate support. However, a small anount of faultirq is 
beirq exhibited, wh:k.h may irrlicate that erosion has begim to occur. 
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~ 13 U.S. 10 - c:ARE, MICHIGAN 

1. IllIR)[IJCI'IOO 

'!his experimental project is located on U.S. 10 near Clare, Michigan. 
Constructed in 1975, this experiment was corrlucted primarily to evaluate the 
perfonnance of joi.nte1 plain concrete pavements (JPCP) placed on different 
base types, including untreated aggregate, permeable asphalt-treated 
aggregate, and a dense-graded aSiilalt-treated. aggregate base. c.onventional 
jointed reinforced concrete paverrent (JRCP) sections were also included. '1he 
experimental design variables evaluated in this project include different 
base types (dense asphalt-treated, permeable asp1a}.t-treated, aggreigate), 
JPCP vs. JRCP, and doweled and nooooweled joints. One section that had a 
concrete on-raIII) adjacent to the outer lane was also included. Same 
experimental sections were located in areas of poorer drainage or where the 
water table approached within 5 feet (1.5 m) of the subbase. In 1981, these 
areas had vertical French drains added in the subbsse, directly beneath the 
lane-shoulder interface. 'Ihe inclusion of these drains effectively 
intrcducE!d. subdrainage as a design variable. All of the sections were 
constructed with full-depth AC shoulders. 

'Ihe setup of the experiment included 3 replicates of each of 4 
different designs, with drained and non:lra.i.ned sections located in each 
design group, for a total of 24 possible sections. With the addition of the 
section with a tied acceleration ramp, there were actually 25 can:lidat.e 
sections for this study. Eight of these sections, designated as MI 1-la 
through MI 1-25, were surveyed and tested in 1987. Two sections, MI 1-la and 
1-lb, were included as control sections. 'Ibey represented Michigan IXJr's 
traditional design of 9-in (229 mm) JRCP constructed on a 4-in (102 mm) 
aggregate base, with perpem.icular joints at 71.2-ft (21. 7 m) intervals. 
Michigan 1-la was constructed with longitudinal subdrainage. Ccmll:)n to the 
experimental designs was JPCP, 9-in (229 mm) slabs, and skewed transverse 
joints. 'Ihe transverse joint spacing pattern was 13-19-18-12 ft 
(4.0-5.8-5.5-3. 7 m), except for the two JPCP sections with dowels (l-7a and 
l-7b), which had 13-17-16-12 ft (4.0-5.2-4.9-3.7 m) joint spacin:J. A 
~lete listirg of the original design an:i construction infonnation for each 
section, as well as other pertinent project infonnation, is provided in the 
suxnmary tables of chapter 32. 

2. CUMATE 

'Ihe pavement sections are locate1 in the central part of Michigan in a 
wet-freeze envirornrental zone. 'Ihe project site has a 'Ihornthwaite M::>isture 
Irrlex of 29, a Corps of Engineers Freez:irg Iroex of 875, and receives an 
average of 32 in (813 mm) of precipitation annually. 'Ihe highest average 
l0Cll1thly maximum temperature is 82 '-1? (27 °c) and the lowest average 
m:.m.hly :minimum temperature is 11 Op (-11 °c). 

3. 'IRAFF.IC 

U.S. 10 is a four-lane divided highway (two lanes in each direction). 
'1he roadway1 s functional classification is Rural Principal Arterial. Fram 
its opening to traffic in 1975 through 1987, the pavement has experienced an 
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estimated 0.89 million a.mw.ative 18-kip (80 kN) Equivalent Single-Axle Loads 
(ESAL) applications in the outer lane and O. 08 million ES.AL' s in the inner 
lane. 

'Ihe two-way Average I:Bily Traffic (ADI') in 1987 was approxilllately 5100 
vehicles, including 8 percent heavy trucks. Weigh-in-ll'Dtion data collected 
at the project site in 1987 provided a traffic count of 5900 vehicles per 
day, including 14 percent heavy trucks. 

4. MAI.NTENANCE AND ~Qi 

In 1981, vertical French drains were .installed as a rehabilitation 
measure through the shoulders of the pavement sections with ·the dense-graded 
~t-treated base courses (MI 1-1oa arrl MI 1-lOb). '1hese sections had 
sham n:>isture-related distresses fran early on in their life, ard by 1980 it 
had beccme clear that an effort needed to be made to renx:we excess 100isture 
fran the pavement. Additionally, sane of the sections have received 
longitudinal joint sealing. 

5. BIYSICAL TESl'ING RESUI.llS 

Cores from slab centers and fran typical transverse joints were 
retrieved from the pavement sections in 1987. 'Ihe center cores were tested 
in split tensile to provide an imication of the concrete strength. 'Ihe 
split tensile strength values were used to obtain an estimate of the m:xiulus 
of rupture. 'Ihe nean IOOdulus of rupture was 748 psi (5.2 MPa), in:licative of 
sourrl concrete. · 

'Ihe joint cores were visually inspected for signs of deterioration 
beneath the joint or for arry signs of material durability distress such as 
microcracking in the aggregate. 'lhe joint cores taken fra.n the pavement 
sections Wicated that a significant annmt of concrete deterioration was 
present directly beneath the joint, partirularly for the sections with a 
dense asphalt-treated base course. 'lhese joint cores also displayed some 
cracking in the coarse aggregate, typical of the initial stages of 11D11 

crack.ir.g. 

Deflection testing with a Falling Weight Deflect.cmeter (FWD) was 
perfo:nned on the sections in 1987 for purposes of layer IOOduli 
characterization, determination of load transfer efficiencies, and void 
detection. 'Ihe elastic m:rlulus of the concrete (E) , the cnnpasite k-value 
(on top of the base), arrl the load transfer efficiency values are summarized 
for each section in chapter 32. 

'Ihe slab E-values averaged 5,865,000 psi (40,440 MPa) for all of the 
sections, which is in:licative of strong concrete. '1be camposite k-values for 
the sections varied as shown in table 41. 

Table 41. summary of composite k-value by base type. 

Base!lype 
Aggregate (AG:;) 
A...9;ilal t-treated dense graded (ATB) 
AE.-phalt-treated permeable (PATB) 
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It should be noted that a 10-in (254 nm) sarrl slbbase was located 
beneath each of the various base types, ard that the subgrade soil is 
classified as an AASHro A-2-4 material, which is very similar to the subbase 
material. 

'Ihe two types of asp.1al t-treated bases shaved greater slab supi;x:>rt than 
the aggregate base. surprisingly, the permeable asi:nalt-treated base showed 
the same SlJA)Ort as the dense-graded, asi;i'lalt-txeated base. 'llle PATB was 
constructed with 2 to 3 percent 85-100 pen AC, 2 t.o 6 percent fly ash, arrl. a 
uniform-graded aggregate. 'lhe dense-graded layer was constructed with 6 to 8 
percent of 250-300 pen AC. '!he center slab deflections -were highest for the 
aggregate base course sections, am much lc:1w1er for the asplalt-treated dense 
arxi permeable bases. 'Ihe tren1 shCMn in the center slab deflections mirrors 
the k-value results. 

'llle average load transfer efficiencies we.re nuch. higher for the doweled 
sections (92 percent) than for the non:iowel.ed pavement sections (34 
percent) • 'Ihese results corresporrl with the transverse joint faulting 
iooasured on norxloweled sections, where erosion occurred. Complete field 
sw:vey results are presented in the next section. 

Voids were identified beneath slab corners us:in:j deflection-based void 
detection procedures. 'Ihese results are shown in table 42. 

Table 42. Comers with voids at MI 1. 

Section 
MI 1-la 
MI 1-lb 
MI l-4a 
MI 1-7a 
MI l-7b 
MI 1-loa 
MI 1-lOb 

Base 
Type 
~ 
,a:; 

PATB 
~ 
AaJ 
ATB 
ATB 

D:Mels 
Yes 
Yes 

No 
Yes 
Yes 

No 
No 

Edge 
Drains 
Yes 

No 
Yes 
Yes 

No 
Yes 

No 

% Corners 
Exhibitil'lg Voids 

0 
15 
85 
85 

100 
70 

100 

All of the sections, except the lOIY':J-jointed JRCP, showed voids at most 
comers. 'Ihis was also the case in the permeable base section. 'lhe edge 
drains appeared to roouce the amomrt of loss of support saoowhat. A 
c:::arq;,arison of the percent voids at comers in sections with similar base 
types with and without edge drains shows o vs. 15, 85 vs. 100, and 70 vs. 100 
pet:eent comers with voids. 

6. IPAlNABII.J.'.l OF PAVEMENI' SErl'ICfE 

A drainage analysis was performed on each section to evaluate the 
section's ability to :rem:,ve water fran the pavement structure. Ana'g the 
factors considered in the detenrd.nation of a p:tvement drainage coefficient 
(Cd) for eadl section were: environment, layer drainage, time of saturation, 
long-i'b.:dinal. ani transverse slopes, and material charac:teribtics. 'lhe 
resultin:J drainage coefficients are presented in table 43. 
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Table 43. Drainage sumary for MI 1 sect.ions. 

Base Edge Base Drainage OVerall 
Section Type Drains Permeability, ft/hr Coefficient Drain.ability 
MI 1-la AC£;, Yes 0.04 1.00 Fair 
MI 1-lb N;t; None 0.01 0.90 Poor-Fair 
MI1-4a PATB Yes N/A 1.10 Fair-Good 
MI l-7a N:!IJ Yes 1.22 0.90 Poor-Fair 
Mr 1-7b AGG None 0.02 0.80 Poor-Fair 
M.I 1-lOa ATB Yes o.oo 0.85 Poor-Fair 
MI 1-lOb ATB None o.oo 0.85 Poor-Fair 
MI 1-25 ATB None o.oo 0.70 Very Poor 

It should be noted that no filter layer was used :between the PATB arrl 
the sarxi subbase because the gradation of the proposed filter material was 
very similar to that of the san:i subbase. 

7. IElERIORATICH OF P.AVEmNI' ~005 

In order to 1:etter present the results of the distress survey corrlucted 
on each pavement section, the primary performance in::licators are tabulated in 
figure 9 (outer lane) am figure 10 (inner lane). 'Ihe relative performance 
of each pavement section with respect to the pr.ilrary perfor.mance .indicators 
are discussed below for the outer lane only. 

Joint Spallirg 

Any evaluation of joint spalling nrust consider the fact that the large 
aggregate in the concrete slab was susceptible to treeze-:-thaw damage, or 11011 

crackirq. 'lherefore, the more water available to saturate the slab aver long 
periods of time the greater the extent of 11011 cracking. 'Ihis was observed 
during the field survey ard in the joint cores retrieved from transverse 
joints. Deterioration due to "DH cracking aloD3" the lQnJitudinal joint had 
already led to maintenance pat.ch.il~ of this joint in many areas of the 
project at the time of the survey. 

'Ihe 71. 2-ft (21. 7 m) JRCP showed no mew.um- an:i high-severity joint 
spalling. However, the JPCP joint spallirq varies greatly with base type. 
'Ihe dense-graded asp1al.t-treated bases had nud1 greater transverse joint 
spall.i.ng than either the aggregate or permeable base, which had about the 
SaD'a a:rount of joint spalling. Table 44 summarizes this infonnation. 

Table 44. Transverse joint spalling on MI 1 sections. 

Base Joint Joint 
Sect:i,9n ~ §paci.p;J, ft Spg.lling, % 
MI 1-la N.r. 71.2 0 
MI 1-lb ACX; 71.2 0 
MI l.-4a PA'I'B 12-19 9 
MI 1-7a N2G 12-17 12 
MI 1-7b N:£; 12-17 11 
MI 1-loa ATB 12-19 41 
MI 1-lOb ATB 12-19 63 
MI 1-25 ATB 12-19 75 
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MICHIGAN 1 U.S. 10 CLARE 

OUTER LANE PERFORMANCE DATA 

DRAINED N□NDRAINED 

SKE\JED PERPEND. SKE\./ED PERPEND, 
JOINTS JOINTS JOINTS JOINTS 

ND DD'w'ELS DO\./ELS ND DD\./ELS D□'w'ELS 

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./M! 0 0 
LONG, CKS., ft/Ml 0 0 
¾ JT, SPALL 12 11 

MI 1-40. 
PSR 3.9 

ROUGHNESS, in/Mi 47 
PERM r AULTING, In 0,03 
ATB 

T, CKS./MI 0 

LONG. CKS., ft/Ml 0 

% JT. SPALL. 9 

MI 1-100. MI MOb ~ 

PSR 2.9 2,8 2.9 

ROUGHNESS, In/Ml 98 104 159 

ATB F' AUL TING, In 0,14 0,19 0,20 

T, CKS./MI 0 18 29 

LONG, CKS., Ft/Ml 0 0 0 

¾ JT, SPALL 41 63 75 

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

ROUGHNESS, In/I'll 96 91 

AGG F' AUL TING, In 0.05 0,08 

T, CKS./r,I 0 5 
LONG, CKS., ft/I'll 0 0 

¾ JT, SPALL. 0 0 

PSR 3,4 3.6 2.8 3.5 

ROUGHNESS, In/I'll 72 17 132 64 

F' AUL TING, rn 0,08 0.04 0.20 0,06 

T, CKS./MI 0 0 24 3 

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

% JT. SPALL, 25 6 69 6 

Figure 9. Outer lane performance data for Michigan 1. 
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JT, SPACING 

AVG. 

MICHIGAN 1 U.S. 10 CLARE 
INNER LANE PERFORMANCE DATA 

DRAINED NONDRAINED 

SKE\JED PERPEND. SKE\JED PERPEND. 
JOINTS JOINTS JOINTS JOINTS 

ND DDVELS DD\JELS NO DD\JELS DD\JELS 

MI 1-70. MI 1-7b 

PSR 3,8 4.0 

ROUGHNESS, In/Ml 50 44 

AGG FAUL TING, In 0,02 0,03 

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

¾ JT. SPALL. 0 0 

MI 1-40. 
PSR 4.0 

ROUGHNESS, In/Ml 41 
PERM 

FAUL TING, In 0.00 ATB 
T, CKS./ril 0 

LONG. CKS., ft/Ml 0 

¾ JT. SPALL. 2 

MI 1-lOa. MI 1-lOb ~ 

PSR 3.0 3.6 3.4 

ROUGHNESS, In/Ml 78 80 103 
ATB 

FAUL TING, In 0.03 0.03 0.01 

T. CKS./MI 0 0 0 

LONG, CKS,, ft/Ml 0 0 0 

Y. JT, SPALL. 32 43 25 

MI 1-la. MI 1-lb 
PSR 3.9 3,2 

ROUGHNESS, ln/ril 76 74 

AGG FAUL TING, In 0.04 0.04 

T, CKS./Mi 0 10 
LONG, CKS., ft/Ml 0 0 

Y. JT, SPALL. 0 0 

PSR 3.5 3.8 3.5 3,6 

ROUGHNESS, In/Ml 60 63 92 59 
FAUL TING, In 0.02 0.03 0,02 0,04 

T, CKS./MI 0 4 0 5 
LONG, CKS., ft/Ml 0 0 0 0 

¾ JT, SPALL. 17 0 34 0 

Figure LO •. Inner lane performance data for Michigan 1. 
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'Ihose sections with dense-graded, aS{ilalt-treated bases result in 
bathtub-type designs, from which water does not readily drain. 'Ihis results 
in continual saturation of the FCC slab vmen excess IOC>isture is available 
which, in tuni, causes acceleration of the deterioration of both the 
transverse arrl longitudinal joints. 'Ihe aggregate bases had greater 
penneability arrl thus drained free water IOC>re rapidly. 'lhe penneable asphalt 
section was constructed to have much higher penneability, over 1000 ft/day 
(305 mjday), than either of the other two base designs. 'Ihis design can be 
considered free-draining, essentially reducing the time the concrete slab is 
saturated to zero. 

Best Perfonnance 

'Ihe pavena1t sections displaying the best perfonnance, in terms of 
joint spalling, had the following characteristics: 

o 9-in {229 nm) JRCP or JPCP slab on either aggregate or 
asphalt-treated penneable base course. 

Worst Perfonnance 

'Ihe worst perfonnance, in terms of joint spalling, was demonstrated by 
the pavena1t sections with the follc:,;ying design features: 

o 9-in (229 nnn) JK:F slabs on dense-graded, asphalt-treated 
base course. 

Joint Faulting 

Joint faulting varied greatly between test sections, as shown in table 
45. 'lhe penneable base JPCP section with no dc::JINels had practically no 

Table 45. Transverse joint faulting on MI 1 sections. 

Base Joint Joint 
Section Tvoe Soacim1 ft D:iwels Faultim, in 
MI 1-la AG:; 71.2 Yes 0.05 
MI 1-lb AG:; 71.2 Yes 0.08 
MI 1-4a PATB 12-19 No 0.03 
MI 1-7a J',,G; 12-17 Yes 0.04 
MI l-7b AC/::, 12-17 Yes 0.04 
MI 1-loa ATB 12-19 No 0.14 
MI 1-l0b ATB 12-19 No 0.19 
MI 1-25 ATB 12-19 No 0.20 

faultirq. 'lhe JKP arrl JRCP with 1.25-in (32 mm) dowel bars arrl an aggregate 
base also had very little faulting. 'lhe dense-graded asphalt base JPCP 
sections showed a large anount of faulting arrl are can:lidates for 
rehabilitation due to excessive roughness fran faulting. While it might not 
be expected that a concrete slab would fault on a stabilized base, evidently 
the dense ~t-treated base held free 100:i.sture that caused. freeze-thaw 
damage to the joint faces arrl erosion of the bott.cm of the slab. 

Same of the sections contained the added subdrainage. carparisons of 
faulting for these. sections is shown in table 46. 'lhe short-jointed sections 
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Table 46. Transverse joint faultin:;r summarized by subdrainage. 

Sub- Base Joint Joint 
Section Drains Tvoe Spacirgt ft DJwels Faulti.rg, in 
MI 1-la Yes -;,a:; 71.2 Yes 0.05 
MI 1-lb No -;,a:; 71.2 Yes 0.08 

MI l-7a Yes pa:; 12-17 Yes 0.04 
MI 1-7b No '}ill 12-17 Yes 0.04 

MI 1-loa Yes ATB 12-19 No 0.14 
MI 1-lOb No ATB 12-19 No 0.19 
MI 1-25 No ATB 12-19 No 0.20 

on aggregate bases shc:Med no difference in faultirq with or without edge 
drains. However, am:>n;J the lorq-jointed sections an:l the sections on 
dense-graded asphalt bases, the sections havin;f no subdrainage had about 33 
percent nore faulting than the sections with drains added. 

Best Perfonnance 

Pavement sections with the best perfonnance, in terms of joint 
faulting, had the followin;J design features: 

o 9-in {229 nun) JR:P slab on asp1a].t-treated permeable base 
course without load transfer devices. 

o 9-in {229 nun) JR:P slab on aggregate base course with load 
transfer devices. 

o 9-in (229 nun) JRCP slab on aggregate base course with load 
transfer devices am suJ:mainage. 

Worst Performance 

'lhe pavement section displayin;J the worst performance, in teDns of 
joint faulting, had the following characteristics: 

o 9-in (229 nun) slab on dense-graded, asJ;ilalt-treated base 
course without load transfer devices. 

Transverse Cracking 

Very little transverse crackirq occurred on the experimental sections. 
'lhe JRCP had practically no deteriorated transverse cracks although cracking 
is expected on these designs. A possible explanation is that the dow'els were 
coated with epoxy to prevent corrosion am correspon:lin:;J joint lockup. 
Generally, joint lockup, when pre.sent, results in opening up of transverse 
cracks in JRCP. 'lhe opened transverse cracks, urrler heavy traffic, then 
further deteriorate an:l eventually cause a J:Upture of the reinforcement. 
'lb.is has not occurred on these sections. 
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'!he JPCP sections with either penneable base or aggregate base sections 
had no transverse cracking. '!he three JPCP sections with asphalt-treated 
bases had o, 18 and 29 cracks/mile. 'Ihese can be ccmpared to a critical 
level of about 70 cracks/mile, at which t:hre :rehabilitation is needed. '!he 
absence of era~ in nost sections is probably due to the relatively low 
level of truck traffic over the 12 years of sei:vice life. 

Best Pe.rfo:nnance 

In terms of deteriorated transverse cracks, the best ~ormance was 
exhibited by pavement sections with the following characteristics: 

o 9-in (229 nun) JRCP slab on aggregate base course. 

o 9-in (229 nun) JPCP slab on aggregate or penneable base 
course. 

Worst Performance 

'!he worst performance, in terms of deteriorated transverse cracks, was 
displayed by pavement sections with the follcming design features: 

o 9-.in (229 mm) JPCP slab over dense-graded, asphalt-treated 
base course. 

longitudinal Cracking 

No longitudinal cracking occurred on any of the pavement sections. 
Plans show that the longitudinal joint was sawcut to a depth of 2. 75 in (70 
mm}, or 31 percent of the slab thickness. 

Present Serviceability Rating (PSR) and. Roughness 

'!he rideability of the sections varied considerably, as illustrated in 
table 4 7. '!he sroothest ridin;J ( and highest panel PSR) section after 12 

Table 4 7. Roughness am present serviceability at MI 1. 

Section 
MI 1-la 
MI 1-lb 
MI 1-4a 
MI 1-7a 
MI l-7b 
MI 1-lOa 
MI 1-lOb 
MI 1-25 

Base 
'fype 
NI; 
N:;J:.; 

PATB 
NI, 
Nx; 

ATB 
ATB 
ATB 

Joint 
Spacing, ft 

71.2 
71.2 

12-19 
12-17 
12-17 
12-19 
12-19 
12-19 

Dowels RoughnessL Wmi 
Yes 96 
Yes 91 

No 47 
Yes 58 
Yes 37 

No 98 
No 104 
No 159 

PSR 
3.6 
3.3 
3.9 
3.6 
3.7 
2.9 
2.8 
2.9 

years is the JPCP with a penneable mse. '!his section had the least faulting 
and. joint spalling, am no cracking. '!he roughest sections were those with 
the dense asphalt bases. 'Ibese sections had the IOC>St faultin;J, cracking, and 
joint spalling. 
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8. EF.FB'.!1.' OF DESIQl FEM."ORES CN PA'VEMENI' ~ 

Several of the design features had a significant influence on the 
performance of the pavement sections. 'Ihe relative effect of these design 
features is summarized belCM. 

Base Type 

'Ihe dense-graded, asp-ialt-treated base course sections we.re the poorest 
perfonners of all base types. '!his conclusion is based on the a:irount of 
transverse cracking, spalled joints, arrl joint faulting, all of which caused 
significant roughness in the pa.venents. 'Ihe asphalt-treated permeable base 
sections perfo:rmed the best, showing very little' faulting or joint spalling, 
an:i no cracking. '!he aggregate base course sections perfonned well, as they 
had only slightly lt'Dre deterioration than the permeable base sect.ions. 'Ihese 
aggregate base sections all containe:i dc:Mels, however, which have a major 
effect on reducing faultin;J. 

Joint load Transfer 

Sections with dowels had much higher neasured deflection load 
transfer. HCMever, no direct carparison can be made between identical 
sections with ani without dowels. 'll1e only comparisons that can be made 
evaluate faulting in terms of load transfer and drainage. 'Ihese results are 
shown in t.able 48. 

Table 48. Faulting as a function of load transfer arrl. drainage. 

Section 
MI 1-4a 
MI l-7a 
MI l-7b 
MI 1-loa 
MI 1-lOb 
MI 1-25 

Joint 
Spacing. ft 

12-19 
12-17 
12-17 
12-19 
12-19 
12-19 

Base 
'I'.YW 
PATB 

AG:; 

1CIJ 
ATB 
ATB 
ATB 

towels 
No 

Yes 
Yes 
No 
No 
No 

Faulting, in 
0.03 
0.04 
0.04 
0.14 
0.19 
0.20 

Drainage 
C.oefficient 

1.10 
0.90 
0.85 
0.80 
0.80 
0.70 

Faulting is clearly affected by the drainability of the base course and 
by the presence of dowels. For the specific traffic, subgrade, and climate 
of this project, the JPCP with permeable base did not need dawels to prevent 
fault:in:J. Dowels used. with the much less permeable aggregate base, hcwever, 
did prevent faulting. 

SUbdrainage 

'llie replicate sections with arrl without added subdrai.nage showed the 
significant benefit of the inclusion of those drains. 'Ihe use of drains 
resulted in approximately 33 percent less faultirq compared to the identical 
sections without edge drains. 'Ihe sections with drains also showed about 15 
percent fewer conlel':S with voids, or loss of support. '!he effect of 
sul:xirainage on any other distresses is not apparent, except that for the 
dense asphalt-treated. bases, there was less joint spallin;J with cha.ins (47 
percent of the joints) than without drains (65 to 87 percent). 
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Joint Spacing 

A direct ccxnparison of joint spacin:J can be made between the 71.2-ft 
(21. 7 m) J'RCP arxi the 12 to 17 ft (3. 7 to 5.2 m) JIG>. '1hese sections all 
contain dowel bars arrl were constructed over aggreqate base courses. 'Ihe 
caiparison is shown in table 49. 

Table 49. COOparison of perfo:i::man:::e by transverse joint spacin;J. 

Section 
MI 1-la 
MI 1-1.b 
MI l-7a 
MI 1-7b 

Joint 
Spacing, ft 

71.2 
71.2 
12-17 
12-17 

Joint 
Faulting, in 

0.05 
0.08 
0.04 
0.04 

Transverse 
Cracks/mi 

0 
5 
0 
0 

Joint 
Spalling, % 

0 
0 

12 
11 

Roughness, 
in/mile , J?SR 

96 3.6 
91 3.3 
58 3.6 
37 3.7 

'Ihe overall performance of these sections is roughly c::arparable, the 
only significant difference being the greater roughness am lcwer PSR for the 
JRCP section. It is interesting to note that the drainage coefficient for 
the long-jointed sections is higher than for the short slabs. 'Ihe 
above-average drainage characteristics of these sections may have mitigated 
saoo of the distresses often associated with long-jointed pavements. 

Concrete Acceleration Ranp 

One short section includa:i a tied concrete acceleration ramp adjacent 
to the outer traffic lane. 'lhis section also contained the dense-graded, 
asphalt-treated base course, no sub:hainage, arrl no dowel bars. 'lllere was no 
joint sealant between the lane am acceleration ranp, thus allowing misture 
to freely enter the pavement structure. Also, the tiebars across the lane 
am ranp failed shortly after construction am this ramp was no longer tied. 
'lhe perfonnanc:e of this section was as poor as the two othe.r sections with 
asphalt shoulders and asphalt bases; the tied acceleration ramp had no effect 
on perfonnance. 

9. CXH?AR.tSQl OF CX1Il!R AND INNER IANE ~ 

Although being subjected to far fewer traffic loadings than the outer 
lane, the perfonnance of the inner lane sections provide an interesting 
caiparison. Table 50 summarizes perfonnance for three different section 
designs. 

Faultinq in the inner lane is far less than in the outer lane for the 
dense, asphalt-treated section, but only slightly less for the aggregate base 
sections. 'lhe effect of heavy truck loads on erasion of the un:lersid.e of the 
slab is apparent. More joint spallin:J occurred in the rut.er lane than in the 
inner lane for the JR:P sections, inilcating that truck traffic can break 
dam concrete that has been weakened from microcracks from freeze-thaw 
damage. Hatlever, the main cause of joint spall.in:J is not related to truck 
load.irqs, but to the disintegration of the cxmcrete near the joints. 
Roughness am PSR were mre serious in the outer lane than the inner lane, 
probably due to increased faulting am joint spall.in:J. 
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Table 50. c.cmparison of perfonnance by lane at MI 1. 

JRCP wrm: 1\GGREGATE ~ 

Variab=le=--------Inner===-=I.ane="----OJ.ter==-I.ane~ .. 
ESAI/s (millions) 0.08 0.90 
Joint Spalling, % O O 
Joint Faultin:J, in 0.04 0.07 
Trans. Cracks/mile 5 
long. Cracks, ft/mile o 
:Roughness, in/mi 75 
PSR 3.6 

JJ?CP WITH 1\GGREGATE PASE 

Variable 
ESAL' s (millions) 
Joint SpallirxJ, % 
Joint FauJ:ting, in 
Trans. Cracks/mile 
IDrg. cracks, ft/mile 
Roughness, in/mi 
PSR 

Inner Iane 
0.08 

0 
0.03 

0 
0 

47 
3.9 

JPCP wrm DENSE ASIHALT-1I.:REATE &:'!SE 

Variable 
ESAL's (millions) 
Joint SpallinJ, % 
Joint Faulti.rg, in 
Trans. Cracks/mile 
long. Cracks, ft/mile 
:Roughness, ily'mi 
PSR 

Inner Lane 
0.08 

33 
0.02 

0 
0 

87 
3.3 

3 
0 

94 
3.4 

outer lane 
0.90 

12 
0.04 

0 
0 

48 
3.7 

outer rane 
0.90 

60 
0.18 

16 
0 

120 
2.9 

For the sections constxuct:ed with the penneable asphalt-treated base 
material, there was no discernible difference in perfo:rmance between the two 
traffic lanes. 

10.. ~ AND a:u:IDSICNS 

'1he lYCSt significant conclusion that can be drawn fran the experiment 
is that the section with the penneable asphalt-treated base course perfolltled 
better than any other sections. 'lhis section had short. joint spacing (12 to 
19 ft [3. 7 to 5. a m]) am no dowels. '1he design of this section provided 
rapid subdrainage to water en:ter:i.n;J the paveroont section. Ille rapid removal 
of water meant that noisture was not present lorg ena:.tgh to erode the base or 
saturate the cor.crete slab, as oocurred in other sections. 'lbe effect on the 
pavement's performance was that both joint faultin;J am spallirg were greatly 
reduced. Hciwever, the presence of high deflections an::l voids at the slab 
come.rs are cause for oonc::em about t..l:le satisfactozy long-term performance of 
this design.. 
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'Ihe worst performing sections included those having a dense-graded, 
asphalt-treated base course. 'Ihese sections trapped free water for long 
periods of time. 'Ihis led to a serious erosion problem, resulting in 
faulting, saturation of the concrete, am freeze-thaw damage and spalling at 
the transverse and longitudinal joints. 'lhese sections also had a 
significant amount of slab transverse cracking. 

'Ihe aggregate base sections with dowels perfornei very well; much 
beti--~ than the asphalt base pavements. 'Ihe granular base of these sections 
provided same vertical drainage. 'lhe drainage afforded by this layer was 
evidently sufficient to reduce saturation of the concrete slab. D:Jwels in 
these pavements also helped to prevent faulting of the joints. 

Vertical French drains placed alorq same of the sections reduced joint 
faulting by about 33 percent. same evidence is available to show that joint 
spalling was also reduced. 

'Ihe joint perfonnance of the 71. 2-ft (21. 7 m) JRCP was excellent in 
tenas of spalling. '!his may be attributable to the good performance of the 
prefonned coopression seals that apparently kept out incompressibles, and the 
granular base that provided some sul:drainage so that significant 11D11 cracking 
has not developed as rapidly. 

'lhe drainage coefficients calculated for these sections demonstrates a 
trend that is followed in the perfonnance of the sections. 'Ihat is, the 
sections with the best drainage characteristics had the best performance 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 epoxy-coated dowel bars. 'lheir excellent 
perfonnarr....e, in both the 10119'-jointed a:rxi short-jointed sections, are a 
testimony to the advantage of applying a rust inhibitor to such devices. 
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~ 14 IN.m8S'IME 94 - :MAtSlAIL, MraITGAN 

1. IN'mOWCrICti 

'!his section of I -94 is a four-lane divided highway, with two lanes in 
each direction, located in south central Michigan between Kalamazoo and 
Battle creek. It is classified as Rural Interstate. It was constru.cted 
(using recycled aggregate from the previous pavement) am openro to traffic 
in 1986. Its project designation is MI 3. 

2. :re;IGN 

'Ihe pavement slab is JRCP, 10 in (254 mm) thick, with 0.14 percent 
steel reinforcement. 'lhe. transverse joints are pe.-rpendicular, with 41-ft · 
(12.5 m) joint spacing. 'Ihe base layer is constructed with an open-graded 
aggregate an:1. is 4 in (102 mm) thick. '!here is also a 3-in (76 mm) granular 
subbase layer. 'Ihe subgrade has been identified as an AASHro A-2-4. 

'Ihe outer am inl"ler shoulders are JRCP, paved 9 an:i 5 ft (2. 7 an:i 1.5 
m) wide, respectively, and have 41-ft (12.5 m) joint spacing. 'Ihe .outer 
shoulder tapers fran a thickness of 10 in (254 nm) at the pavement's outer 
edge to a thickness of 6 in (152 :mm) at the shoolder' s outer edge. 

I.Dad transfer at the transverse joints is providei by 1. 25-in (32 mm) 
diameter epoxy-coated dowels, placed at 12-in (305 mm) centers. 'Ihe 
transverse joints were sealed with a preformed compression sealant. 
SUbsurface drainage is effected by a combination of the permeable base design 
an:1 6-in (152 mm) diameter longitudinal edge drains. 

3. CLl:MATE 

'!his project is located in the wet-freeze envirornnental zone. It has a 
'lhornthwaite Moisture Irrlex of 27 .an:i a C".o:rps of :El'l3'ineers Freez~ Index of 
563. 'Ihe average annual precipitation is 34 in (864 mm). 

4. 'IDAFF.IC 

'Il:l.e original design ADI' on this pavem:>..nt was 15, 700 vehicles, 
increasirg to 24, ooo vehicles after 20 years. 'Ihe volt.me of heavy truck 
traffic was estimated to be 25 percent. Data provided by the Michigan oor 
showed a 1986 2-way AUr of 31,300 vehicles, with 22 percent trucks. 'Ihe 
est:ima:ted cumulative 18-k.ip (80 kN} F.quivalent Single-Axle Load (ESAL} 
applications through 1987 is 2.8 million for the outer lane and 0.83 million 
for the inner lane. 

5. JEAllW3IllTY AND ~ :mYSICAL 'DiS'l'llG RESUilIS 

As noted above, the base layer was designed to be permeable. '!he field 
investigation shC1iled . no signs of p:x::,r drainage an:i the overall drainage 
coefficient (Cd) assigned to this section was 1.10. 'Ibis section received 
an overall drainability rati.n:J of good. 

79 



Field testing of the base and snbbase provided an elastic modulus of 
the slab of 4,380,000 psi (30,200 MPa) and an effective k-value (on top of 
the base) of 186 pci (50 kPajmm). C.Orner deflections averaged 5.1 mils. 
Load transfer efficiency at the transverse joints was 88 percent arrl no voids 
were detected un::'ier the comers. I.Dad transfer from the mainline pavement to 
the tied concrete shoulders was 90 percent. 

6. ~ AND REHABilJ.TATIQI 

'Ihis is a ne1W' pavement arxi no maintenance or rehabilitation has been 
perfonned to date. 

7. PAVEMENF ~ 

'1he outer lane of this section was in excellent comition. It received 
an average PSR of 4.8, and a M:lys Roughness of 37 in/mi. '!he average 
transverse joint faulting was 0.02 in (0.5 nm). No deteriorated transverse 
or lor)3'itudinal crackin:J was absel:ved and there were no spalled joints. 

'1he irmer lane was also in excellent corxlition. Its average PSR was 
4.8, and the Ma.ys Roughness was 40 i.Jymi. 'Ihe average transverse joint 
faulting was 0.01 in (0.3 :mm). No other distresses were noted in this lane. 

8. a:o:::Il5IOOS 

'Ihis new pavement section is in excellent con:lition. 'Ihere are no 
problems associated with its perfonnance. 
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rnAl'I'ER. 15 ~ 69 - CBARIDITE, MICHIGAN 

1. IN'IROIXJCI'ICN 

In 1970, the Michigan Department of Transportation began construction 
of an experimental project on I-69, between Charlotte and Olivet, Michigan. 
'Ihe purpose of the study was to evaluate the effect of several different 
shoulder designs on the reduction of distresses commonly found with the ror's 
typical shoulder design. 'Ihe project included the construction of a tied, 
jointed plain concrete (JPC) shoulder, two experimental asphalt concrete (AC) 
shoulders, as well as Michigan's traditional shoulder design at the time. 
'Ihese were all built alongside a mainline pavement of jointed reinforced. 
concrete pavement (JRCP). 

'Ihe typical Interstate Class M. shoulder design in use at the time 
consisted of an AC aggregate mix (170 lb/sq yd [92 kg/sq m], 9-ft [2. 7 m] 
wide) , on approximately 7. 5-in (190 mm) of granular material. One of the 
experbnental AC shoulders (Type A) was constructed as a seal coat placed on 
an asphalt-stabilized soil aggregate. 'Ihe other ~imental AC shoulder 
design (Type B) consisted of a 1. 5-in (38 mm) AC aggregate wearing course 
placed on an asphalt-stabilized soil aggregate. Both the concrete and 
asphalt shoulders were designed as 9-in (229 mm) of JPCP at the lane edge, 
tapering to 6-in (152 mm) at the shoulder's outer edge. Contraction joints 
in the concrete shoulder were constructed at 17. 75-ft (5.4 m) intervals, and 
only matched those of the mainline pavement at every fourth joint. 'Ihe 
shoulder was tied to the mainline pavement with 0.56-in (14 mm) diameter hook 
bolts placed at 40-in (1016 mm) intei:vals. Co:nugated rumble strips were 
shaped into the plastic concrete at every fourth shoulder slab. 

'Ihree replicates of each of the four different designs were constructed 
for a length of approximately 0.5 mile (0.8 km) each along the outer edge of 
this Interstate pavement. Of the 12 available sections, this study was most 
interested in evaluating the benefits of tied concrete shoulders as corrpared 
to AC shoulders. Since one of the purposes of Michigan's project was 11to 
evaluate the cost and perfonnance of the experimental concrete and bituminous 
shoulders" it was anticipated that good cost information would also be 
available to assist in a costjbenefit analysis based on the known costs and 
the obsel:ved perfonnance. (4) 

This ~imental project isolates shoulder type as a variable. 'Ihe 
design of the mainline pavement does not change over the length of the 
project, so the analysis of this variable is not confounded by other 
factors. For this project, only the Type B shoulder design section (MI 4-2) 
and the concrete shoulder section (MI 4-1) were surveyed and tested in 1987. 
Common to both designs was the mainline JRCP, 9-in (229 mm) slabs with 
71.2-ft (21. 7 m) joint spacing, doweled joints, a 4-in (102 mm) select 
granular base material (which extends 3-ft [0.9 m] under the shoulder), and a 
subbase of 10-in (254 mm) of granular material. Expansion joints were 
constructed in the mainline pavement at every fifth joint. The contraction 
joints were sealed at constru.ction with prefonned neoprene cornpression 
seals. A more complete listing of the original design and constru.ction 
information, along with other project information, is provided in the summary 
tables of chapter 32. 
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2. CLIMATE 

'Ihe pavement sections are located in the south-central part of 
Michigan, in a wet-freeze envi:romoontal zone. 'lhe project site has a 
'Ihornthwaite :r-bisture Irrl.ex of 22, a C.O:rps of Ergineers Freezing Index of 
563, am receives an average of 32 in (813 mn) of precipitation annually. 
'!he highest average IOC>nthly maximum temperature is 84 °F' !29 °c) an:l the 
lo;.;est average :rronthly minllm.nn temperature is 14 °F' (-10 C). 

3. 'IRAFFIC 

'Ihe roadway is a four-lane divided highway with a ftmctional 
classification of Rural Interstate. S:ince opening to traffic in 1972, the 
pavement has sustained approximately 4.4 million 18-kip .(80 kN) F.quivalent 
S.in31e-Axle load (ESAL) applications in the outer lane am roughly o. 75 
million ESAL applications in the inner lane. 'lhese estima:tes represent 
calculations through 1987. 

'!he two-way Average Drily Traffic (ADI') in 1986 was approximately 13700 
vehicles, including 11 percent heavy trucks. Weigh-in-Motion data collected 
at the project site in 1987 provided. a traffic count of 9120 vehicles per 
day, including 31 percent heavy trucks. 

4. MAINmNANCE AND RmABII..I'mTICti 

Accordirg to records provided by the Michigan 001', no significant 
rehabilitation has been perfonned on the surveyed. sections. Maintenance 
patc.hin;J, in the fo:rm of placement of a bituminous patchirg material at some 
of the severely deteriorated transverse cracks, has been perfonned on the 
sections over the years. 'Ihe survey suggests that no effort has been made to 
keep the transverse or lane-shoulder joints sealed. 

5. IHYSICAL TESTING RESUTIIS 

Center slab cores am cores fran typical transverse joints were 
retrieved from the pavement sections in 1987. '!he center cores were tested 
in split tensile to provide an indication of the concrete strength. 'Ihe 
split tensile strength values were use:1 to obtain an estimate of the m:dul.us 
of rupture, as provided. in chapter 32. A~ mo:.iulus of rupture of 676 psi 
(4. 7 MPa) was obtained fran the center slab cores. 

'Ihe joint cores were visually inspected for any signs of deterioration 
beneath the joint am for any signs of material durability distress, sud1 as 
microc:racking in the aggregate. No deterioration was noted on the joint 
cores taken from MI 4-1. ~ joint cores rem:,ved from MI 4-2 irxlicated 
ICM-severity deterioration taking place l:>eneath the joint. I.ow-severity 
micrcx:ra.ckirq was also ,present. 

Deflection testirq was performed on the sections in 1987 for the 
purpose of layer nmuli characterization, determination of load transfer 
efficiencies, and void detection. '!he elastic nniul.us of the concrete (E), 
the c::cmposite k-value, am. the load transfer efficiency values are surrmarized 
for each section in chapter 32. 
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'lhe slab E-values averaged 4,680,000 psi (32,270 MPa) for the two 
sections. 'lhe catp)Site k-values (on tcp of the base) for the sections were 
283 p::::i (76.8 kPajmm) for the section with the tied concrete shoulder, and. 
189 pci (51. 3 k:Pajmm) for the section with AC shoulders. 'lhe same aggregate 
base/subbase design is used throughout this project 

Fran boring tests, the subgrade for both sections was classified as an 
MSHro A-4, which is a fairly stiff soil. 'Ihe center slab deflections were 
higher for the section with the AC shoolder than for the section with the 
tied PCC shoulder. '!his result is consistent with the variation noted in the 
above discussion of the carp::>SSite k-value.s. 

Joint corner deflections for the section with AC shoulders were almost 
double those of the PCC shoulder section. .H<::Mever, adjacent load transfer 
efficiencies were higher for the section with AC-surfaced shoulders. Neither 
section had particularly good load transfer efficiency. 'lhe load transfer 
efficiency across the lane-shoulder joint was calculated for the section with 
PCC shoulders. It averaged. 35 percent, which 1s very lOlil. '1his indicates 
that the tied shoulders are providin;J very little structural support to the 
edge of the mainline pavement. 

Voids were identified beneath slab corners using deflection-based void 
detection procedures. '.these results are shown in table 51. 

Table 51. C.Orner void detection on MI 4 sections. 

Section 
MI 4-1 
MI 4-2 

Shoulder 
Type Dowels 
PCC . Yes 

AC Yes 

Edge 
Drains 
None 
None 

% Co:rne:rs 
Extti.biting Voidc; 

22 
95 

In addition to the clear difference in percent voids (or loss of 
support) sham here, an examination of the raw data is informative. On Mr 
4-1, of those joints exhibiting voids, none of the voids occurred un:ier both 
the approadl and. the leave slab; 75 percent of the voids detected were 
located urxier the leave slab. However, on MI 4-2 voids were detected urrler 
both the awroa,ch and. the leave corner of every joint but one. 

6. IEA1NABII.J."TY OF PAVF.MENr ~CJlS 

A drainage analysis was ~-fanned on each section to evaluate the 
section's ability to :rem::we water fran the pavement st:ructure. Iayer 
permeabilities were calculated for both the base and subbase layers in each 
section and., canbined with other inp.rt:s from the field sw:.vey, the overall 
drainability characteristics of these two sections were identified. '!he 
results available suggest that the section with AC sh.oulders had better base 
and subbase permeabilities. 'lhe two sections' drainage characteristics are 
presented in table 52. 

Section 
MI 4-1 
MI 4-2 

Table 52. Drainage sumnary for MI 4 sections. 

Permeability, ft/hr 
Base SUbbase 
0.01 0.35 
,O.p6 0.85 

Drainage 
Coefficient 
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7. IEn!R[QRM.'ICW OF PAVE.mlfl' SECI'ICR; 

'Ihe prinmy perfo:nnance iniicators are tabulated in figure 11 for both 
the outer lane and .im.er lane. 'Ihe relative performance of the pavement 
se:..tions with respect to the primal:y performance :i.nclicators are discussed 
belaw for the oo:ter lane only. '!he performance of the inner lane will be 
briefly discussed in section 9. 

Joint Spall.mg 

'1he transvez:se joints were in excellent comition on both sections. 
-It.le section with AC shoulders had 6 percent of the joints sptlled and the PCC 
shculder section had no transverse joint spalling. For all practical 
purposes, the.re was no difference in performance between the two sections in 
terns of joint spalling. 'Ihe transverse joint sealant on this project was a 
hot-poured rubberized pro::luct in the shoulders and neoprene in the mainline 
pavement. 'Ihe pavement 8 s sealant was in "fair" con:lition on MI 4-1 am "good 
to fair" condition on MI 4-2. 

J'oint Faulting 

Joint faultirg for the tied FCC: shoulder section was twice that of the 
AC shoo.lder section. However, the faulting is not very large on either 
section. It has been postulated that tie:i concrete shoulders would provide 
additional support to a mainline pavement. (2, 5, 6, 7) concrete shoulders also 
provide for a mre easily maintained arrl tighter joint between the lane and 
shoulder, 'Which should reduce the area.mt of moisture able to infiltrate into 
the base. 'Ihese are factors which a.re thought to lim.it faultin:_:J. 

'lbe system uc.;ed to tie the shoulders does not appear to have provided 
arr-;/ sui:POrt at the time the paveIOOnt was surveyed in 1987. '1he spacing of 
the hook bolts at 40-in (1016 mm) :intetvals is too lon;r to provide effective 
load transfer. With the lower comer deflections on the concrete shoulder 
section an:l the greater number of corner voids on the section with AC 
shoulders, theory suggests that there should be mre faulting on the section 
with AC shoulders. However, the penneability of the base arrl subgrade on the 
AC shoulder section were much higher than fourrl on the ~ shoulder section. 
Pe:dlaps the in,proved penneability of the AC shoulder section dominates the 
erosion characteristics of the sections. 

Transverse era~ 

JRCP pavements are expect:ed to develop transverse shrinkage cracks 
between tra.nsverse joints; the :reinforcement mesh is designed to hold the 
cracks tightly t.cgether. 'lliese two sections are no exception am EOO:ribited 
e.xtensive transverse cracking. Because a certain amount of shrinkage 
cracking is expect:ed, low-severity transverse cracks are not considered a 
major distress in JRCP pavem:mts. In the section with tied pre shoulders 
there were an average of 124 lc,w-severity transverse cracks/mile. 'Jlle AC. 
shal.lder section exhibited 173 low-severity transverse cracksjmile. 
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MICHIGAN 4 I-69 CHARLOTTE 

OUTER LANE PERFORMANCE DATA 

PCC SHOULDER AC SHOULDER 

MI 4-1 MI 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.IMI 227 183 
LONG. CKS:., ft/I'll 40 0 

¼ JT, SPALL 0 6 

INNER LANE PERFORMANCC DATA 
' 

PCC SHOULDER AC SHOULDER 

MI 4-1 MI 4-2 
PSR 2,6 2,6 

9 In ROUGHNESS, In/Ml 114 103 
JRCP 

71.2 ft 
FAUL TING, In 0,05 0,06 

JT, SPACING T, CKS.IMI 69 54 
LONG, CKS., ft/I'll 0 143 

¼ JT. SPALL 0 0 

Figure 11. Outer and inner lane performance data for Michigan 4. 
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Medium and high severity transverse cracks are those which show signs 
of deterioration. 'Ihese were prevalent in both sections and were the major 
distress observed on this experimental project. A total of 227 deterio:rated 
transverse cracks/mile were recorded on the PCC shoulder section; there were 
183 transverse cracks/mile on the AC shoulder section. 'lhus the section with 
AC shoulders perfonned tietter than the section with FCC shoulders. Havever, 
both of these values are very high. 

Given the number of spalled am deteriorated transverse cracks, it is 
not su:r.prisirq that there were hardly any deteriorated transverse joints. 
'!his is probably due to the fact that the dowels at the transverse joints 
have corrcrle:i am "locked up." 'Iltls is not an uncamocm occmrence on 
long-jointed pavements, especially where there are many workirq transverse 
cracks. 'Ihe steel nesh re:inforcement holdin;J the slab together is much more 
likely to yield before the corroded 1. 25-in (32 mm) di~ter dowels slide. 
'Ihe steel mesh then corrodes and fatigues, and ultimately fails. 'Ihe 
transverse cracks then effectively behave as contract.ion joints and allow the 
necessary space for the contraction and expansion of the lon:;; slabs. 

Further support for the fact that the joints are locked and that the 
cracks are working is the presence of 11011 cracki.nJ at most of the cracks arrl 
its absence at the joints. 110 11 crackin:J is an aggregate durability distress 
in which freeze-thaw cyclirq e.xace:rlates microcrac.kirg and subsequent 
deterioration of susceptible aggregates. An excess of moisture is :reg_uired 
for this deterioration to take place, and it usually begins at the slabjbase 
interface and works upward to the surface. 'Ihe fact that this phenomenon is 
cl:served only at the cracks confirms that the transverse joints are tight and 
are not a source of excess 100isture. '!he measured trdDSVerse crack widths 
averaged 0.45-in (11 mm) for the PCC shoulder section and 0.52-in (13 mm) for 
the AC shoulder section. 

Transverse Crack Faulting 

Since there was extensive deteriorated transverse cracking, and f~ 
deteriorated transverse joints or transverse joint faulting, it is 
interesting to coraider the amount of transverse crack faulting present on 
these sections. Transverse crack faulting was measured on all transverse 
cracks where present. Of the 30 transverse cracks exhibiting faulting in the 
section with PCC shoulders, the average crack faulting was 0.20-in (5 mm). 
In the section with AC shoulders, there we:re 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 amount of cumulative faulting was al:roclst 
double in the section with FCC shoulders. 

longitudinal Cracking 

An average of 40 linear ft/mile of lorgitudinal crac.Jdng was observed 
on the section with tied PCC shoolders. No lon;itudinal cr-acking was 
rea:irded on the pavement section with AC shoulders. 

Present Serviceability Rating am. Roughness 

'Ihe Present Serviceability Rat.:in::J (PSR) was 2. 4 for both sections. For 
Interstate pavements such as I-69, a :rating of 3. O is often c:onsidered a 
terminal serviceal?_il.ity point at which major rehabilitation is required. 'Ihe 
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Mays Roughness In:lex (RI) was 132 in/mi (2084 nmVJ<m) for the FCC shoulder 
section arrl 112 in/mi (1768 mn,lkm) for the section with AC shoulders. Both 
the PSR arrl. the RI values are consistent with the annmt of joint faulting, 
transverse cracking, am crack faultin"J discussed above. 

Shoulder Corrlition 

'!he prece:ilng deterioration indicators are related to the perfomance 
of the mainline pavenent. Since the experimental project was designed to 
evaluate the perfo:nnance of different shoulder designs, it is worthwhile to 
examine the shoulder co:rrlition of the two different sections. 

'Ihe section with tied FCC shoulders averaged 5 transverse cracks/mile 
on the shoulder. '!he joint spacing in the nonreinforced shoulders was 
18-18-18-17 .2 ft (5.5-5.5-5.5-5.2 m). 'Ihe con:lition of the lane-shoulder 
joint sealant was fair. Spalls were observed on the shoulder adjacent to the 
mainline pavement transverse joint at 13 percent of those joints. 'Ihe FCC 
shoulder averaged o. 2 in (5 mm) of heave above the mainline pavemant 
surface. 'Ihe overall rating of the outer shoulder on this section was "fair" 
to "good. " 

'!he concrete shoulder was not paved integrally with the mainline 
pavement. In order to mitigate the potential detrimental effects of 
differential nx:wemant, the slab edges on the pavemant were given a smoother 
finish than were later jabs. '!his would help to explain the low 
lane-shoulder load transfer efficiency of 35 percent. 

MI 4-2, with AC shoulders, had extensive linear cracking arrl alligator 
cracking of the shoulder surface. 'Ihere was an average drop-off of O. 9 in 
(23 mm) f:ran the pavemant to the shoulder arrl an average lane-shoulder 
separation of 0.3 in (8 mm). 'Ihere was no sealant in the lane-shoulder 
joint, eanring it a ''poor" rating. 'lbe overall ratin;J given to the outer 
shoulder in this section was "poor. 11 

8. ~ OF r:ESI~ FFMURES ~ PAVEMEN.l' ~ 

'Ihere was only one design feature, shoulder type, incorporated in this 
project. '!his experinErt:al project was designed to evaluate the design arrl 
perfonnance of several shoulder types arrl not particularly to in-prove 
pavement perfonnance. If the shoulder type is evaluated in tenn.s of its 
effect on pavement perfonna.nce, an examination of figure 11 shows that the 
section with the AC shoulder perfo:nned better than the section with the tied 
PCC shoulder. While PSR, roughness, joint spalling, and lon:Jitudinal 
cracking are similar for both sections, transverse cracking arrl faulting of 
both joints arrl cracks is much worse for the section with tied shoulders. 

If the premise that tied concrete shoulders ilrprove mainline pavement 
perfonnance is accepted, the results of this project may appear 
contradictory. HcMever, all factors 111.lSt be considered. Recall that joint 
corner deflections were higher for the AC section, with the reduced edge 
support. Also, the corxlition of the two shoulders, arrl especially the 
con:lition at the lane shoulder joint, shows that the shoulders are perfonning 
as would be expected. 'Ihe FCC shoulder is structurally superior to the AC 
shoulder, showinJ very little deterioration. It can be assumed that they 
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have han:lled about the same annmt of encroaching am parked traffic. With 
the tighter joint, the presence of joint sealant, am the caiparatively 
distress-free shoulder of the PCC section, the mainline pavement of this 
section should perform better. 'Ihe fact that it does not suggests that other 
nechanisms are controllirg the perfonnance of the pavement in this case. 

Two factors may explain this difference in perfonnance. 'Ihe 
drainability of the base am subbase un::ler the AC shoulder section was better 
than that of the PCC shoulder section. As is shCMI1 in section 6, layer 
penneabilities were better in the AC shoulder section, although their overall 
drainabilities were the same. 'Ihis difference in penneabilities may have had 
an affect on the perfonnance of the two sections. Another factor that may 
account for these results is the fact that the spacin:J of the shoulder ties 
of the PC.'C shoulder section was too great. 'Ihus, the expected benefits of 
the tied shoulders were not realized. 

9. am>ARISCN OF a1fl.R AND INNER JANE ~ 

'Ihe inner lane has been subjected to far fewer traffic loadings than 
the outer lane, but its perfonnance still provides same interestin:J 
carprrisons. Recall that the difference between cumulative ESAL's is 4.4 
million to o. 75 million 'Ihe distresses~ sunnnarized in figure 11. It can 
be seen that there is no difference in the PSR am very little difference in 
the roughness for the two inner lanes, and that these are both better than 
their respective outer lanes. 'lbere was no joint deterioration noted on the 
inner lane sections, which is siillilar to the result founi in the outer 
lanes. '!he faulti:rg on the inner lane of the section with the FCC shoulder 
was 100re than half that of the outer lane of the same section, while the 
joint faultin;J on the section with AC shoulders was the same for both lanes 
ard approximately the same as the faultin] on the inner lane of the PCC 
shoulder section. 'Ihe number of meditnn- am high-severity transverse cracks 
in the inner lanes was 30 percent of the transverse cracJd.n:J in the outer 
lanes for both sections. Longitudinal cracJd.n:J is the only distress that is 
greater in the inner lanes than in the outer lanes. 'Ihe inner lane of the 
section with AC shoulders has 143 ft/mi of longitudinal cracki.rq; there is 
none in the inner lane of the other section. 

'1hese results confi.nn that faultin] am deteriorated transverse 
cracJd.nJ are lead-related distresses and that the traffic volmres have had no 
effect on the amount of joint spallinJ. 'Ihe effect of traffic on 
longitudinal cracJd.n:J is ambiguous, but this distress seems not to be related 
to loading. It may be a result of a localized differential settlem:nt. It 
is not believed that longitudinal cracki.rq is a result of the friction 
produced by the base, as aggregate base courses typically have lCM 
coefficients of friction. It is possible that the depth of cut on the 
lorqitudi.nal joint was insufficient or that this joint was sawed late. 
As-built plans show that it was cut to a depth of 2. 75 in (70 mm) , or 31 
percent of the slab thickness. While this approximates the conma1ly 
recatmarrled value of 1/3 the slab thickness, deeper cuts may be required to 
ensure formation of the lon;itudinal joint. 'Ihe inner lane shoulders are AC, 
paved 3-ft ( O. 9 m) wide on both sections. 
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10. ~ AND a:NC[IBICH3 

'Ihe major purpose of this experimental project was to evaluate the 
performance of tied PCC shoulders against that of AC shoulders. Examination 
of the primary performance in:licators suggests that the AC shoulders improve 
pavem:mt performance, as there are fewer transverse cracks and less faulting 
on this section. However, this is not the conclusion that should be drawn. 

A study of the penneabilities of the base and subbase courses provided 
an explanation for several of the anaralies observed on this project. While 
these two sections are approximately 2000 ft ( 610 m) apart arrl share all 
design characteristics with the exception of the shoulders, the properties of 
the base arrl subbase materials are very different. 'Ihe base penneability for 
the AC shoulder section is much better than the base penneability for the 
section with ro:: shoulders. 'Ihis tren::l is continued with the subbase 
permeabilities, where again the subbase on the section with the AC shoulder 
has a greater penneability than the section with the PCC shoulder • 

. How does the difference in penneabilities affect the pavement 
performance? If the drainage dlaracteristics of the section with the 
concrete shoulders are not as good., this section is not removing free 
moisture from the pavement system as rapidly as the other. 'lbe presence of 
excess moisture would account for the greater faulting of this section. It 
has already been suggested that the joints in both sections are "frozen" and 
that the transverse cracks are worki.ng. 'Ihe large number of faulted 
transverse cracks arrl the fact that the deteriorated cracks show greater 
faul tirq than the transverse joints on that section are also explained by the 
presence of excess moisture. 

'!here are also problems that may be associated with the perfor.mance of 
the tie bars connecting the shoulders and the mainline pavement in the 
section with FCC shoulders. Consider the greater number of deteriorated 
transverse cracks on the section with concrete shoulders. A !X)SSilile 
explanation of this is that the tie bars used to keep the shoulder frcm 
separating from the mainline pavement are corrode:i and "frozen." Combined 
with the different joint spacirg of the shoulder and mainline pavement, the 
differential movements which occur between these two sections of concrete 
cc:ol.d cause transverse cracks to occur where the pavements are tied 
together. Assuming that the PCC shoulder was placed level with the pavement 
ecge, the heave that was measured on the shoulder implies the presence of a 
li:ftirq force being applied to the shoulder, m::,st likely as a result of 
freeze-thaw action fran trapped nnisture. 

'Ihe tie bars were also spaced too far apart and the slab edge was too 
SlOOOth to enable the tied FCC shoulder to provide adequate support to the 
mainline pavement. 'Il1.ere was poor load transfer across this joint am the 
result was that the PCC shoulders did not perform as expected. 'Ihey were, 
ru::,;,,ever, in better overall condition than the AC shoulders. 

'llle conclusion suggested by these results then, is not that AC 
shoulders have a better effec:t on pavement perfo:rmance than tied FCC 
shoulders. 'Ihe design of the tied shoulder has a very significant effect on 
the ability of the shoulder to improve pavement perfonnance. Joint spacirq 
in the shoulder arrl the spacing of the tie bars nrust be carefully designed to 
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ensure that the desired benefits are achieved. When paved integrally with 
the mainline pavement, tied K'C shoulders will also provide support from 
aggregate interlock. 

Also, overall pavement drainability has an enonnous effect on pavement 
perfonnance that can overccme other significant design features. In effect, 
this experiment contained an extra design variable, drainability of the 
pavement layers. If this variable were includ:IDJ in the experimental design 
factorial, the results would then shcM that the difference in penneabilities 
was the controllin';J design feature. 

ll. AIDITIOOAL READilC 

Colley, B. E., C. G. Ball, and P. Arriyavat, "Evaluation of Concrete 
Pavemants with Tied Shoulders or Widened Ianes," Transtx>rtation 
Research Record, Number 666, W• 39-45. 

Tayabji, S. D., C. G. Ball, an:l P. A. Okamoto, "Effect of Concrete 
Shoulders on Concrete Pavement Perfo:rmance," Paper presented at the 
63rd. annual meetin';J of the Transportation Research Board, January 1984. 

ariunti, M. A., "Experimental Concrete and Bituminous Shoulders 
(Progress Rep:)rt) , 11 Michigan state Highway an:l Transportation 
Camnission, Research Report No. R-898, Februazy 1974. 

Arnold, C. J., M. A. atlunti, arrl K. S. Bancroft, "Jointed Concrete 
Pavemants in Michigan: Design, Perfonnance, and Repair," Proceedings 
from the 2n:l Inte:rnational Conference on Concrete Pavements, Purdue 
University, April 1981, W• 67-77. 

90 



CHAP.Im 16 ~ 94 - IM 1:Wii., MICHIG\N 

1. INIROllJCTICN 

'Ihis section of I-94 is a four-lane, divided, rural Interstate. It is 
located in southwestern Michigan, west of Kalanazoo. 'Ihe roadway was 
constructed an:l opened to traffic in 1984. It is designated as MI 5. 

2. CESIQf 

'Ihis pavement is JRCP, with 41-ft (12.5 m) joint spacing ani 
perpendicular transverse joints. 'Ihe slab is 10-in (254 mn) thick and has 
o .14 percent reinforcing steel. 'Ihe concrete was proo.uced using recycled 
aggre;:Jate with a top size of 1 in (25 mn). Transverse joint load transfer is 
provided by 1.25-in (32 nun) diameter, epoxy-coated dcMel bars. 'lhe 
transverse joints are sea.loo with a preformed compression sealant. 

'lhe base is a 4-in (102 mm) open-graded (permeable) aggregate layer. 
It rests on a sand layer 21 in (533 mm) thick. No filter layer was placed 
between the penneable layer and the sam layer. '!he sul:grade is an AASHro 
A-2-4. In addition to the penneable base layer, 6-in (152 mm) diameter 
lon:Jitudinal e:ige drains run continuously alorq the project. 

'Ihe inner and outer shoulders are JPCP, 5 and 10 ft (1. 5 an:l 3. o m) 
wide respectively. 'Ihe joint spacing for the concrete shoulders averagerl. 
13. 6 ft ( 4 .1 m) , so that only eNery third joint matched a joint in the 
mainline pavement. 

3. C':Ll:MME 

'Ibis section is located in the -wet-freeze environmental zone. 'Ihe 
Corps of Engineer Freezing Index for this area is 563, arrl the 'Ihomthwaite 
Moisture Index is 40. It receives an average of 38 in (965 mm) of rainfall 
annually. 

'Ihe design 2-way ADI' for this section of highway was 18,400 vehicles, 
with 22 percent trucks. Data provided by the Michigan ror shCMed a 1986 
2-way ADr of 19,300, with 20 percent truck traffic. weigh-in-Motion data was 
also collected at this location in 1987. 'lb.is data shar.Jed a 1-way ADI' of 
21,900, with 28.5 percent trucks. '!he estimated amu.lative 18-kip (80 kN) 
F.quivalent Single-Axle load (ESAL) applications through 1987 was 3 .1 million 
ESAL's in the outer lane arx:1 O. 75 million in the inner lane. 

5. IEAINABII.1.TY AND omER :mYSICAL '.lli.Sl'llG RESOI.II'S 

'!be base layer of th.is pavement was designed to be very penneable. It 
had a calculate.cl penneability of 1.85 ft/hr (0.56 m/hr). 'Ihe penneability of 
the subbase was 0.85 ft/hr (0.26 nv'hr). OVerall, this section was assigned 
an AASHro Drainage Coefficient (Cd) of 1.05 and received an overall drain
ability rat..irq in the range from good to excellent. 
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Testing performed on the pavement shaved that the m::xiul.us of elasticity 
of the slab was 4,490,000 psi (30,960 MPa) am the effective k-value (on top 
of the base) was 233 pci ( 63 kPajmm) • Comer deflections averaged 26. 9 mils 
and the adjusted load transfer efficiency of the transverse joints was 94 
percent. Loss of support was detected under 95 percent of the corners. Load 
transfer f:ram the mainline pavenent to the concrete shoulder was 48 percent. 

6. ~ AND REHABI.LITATIOl 

'1he field surveys shcmed that sane partial-depth repairs were placed 
alorg the lon;Jitudinal joint. It is not kno;..m why these repairs were 
:necessary. No other maintenance or rehabilitation has been perfonned on this 
section, accordin':J to infonnation provided by the Michigan 001'. 

'1he average PSR in the outer lane was 4. 2. 'Ihe Mays Meter Roughness 
Index was 36 in/mi. '1he average transverse faultir.g measured on this section 
was 0.05 in (1.3 mm). '!here were an average of 144 deteriorated transverse 
cracks/mi ani another 158 low severity transverse cracks/mi. No longitudinal 
cracking was noted. Joint spallir.g or punpir.g was not observed.. 

'Ihe PSR in the inner lane was 4.4, with a Roughness In:lex of 50 in/mi. 
'1he transverse joint faulting was 0.03 in (0.8 mm) 'Ihere were 5 deteriorated 
transverse cracks/mi, but 263 low severity transverse cracks/mi. Neither 
lorgitudinal crackin;J nor joint spalling was obse:tved in this lane. 

'Ihe majority of the transverse cracks occurred at locations where the 
transverse joints in the shoulder arrl mainline pavement did not match. 
Recall that the joint spacinJ was nuch shorter for the shoulder an:i that only 
one in three joints matched. 'Ihe offset joints in the shoulder .iniuced the 
fonnation of transverse cracics in the mainline pavement, which rapidly 
deteriorated urrler traffic. 

'Ihe transverse cracks typically follow a straight line across the 
pavement and through the depth of the slab. With the top size of the 
aggregate only l in (25 mm), very little aggregate interlock exists so that 
the cracks rapidly deteriorate:i. 

8. CXH:![IEICH, 

'Ihis pavement is perfonning p:x>rly, especially for its young age arrl 
lc:M traffic. '!here are many corner voids, excessive transverse cracking, a:rrl 
some repairs already in place on this 3-year old paverrent. It is believed 
that the major cause for the poor perfonna:nce of this pavement section is the 
offset joints in the shoulder forcing a crack in the mainline pavement arxl 
the small top size of the aggregate, which reduces the amount of aggregate 
interlock at opened transverse cracks. Furthermore, limited pave.nent rEmJVal 
perfonim by the Michigan ror in:licated that the sand layer had infiltrated 
into the pe.rneable base. 'Ihus, the favorable draina.ge characteristics of the 
base would be diminished. 
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1. IN'mOII1C'l'ICti 

'Ihis project was constnicted to evaluate the effects of base and 
subbase type, slab length, slab thickness, :reinforcement, and rcec:ha.nical load 
transfer devices on pavenEit perfonnance. Design variables included 
aggregate, asphalt-treated, and soil-cement base courses; joints with and 
without load-transfer devices; and skewed and perpen:licular joints. 
Construction was begun on the experinental project on Route 23, between 
catskill and cairo, New York, in 1965, and the road was opened to traffic in 
1968. over time, material t.estin;J shcMed that there were not sufficient 
differences between the two subbase materials, there was not sufficient 
strength gain with the soil-cement base material, and there was little 
thickness difference between the 8- and 9-in (203 and 229 mm) slabs to 
continue to use these as exper.ilnental design variables. 

'Ihe original set up of the experinent included 4 replicates of each of 
8 different designs (except for two designs which had only 3 replicates), for 
a total of 30 possible sections. Elimination of slab thickness and subbase 
material as variables simply increased the number of replicates of the 
ex:i.stin-J designs. 

Six sections, designated as NY 1-1 through NY l-8b, were smveyed and 
tested in 1987. 'Ihe average section length was 599 ft ( 183 m) • No control 
sections, in the strict sense of the tenn, were included. 'IWo sections with 
60.8-ft (18.5 m) joint spacing and reinforced slabs, NY 1-3 and NY 1-4, 
representing New York's typical design, were included. 'Ihe remaining 
sections had 20-ft (6.1 m) joint spacirq. Other variables include base type 
(either asphalt-treated or aggregate) and transverse joint load transfer. 
'Ihe asphalt-treated base consisted of 2.5 to 4.0 percent AC. It should be 
noted that the sections that were constructed with load-transfer devices used 
a two-part malleable steel devic.e (A01E) that enjoyed some popularity in New 
York through the 1960's. Since then, the perfonnance of this devic.e was 
fourrl to be unsatisfactocy and it has not been used by the New York state 
Department of Transportation since the early 1970's. 

A conq::,lete listirq of the original design and construction infonnation 
for each section, as well as other pertinent project infonnation, is provided 
in the summary tables of chapter 32. 

'!his project does not utilize a full factorial experill'ental design in 
which each design variable is isolated so that its effect can be studied. 
'Iherefore, drawing conclusions about the canparative performance of various 
design variables is not entirely valid. 

2. CIJMA'm 

'llris experiment.al section of Route 23 is located in the east central 
part of New York, in the wet-freeze environmental zone. 'Ihe project site has 
a 'Ihornthwaite Moisture Index of 54, a Co:i:ps of Engineers Fr."e?..zing Index of 
500, and receives an average of 39 in (991 nm) of rainfall annually. 'Ihe 
highest average mrn:hly :maximum "tel'rpmlture is so Op (27 °c) am the 
lowest average monthly :mirmmJm ~ture is 10 °F' (-12 °c). 
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3. 'mAFFIC 

'1he roadway is a four-lane divided highway, with a functional 
classification of Rural Collector. Since ~ to traffic in 1968, the 
pavement has sustained 3.1 million cumulative 18-kip (80 kN) Equivalent 
Sin;Jle-Axle I.cad (ESAL) applications in the outer lane (through 1987). 'Ihe 
inner lane has carried nearly 0.4 million a.mu.l.ative ESAL's. 

'Ihe two-way Average Daily Traffic (ADI') in 1986 was approximately 7250 
vehicles, includirg 10 percent heavy trucks. Weigh-in-llD'tion data collected 
at the project site in 1987 provided a traffic camt of 10,lOOvehicles per 
day, includirg 10 percent heavy trucks. 

4. MADn'ENANCE AND REHABIIJTATiai 

Acx:o:rdin;J to records provided by New York state oor, no major 
maintenance or rehabilitation has been perfonned on these sections. 'Ihe only 
maintenance 'W'Ork perfo:rnm to date has been the plac:emant of surface 
treatnents on the asphalt concrete shoulders in 1970, 1975, 1982-83, arrl 
1985. 

5. IHYSICAL TESI'ING RESlJill1S 

Cores from slab centers arxi from typical transverse joints were 
retrieved from the pavem:mt sections in 1987. '!he center cores were tested 
in split tensile to provide an in:lication of the concrete strergth. 'Ihe 
joint cores were visually inspected for signs of deterioration beneath the 
joint or for any signs of material durability distress, such as microcracking 
in the aggregate. 

'!here were no visible signs of deterioration at the .bottan of the joint 
which might in:licate a concrete durability problem. Sare micrccracking was 
d:::>Se:tved in the core's aggregate. 

'Ihe split tensile s'tren3th values were used to obtain an estimate of 
the m::ldulus of rupture. '1hese values are reported in chapter 32. A mean 
lOOdulus of rupture of 786 psi (5.4 MPa) was obtained. 

Deflection testin] was perfonred on the sections in 1987 for purposes 
of layer nmuli characterization, detennination of load transfer 
efficiencies, arxi void detection. 'lhe elastic IOOdul.us of the concrete (E), 
the ccmposite k-value (on top of the base), arxi the load transfer values are 
summarized for each section in chapter 32. 

'Ihe slab E-values averaged 4,080,000 psi (28,130 MPa) for all of the 
sections. 'Ihe SllpJ;X)rt k-values for the sections are given in table 53. 

Table 53. carp:>site k-value by base type. 

Base Type 
Asphalt-Treated 
Aggregate 
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'!here were insignificant differences in the average center slab 
deflections for the different base course sections. 'Ihe subgrade soil MSHro 
classification was generally an A-2-4 material, which is fairly stiff soil. 

Table 54 provides the load transfer efficiencies for each section and 
the voids, or loss of support, detected for each section. 

Table 54. load transfer efficiencies and comers with voids at NY 1. 

Section 
NY 1-1 
NY 1-3 
NY 1-4 
NY 1-6 
NY l-8a 
NY l-8b 

Base 
Type 

ATB 
ATB 
NXl, 
N:;G 

ATB 
ATB 

load 
Transfer D:!vices 

Yes 
Yes 
Yes 
Yes 

No 
No 

Joint load 
Transfer, % 

100 
47 
94 

100 
100 
100 

% Comers 
Exhibitin:J Voids 

55 
20 
25 
30 
20 
25 

'!he 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) pavenent sections had lower load transfer efficiencies, 
varying from 47 percent on ATB to 94 percent on the aggregate base. In 
addition, it is observed fran the table that voids were detected in all of 
the sections. 

6. IEAINABILll'Y OF PAVEMENI' ~CH, 

A drainage analysis was perfo:rnai on each section to evaluate the 
section's ability to rem::we water from the pavement structure. Iayer 
permeabilities were calculated for each draining layer belor,, the slab and, 
with other inp.rts from the field sw:vey, the overall drai.nability 
characteristics of the section were identified. Results from this evaluation 
are summarized in table 55. 

Section 
NY 1-1 
NY 1-3 
NY 1-4 
NY 1-6 
NY 1-8a 
NY l-8b 

Table 55. Drainage SUlilil1al'.Y for NY 1 sections. 

Base 
Penneability. ft/hr 

o.oo 
o.oo 
0.11 
N/A 
o.oo 
o.oo 

AASHIO 
Drainage Coefficient 

0.90 
0.90 
0.80 
0.75 
1.00 
1.05 

overall 
Drainability 

Fair 
Fair 

V.Poor-Poor 
V .Poor-Poor 

Fair-Good 
Fair-Good 

In general, the overall drainage characteristics of the sections with 
int;ienneable bases were better than those of the sections with aggregate base 
am subl::ase layers. 'Ihese granular materials were fairly ilrpe:tvious to 
noisture, as is shown in their lo,, drainage coefficient and overall 
drainability rating. 
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Ji In 
PCP 

20 ft 
JT, 

SPACING 

9 In 
JRCP 

60,8 ft 
JT, 

SPACING 

~ 

NE'w YORK 1 RTE. 23 CATSKILL 

OUTER LANE PERFORMANCE DATA 

SKE\JED JOINTS PERPENDICULAR JOINTS 

NO LOAD LOAD NC LOAD LOAD 
TRANSF"E:R TRANSfER TRANSF"ER TRANSFER 

NY 1-6 
PSR 3,9 

ROUGHNESS, In/r1I 82 
AGG f AUL TING, In 0,03 BASE 

T. CKS,hll 35 
LONG, CKS., ft/Ml 0 
% JT, SPALL 13 

NY 1-81::> NY 1-80. NY 1-1 
PSR 3.8 4,1 4,0 

ROUGHNESS, tn/1'1I 65 64 56 

ATB f AUL TING, In 0.03 0,01 0.02 

T, CKS./1"1I 0 9 0 
LONG. CKS., ft/Ml 0 0 0 

% JT, SPALL 0 0 6 

NY 1-4 
PSR 3,4 

AGG ROUGHNESS, In/I'll 90 

BASE FAUL TING, tn 0.09 

T, CKS./MI 0 

LONG, CKS.,. ft/Ml 0 

% JT, ·SPALL 9 

NY 1-3 
PSR 3.6 

ROUGHNESS, In/Ml 79 

ATB FAUL TING, in 0,14 

T, CKS./1"1I 0 
LONG. CKS., ft/Ml 0 

¼ 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 

0 

9 

3,6 

79 
0,14 

0 

0 

73 

LOAD TRANSF'ER DEVICES ARE ACME DEVICES. l!O f't .JJINTS lilll.8 t1l .mNTS 

PSR 3.8 4.1 3.9 3,5 

ROUGHNESS, ln/ril 65 64 69 85 

F' AUL TING, In 0.03 0.01 0,03 0,11 

T. CKS./MI 0 9 17 0 

LONG. CKS,. ft/I'll 0 0 0 0 

:t. JT, SPALL 0 0 9 41 

Figure 12. Outer lane performance data for New York 1. 
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9 In 
JPCP 

20 ft 
JT, 

SPACING 

9 In 
JRCP 

60.8 ft 
JT. 

SPACING 

AVG. 

NEw YORK 1 RTE. 23 CATSKILL 

INNER LANE PERFORMANCE DATA 

SKE\./ED JOINTS PERPENDICULAR JOINTS 

NO LOAD LOAD N□ LOAD LOAD 
TRANSFER TRANSFER TRANSFER TRANSFER 

NY 1-6 
PSR 3.6 

ROUGHNESS, In/I'll 79 
AGG 

f AUL TING, In 0.01 BASE 
T, CKS./1'11 9 

LONG. CKSY ft/Ml 264 

% JT, SPALL 10 
NY 1-8b NY l-8Q NY 1-1 

PSR 4.1 4.0 4,0 

ROUGHNESS, In/Ml 59 64 57 

ATB FAUL TING, In 0.01 0,01 0,01 

T. CKS./MI 0 9 0 

LONG, CKS., ft/Ml 0 290 0 

¾ JT, SPALL 0 0 3 

NY 1-4 
PSR 4,0 

AGG ROUGHNESS, 1n/r11 66 

BASE FAUL TING, in 0.02 

T. CKS./MI 9 
LONG. CKSY ft/Ml 0 

¾ JT. SPALL 9 

NY 1-3 
PSR 4,0 

ROUGHNESS, In/Ml 76 
ATB FAUL TING, In 0.03 

T. CKS.IMI 0 

LONG, CKS., ft/Ml 0 

% JT, SPALL 73 

AVG. 
3.6 

79 

0.01 

9 

264 

10 

4.0 

60 

0.01 

3 

97 

1 

4,0 

66 

0,02 

9 

0 

9 

4.0 

76 

0,03 

0 

0 

73 

LOAD TRANSFER DEVICES ARE ACME DEVICES, 20 ,t JDJNTS 60.8 f't JD.IIITS 

PSR 4,1 4,0 3.8 4.0 

ROUGHNESS, In/Ml 59 64 68 70 

FAUL TING, In 0.01 0,01 0.01 0.03 

T, CKS,/MI 0 9 s s 
LONG. CKS. ft/Ml 0 290 132 0 

¾ JT, SPALL 0 0 7 41 

Figure 13. Inner lane performance data for New York 1. 
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7. IEmRIORATI~ OF PAVEMENI' SEX:!r.ICES 

In order to better present the results of the extensive distress sw:vey 
can:iucted on each pavement section, as well as to denonstrate the l.ilnited 
extent of the factorial design of the experiment, the pr.inary distress 
results are tabulated in figure 12 (outer lane) arrl figure 13 (inner lane). 
'!he relative perfonnance of each pavement section with respect to the prinla:ty 
distress types are discussed belc:M for the outer lane only. 

Joint Spallirq 

Madium arrl high severity joint spalling are nuch higher for the 
sections with load-transfer devices than for the sections without them. '!his 
is the overriding factor affectirg joint spalling; there is no clear treni 
which suggests an effect of base types. '1he data shows that the long-jointed 
sections had a higher percentage of spalled joints (9 to 73 percent) than the 
shorter slabs. 'Ihe one short-jointed section with skewed joints am. no load 
transfer exhibited no joint spalling, nor did the short-jointed section with 
pe:rperrlicular joints ani no load transfer. 

Best Performance 

'!he pavement section displaying the best perfonnance, in tenns of joint 
spallin;J, had the follc:Ming characteristics: 

o 'Ihe sections with 20-ft (6.1 m) joint spacin:J on an 
asphalt-treated base, without load-transfer devices. 

Worst Perfonnance 

'lhe worst perfo:nnance, in tenns of joint spalling, was deronst:rated by 
the pavement sections with the follc:Ming design features: 

o 'Ihe section with 60.8-ft (18.5 m) joint spacing, on an 
asphalt-treated base, with load-transfer devices. '!his section 
had spall repairs on 73 percent of the transverse joints. 

Joint Fau.ltin;J 

Generally speaking, joint faulting for the project was law. 'Ihe 
average transverse joint faulting was l11Udl higher for the long-jointed 
sections than for the short-jointed sections. 'Ihere is no significant 
difference in the faulting observed on the two different base types. '!he 
faultirxJ was higher on the sections with the load-transfer devices, which is 
saIEWha.t surprising. However, if the long-jointed sections are not 
CX>nSidered, then there is no real difference between the faulting on the 
sections with or without the devices. 'Ihe effect of skewed joints could not 
be isolated fran other factors in order to assess its effect an faul:tirg. 

Best Performance 

Paveinent sections with the best performance, in tenns of joint 
faul tirg, had the followirg design features: 
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o Any of the short-jointed sections on either aggregate or 
asi;ilalt-treated base CQJX'Se1 both with arxl without load 
transfer devices. 

Worst Perfo:nnance 

'Ihe pavenwant sections displayin:J the lNOrst perfo:nnance, in tenn.s of 
joint faultir.g, had the follcwin;J cbaracl:eristics: 

o Either of the long-jointed sections. 

Transverse crackirq 

Transverse crackirq, measured by the number of deteriorated 12-ft 
(3. 7 m) cracks per mile (low-severity transverse cracks on JRa> are not 
include:l) was not d::lserve:l on the sections with 60.8-ft (18.5 m) joint 
spacing. An¥:>r.g the sections with 20-ft (6.1 m) joint spacing an1 an ATB, 
only the section with pa:perdicular joints arxl no load transfer exhibited aey 
transverse cracking. 'lhe section with load-transfer devices arxl an AGG base 
had more transverse cracking than either of the other sections built on an 
ATB base. With the exception of the short-jointed dowele:l section on an 
aggregate base, all of the sections had transverse cracks which radiated from 
old core holes in the center of slabs. 'Ihese were not counted in the 
distress summaries. 

Best Pe.rfoniance 

In terms of deteriorated transverse cracks, the best perfonnance was 
exhibited by pavement sections with the follcm'ing characteristics: 

o Either of the sections with 60.8-ft (18.5 m) joint spacing. 
'Ihese both had load transfer devices, an:l there was no 
difference in perfonnance between the two base types. Two of 
the short-jointed sections on ATB also had no deteriorated 
transverse cracks, although the effect of the other variables 
is confoumed. 

Worst Perfonnance 

'Ihe worst perfonnance, in tenn.s of deteriorated transverse cracks, was 
displaye:l by pavement sections with the following design features: 

o '!he short-jointed sections with pei:perdicular joints. '!here is 
not enough data to draw a conclusion about the effect of the 
other variables. 

Iongitudinal Cracking 

I.ongitu:ilnal cracking was not cbse.rve:l in the outer lane of any of the 
six sections evaluated. 'Ihe depth of sawcut of the longitudinal joint was 
2 in (51 nm). 
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Present Serviceability Ratin;J (PSR) arrl Roughness 

'!he Present Serviceability Ratin;J (PSR) arrl roughness :measurements for 
each section are sum:oarized in table 56. 

Table 56. Roughness am present saviceability on NY 1 sections. 

Section 
NY 1-1 
NY 1-3 
NY 1-4 
NY 1-6 
NY l-8a 
NY 1-Sb 

Base Type 
ATB 
ATB 
AG; 

AGG 
ATB 
ATB 

Joint Spacirg. ft 
20 

60.8 
60.8 

20 
20 
20 

Roughness. in/mi 
56 
79 
90 
82 
64 
65 

PSR 
4.0 
3.6 
3.4 
3.9 
4.1 
3.8 

'Ihe measured roughness was generally low am. the PSR high for these 
sections. 'Ihe exceptions are the two sections canst:tucted with 60.8-ft 
(18.5 m) joint spacing. 'Ihese sections exhibited the lowest PSR arrl the 
highest roughness of the group. 'Ihe best performance was measured on the 
short-jointed sections with an ATB. 'Ihe sections with load-transfer devices 
had lawer PSR's airl higher roughness values, consistent with the increased 
anount of other distresses noted on these sections. 

8. EFFR:T OF lESIQf FFXmRES W PAVEMFN.r PEmtemNCE 

'Ihe effect of the various design features on the perfor.mance of the 
different sections is not always readily apparent. As was mentioned earlier, 
the experiment was not set t1p as a full factorial design, so that same of the 
variables are not isolated. Sate ccmnents about the relative effect of these 
design features are summarized below. 

Base Type 

'Ihe ·asp1.alt-treated base course sections performed better than the 
aggregate base types on the short-jointed sections. 'Ibis is pr:ilaarily based 
on the am::>Unt of cracking (both transverse arxi lorqitudinal) arxi joint 
spalling present in the aggregate sections. On the lorq-jointed sections, 
the aggregate base had less faultin;J am spalling than the ATB. section, but 
had a higher Roughness Iniex and a lower PSR. 

Load Transfer Devices 

'!he sections without the two-part malleable iron load transfer devices 
spalled much less than those sections with the load transfer devices. 
However, it is not apparent from the data that the devices had aey effect on 
:reduc~ joint faulti:rq. It should be noted that the two-part malleable iron 
load transfer devices are no lorqer used by the NYSoor, as they were the 
cause of many joint-related performance problems and were not effective in 
reducing faulting. 
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Joint Spacing 

Joint spacing had a significant effect on pavement performance. '!he 
longer JRCP sections had the lowest PSR's ani the highest :roughness values, 
but they had the least arocmit of transverse arrl longitudinal cracking. 'lhese 
sections also had higher faulting am joint spalling than the other 
sections. 

Joint Orientation 

'Ihe perfo:nnance of skewed versus perpen:licular joints could not be 
readily detemined, as only one section with skewed joints was included. In 
general, its faultin:J was similar to that of the identical design with 
perperrlicular joints, with IOC>re transverse cracking recorded in the section 
with perpen:licular joints. 

9. CQU?ARISal OF amm, IANE AND mNER IANE PF.mtHWU 

'lhe inner lanes have l::een subjected to many fewer t.raffic loadin;Js than 
the outer lanes. However, the perfonnance of the inner· 1ane sections can 
still provide some insight into the performance of the design features. In 
fact, many of the perfonnance trends observed in the outer lane hold true for 
the inner lane. For instance, the a.5{ilalt-treated base course sections 
generally shCMed better performance than the aggregate base sections. Also, 
the short-jointed sections perfonned better than the long-jointed sections, 
although the long-jointed sections perfonned fairly well. Finally, the 
sections with load-transfer devices perfonned nDJ.ch worse than the section 
that did not have any load-transfer device. '!his particular type of 
load-transfer device is no longer used. 

An overall conparison of the two traffic lanes is provided in table 
57. 'lhe annmt of joint spalling which cx::curred in the inner lane is about 

Table 57. Ccutparison of perfonnance by lane at NY 1. 

Variable 
ESAI/s (millions) 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
~. Cracks, ft/mile 
Roughness, in/mi 
PSR 

Inner lane 
0.4 
16 

0.02 
5 

92 
67 

4.0 

outer I.ane 
3.1 

17 
0.05 

7 
0 

73 
3.8 

the same as that fourrl in the outer lane. '1his suggests a relative 
insensitivity of spa.11:i.ng to traffic. 'lhe faulti.rg for the inner lane is 
about half that of the outer lane, which is consistent with the 
load-associated causes of faultirq. 'Ihe number of deteriorated transverse 
cracks was higher in the outer lane than in the inner lane, in:licating sane 
effect of the higher truck traffic levels. As would be~, the 
rideability arxi :roughness are slightly better for the inner lane than for the 
outer lane. 

I.on;Jitudi.nal. cracking was abse:tved only in the inner lane. 'lru.s 
distress is IOOSt l_ik,ely caused by construction problems, such as insufficient 
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depth of the lon:Jitudinal lane-lane joint. Recall that the lon:Jitudinal 
lane-lane joint was sawed to a depth of 2 in (51 mm), or about 22 percent of 
the slab thickness. 

10. ~ AND c:x:ECIIJSICHS 

Analysis of the sections in this project is sonewhat difficult due to 
the limited design of the e,xperiment and other confourrlin; variables. 
However, several observations can be made. 

'Ihe pavements with short slabs perfonood better than t.lie long-jointed 
sections in terms of joint faultin:j, roughness, arrl PSR. In fact, the 
long-jointed sections had roughly six tin¥=s as much faultin:j as the 
short-jointed sections. SUl:prisin:Jly, the short-jointed sections exhibited 
m::>:re transverse crackirq. 

Generally speaking, the sections constructed on the asphalt-treated 
base perfonood better than the sections on aggregate base. '!his is based 
primarily on the PSR and roughness measurements. 

Finally, the sections constructed with load-transfer devices spalled 
much worse than those without the devices. In addition, the load-transfer 
devices used in this project (two-part malleable iron devices) were not 
effective in reducing faultin:j. 

11. AIDITIOOAL REAOIR; 

Bryden, J. E. and R. G. :Rrillips, "The catskill-cairo Experimental 
Rigid Pavement: A Five-Year Progress Report, 11 Report 
NYSOOI'-ERD-73-PR-17, November 1973. 

Vyce, J. M. arrl R. G. :Rrillips, "'Ihe catskill-cairo Experimental Rigid 
Paverrent: A Ten-Year Progress Rep::>rt," Report FHWAjNY,IRR-81/91, July 
1981. 

Vyce, J. M., "A SUmmary of Experimental Concrete Pavements in New 
York," Report FHWAjNYjRR-88/141, Final Report, June 1988. 

103 



01APIER 18 INm8STATE 88 - OJBD, NEJcl' YOOK 

1. INmOIDCI'.IOO 

'Ihis project was designed by the New York state Department of 
Transportation (NYSDJr) as part of an ongoing evaluation of concrete pavement 
perfonnance in New York. An earlier experi.mental project had been 
constructed on Rte. 23, between catskill and Cairo, to evaluate the effects 
of base and subbase type, slab length, slab thickness, reinforcement, arrl 
toochanical load transfer devices on pavement performance. While the ror had 
found the results from t'lis project encouraging, there was scme concern that 
this rural collector highway was not carrying enough heavy truck loads (MDI' 
of 5000, with 8 percent trucks) to evaluate the performance of these pavement 
designs urrler Interstate corrlitions. 'Ihus in 1975, constru.ction of this 
project on I-88 from otego to Unadilla was initiated and completed. 

'Ihe design variables on I-88 include joint spacing, shoulder type, and 
pavement type. Jointed plain concrete pavement (JPCP) slabs were constructed 
with three different joint spacings, 20 ft (6.1 m), 23.3 ft (7.1 m), and 26.7 
ft (8.1 m), and concrete shoulders. A control section was built which 
consisted of 63.5-ft (19.3 m) JRCP slabs and an asphalt concrete shoulder. 
Other variables which New York included in this experimental project were a 
7-in (178 mm) thick JPCP local road, sections with each of the different 
joint spacings constructed without a long'itudinal joint, sawin:J and sealing' 
of the lane shoulder joint on one project and harrl-fonn:in;J and leaving 
unsealed the joint on the other, and construction of nmtble strips on the 
concrete shoulder at 60-ft (18.3 m) intervals and at 100-ft (30.5 m) 
intervals. 

All told, 15 different designs, designated NY 2-1 through 2-15, were 
constructed in this project, covering 3 different construction contracts. 
'Ihe consb:uction was done over more than one season, as the total length of 
the three projects was in excess of 15 miles (24 km) • Four sections, NY 2-3, 
2-9, 2-11, am 2-15, were selected for inclusion in this study and surveyed 
and tested in 1987. NY 2-15, consisting of New York's traditional 
lor.g-jointed reinforced pavement design at the time, was the control 
section. A complete listing of the original design arrl construction 
information for each section, as well as other pertinent project information, 
is provided in the summary tables of chapter 32. While this is not a full 
factorial experimental design, it is intended that the performance of the 
designs with the different joint spacings can be corrpared to the conventional 
design. 

ComnDn to all of the designs evaluated are 9-.in (229 mm) thick pavement 
slabs and an aggregate base. In the construction pnx::ess, additional 
material. was added to the subgrade to reach grade, resulting in the creation 
of a subtase for some of the sections. 'Iwo short slab sections with 20-ft 
(6.1 m) joint spacing are includecl, one with an:1 one with.out a sealed 
lare--shou.lder joint. One section with 26. 7-ft (8.1 m) joint spacing and an 
unsealed lane-shoulder joint is included. Inner shoulder type is the sane as 
the outer shoulder for all sections. 'llle load transfer devices used on all 
of the sections are 1-in (25 mm), epoxy-coata:l I-beams. 'Ihese were the 
stan:1ard in New York at the time of co:nst.J:uction, having replaced the 
two-part malleable load transfer devices used earlier at catskill. 
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2. CIJMATE 

'lhis group of sections on I-88 is located near the Pennsylvania border, 
in the eastern third of New York. '!his is part of the wet-freeze 
environmental zone. 'Ihe project site has a 'Ihomthwaite M:>isture In:iex of 
53, a Corps of ~ineers FreezinJ Imex of 500, arrl receives an average of 
41 in (1041 nm) of rainfall annually. For the project site, the highest 
average maxiinum rronthly "t:el:rperature is 83 °F' (28 °q ani the lcmest 
average 100nthly :minimum tenp:rature is 13 °F' (-11 °c). 

3. TRAFFIC 

'lhis :roadway's functional classification is Rural Interstate. It is a 
four-lane divided highway with twu through lanes in each direction. 'Ihe 
three projects include a number of interdlar:ges, which means that the through 
traffic is not the same over all of the sections. However, the difference in 
traffic levels is probably not that significant. Also, while the sections 
were not all opened at the same time, the differences in traffic levels 12 
years later are not significant. 

since all of the sections have been open to traffic in 1975, the outer 
lanes have sustained 1.4 million 18-kip (80 kN) F.quivalent SinJle-Axle load 
(ESAL) applications (through 1987) • 'Ihe inner lanes have been subjected to 
approximately 0.14 million ESAL's. 

'lhe projected two-way Average llrily Traffic (ADI') in 1987 was 
ai;:proximately 8500 vehicles, including 10 percent heavy trucks. 'Ihe 
Weigh-in-Motion data collected at the project site in 1987 provided a traffic 
ca.mt of 9447 vehicles per day, including 18 percent heavy trucks. 

4. MAINI'.ENANCE AND REEABII.J:'mTICE 

According to records provided by the NYSIXJr, the entire project was the 
subject of a joint seal replacement contract in 1985. A silicone sealant was 
used. Transverse arrl lorqitudinal crackin'J which occurred early in the life 
of the pavemant was sealed on an On;JOin:J basis. Extensive spall.i.rq occurred 
alon;1 the tied concrete shoulders where the ties entered either the shoulder 
or the traffic lane. 'lbese spalls were repaired with several cementitious 
arrl bituminous patchinJ materials as they occurred. 

Differential settlenent on the AC shoulder alon;1 the control section 
caused a step-down between the traffic lane airl the shoulder. It was 
repaired by the application of a wedge of bituminous material an the shoulder 
alorq the pavement edge. No other maintenance airl rehabilitation has been 
performed to date. 

5. HIYSICAL 'll!.Sl'.I.NG RESOill'S 

Cores fran slab centers ani frcm typical transverse joints we.re 
retrieved fran. the pavemant sections in 1987. 'Ihe center cores were tested 
in split tensile to provide an Wication of the concrete st:renJth. 'Ihe 
joint a:,res were visually inspected for signs of deterioration beneath the 
joint or for any signs of material durability distress (microcrackin:;J in the 
aggregate) . 
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'!here were no visible signs of deterioration at the bottcm of the joint 
cores. I.otl-seVerity microcrackin;J was d:Jserved in the aggregate fran the 
cores on sections 2-11 arrl 2-15. 

'Ihe split tensile st.rerqth values were used to d:>tain an estimate of 
the m:::dulus of rupture. 'Ihese values are ~rted in chapter 32. A mean 
lOOdulus of rupture of 794 psi (5.5 MPa) was obtained fran the testin:J 
perfonned on these sections. 

Deflection testing was perfonned on the sections in 1987 for pw:poses 
of layer m::iduli characterization, detennination of load transfer 
efficiencies, arrl void detection. 'lhe elastic nmulus of the concrete (E), 
the camposite k-value (on top of the base), arrl the load transfer efficiency 
values are summarized for each section in chapter 32. 

'lhe slab E-values averaged 5,460,000 psi (37,650 MPa) for all of the 
sections. An aggregate base course was used for all of· the sections, but the 
composite k-values for the sections varied as shor.,m in table 58. 

Table 58. Composite k-values arrl average mid-slab deflections at NY 2. 

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

k-value, pci 
341 
471 
296 
273 

Mid-Slab 
Deflection. mils 

3.3 
2.7 
3.2 
3.5 

'lhe aggregate material came frcm different locations arrl had different 
gradations. 'Ihe average center slab deflections varied fran 2. 7 to 3. 5 mils, 
as shovln above, arrl follC111 the same pattern as the k-values. 'Ihe subgrade 
soil throughout the project was generally classified as an AASHIO A-1-a 
material. '!his is a stiff subgrade arrl may explain the high k-values that 
were obtained. 

'Ihe load transfer efficiencies were "good" to "excellent" for all of 
the sections. Using deflection-based void detection procedures, voids were 
detected urder the joint corners of three of the sections. 'lhe percent of 
slab corners with voids in a section rarged fran highs of 90 percent in NY 
2-3 arrl 50 percent in NY 2-9, to 5 percent in 2-11 an:l none in 2-15. 'lhese 
results are summarized in table 59. 

Table 59. I.cad transfer efficiencies an:l corners with voids at NY 2. 

section 
NY 2-3 
NY 2-9 
NY 2-11 
NY 2-15 

Joint I.Dad 
Transfer, % 

100 
97 
81 
99 

106 

% Corners 
Exhibitirg Voids 

90 
50 

5 
0 



6. :rRAINAB.ILI'fi OF PAVEMENl' SEX:!1.'ICR; 

A drainage analysis was perfo:nned on each section to estimate the 
section's ability to remove water from the pavement structure. layer 
permeabilities were calculated for each draining layer below the slab and, 
with other inputs from the field survey, the overall drainability 
characteristics of the section were identified. 'Ihe results from this 
evaluation are summarized in table 60. 

Table 60. Drainage summary for NY 2 sections . 

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

Base 
Penneability, ft/hr 

N/A 
0.25 
N/A 

0.17 

.AASHro 
Drainage 

Coefficient 
1.00 
0.85 
0.80 
0.85 

OVerall 
Drainability 
Poor-Good 

V.Poor-Fair 
V.Poor-Fair 
V.Poor-Fair 

Insufficient base material was recovered from sections 2-3 and 2-11 to 
compute a base permeability. Since the specifications for this layer were 
identical, the drainabilities obtained fran 2-9 and 2-15 were used to provide 
a guideline. 

7 e IEI'ERIORATICti OF PAVEMENI' ~CR, 

'lhe primary distress results are also shown in figure 14 ( for the outer 
lane) and figure 15 (for the inner lane) • 'J.hese tables show tllat with the 
exception of the two different 20-ft ( 6 .1 m) sections, no direct carrg;,arisons 
can be made between the designs. 'Ihe relative perfonnance of each pavement 
section with respect to the primary distress types are discussed below for 
the outer lane. 

Joint Spalling 

No joint spalling was recorded for air:f of these sections which, as 
noted earlier, all have epoxy-coated I-beams across the transverse joints. 
'Ihe transverse joints on all of the sections were resealed in 1985 with a 
silicone sealant and the sealant is in excellent co:rrlition throughout the 
project. 

Joint Faulting 

Joint faulting on this project was ver.y low, ranging from an average of 
0.01 to 0.02 in (0.25 to 0.51 :mm). 'Ihere was no pumping, despite the 
identification of voids beneath three out·of ·four of the sections. 
Typically, those sections with a higher percentage of voids would be e>;peeted 
to show greater faulting, although tllat did not occur here. 

Transverse Cracking 

Transverse crackirg distress is :recorded as the number of deteriorated 
12--ft (3. 7 m) cracks per mile (low-severity transverse cracks on JRCP are not 
included). '!he three JPCP sections with tied~ shoulders showed roughly 
the same amount o~ transverse cracki.rq: none was recorded. on the JRCP section 
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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. 

61 SPACING ROUGHNESS, In/Ml 

SEALED FAUL TING, In 0.01 

LANE- T, CKS./Mi 35 
SHLDR. 

LONG. CKS., ft/Ml 0 JOINT 

¼ JT. SPALL 0 

NY 2-9 
20 ft PSR 4,0 

JT. 
SPACING ROUGHNESS, In/Ml 66 

9 In 
JPCP UNSEAL FAUL TING, In 0.02 

LANE- T. CKS./l'll 25 
SHLDR, 

LONG. CKSv ft/Ml 543 JOINT 

% JT: SPALL. 0 

NY 2-11 

PSR 4,1 

26.6 ft ROUGHNESS, in/Ml 76 

JT. FAUL TING, In 0.01 
SPACING i, CKS./Mi 26 

LONG. CKS. ft/Ml 0 

1/. JT. SPALL. 0 

NY 2-15 

PSR 4.0 

63.5 ft ROUGHNESS, In/Ml 63 

JR~ JT. FAUL TING, In 0,02 
SPAClNG 

T, CKS./Ml 0 

LONG. CKSv ft/Mi 73 

Y. JT. SPALL. 0 

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

PSR 4,1 4,0 

ROUGHNESS, In/Ml 68 63 

FAUL TING, In o.oi 0.02 
AVG. 

T. CKS./ril 29 0 

LONG. CKSv ft/Ml 181 73 

¾ JT. SPALL 0 0 

Figure 14. Outer lane performance data for New York 2. 
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NE\v' YORK 2 I-88 OTEGO 
INNER LANE PERFORMANCE DATA 

PCC SHOULDER AC SHOULDER 
NY 2-3 

20 ft PSR 4.0 
JT. 

$PACING ROUGHNESS, In/Ml 78 

SEALED FAUL TING, In 0.01 

LANE- T. CKS./MI 35 
SHLDR. 

LONG. CKS., ft/Ml 0 JOINT 

i. JT. SPALL 0 

NY 2-9 
20 ft 

PSR 4.1 JT. 
SPACING ROUGHNESS, In/Ml 62 

9 In 
FAUL TING, In 0.01 JPCP UNSEAL. 

LANE- T. CKS./r,1 10 
SHLDR, 
JOINT LONG. CKS., ft/Ml 0 

i. JT. SPALL 0 

NY 2-11 
PSR 4,0 

26.6 ft ROUGHNESS, In/Ml 58 
JT, FAUL TING, In o.oi 

SPACING 
T, CKS./MI 13 
LONG. CKS., ft/Ml 0 

% JT. SPALL 0 

NY 2-15 
PSR 4.2 

9 In 63.5 ft ROUGHNESS, In/Ml 57 
JRCP JT. FAUL TING, In 0,00 

SPACING 
T. CKS./MI 0 

LONG. CKS., f't/MI 161 

i. JT. SPALL. 6 

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

PSR 4.0 4.2 

ROUGHNESS, In/Ml 66 57 

FAUL TING, In 0.01 o.oo 
AVG. 

T. CKS./M! 19 0 
LONG, CKS., ft/Ml 0 161 

¼ JT. SPALL 0 6 

Figure 15. Inner lane performance data for Ne:: York 2. 
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with AC shoulders. O\Terall, transverse cracking was a fairly widespread 
problem on the I-88 sections. It was observed on same parts of the project 
as soon as 1 year after construction ard continued to develop every year 
thereafter, as reported in New York's 5-year Perfo:rmance SUmmary. (8) At the 
time that transverse cracking first occurred, it caused enough concern to 
warrant further study. It was determined that the cracking was greater on 
certain areas of fill an:i on certain gecmetric eleJ.Ielts for the three 
different projects. 'Ibis is l.mfortunate, because the machanisms pi:qx:,sed for 
the cxx::urrence of the distresses is m::>re construction-related than traffic
related. While same transverse cracks may have resulted from load-related 
causes, it is not possible to isolate those. 

One interesting result is the absence of transverse cracking on the 
JRCP control section. I.orq-jointed JRCP are e.xpected to crack at intervals 
determined by their joint spacing, rut this section did not even exhibit any 
low severity transverse cracks. 'lheocy, arrl c:t>servations on other projects, 
would Slg:Jest that any of the slabs constJ::ucted over 20 ft ( 6 .1 m) long would 
have higher transverse cracking as a result of the increased rurling arrl 
warping stresses. 'Ibis effect may be mitigated by the presence of a fairly 
soft base material. Table 61 summarizes the ann.mt of transverse cracking in 
the outer lane and in the inner lane to show the effect of traffic. 

Table 61. Transverse cracking summarized by lane an::1 
transverse joint spacing. 

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

Joint 
Spacing, ft 

20 
20 

26.7 
63.5 

I.on;itudinal Cracking 

Transverse Cracks/mile 
outer lane Inner lane 

35 35 
25 10 
26 13 

0 0 

longitudinal cracking, measured in linear feet }?er mile, was also 
fairly prevalent on this project. '!he section with the m:st lOn;Jitudinal 
cracking was the short-jointed section with 20-ft ( 6 .1 m) joint spa.cing and 
an unsealed lane-shoulder joint. '!here was oo longitl'm.nal 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 spacin;J an:i a prefo:rnei neoprene sealed shoulder. 
'Ihe control section had 73 ft/mi (13.9 mjkm) of longitudinal crackirg. 
Iongitudinal cracking is summarized in table 62. 

Table 62. longitudinal cracking summarized by lane and 
transverse joint spacing. 

section 
NY 2-3 
NY 2-9 
NY 2-11 
NY 2-15 

Joint 
Spacing. ft 

20 
20 

26.7 
63.5 

IJ:m;Jitud:inal Cracks, ft/mi 
outer lane Inner lane 

0 0 
573 0 

0 0 
73 161 
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Ionqitudinal cracking, like transverse cracld.nJ, was a distress which 
oco.rrred prematurely in the life of this project. While the quantities of 
lOIXJitudinal crackirq i;eported by NY ror are not directly canparable to those 
fran the field surveys because of different measuring techniques, the 
relative a:ioounts of crackirg anong the projects foun:i by the ror' s survey is 
very similar to that found dur:irq the 1987 field surveys. New York reported 
that the concrete strength was adequate an:i that a lOIXJitudinal joint did 
fonn un:ier the sawcut. '!hey reasoned that the •excessive cracking occurred .in 
pavements CX>nStructed aver base ma.terials with a high frost susceptibility 
an:l a ready source of moisl.,rre. 'Ihe df>.pth of the lon:;Jitudinal sawcut was 
2. 75 in (70 mm) , or 31 percent of the slab thickness. 

Present Serviceability Ratir.g (PSR) am Rou:jmess 

Each pavement section was evaluated in terns of rideability (PSR) an:l 
roughness (usirq a Mays Ride.neter). -rhese results are shCMil in table 63. 

Table 63. Roughness am prese.'1t serviceability at NY 2. 

Section Joint SDacing, ft Roughness·, Wmi PSR 
NY 2-3 20 61 4.2 
NY 2-9 20 66 4.0 
NY 2-11 26.7 76 4.1 
NY 2-15 63.5 63 4.0 

'Ihe :measured roughness was universally low and the PSR quite high for 
these 12-year old sections. 'Ihe Mays Roughness Index varied. :Eran 61 to 76 
in/mi, which again is a small range. 'Ihese values are lOirler than one might 
expect for the annmt 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 ride.ability of the lorg-jointed. section, NY 
2-15. 

Concrete Shoulder Distress SUmmary 

'Ihe concrete shoulders also experienced a significant annm.t of 
distress in the fonn of extensive longitudinal cracki.rq and sane transverse 
crackin:j. '!he cracking for the three sections with concrete shoulders is 
summarized in table 64. It is believed that these cracks occurred shortly 
after const:ructiono 

Table 64. SUmmary of slab cracking, on sections with concrete shoulders. 

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

TransVerse 
Cracks/mile 

30 
0 
0 

Ion;Jitudinal 
Cracks. ft/mil~ 

299 
1420 

396 

8. EFFB:!l' OF ~GN FEA'IURES CN PAVEMENT ~ 

'Ihe effect of the various design features on the performance of the 
different sections can not be easily evaluated. As the performance sun:unary 
matrix shc:Ms, this proja:..t was not set up to isolate the design features; its 
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purpose was m:,re to evaluate the 101-q-term perfonnance of several alteniative 
designs caapared to New York's traditional JRCP design. A head-to-head 
carrparison c.an 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 perfonned 
better in IIDSt respects, as seen from table 65. 'Ihe perfonnance of the other 
sections can not be readily compared because they had very similar 
perfonnance and the main distress was the transverse and longitudinal 
cracking. 'Ihis cracking was most likely not a result of load-related causes. 

Table 65. Perfonnance carnparison of sections with 20-ft 
transverse joint spacing. 

Section 
NY 2-3 
NY 2-9 

Joint 
Spacing, ft 

20 
20 

Lane-Shoulder 
Joint Sealed 

Yes 
No 

Joint 
Faulting.in 

0.01 
0.02 

Transverse 
Cracks/mi 

35 
25 

Longitudinal. 
Cracks. ft/mi 

0 
573 

'llle effects of joint spacing and shoulder type are confounded by pavement 
type. 

9. o::MPARTSCN OF CU1'ER IANE AND INNER IANE ~ 

'Ihe inner lanes have been subje.-cted to fewer traffic loadings than the 
outer lanes. However, the perfomance of the inner lane sections can 
provide same insight into the perfonnance of the design feab.Jres, especially 
those whose deterioration is load-related. An overall comparison of the two 
traffic lanes is provided in table 66. Performance imi.cators are separated 
for the JPCP sections and the JRCP sections. 

Table 66. Comparison of perfonnance by lane and pavement type at NY 2. 

Variable 
ESAL's (millions) 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mi 
Long. Cracks, ft/mi 
Roughness, in/mi 
PSR 

Inner 
lane 
0.14 

0 
0.01 

19 
20 
68 

4.1 

outer 
lane 
1.4 

0 
0.01 

29 
181 

66 
4.0 

Inner 
Lane 
0.14 

6 
0.00 

0 
161 

57 
4.2 

JRCP 
outer 
lane 
1.4 

0 
0.02 

0 
73 
63 

4.0 

In general, the PSR and roughness are slightly better in the inner lane 
than in the outer lane. 'lhe average faulting is also lower, although the 
faulting was very la,,, on both sections. 'llle trerrl for transverse a:rrl 
longitudinal crackirq is ambiguous, pe:thaps because as they occurred on this 
project these distresses are :roost likely not related to traffic loading. 

·10. St.Hm.RY' AND (D{C[DSICES 

'!his ex;pe.rimental project exhibits rnmerous distresses that have been 
attributed to problems in the pavem:mt's construction. 'Ihe IroSt significant 
of these were extensive longitudinal cracking. By 1980, there were also 
concrete spalls above IOClre than 10 percent of the shoulder tie bars. 
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'Ihese problems make it difficult to attribute any of the distresses that were 
observe::i during the 1987 field survey to other factors. '.Ihis abundance of 
distress also means that the selection of the sections might have had an 
inadvertent ur:desired effect on pavement perfonnance. Every effort was made 
in sect.ion selection to identify a length of pavement on a flat tangent. 
'Ihis was not always possible, arrl the distress density described by Vyce was 
much different for left curves, right curves, arrl tangents. 

Cespite the fact that NYSror wanted to subject the experimental designs 
on I -88 to a greater volume of traffic than existed on Rte. 23 at catskill, 
the AAOl' was about the same 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. 

Al though many of the distresses that occurred were related to materials 
problems, a direct comparison of perfonnance could be made between the 20-ft 
(6.1 m) JPCP sections with arrl without shoulder joint sealant. Sill:vey 
results in:licate better perfonnance in the section with the sealed shoulder 
joint, which suggests the possible beneficial effects of sealing those 
joints. '!his advantage did not exterrl to the inner lane, 'Where the section 
without the sealed outer shoulder joint perfor.med better than the section 
with the sealed joint. 

other pertinent conclusions fram the ,lyce report include: the 
abse:tvation that there did not appear to be any difference in performance 
between the 20-ft (6.1 m), 23.3-ft (7.1 m) an:i 26.7-ft (8.1 m) slabs; 
recammendations on changes in the tied shoulder design to ~rove its 
perfonnance; the attribution of most of the transverse and longitudinal 
cracking to subgrade discontinuities arrl moisture problems. 

Further obse:rvations from a 1987 update on the status of New York's 
experimP..ntal projects include the fact that :increase::l cracking had occurred 
in the lorger JPCP slabs, suggestin; that 20-ft (6.1 m) joint spacing was a 
practical limit for JR:P construction, arrl the observation that the PCC 
shoulders have required less maintenance than the AC shoulders and. that the 
distresses can be avoided by sawinJ and. sealirq the lane-shoulder joint and. 
constructirq the shoulder to the same thickness as the mainline pavement. (9) 

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, 
it is believed that such devices would be inappropriate on heavily-trafficked 
roadways. Rourrl dowels provide greater load transfer than the I -beam 
cross-section arrl can be placed using automatic dcwel inserters. It is 
believed that rourrl, coated dcwels of sufficient diameter are more suitable 
devices to provide good load transfer. 
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am.PffR 19 U.S. 23 - cm:IlJ:comE., arro 

1. INIH:DJCl'ICH 

nris experi:nental project, lccated on U.S. 23 near Chillicothe, Ohio, 
was cxmstructed in 1973. 'lhe experiment was con:1ucted to evaluate several 
design paraneters which affect the behavior of rigid pavements, with the 
objective being to develop an improvecl contraction joint for PCC pavements. 
'Ille principle design variables includ.e joint spacir:g, base type, and type of 
dcwel bar coati.r:g'. 'Ihe dowel bars were either plastic-coated or painted and 
greased (the ario Depart:rent of •rransportation' s ''standard" coating) • 

'lwelve experimental sections were constructed in the southl:::lourd roadway 
in 1973. The sections varied in lerqth fran 40 ft (12.2 m) to 400 ft . 
(121.9 m), and inco:r:porated different design features. 'Ihe short length of 
these sections is a limitation in abtainirg a representative sanple of 
perfonnance data. 

Of the 12 sections available, 7 sections, designated as OH 1-1 through 
OH 1-10, were selected for inclusion in this study. 'Ihese sections were 
su:rveyecl and tested in 1987. All of the sections are 9-in (229 mm) JRCP with 
0.09 percent reinforcing steel, contain 1.25-in (32 mm) diameter dcMel bars 
(although the coating varies) , and are constructed on an AASHIO 
Classification A-2-4 subgrade. It should be noted that the sul:grade in this 
instance is actually about 20 to 35 ft (6.1 to 10.7 m) of granular fill 
material; therefore, the actual in-situ sul:::grade soil does not directly 
inpact the performance of these pavemant sections. A corrplete listing of 
design variables for the sections is provided in the smmnary tables of 
chapter 32. 

2 • ct;JMATE 

'll:l.e pavement sections are located in south-central Ohio, in a 
wet-freeze environmental zone. 'Ihe project site has a 'lhomt.hwaite Moisture 
Irxiex of 33, a Corps of Ergineers Freez.ir:g Incl.ex of 25, and receives an 
average of 39 in (991 mm) of precipitation annually. 1Ihe high¢ average 
m:mthly maximum tenparature for the project site is 84 °F' (29 °c) while 
the lavest average nart:hly :minim.mt tarperature is 19 °F (-7 °c) . 

3. 'IRAF.F'IC 

'Ihe roadway is a Principal Arterial, four-lane divided highway. Since 
bei.rg openErl to traffic in 1973, the pavenv:nt has sustained approxilnately 3.4 
million 18-kip (80 kN) EquivdJ.e:nt S.ir:gle-Axle Load (ESAL) applications in the 
outer lane and nearly 0.6 million ES.AL applications in the inner lane. 'Ihese 
values represent calculations thJ.'ough 1987. 

'lhe two-way Average ll:!.ily Traffic (Am') in 1986 was approximately 
12,320 vehicles, in::luding 12 pexicent heavy trucks. Weigh-in-motion data 
collected at the project site in 1987 prmride:i a traffic COi.mt of 14,650 
vehicles per day, .ilr.J.uding 10 percent heavy tr.ucks. 

4. MA1NI'ENANCE AND REHARIL.I.'mTICti 

Acco:rclin1 to records provided. by the Ohio Department of Transportation, 
no major rehal::d.lifa:tion has been performed on the sections to date. 
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5. mYSICAL TES'r:r.t«; RESUill'S 

Cores :Eran slab centers and :Eran typical transverse jo.ints were 
retrieved fran the pavement sections in 1987. 'll1e center cores were tested 
in split tensile to provide an in:lication of the concrete strength. '1he 
split tensile strength values were usa:l to obtain an estimate of the nmulus 
of rupture, as provided in chapter 32. A mean m:xiul.us of rupture of 783 psi 
(5.4 MPa) was d.etennined for all of the sections. 

'!he joint cores were visually inspected for signs ·of deterioration 
beneath the joint ani for any signs of material durability distress 
(micz:ocradk:in;J in the aggregate) • Examination of the joint cores taken fram 
the pavement sections i.micated that only one section exhibited deterioration 
beneath the joint and microcracking in the aggi:egate. '!his was CE 1-1, which 
had 40-ft (12.2 m) joint spacin:J and was constructed on an aggregate base 
course. '!he joint cores from the remai.nirg sections had no such Wications 
of deterioration or mic:rocracking. 

Deflection testi.rq was perfonned on the sections in 1987 for purposes 
of layer m:xiul.i characterization, determination of load transfer 
efficiencies, and void detection. 'Ihe elastic m:xiul.us of the concrete (E), 
the ·cacp:,site k-value, and the load transfer efficiency values are summarizei 
for each section in chapter 32 of this volume. 

'!he slab E values averaged 4,481,000 psi (30,900 MPa) for all of the 
sections. 'lhe canposite k-value (on tq> of the base.) varied by base type, as 
shown in table 67. 

Table 67. Composite k-values at OH 1. 

Base Type 
AggJ:e:;Jate 
As!mlt..Jireated (ATB) 

k-value.~ 
395 
482 

'!he asp1a].t-treated bases typically displayed greater slab SUR;X)rt than the 
aggzegate base. '!he center slab deflections were highest for the ag;regate 
base course sections (averagin:J 3. 4 mils) and 111.lCh la.ve.r for the asphalt 
treated base course sections (averagin:J 2. 6 mils) • Recall that the sections 
were all constructed on 20 to 35 ft ( 6 .1 to 10. 7 m) of granular fill material 
(AASHro Classification A-2-4) • 

'!he transverse joint load transfer efficiencies and the percent of slab 
corners exhibitin:J voids (loss of support) are reported in table 68. 

Table 68. I.Dad transfer efficiencies and COI.ne:rS with voids at CE 1. 

section 
CH 1-1 
CH 1-3 
CH 1-4 
CH 1-6 
ai 1-7 
al 1-9 
OH 1-10 

Base Type 
Aggregate 

ATB 
ATB 

Aggregate 
Aggregate 
Aggregate 
Aggregate 

Joint I.Dad 
Transfer. % 

95 
79 
70 

100 
100 

86 
71 

115 

% Comers 
Exhibiting Voids 

71 
0 
0 

94 
85 
95 
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'!he load transfer efficiencies for all of the sections are gocx:i to 
excellent. It should be noted that, while every section has dowel bars, the 
two sections exhlbit.iD:} 100 percent load transfer (OH 1-6 and 1-7) are those 
containinJ plastic-coated dowel bars. 

'!he voids (loss of sup!X)rt) for the sections were detemined using 
deflection-based void detection procedures. Generally spea.kirq, the 
ag;regate base course sectio~ are displaying an extensive amount of loss of 
support; the asi;h'tlt-t:reated base course sections did not display any voids. 
However, one aggregate base course section with 21-ft (6.4 m) joint spacing 
(OH 1-10) is also not exhibiting any voids. 

6. ~ OF PAVEMENI' SEr.l'ICHS 

A drainage analysis was perfonoorl on each section to evaJuate the 
section's ability to reIOCJVe water fran the pavement structure. '!he fill was 
deter.mined to be a well-drained material. 1he sections have the potential to 
be saturated 19 percent of the time. 'Ihe results of the drainability 
analysis are reported in table 69. 

Table 69. Drainage summary for CH 1 sections. 

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

Base 
;Emmeabili:t;y, ft/hr 

0.27 
o.oo 
0.00 
0.06 
7.25 
0.16 
0.58 

AASHIO 
Drainage Coefficient 

0.95 
0.90 
0.90 
0.85 
1.07 
0.90 
1.05 

OVerall 
Drainabilicy 
Fair-Good 

Fair 
Fair 

V. Poor-Poor 
Good 

Poor-Fair 
Fair-Good 

'Ihe ATB was assuma:l to be :i.mpermeable, rut was assisted by the 
well-drained sub;Jrade. '1his resulted in those sections with ATB (OH 1-3 and 
OH 1-4) being rated as fair. '!he a~te base course varied in 
permeability for the rema.i.nirXJ sections. 'Ihose sections with a good 
aggregate base penneability were rated f:rom fair-good in terms of overall 
drainability (e.g., OH 1-1, OH 1-7, OH 1-10); those sections with poor 
aggregate base permeability were rated poor-fair in terms of overall 
drain.ability (CE 1-6 and OH 1-9) • 

7. mrF.m:CEAT.IW OF PAVEMENr ~<H, 

'lhe prima:ty perfonna.nce irrlicators are tabulated· in figure 16 (outer 
lane) am figure 17 (inner lane) • 'Ihe relative perfonnance of each pavement 
section with respect to the primary perfo:r:mance irrlicators are di sa1ssed · 
below for the outer lane only. 

Joint Spalling 

Only one section e:id:'-rlbited medium- am high-severity joint spa.lling. 
'1his was CH 1-3, which was constructed on an ATB, had 21-ft (6.4 m) joint 
spacin:J, am. the standard dcwel coatinJ. It is sanewhat su:r:prising that a 
section with short joint spacing \vOUJ.d re t.he only one displayirg joint 
spalling & However, only 13 percent of the joints in this section exhibited 
joint spa.lli.r:g after 14 years of service. 
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□HID 1 RTE. 23 CHILLICOTHE 

OUTER LANE PERFORMANCE DATA 

BASE TYPE 
AGGREGATE ATB 

DH 1-1 OH 1-9 OH 1-4 

PSR 4.2 4,2 4.1 
ROUGHNESS, ln/r11 109 109 123 

STD. 
FAUL TING, In 0.13 0.14 0.07 DO\JELS 
T. CKS./r11 0 106 29 

LONG. CKS., ft/Ml 0 0 0 
9 In 
JRCP ¼ JT. SPALL. 0 0 0 

40 ft OH 1-7 JT, 
SPACING 

PSR 4.2 

ROUGHNESS, ln/r11 115 

PLASTIC FAUL TING, In 0.07 
COATED 

T. CKS./r11 235 DOVELS 
LONG. CKS. ft/r11 0 

1/. JT. SPALL. 0 

OH 1:1.Q.. OH 1-~ 
PSR 4,2 4,2 

STD. 
ROUGHNESS, 1n/r11 122 106 

D□w'ELS FAUL TING, In 0.10 0,0G,. 

T. CKS./r11 0 0 

LONG. CKS. ft/r11 0 0 
9 In 

JRCP 1/. JT. SPALL. 0 13 
21 f't 

OH 1-6 JT, 
SPACING 

PSR 4,2 

ROUGHNESS, In/Ml 104 
PLASTIC FAUL TING, In 0,03 
COATED 
D□'w'ELS T. CKS./r11 31 . 

LONG. CKS. ft/r11 0 

1. JT. SPALL. 0 

PSR 4.2 4.2 

ROUGHNESS, 1n/r11 112 114 

FAUL TING, In 0,09 0.06 
AVG. 

T, CKS./r11 74 14 

LONG. CKS. ft/Ml 0 0 

t. JT. SPALL. 0 7 

Fie,m,.re 16. Outer lane performance data for Ohio 1. 

117 

AVG, 

4,2 
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0.07 
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0 
0 
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0,08 

0 

0 
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4.2 
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□HID 1 RTE, 23 CHILLICOTHE 

INNER LANE PERFORMANCE DATA 

BASE TYPE 
AGGREGATE ATB 

DH 1-1 OH 1-9 OH 1-4 

PSR 4.2 4.4 4,2 

ROUGHNESS, In/Ml 113 108 115 
STD. FAUL TING. In 0.06 0.07 0.04 

DD\JELS 
T. CKS./MI 22 40 29 

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

0 0 0 JRCP % JT, SPALL. 
40 i't DH 1-7 JT. 

SPACING 
PSR 4.4 

ROUGHNESS, In/Ml 105 

PLASTIC FAUL TING, In 0.06 
COATED 

T, CKS./MI 73 DO\JELS 
LONG, CKS., ft/Ml 0 

1/. JT. SPALL. 0 

DH 1-10 DH 1-3 
PSR 4,2 4.2 

STD. 
ROUGHNESS, In/Ml 108 113 

D□'w'ELS FAUL TING, In 0.07 0,03 

T. CKS./MI 0 0 

LONG. CKS., ft/Ml 0 0 
9 In 
JRCP r. JT. SPALL. 0 0 
21 f't DH 1-6 JT. 

SPACING 
PSR 4.4 

ROUGHNESS, in/Ml 88 
PLASTIC 
COATED 

FAUL TING, In 0.04 

D□'w'ELS T. CKS./MI 0 

LONG, CKS., ft/Ml 0 

r. JT. SPALL 0 

PSR 4.3 4.2 

ROUGHNESS, In/Mi 104 114 
AVG. 

FAUL TING. In 0.06 0,04 

T, CKS./Mi 27 14 

LONG. CKS., ft/Mi 0 0 

r. JT. SPALL 0 0 

Figure 17. Inner lane performance data for Ohio 1. 
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Although not exhibited by the joint cores retrieved on this project, 
reports irxti.cate that a substantial annmt of spalling was cx:::curring on the 
un:ierside of the joints, esi;ecially for the sections with the asphalt-treated 
base course. (10,11,12) It is possible that those sections constructed with 
~t-treated bases resulted in bathtub type designs, so called because 
water cannot drain easily frcm this cross-section. '!his results in the 
saturation of the FCC slab that could accelerate the deterioration of the 
transverse joints. However, the good drainability of the subgrade would help 
sanewhat to mitigate that situation. 

Joint Faultin;J 

Joint faultin;J for the sections varied considerably. 'Ihe average joint 
faultin;J for the sections is summarized in table 70. 

Table 70. Transverse joint faulting at OH 1. 

Joint Average 
Section Base '1ype SoaCim1 ft Ibwel Coatim Faulting, in 
OH 1-3 ATB 21 stamard 0.06 
OH 1-4 ATB 40 Starrlard 0.07 
OH 1-6 Aggregate 21 Plastic 0.03 
OH 1-7 Aggregate 40 Plastic 0.07 
OH 1-10 Aggregate 21 Starrlard 0.10 
OH 1-1/1-9 Aggregate 40 Starrlard 0.14 

Several absel::vations are apparent upon an examination of the faulting 
data. First, the plastic-coated dowel sections average a smaller all¥Jllilt of 
faulting than the starxlaro dowel sections. Also, the asphalt-treated base 
course sections displayed less faulting than the aggi:egate base sections. 
Finally, for the aggregate base sections, the shorter section with 21-ft (6.4 
m) joint spacing clearly has less faultin;J than the longer, 40-ft (12.2 m) 
slab sections. 

Best Perfonnance 

In terms of joint faulting, the best performance was exhibited by 
pavement sections with the follc,;,.ring characteristics: 

o 21-ft (6.4 m) joint spacing, aggregate base course, arrl 
plastic-coated dowels. 

Worst Perfonnance 

'lhe worst perfonnance, in tenn.s of joint faultin;J, was displayed by 
pavement sections with the following design features: 

o 40-ft (12.2 m) joint spacing, aggregate base course, arxi 
starxlaro dowels. 
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Transverse Cracking 

D=teriorated transverse crackin;J was most prevalent on the 40-ft 
(12.2 m) slabs. 'Ihree of the four sections with 40-ft (12.2 m) slabs 
displayed a significant anomt of deteriorated transverse cracki.rq (29, 106, 
arrl 235 deteriorated cracks per mile, carpared to a critical level of about 
70 per mile where rehabilitation is needed) • Only one short-jointed section 
exhibited transverse era~, arrl it was one that contained plastic-coated 
dCMel bars. Interestingly, both sections with plastic-coated dowel bars 
exhibited m:::,re transverse cracking than the sections with starrlard dc;,.,,rels. 
Although it is possible that the plastic-coated dowels have "locked-up" due 
to corrosion, it may be I!Dre likely that the dowels were misaligned when 
installed. 'Ihis would provide the sane result as dCMel lockup: opening up 
the transverse cracks which results in further crack breakdown am 
deterioration. On the section with plastic-coated dcMels which exhibited 235 
cracks per mile, the faul ti.n:3' of those cracks was o. 05 in ( 1. 3 mm) , 
approximately the same as the joint faulting for that same section (0.07 in 
(1.8 mm]). Finally, the pavement sections with asµlalt-treated base courses 
perfonned :better than the sections with aggregate base courses. 

Best Perfonnance 

In tenns of deteriorated transverse cracks, the best performance was 
exhibited by pavement sections with the followi.n:3' characteristics: 

o 21-ft (6.4 m) joint spacing, aggregate base course, an::l 
standard dowels. 

Worst Performance 

'Ihe worst perfo::nnance, in terms of deteriorated transverse cracks, was 
displayed by pavement sections with the follc::Min;J design features: 

o 40-ft (12.2 m) joint spacing, aggregate base course, arrl 
plastic-coated dowels. 

I.on:JitudL,aJ. Cracking 

No lorqitudinal cracking was abset:ved on any of the pavement sections. 
'Ihe lorgitudir.al joint was sawed to a depth of 2.25 in (57 mm). 

Present Sel:viceability Rating (PSR) am Roughness 

'lhe rideability was unifonn for all of the pavenent sections. 'Ihe Mays 
Roughness Iroex an::i the PSR are presented in table 71. 

Table 71. Roughness arrl present serviceability at OH 1. 

Joint Roughness, 
S@ci.rg, ft Base '!Voe ;i.nfmi1e PSR 

40 Aggregate 111 4.2 
21 Aggregate 113 4.2 
40 ATB 123 4.1 
21 ATB 106 4.2 
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'lhe PSR values are all very similar. No significant difference in 
tams of rideability or roughness was ci:iserved between the different joint 
spacin;Js. 'lhis would seem to in:licate that the sections with shorter joint 
spacin;Js, although displaying much less joint faulting, are actually 
cantri.buti.n;J to increased roughness, since there are m:>re joints over a given 
length of section. While the joints on the 40-ft (12.2 m) sections may be 
rougher, they are only encountered half as often as the 21-ft (6.4 m) joints. 

8. EF'.F'ECI.' OF IE>IGN FE1ffllRES CN PAVEMENI' ~ 

'lhis experimental project provided a factorial design that allCMS for 
the effects of same of the different design features to be evaluated. 'Ihe 
relative effect of these design features are summarized below. 

Base Type 

'lhe asi;ilalt-treated base course sections perfonned better than the 
sections constructed over aggregate base. 'lhis is based on the amount of 
faulting arrl transverse cracking displayed by each section. Additionally, 
the ATB sections provided better support to the slabs, as they showed no 
voids at the slab co:mers. 'Ille sections with the aggregate base course 
exhibited voids un:ler an average of 70 percent of the slab co:mers. 

Joint Spacing 

'lhe sections with the shorter joint spacing (21 ft [6.4 m]) 
consistently exhibited better perfonnance than the sections with longer joint 
spacing (40 ft [12.2 m)). 'Ille 40-ft (12.2 m) slabs displayed larger faulting 
am. ncre transverse cracking. Both of these are not unusual, as the lo:rqer 
slabs urxiergo more :rocwement am. are susceptible to larger curling stresses. 
However, it should be pointed out that the PSR am. the roughness values shCM 
no significant differences for the different spacing. '!hat is, although the 
longer slabs show m:>re distresses, the larger number of joints on the shorter 
slabs makes the roughness am. PSR approx:illlately the sane for each section. 

Dowel Coating 

'Ihe pavement sections all utilized 1.25-in (32 mm) dianeter dCMels, but 
with two different coatings. 'lhe stan:fard dowel was simply painted am. 
coated with grease am. had no corrosion inhibitor. 'lhe other dowels were 
coated with plastic to roouce or inhibit corrosion. A proprietary coating 
marufactured by 3M was used on dowels in other test sections not included in 
this study. 

'Ihe effect of the plastic-coated dowel bars is not clear. While it 
would not be expected that they would reduce faultirq, the sections with 
plastic-coating are exhibitirq less faulting than the stamard dowel 
sections. However, it is sonewhat surprising that the sections with the 
plastic-coated dowel bars display far m:>re deteriorated transverse cracking 
than those with the stan:fard dowels. For JRCP, this distress can often be 
attributed to the dowel bars freezing up ( due to corrosion) , am the 
:rocwements associated with the slab force open ·any tight transverse cracks. 
Once the cracks are open, they can deteriorate am. break down un:ler traffic 
lllldl m:>re easily. It is believed that the plastic-coated dowels may have 
been misaligned when installed, which could also result in the opening of 
mid-slab cracks. ' . 
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9. ~ OF Cl1rER AND INNER IANE ~ 

'As part of the corrlition sw::vey corrlucted an the paverrent sections, the 
distresses in the inner lanes were also recorded. Al though being subjected 
to far fewer traffic loa.d.:in;r-; than the outer lane, the inner lane sections 
provide an interesting c::cmpu-ison. Table 72 surrmarizes inner am. outer lane 
performance by joint spacing: 

Table 72. Cctiparison of perfonnance by lane am 
base type of CH 1. 

40-FI' JOIN!' SPACING 

Variable 
ESAL's (millions) 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
l.on;f. Cracks, ft/mi 
Roughness/ in/mi 
PSR 

21-FI' JOIN!' SPACJNG 

Variable 
ESAL's (millions) 
Joint Spalling, % 
Joint Faultin;J, in 
Trans. Cracks/mile 
I.onJ. Cracks' ft/mi 
Roughness, in/mi 
PSR 

~ BASE 
Inner Lane outer lane 

0.6 3.4 
0 0 

0.06 0.11 
45 113 

0 0 
109 111 
4.3 4.2 

~ PASE 
Inner Lane outer Lane 

0.6 3.4 
0 0 

0.05 0.06 
0 15 
0 0 

98 113 
4.3 4.2 

ASfHAJJl.'-JrnEAT BASE 
Inner Lane outer Iane 

0.6 3.4 
0 0 

0.04 0.07 
29 29 

0 0 
115 123 
4.2 4.1 

ASfHAJJl.'-JrnEAT BASE 
Inner Lane outer Iane 

0.6 /3.4 
0 13 

0.03 0.06 
0 0 
0 0 

113 106 
4.2 4.2 

Faulting for the inner lane is less than that of the outer lane, 
al though there is not a significant difference. '!here is less transverse 
crackin:J in the inner lane, with the ioost cracking occurring on the sections 
with the larger joint spacing. Joint spalling was practically nonexistent on 
either lane. 'lhe.re was no discernible difference in the roughness 
measurements am PSR readings obtained for each pavement section. 

10. ~ AND an:::rmICHS 

'!he IOOSt significant conclusion that can be drawn fran this experiment 
is that joint spacing has a significant influence on reducing the aioount of 
deteriorated transverse cracks occurring on a pavement. 'Ihus, sections with 
shorter joint spacin:Js 'WOUJ.d require less repair of deteriorated cracks than 
sections with larger joint spacing. 

It bears repeatin;J that the PSR an:l roughness infonnation inilcates 
similar perfonnance between the sections with the two different joint 
spacin:Js. It seems; that although the shorter slabs exhibited less inilvidual 
distress (smaller levels of faulting, less transverse cracking), the larger 

. rrumber of joints in the short slab sections increased the roughness (am also 
served to decrease the PSR) to a level where the two designs were perfo:rmin;J 
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about the same at the time of survey. How'eVer, the pavement was only 14 
years old at the time of survey and was surveyed before a lot of the 
transverse cracks had broken davn on the sections with longer joint spacing. 
It is believed that once the transverse cracks break dam on the lC>n;:Jer 
slabs, the roughness an those sections will increase. 

'Ihe asi;:halt-treated bases exhibited better performance than the 
aggregate bases. '!hey had less faultirg and transverse crackirg, and also 
were less erodible than the aggregate base courses. 'Ihe aggregate bases were 
typically displaying slab corners with 70 percent voids, but the 
asplalt-treated bases ctisplaye:i no voids. 

Finally, while the sections with the plastic-coated dowel bars had less 
faulting than the ones with the starrlard dowel bars, there was nx:,re 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 
q)e11 up any cracks occurring in the adjacent panels, nu::h like joint lockup. 
'!his, in turn, would lead to the cracks breaking down urrler additional 
traffic loading. 

It should be noted that all of the sections within this project were 
extremely short in length. 'Iherefore, if there are any localized. problems 
such as subgrade failure or drainage problems, it 'W'Ollld serve to detract too 
lillCh. fran its overall performance. Similarly, if a section perfonns well 
over only a couple of h'l.ln:lred feet, this may not be representative of its 
true performance. 

Conclusions drawn in various reports on the experimental project 
include:(10,11,12,13) 

o 'Ihe asphalt-treated base courses delay cracking on 40-ft (12. 2 m) 
joints. 

o '!he 21-ft (6.4 m) slabs are effective in reducing transverse 
crack:in:J. 

o 1lllere was no benefit gained fran the coating of dowel bars. 

o '!he asphalt-treated base course offers less resistance to 
horizontal movement than aggregate base so that stresses are 
reduced arrl. there is less transverse crackirg. 

o '!he asi::ralt-treated base course reduces joint deflection urrler 
loading. 

o '!he.re was no significant difference in the moveoont of a joint 
with standard dowels arxi roa.ted. dowels. 

A follow-up research project has been approved that will study all of 
the test sections at this location. 

11. AIDJ:'TIQIAL READllC 

Minkarah, I., an:l A. Bodocsi, "Final Evaluation of the Field 
Performance of Ross 23 Experimental Concrete Pavement," state Job No. 
14451(0), University of Cincinnati Research Proposal, June 1988. 

123 



amP.ffiR. 20 S'IME KDlE 2 - ~, WIO 

1. D11R::DJCI'ICN 

In 1974, an experll'Cl?..ntal project was constructed on state Route 2 near 
Vennilion, Ohio. 'Ihe purpose of the experiment was to monitor the 
develoµnent of 11D11 cracking in concrete paverrents in an effort to determine 
what factors influence the develcpnent of this distress. To accarplish th.is, 
pavement sec..tions were constructed. with varia.:is canbinations of eleven 
different typical cross-sections, 10 different material variables, am eleven 
miscellaneous variables. 

Two pavement sections from this project were included for study. 'Ihese 
two sections both were tlrick slabs (15 m [381 nm]) placed directly on the 
subgrade. One section (designated OH 2-33a) was constructed with tied 
concrete shoulders, while the other section (designated OH 2-33b) was 
ronstru.cted with asphalt shoulders. 'lhe tied shoulders -were 10 in (254 mm) 
thick at the ma.Wine pavenent edge, taperin_;J to 6 in (152 mm) at the outer 
shoulder edge. 'Ihe asphalt shoulder was 3 in (76 mm) thick. 

Both sections had skewed, 20-ft (6.1 m) non::low-eled joints tl1at were 
sealed with a hot-poured rubberized asr,ra].t joint sealant. No sul:rlrainage 
was provided for either pavement section. 'llle su1:grade for CH 2-33a was 
determined to be an AASHro Classification A-4 :material, while the subgrade 
for OH 2-33b included l:>oth A-4 arrl A-6 materials. A complete listing of the 
original design am construction infonnation for each se.ct.ion is provided in 
the summary tables of chapter 32. 

2. CLIMATE 

'Ihe pavement sections are located in extreme northern Ohio along Iake 
Erie, in the wet-freeze environmental zone. 'Ihe project site has a 
'Ihornthwaite Moisture Irrlex of 19, a Co:rps of Engineers Freezing Irrlex of 
380, am receives an average of 33.8 in (859 mn) of precipitation annually. 
'Ihe highest average nart:hly maxiJmJm: tert\Perature is 84 °I,' (29 °q ar.d the 
lowest average :ironth.ly minimum 1:en'perature is 19 °I,' {-7 °c). 

3. TRAH'IC 

'Ihe roadway is a four-lane divided highway, with a functional 
classification of Rural Minor Arterial. Since bein:J opened to traffic .in 
1974, the pavement has sustained 3. 3 million 18-kip (80 kN) Equivalent 
Sirgle-Axle load (ESAL) applications in the outer. lane and nearly 0.6 million 
ESAL ai:plications .in the inner lane. 'lhese values represent calculations 
through 1987. 'Ihe two-way Average Daily Traffic (ADI') in 1984 was 
aw:roximately 12,700 vehicles, includirg 16 percent heavy trucks. 

4. ~ AND REHABILI'mTIQi 

According to records provided by the Ohio Deparb:nent of Transportation, 
no major rehabilitation or maintenance has been perfonued to date on the 
surveyed sections. 
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5. mYSICAL TESTl.tG mso:urs 

Deflection testing arrl coringjborin;J operations were not perfonned on 
the sections due to financial constraints. 'lherefore, the data and 
a:ITTClusions presented here are based only on the con:iition survey conducted 
on each pavement section. 

6. IPAINABILI.ff OF PA~ ~CNS 

A drainage analysis was perfonned. on both sections to evaluate the 
section's ability to rercove water from the pavemeint structure. 'Ille sections 
are located in an area that has the potential for the pavement to be 
saturated cq:proximately 14 percent of the time. Recall that the sections 
were constructed directly on subgrade am. thus had no base course. 
Considel:'i.rq that the sutgrade for CH 2-33a was scmewhat px,rly-drained arrl 
that the subgrade for OH 2-33b was scmawhat px,rly-d:rained to 
mxl.erately-drained, the overall drainability for OH 2-33b is slightly 
better. 'Ihis is illustrated in table 73. 

Table 73. Drainage summa:cy for OH 2 sections. 

Section 
OH 2-33a 
OH 2-33b 

MSHro 
Drainage Coefficient 

0.90 
0.95 

7.. J..E1.fJ:UuRA.TION OF PAVEMENT SECI'.ICR:'> 

overall 
Drainability 

Poor 
Poor 

~ primary perfonnance in:ilcators obtained from the extensive 
condition survey :performed on the sections are presented in figure 18. 'Ihe.se 
primary performance irrlicators are discussed below for the outer lane only 
for each pavaoont section. 

Joint Spalling 

'll1e percentage of transverse joints that exhibited nmium-- and 
high-severity joint spallin"J are shown in table -74. 

Table 74. Transverse joint spallin;l at OH 2. 

Section 
CH 2-33a 
CH 2-33b 

Shoulder 
'.lYPe 

Tied PCC 
AC 

sealant 
C"..orrli tion 

Fair 
Fair 

Jo.int 
§palling, % 

15 
23 

Section OH 2-33b (AC shoulders) EOOlibite.d nearly twice as nuch joint 
spallirg as OH 2-33a (tied PCC shoolders). 'Ibis could be due to the presence 
of the tied ooncrete shoulder, whose lane-shoulder joint is well sealed. A 
well-sealed longitudinal lane-shoulder joint will greatly reduce the am::,unt 
of water that can infiltrate a pavetOOnt structure. Also, it is possible that 
the A-4 and A-6 sutgrade beneath OH 2-33b is less penneable and "pcn::ls" or 
holds water. '!his wcw.d result in a saturated conlition which could lead to 
increased spalling of the joints. It appears that DXJSt of the spalling can 
be attributed to "D" cracking. 
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□HID 2 RTE. 2 VERMILLION 

OUTER LANE PERFORMANCE DATA 

TIED PCC SHOULDER AC SHOULDER 

OH 2-330. OH 2-331o 
15 In 

PSR 3.4 3.5 N□ND□'vlELED 

JPCP ROUGHNESS, In.Ml 90 85 

20 f't FAUL TING, In 0,11 o.n 
JT, SPACING T. CKS.IMI 0 11 

ND BASE LONG. CKS., f't/MI 104 148 

¼ JT. SPALL. 15 23 

INNER LANE PERFORMANCE DATA 

TIED PCC SHOULDER AC SHOULDER 

OH 2-330. OH 2-331o 
15 In 

PSR 3.3 3.5 NONDO\./ELED 

JPCP ROUGHNESS, In.Ml 86 75 

20 f't f" AUL TING, In 0.04 0,03 

JT, SPACING T, CKS./MI 0 0 

NO BASE LONG, CKSv f't/1"11 264 126 

¼ JT, SPALL, 3 11 

Figure 18. Outer and inner lane performance data for Ohio 2. 
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As previously nentioned, the transverse joints in both sections were 
sealed with a hot-poured, rutt)e.rized asp:lalt sealant. At the time of the 
survey, the sealant was in fair carm.tion. 'Ihis would appear to be very gocd 
perfo~ for a 13-year old product. 

Joint Faulting 

Both sections exhibited a large ano.mt of faulting, although the 
average transverse joint faulting for both sections was exactly the same. 
'lhe faulting information by section is presented in table 75. 

Table 75. Transverse joint perfonnance at CH 2. 

Section 
CH 2-33a 
CH 2-33b 

Average 
Fault,im. in 

0.11 
0.11 

Max.um.ml 
Faultim. in 

0.26 
0.24 

~in:J 
Severity 

I£M 
Me::lium 

Since the joints do not contain dawels and significant plllll)ing was 
observed, the large a:nDUI1t of faulting present is not unexpected. H0v1ever, 
this is a large aioount of faultin:f for pavements of this age and traffic 
loadirxJ. 'lhere does not appear to be a difference in performance of the two 
sections with respect to faultirq. 

Transverse cracking 

Very little transverse cracking occurred on the experiroental sections. 
'Ihe section with the tied concrete shoulders exhibited no transverse 
crackin:J, whereas the section with asphalt shoulders displayed only 11 
transverse cracks per mile. 'Ihe tied concrete shoulders appear to have 
provided nx:>re support to the mainline pavement than the asphalt shoulders, 
thus reducing the a:nDUilt of crackin:J. 

IDngitudinal Cracki.rq 

longitudinal cracking was abser.ved in both pavenvant sections. Section 
CH 2-33a exhibited 104 linear feet of lor:gitudinal cradtin;f per mile 
(20 mjkm) and CH 2-33b exhibited 148 linear feet of longitudinal cracki.rg per 
mile (28 Ily'krn). 'Ihe cause of the lor:gitudinal cracking is nost likely the 
result of late sawirg or insufficient depth of saw:ug. 'Ihe plans shCJ.,1 that 
the lon;Jitudinal joint was to be sawed to a depth of 3. 75 in (95 mm) , or 25 
percent of the slab thickness. '!his is not considered adequate for the 
lorqitudinal joint and, 100:reover, it nay l:Je possible that thicker slar..is 
require even deeper cuts to ensure the formation of the longitudinal joint. 
It is also possible that the joint sawiig crew was inexperienced or not aware 
of the sawing requirements and actually sawed less than the depth of 3. 75 in 
(95 nm). 

Present Serviceability Rating (PSR) and Roughness 

Roughness was measured on the pavement sections using a Mays 
Ridemeter. 'Ihe :roughness of the paveroont sections, along with the Present 
Serviceability Rating (PSR) for the sections, is given in table 76. 
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Table 76. Roughness arxi present serviceability on OH 2 sections. 

Section 
OH 2-33a 
OH 2-33b 

Shoulder 
Type 

Tied :FO:: 
AC 

Rpughness « in/mi 
90 
85 

PSR 
3.4 
3.5 

'lllere is no discernible difference between the two sections with 
respect to roughness or panel ratin;l, reflectirg the fact that the average 
faulting for both sections was the same. 

other Pavem:mt Distress 

Several other pavement distresses were observed in the corrlition 
surveys. 'Ihese distresses are noted below. 

"D" Cracki,rg 

I.ow-severity "D" cracki.n:J was observed at several transverse joints 
throughout ooth sections. It was also observed at the transverse am 
longitudinal joint intersections, am at other locations alon;J the 
longitudinal joint. In addition, low-severity "D" cracking was beginnin;J to 
develop at same of the transverse am longitudinal cracks. 

Pumping 

As previously noted, OH 2-33a exhibited low-severity pumping while 
CH 2-33b exhibited neiimn-severity pumpin;l. 'Ihe slab-on-grade design of 
these sections easily lends itself to pumping, particularly on fine-grained 
subgrades arxi in a wet environnaltal 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-poor coniition. 

'Ihe lane-shoulder joint sealant on CH 2-33b had deteriorated to the 
point where water easily infiltrated the pavement system, thus allowin;l fines 
beneath the slab to pump upward thrcugh the joints umer traffic loading. 
'!be reason that the lane-shoulder joint sealant on CH 2-33a was in such 
excellent coniition can be attributed to the fact that the joint between a 
concrete shoulder arxi concrete nainline pavenent is tied am generally tight; 
tlrus less m:wement occurs at this joint an:l it is therefore much easier to 
seal an:i maintain. Large differential :rocwements are known to occur between 
an aspbal t shoulder am a concrete mainline pavement, thereby making the task 
of maintaining a good seal on that lane-shoulder joint very difficult. 

r..omitudinal Joint Spall:im 

Both sections exhibited a substantial am::>unt of longitudinal joint 
spalling, as summarized in table 77. 
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Table 77. SUmma:ry of longitudinal joint spalling at OH 2. 

Section 
Shoulder 

'fype 
r.a,,-Severity 
Spallioo, ft/mi 

120 

Medium-Severity 
Spallioo, ft/mi 

CH 2-33a 
CH 2-33b 

Tied PCX: 
AC 63 

184 
95 

'Ihe longitudinal joint spalling exhibited by these sections is due to 11D11 

crackirg, which is occurring at the intersections of the longitudinal arrl 
transverse joints, arrl also at other locations along the longitudinal joint. 

8. ~ OF IESIGN FEAWRES CE PAVEMENI' ~ 

Only one design feature, shoulder type, can be evaluated when cx:mparing 
the performance of these two sections. Comer deflections arrl load transfer 
across the longitudinal lane-shoulder joint are oot available, but it is 
still possible to carpare the overall performance of each shoulder type. 

'1he information collected for the performance of the outer shoulder is 
shcMn in table 78. 

Section 
CH 2-33a 
CH 2-331:) 

Table 78. outer shoulder perfonnance at OH 2. 

Longitudinal Joint 
Sealant Corrlition 

Excellent 
Fair-Poor 

Mean·Shoulder 
Drop-off. in 

o.oo 
0.34 

Mean Shoulder 
Separation, in 

o.oo 
0.15 

Shoulder 
Coniltion 
Excellent 

Fair 

'1he tied concrete shoulder (OH 2-33a) is performin:J much better than 
the asi;balt shoulder. It exhibits no drop-off or separation am is in 
excellent overall corrlition. Recall also that there was less cracking on the 
mainline pavement for the tied concrete shoulder section. 

'Ihe concrete shoulders are tied to the mainline pavement with 0.63-in 
(16 mn) diameter tiebars. 'Ihe tiebars are 30-in (762 mm) long arrl spaced at 
30-in (762 mm) intervals. 

9. ~ OF <:mm AND INNER JANE ~ 

As part of the corrlition survey, distress data was also recorded. for 
the inner traffic lane. Althoogh bein;J subjected to far fewer traffic 
load.in3s than the outer lane, the inner lane sections provide an interesting 
~ison. Table 79 sununarizes the inner and outer lane performance for 
both sections. 

As expected, the anomt of joint spa.lling arrl faultirq is far less in 
the inner lanes of 1::x:>th sections. 'lhere is oo discernible difference between 
the roughness imex arrl PSR of the inner arrl outer traffic lanes. Section OH 
2-33b exhibits no longitudinal cracki.rq in the inner lane, wb.e.l:eas CH 2-33a 
exhibits ioore longitudinal crackin;J in the inner lane than the outer lane. 
'!he cause of the longitudinal cracki.n;J is lOOSt likely the insufficient depth 
of the sawcut used to establish the longitudinal joint. 
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· Table 79. Comparison of perfonnance by lane at OH 2. 

OH 2-33a 

CH 2-33b 

Variable 
ESAL's {millions) 
Joint Spalling,% 
Joint Faulting, in 
Trans. Cracks/mile 
I.Drq. Cracks, ft/mile 
Roughness, in/mi 
Pur!l)ing 
PSR 

·. Variable 
· . ES.AI/ s {millions) 

Joint Spalling, % 
Joint Faulti.n:;J, in 
Trans. Cracks/mile 
I.Drq. Cracks, ft/mile · 
Roughness, in/mi 
Purrping 
PSR 

10. saHliRY AND CXl'lCIIB!alS 

Inner Iane 
0.6 

3 
0.04 

0 
264 

86 
None 

3.3 

Inner lane 
0.6 
11 

0.03 
0 
0 

75 
None 

3.5 

O.Iter Iane 
3.3 
15 

0.11 
0 

104 
90 

I1::M 
3.4 

O.Iter lane 
3.3 

23 
0.11 

11 
148 

85 
Med 
3.5 

It is difficult to substantiate any {X)IlClusions drawn f:ran this 
e.xperimental project. since infonnation frcm piysical testing (ex>re 
infonnation am. deflection data) was not available. 'Ihis infonnation would 
provide invaluable infonnation in this evaluation. For exairple, void 
detection analysis would provide infonnation regardirq the loss of support 
beneath the slabs. Also, core infonnation would help provide information 
regardirq subgrade classification am. the joint construction could be 
detennined {particularly the lon:Jitudinal joint). Ha.vever, in the absence of 
this info:rm.tion, sane conclusions can still be stated. 

It awea,rs that the tied concrete shoolder provided nDre support to the 
mainline pavement than the asµ1a).t shoulder. 'lhis resulted in the section 
with the asphalt shoolders exhibitin; mre p.:imping am. slightly mre 
transverse cracki.rq. Although the amunt of transverse cracking may seem 
insignificant, recall that the slabs are 15 in (381 mm) thick. 

'Ille joint sealant between the lane-shoulder joint was an inp:):rtant 
factor in the alllO.lI1t of pmq;,.ing exhibited by each section. 'Ihe lane-shoulder 
joint for the section with concrete shc:w.ders was in excellent corrlition, 
thus preventin;J water from entering the pavement system. 'Ihe lane-shoulder 
joint sealant was in fair-poor condition for the section with the asi;ilalt 
shoulders. 'Ibis allowed for the entry of water into the pavement structure 
an:l resulted in .increased pumping of the subgrade. 
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Based on the perfonnance of the two sections in this experiment, thick, 
:nonioweled 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 loadirg, an::l subgrade characteristics of the 
experiment, it is ~ that the additional con:::rete 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 material 
will reduce p.mpin;J an::l the use of mechanical load transfer devices will help 
to reduce the faultin;J to acceptable levels. 

Major oonclusions in a rep::,rt on this experimental project include the 
following:(14) 

o Reduction in maxi.num particle size has been obser:ved to reduce the 
severity an:i extent of "D" crackin;J. Havever, where the maxinunn 
aggregate size was redliced to prevent "D" crackin;J, a greater 
incidence of transverse cracking, with its atten:iant faulting, was 
foum to occur. 

o Dsgree of saturation measureneits do not appear to shcM any 
particular relationship with the developnent of "D" cracking. 

o Typical sections, joint sealant type, vapor barriers, an::l type of 
snbbase material appear to have little or no bearin;J on the 
developnent of 11D11 cracking. 

ll. AIDI'l'Iamt READlNG 

Majidzadeh K. an::l R. Elmitiny, "I.a¥;} Tenn Observations of Perfonnance of 
Experimental Pavements in Chio," Final Report, Report No. 
FHWA/OH-81/009, Chlo Department of Transportation, July 1982. 
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CHAP.Im 21 mGBWAY 3N - HTIHVffl, af.mRIO 

l.. INIPDDJC.I'IQJ 

'Ihis ~imental project, constructed by ontario's Mllrlst1'.y of 
Transportation and Communications (M.rC) , was designed to evaluate the effects 
of l:ase type, slab thickness, shoo.lder type, and bK:> surface texbJre.s on 
pavement performance. 'Ihe pn:pose in building ani maintain.in; this project 
was to test the improved performance claims for paverrents with tierl shoulders 
and nonerod.ilile bases and to evaluate their abi.li ty to replace the 
conventional flexible pavements that were beln; built i.n Ontario at the 
tilre. Design variables included: slab-on-grade, an open-graded drainage 
layer (asphalt-treated permeable base), and lean concrete base courses; 12-in 
(305 mm), a-in (203 nm), and 7-in (178 mm) thick concrete slabs; 3-in (76 mm) 
asplalt oonarete (AC) shoulders and tied concrete shoulders; astroturf and 
bJrlap mat texturin-J. 'Ihe asi;tialt-treated base inclooed 2 percent AC. It 
was placed directly on the sutgrade, without the use of a filter laye:r. 'Ihis 
project was completed and cpened to traffic in Noventler 1982. 

None of the designs were replicated in the traditional sense employed 
at other experimental projects. However, three of the four sections were 
canst.ructed over three miles (4.8 km) lorq, with only the 8-in (203 mm) JPCP 
an 5-in (127 mm) I.CB with tied concrete shoulders bein;J relatively short in 
lergth (0.5 mi [0.8 km]). 

Ccmoon to all of the designs is a rarrlan, skewed joint spacin";J of 
12-13-19-18 ft (3. 7-4.0-5.8-5.5 m). No dowels were used at the transverse 
joints. SUbdrainage along the entire length of the project was provided by a 
4-in (102 mm) diameter perforated plastic pipe, wrapped with a geotextile. 
It was .installed 12 in (305 nm) cut.side of each slab edge and 2 in (51 nm) 
into the subgrade. Transverse drainage cutlets were located. at an average of 
300-ft (91.4 m) intervals. 

No control section as such was constructed for this project. 'llris 
project was inten:3ed to o::mpare these designs to older concrete paVe10011ts 
that were performirg quite well urrler heavy traffic, but were mre expensive 
to hlild. 'Ihe traditional MrC design was 9-in (229 mm) slabs, on 5-in (127 
mn) of cm or I.CB, with skewed, doweleci joints at 12-13-19-18 ft 
(3. 7-4.0-5.8-5.5 m) intervals. A section representi.rq this design was 
in::luded in this study as CNI' 2. 

A complete listin;J of the original design am construction :infonnation 
for all of the section<3, as well as other pertinent project information, is 
provided in the summary tables of chapter 32. As with other ~imental 
projects included in this sbxly, this project does oot include a full 
factorial design. 'Ille intent is 100:re to study the perfonaance of a pavement 
design as a 'Whole, rather than to evaluate the perfonnance of specific design 
variables. 

2. CLIMATE 

'lb.is experimental section of Highway 3N is located. in the ~ 
tip of Ontario, just south of Detroi.t;Windsor, in the wet-freeze 
environmental zone. 'Ihe project site has a 'Iho:rnt.hwaite Moisture Irrlex of 
22, a Corps of~~ Freezing In'lex of 1000, and rer--eives an average of 

132 



32 in (813 :mm) of rainfall annually. 'Ihe highest average ironthly maximum 
temperature is 80 °F' (27 °c) arrl the lowest average Il'Onthly mini.mum 
temperature is 19 °F' (-7 °c). 

3. 'mAFF"LC 

'Ihis roadway's functional classification is Rural Minor Arterial. It 
is a two-lane, nondivided highway with unrestricted access. Sii7.Ce being 
opened to traffic in 1982, the pavement has been subjected to approx.iraately 
1 million 18-kip (80 kN) Equivalent Single-Axle IDad (ESAL) applications 
(through 1987). 

'Ihe t-wo-way Average Daily Traffic (ADI') in 1987 was approximately 5400 
vehicles. 'Ihe m::ist recent truck percentage · (1984) showed 13 percent heavy 
trucks. 'Ihese traffic loafiln:1s are relatively low. Data presented by 
Kazmierowski and Wrorg shClw' an MDI' in 1988 of 9450, with 10 percent trucks. 
(15) 

4. MAm.I'.ENANCE AND REHABILll'ATICfi 

Soon after initial construction, both transverse an:i longitudinal 
cracking OCOJrred at several locations. 'Ihese cracks were routed and sealed. 
in 1984. No other maintenance work has been performed. since then, according 
to records provided. by the MIC. 

5. PBYSICAI .. ~ RESUUrS 

'Ihe study sections in Ontario were not subjected to lilysical testing 
due to logistical and budgetary reasons. 'Iherefore, no 1987 core or 
deflection data is available. · As part of the or:going study being conducted 
by the Ontario Ml'C, extensive .physical testing has been perfonned by that 
agency. Results from this testing are included here for reference purposes 
only, because testing proce:iures and methodologies may not have been 
performed in a :manner which allows COlll)arison to the other results. 

Cores taken from bot.h the concrete pavement and the lean concrete base 
were tested for compressive strength. 'Ihese were not separated by test 
section, so the results do not identify variations in pavement strength among 
the sections. 'Ihe canpressive strength reported can be used to give an 
estimate of the modulus of rupture. For the concrete slabs, a mean m::rlulus 
of rupture of 523 psi (3.6 MPa) was computed from the 28-day a:,ropressive 
strength. 'Ihe estimated. mean no::lul:us of rupture of the lean concrete base 
from 28-day carpre.ssive strenJtbs was 342 :p.si (2.3 MPa). 

Deflection testing was perfonre.i several years after initial 
construction of the sections (in 1985). 'Ihe deflection equipment used was of 
the same general configuration as that used in tltls study and the testing 
pattern was also similar. '!he data was used to dete:rm.ine load transfer 
efficiencies and corner void detection, but was not used for layer :nmuli 
characterization because of insufficiencies in the reported data. 'lhe load 
transfer values arrl void detection results are summarized in chapter 32. 

'Ihere were minor differences in the average center slab deflections for 
all but the section on the· open-graded drainage layer, whim had average 
deflections over 60 percent higher than the other three sections. However, 
the absolute values of all of the deflections were very low. 
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Approximately 95 :percent of the project is constnicted on fill typical of the 
silty clay fourrl in the area. It is of low to intermediate plasticity am. 
wcw.d have a correspon::ling AASHro classification of A-6 to A-7-6. 

'!he load transfer efficiencies were not as good as might be expected 
for a pavement of this age. As shewn in t.able 80, the 12-in (305 nm) 
slab-on-grade had the best load transfer efficiencies. 'Ihe load transfer 
efficiencies for the thinner slabs, :both with arrl without concrete shoulders, 
were similarly poor, rarging fran 44 :percent on the section with a 7-.in (178 
11ltll) slab, to 48 perc'.ent on the two sections with a-in (203 mm) slabs. Using 
deflection-based void detection prooedures, no voids we.re detected in any of 
the sections. 

Table 80. Load transfer efficiency arrl corners with voids at 00T 1. 

Base Shoulder Slab Joint Load % Corners 
Section fype fype 'Ihickness ! in Transfer, ~ 0 Exhibitim Voids 
ONT 1-1 None AC 12 77 0 
ONT 1-2 PATB AC 8 48 0 
ONT 1-3 I.CB PCC 8 48 0 
ONT 1-4 I.CB PCC 7 44 0 

Selection of the aggregate used in the concrete paving was done .in 
consideration of long-tenn perfo:nnance an:i the desire to avoid materials with 
110 11 cracking potential. Aggregate durability distress was not absaved 
during the field survey. 

6. mAINABILr1.Y OF PAVfflENI' SECl'IctE 

Part of the field survey consisted of a visual drainage analysis, 
perfo:rmed on each section. 'llle purpose of the drainage analysis is to 
evaluate the section's ability to rem:,ve water f:rom the pavement structure. 
Iayer penneabilities were not calculated for the base arrl subbase layers, as 
there was no i;nysical sample retrieval done. However, usi.rg the results from 
the visual survey an:1 infonnation provided on the layer material properties, 
saoo interest:i.n; insights into the drainage characteristics of these sections 
can be inferred. 'Ihe results are sununarized .in table 81. 

Table 81. summary of drainage dlaracteristics at ONT 1. 

m-lJEcr SECI'ION 
Ccmp:,nent ONI' 1-1 ONI' 1-2 ONT 1-3 ONI' 1-4 
Tied Concrete Shoulder No No Yes Yes 
Blawholes in AC Shoulder None None N/A N/A 
cattails in Ditch Yes Yes Yes Yes 
Pumpin;J I.aol Med I1:N None 
~ Water .in Ditch None Yes Yes Yes 
Clcx;ge.d outlet Drains Yes Yes Yes Yes 
Base Type None PATB I.CB I.CB 
Base Penneability, ft/hr N/A 14.6 0 0 
Drainage Coefficient 0.95 1.00 1.00 1.00 
OVerall Drainability V.Poor-Poor Fair-Good Fair Fair 

None of the sections exhibited gocd dra.inability, as shcmn by the above 
table. It does appear as if the sect.ions with concrete shoulders exhibited 
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less purnping. All of the sections were surveyed shortly after a rainfall, 
am it was apparent that excess m:iisture was not being campletely ren:oved 
fran the pavement cross-section for artf of the sections. 'Ihi.s is especially 
surprising for ONT 1-2, which has a penooable asJ;tia].t treated base yet shows 
the IIOSt pumping. 'Ihis base was placed directly on the sul:g.rade without 
benefit of a filter layer. A possibility to consider is that the pe:r:meable 
layer has become clogged with fines and is no longer free draining. 

7. IEI'ERIORATIW OF PAVEMENr ~CNS 

Highway 3N is a two-lane highway so there is only an outer lane in each 
direction. 'Ihis project was completely sw:veya:i in both directions. In 
order to present the results as completely as possible, the prima:cy distress 
results are tabulated in figure 19 for each lane within a design as if it 
were a separate section. '!he effect is as if each de.sign has a replicate. 
'!he relative perfo:nnance of each pavement section with respect to the primacy 
distress types is discussed belCM. 

Joint Spalling 

'Ihe percent of spalla:i transverse joints of nailum to high severity was 
a.l.loost nonexistent, ranging from o to 1 percent. 'Ihi.s data does not support 
the advantage of artf one design over the others in tenn.s of reducing joint 
spalling, as all of the designs appeared to perfonn well. 'Ihe transverse 
joint sealant was a hot-poured rubberized asphalt. 'Ibis sealant was in 
"excellent" conlition on the.sections with AC shoulders and "good" cond.ition 
on the sections with PCC shoulders. One obseuvation that can be made is that 
what little spalling there was occurred only in the westboun:i direction. 

Joint Faulting 

In general, the average joint faulting on all of these sections was 
lCM, a not unexpected result given the lCM level of traffic. 'lb.e range of 
faulting was from 0.04 in (1.0 mm) to 0.09 in (2.3 mm) for the eight sections 
considered ( a value of O .13 in [ 3. 3 mm] is considered to cause sufficient 
roughness to require rehabilitation). overall, the lCMest faulting was found 
on the sections with the penooable asphalt base arrl the 7-in (178 mm) slab on 
u:::B. A directional effect is also present with the faulting, as the joint 
faulting is higher in the westboum direction than it is in the eastbound 
section for the same design. 'lhis is shown in table 82. 

Table 82. SUmmary of transverse joint faulting by direction of traffic. 

Slab Base Joint 
Section 'lhickness, in 'fype Direction Faulting, in 
ONI' 1-1 12 None EB 0.05 

WB 0.07 

ONI' 1-2 8 PATB EB 0.05 
WB 0.06 

ONI' 1-3 8 EB 0.04 
WB 0.09 

ONT 1-4 7 I.CB EB 0.04 
'WB 0.07 
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ONTARIO 1 H\v'Y, 3N RUTHVEN 
PERFORMANCE DATA 

12-13-19-18 ft SKE'w'ED JOINTS 

AC SHOULDER PCC SHOULDER 
8 In JPCP 12 In JPCP 7 In JPCP 8 In JPCP 

ONT 1-2 
DIRECTION SE NV 

PSR 3.8 3.7 

ROUGHNESS, In/Ml 78 70 

PATB FAUL TING, In 0.05 0.06 

T, CKS./MI 0 0 

LONG. CKS~ ft/Ml 0 0 

1/. JT, SPALL. 0 1 

ONT 1-4 ONT 1-3 
DIRECTION SE Nw' SE Nw' 

PSR 3,7 3.8 3.8 3,8 

ROUGHNESS, In/Ml 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 1 

ONT 1-1 
DIRECTION SE NV 

PSR 3.8 3.8 

ROUGHNESS, In/Ml 90 62 
NO FAUL TING, In 0,05 0.07 BASE 

T. CKS.IMI 0 0 

LONG, CKS., ft/Ml 0 40 

½ 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 

1/. JT, SPALL 0 0 1 

Figure 19. Performance data by direction for Ontario 1. 
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Transverse Cracking 

Transverse cracking was not observed on either of the sections with AC 
shoulders. 'lllese are also the sections which were not built on LCB, which 
may be a confoun:lin;r factor. Of the two sections with tied FCC shoulders on 
I.CB, the section with a 7-in (178 nm) slab had slightly mre transverse 
c:rack.irq than the section with an 8-in (203 nm) slab. 

I.Dngitudinal Cracking 

I.Dngitudinal cracking, measured in linear feet per mile, was observed 
on three of the four sections evaluated.. 'Ihe one design that did not have 
longitudinal crackin:J was the section with the penneable ATB arrl AC 
shoulders. 'Ihe other section with AC shoulders ani a 12-in (305 nm} 
slab-on-grade had the next lowest aITDUnt of longitudinal cracking. 'Ihe two 
sections with tied concrete shoulders ani I.CB had the lOOSt lon:;itudinal 
crack.irq. 

'Ihe 12-in (305 m) slab-on-grade had transverse arrl langitudinal joints 
cut to a depth of 3 in (76 nm); the remainin;J sections had transverse arrl 
lon:3itudinal joints sawed to a depth of 2.2 in (56 nm), with the exception of 
the two sections with tied concrete shoulders ani I.CB. 'Ihese sections were 
paved one lane at a tine arrl hence required no lon:;itudinal lane-lane joint 
sawing; however, they did require saw~ of the joint between the lane and 
shoulder (to a depth of 2.2 in [56 mm]). 

Present Serviceability Rat~ (PSR) arrl Roughness 

'Ihe measured roughness was generally low ani the variation in the PSR 
between sections was minor, as observed in table 83. 

Table 83. Roughness ani present serviceability at ONl' 1. 

Section 
ON1' 1-1 

oor 1-2 

Slab 
'Ihickness, in 

12 

8 

ONT 1-3 8 

ONr 1-4 7 

Base 
'Iype 
None 

PATB 

I.CB 

Direction Roughness. in/mi 
EB 90 
WB 62 

EB 78 
WB 70 

EB 57 
WB 66 

EB 65 
WB 72 

PSR 
3.8 
3.8 

3.8 
3.7 

3.8 
3.8 

3.7 
3.8 

In the field survey, the sections with the different pre-tining surface 
finishin;J methods were not identified. 'Ihis may have contributed to some of 
the variation in roughness. 
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Shoulder Co:rxlition 

Since one of the design variables on this project was shoulder type, 
the condition of the shoulders is of interest. Shoulder perfonnance 
infonnation is summarized in the table 84. 'Ihe general design of the 
shoulder was approximately 2 ft (0.6 m) of paved surface anj 8 ft (2.4 m) to 
10 ft (3.0 m) of granular surface. 'Ihe paved surface on ONT 1-1 anj 1-2 was 
asi:halt concrete. Both of these shoulders exhibited extensive linear 
cracking filXi alligator cracking. '!hey were also weathered filXi ravelled, with 
the AC shoulders on ONT 1-2 being in 'WOrse condition than those on 1-1. 'lhe 
overall condition rating was "poor" for both of these sections. 

Section 
ONT 1-1 
ONT 1-2 
ONT 1-3 
ONT 1-4 

Table 84. Shoulder perfonnance at ONT 1. 

Shoulder 
Type 

AC 
AC 

FCC 
FCC 

lane-Shoulder 
Drop-off« in 

0.58 
0.47 
0.00 
0.00 

I.ane-Shoulder 
Separation, in 

0.07 
0.00 
o.oo 
o.oo 

OVerall 
Rating 

Poor 
Poor 
Exe 

Good 

'Ihe FCC shoulder on ONI' 1-3 was in excellent con:lition, although there 
was same spalling aloIXJ the shoulder/gravel edge. 'lhe concrete shoulder on 
ONT 1-4 received a rating of "good." It had an average of 35 transverse 
cracks/mile, most of which exterrled from transverse cracks in the mainline 
pavement. 'Ihere was no lane-shoulder drop-off or separation on these two 
sections. 'Ihe aggregate portion of all four sections was weathered filXi 
ravelled. 

other Distresses 

On ONT 1-2 anj ONT 1-3 a loIXJitudinal patched area was observed which 
continued for several slabs. 'Ihese are a result of problems which occurred 
at the time of construction an:1 are not related to the perfonnance of the 
sections. 

8. EFFB'J.l' OF IEITGN EFAW.RES W PAVEMEHI' PERR:ll&NCE 

'lhe irrlepe:rxient effect of the various design features on the 
performance of the different sections cannot be directly detennined. While 
the differences aitOI'XJ the perfonnance of each of the four designs as a whole 
can be dj scusserl, this experin:ental study was not set up as a full factorial 
design to isolate the different variables. 

Base Type 

'lhe performance of the sections on lean concrete bases was the worst of 
the three base types. '!his is especially true in tenns of transverse 
cracking filXi longitudinal cracking. If considerable shrinkage cracking of 
the base occurs during curing, reflection cracking of the FCC slab can 
develop. If positive measures are not taken to deter reflective cracking, a 
p::rt:ential problem exists for the pavement slab. Another factor to consider 
is the stiffness of the lean concrete base. 'Ihis is a fairly stiff material 
filXi the combination of curling arrl wa:rping stresses filXi load stresses can 

138 



contribute to era~ in the concrete surface. 'Ille other two base types 
showed. no era~. 'Ihe perf'o:anance of the 8-in (203 :mm) slab on the 
permaable asµia].t treated base was slightly better than that· of the 12-in 
(305 mm) slab-on-grade. However, the construction of the penooable base 
without a filter layer to prevent the intrusion of fines could effectively 
ren:ler that design ineffective. 

Shoulder Type 

'It1e traffic lanes with AC s.h.oulders perfo:rnsi better than the sections 
with tied PCC shoulders. HCMever, as has been noted elsewhere, those 
sections.with l?CC shoulders were also the sections with lean concrete bases. 
'Ihe n¥JSt notable difference in perfonnance between the sections with the two 
different shoulder types is in the am::,unt of cracki.rg. Since the occurrence 
of cracking is related to the presence of the I.CB, the true effect of 
shoulder type can not be detennined. It wculd be interesting to learn what 
type of curing compourrl was used on the I.CB. 

Tied PCC shoulders are thought to decrease mainline slab deflections 
due to the increased edge support that they provide. An examination of the 
average approach slab comer deflections shows that the sections with tied. 
shoulders had deflections 1/2 that of the thin section with AC shoulders, 
although they were twice the deflection of the 12-in (305 mm) slab-on-grade 
section. Higher slab deflections cause increased fatigue of concrete slabs 
an:i should hasten pavement deterioration. 'Ihus the sections with the 
concrete shoulders should, in theory, contribute to longer pavement life. 
'Ihe AC shoulders themselves showed extensive deterioration, while the PCC 
shoulders had no deterioration. 

Slab 'Ihickness 

'Ihls project included 7-in {178 mm), 8-in (203 mm), am 12-in (305 :mm) 
thick pavement slabs. Unfortunately, no readily apparent treni related to 
slab thickness emerges from the survey results. For exanple, one of the 
sections that perfonned the best was the 8-in (203 mm) slab on 4 in (102 mm) 
of PATB with AC shouldet:s. '1he 12-in (305 nm) slab-on-grade with AC 
shoulders perfonned as well, however. A direct comparison can be made 
between the 7-in (178 mm) arrl the 8-in (203 mm) sections on ICB, as the only 
design difference is slab thickness. 'Ihe data shows that the thinner section 
had more overall transverse crackin:J, but less lorgitudinal cracking. 'Ihe 
effect of slab thickness will not bec:::alte known until more traffic has l:leen 
carried by these sections. 

Base Ora.inability 

While base drainability is not directly a variable in this experimental 
project, an examination of the effects of drainage characteristics on 
pavement performance provides interesting results. While none of the 
sections had good drainability, the section with a permeable layer had the 
best performanc.e of any of the sections. Given the widespread occurrence of 
clogged drainage outlets arrl the amount of p.mping present, water may be 
trapped in the permeable layer as a result of clogging of the voids. 
Additional information is needed. as to the performance of the edge drains 
alon;J the entire project arrl the corrlition of the drainage layer on ONI' 1-2. 
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'Ihe limited results available confirm the positive effects of a pe.nneable 
base layer on pavement perfo:nnance, but also the da.n:;Jer in not maintaini.n';J 
the drainage outlets, leaving out the filter layer un:ler the pe.nneable base, 
arrl placing the urrlerdrain 6 in (152 mm) beyor.d the permeable base in the 
dense-graded aggregate shoulder material. 

9. CXJ!PARTSai OF JANE PERF\:HWD BY D~CH 

It has been suggested in section 7 that the distresses are higher in 
the westboun::l lanes than in the ea.stboun:1 lanes. It would be interesting to 
obtain further traffic infonnation to see if heavy truck volume is actually 
higher in this direction, or if heavier loads are travelinJ in this 
direction. It may be :relevant that these lanes -were not p:i•led integrally; 
the concrete paving operation for the sections with tied concrete shoulders 
consisted of paving the westboun::l lane arrl shoulder in one pass arrl then 
tmning arourrl arrl pavin3' the eastbouni lane. 'Ihe lanes were tied together 
by epoxy-coated tiebars, 30 in (762 mm) long, placed at 24-in (610 mm) 
intervals. 

An overall comparison of the ea.stboun:1 arrl west.boum traffic lanes is 
provided in table 85. 

Table 85. C'.omparison of perfonnance by lane at ONT 1. 

Variable F.astbourrl I.ane Westboun'i Iane 
ESAL' s·""'(--m_i _l l-i-ons--) ----===1=. =o-==---------==----1=.=o-~ 

Joint Spalling, % 0 1 
Joint Faulting, in 0.045 0.073 
Trans. Cracks/mile 18.8 28.8 
long. Cracks, ft/mile 21.3 197.5 
Roughness, in/mile 68 72 
PSR 3.8 3.8 

10. ~ AND OONCWSIOOS 

OVerall, the section with a pemeable asphalt treated base perfonned 
the best arrl the sections with concrete shoulders on a lean concrete base 
perfonned the worst. 'llrls result is similar to that foum in 1985 am the 
irx::lusion of a free drain.in;J layer in future concrete pavement construction 
is one of these key rec:arm:mdations made at that tune. Other reccmnerrlations 
:Eran those familiar with the project since its construction include the 
~on that all joints l::e sawed as soon as the concrete reaches a 
nonplastic state am that the longitudinal. joint (lane-shoulder) be sawcut to 
a depth 1/3 the thickness of the slab. Recall that the depth of sawcut for 
the longitudinal arrl transverse cuts was 2.2 in (56 mm) for the 7-in (178 mm) 
and 8-in (203 mm) sections, arxi 3 in (76 mm) for the 12-in (305 mm) section. 

It was further reccmmerx:led that concrete shoulders be constructed 
integral with the pavenent. While the results c±iserved here do not support 
the theoretical benefits fran the addition of concrete shoulders, it is very 
likely that other factors contriliuted to the poor performance of these 
sections. 'Ihese factors include late arxi shallow sawing of joints, which may 
have caused ramam transverse and. longitudinal cracking, am the failure to 
arrest reflective cracking" of the lean concrete bases. Further physical 
testing would be desirable to evaluate the depth of the sawcut an:l materials 
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condition. FWD deflection test.in} WQJ].d also be useful, as the absence of 
voids in the preserce of substantial pmpirq is suspect. 

'lhe oonstructiai of a drainable base layer may have cont:rib.rt:ed to a 
slight illprovenert: in the perfonnanoe of afr 1-2 aver the other sections, 
althc:ujh there is no i.dantical design withcut the permeable layer to which 
direct cc:.tTparison can be made. 'Ibis section was the only one without both 
transverse ard lorgitudinal cracking. It also had the lONest average joint 
fault.uq of aey of the sections, alorg with Cffl' 1-4. 'lhe fact that it had 
the highest p;m,pinJ of all of the sections may mean that the drainage layer 
has becane clcgged and there is no means of ~ 100isture frcm the 
pavement layers. No filter was provide:i between this penneable base layer 
and. the subgrade. 'lb.is section should be studied further to gather more 
infonnation about its drainage charact:eristic:s. 

Finally, it has been noted that the :non:3oweled joint design is 
inadequate for the comitions experien::m. (15) 'lhe aggregate interlock that 
was expected to provide load transfer ultimately proved unreliable after a 
very short period of tiloo ani the pavement, as designed am constructed, is 
prd::>ably .inadequate to carry the unanticipated heavy traffic loads. 
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aJAPim 22 HIGBWAY 427 - 'D:R:HI.O, aaARIO 

1. ImRllJCI'IW 

Highway 427 is an urban principal arterial highway located in Toronto, 
Ontario. It is a principal ao::-.ess route into dawnt.a.,m Toronto. Highway 427 
is a multi-lane route, with four lanes in the direction of survey, and a 
total of eleven lanes. It was constructed and opened to traffic in 1971. 

2., IESIQi 

'lhe cross-section design is 9 in (229 mm) of JR:!P on 6 in (152 mm} of 
cement-treated base. '!he shoulders are asplalt concrete, 4 in (102 mm) 
thick. 'lhe outer shoulder is 10 ft (3 m) wide. Transverse joints are 
sJce,,,;red, with a rarrlan joint spacirg of 12-13-19-18 ft (3. 7-4.0-5.8-5.5 m). 
Painted and greased dowel bars 1-in (25 mm) in diameter, spaced at 12-in (305 
mm) intervals provide load transfer at the transverse joints. Preformed 
joint sealant is used on the project and it is still in excellent condition. 
'lhe subgrade type is unknown, but this pavement is located in an area of 
dense u:rl)an development and the highway was m::,st likely built on inp:>rted 
fill. longitudinal drains, 4-in (102 mm) in diameter, with lateral outlets 
spaced at approximately JOO-ft (91 m) intervals, we.re placed in 1982. 
kklitional project info:r:ne.tion is contained in the summary tables in chapter 
32. 

J" ~ 

'1his section is located int.he wet-freeze environmental zone. It has a 
Corps of Erq.ineers Fre.ezirq Irrlex of 1000 and a 'Ihomthwaite Moisture Index 
of 13. 'lhe annual average precipitation is 30 in (762 mm) • 'lhe highest 
average mnthly nax:inn.nu temperature is 82 °F (28 °c) and the lowest 
average mnthly min.inum temperature is 16 °c (-9 °c) . 

4. mAFFIC 

'Ih.e 1987 two-way AIJr was 228,350 vehicles, including 10 percent 
ccmnercial vehicles. It is estimated that this pavement has sustained 
rrughly 36 million 18-kip (80 kN} F.quiva.lent Sin;Jle-Axle I.Dad applications in 
the outer lane. 

5. ~ AND OIHER l:HYSIC1!.L TESI'.DG RESmll'S 

'Ibis highway was one of several on which no physical testirg was 
perfonnede 'Iherefore, no strength estimates of the various layers are 
available. Fran the limited anamt of soil an::i construction information 
available, the drainability of the section~ to be poor. An MSHIO 
drainage coefficient of O. 80 was assigned to this section. 

6. ~ AND REBAmLITAT.Iat 

Fran records provided by the ontario Ministry of Transportation arxl 
Communication, a subdrainage system was added un:1er the shoulder at the edge 
of the cm in 1982. other rehabilitation perfo:cned on the project include 
resurfacing of tlJ.e AC shoulders several times over the life of the pavement, 
m::,st recently in 1984. 
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7. PAVE24ENI' ~ 

DJ.e to the excessive traffic on this pavement arrl the unavailability of 
lane closures, p:1y5ical iooasurements were cru.y recorded on the outer lane. 
'Ihese results are smmnarized in table 86. 

Table 86. SUmma:ry of performance variables at ONT 2. 

yariable 
ESAI./s (millions) 
Joint Spall:ing, % 
Joint Fault.ir:g, in 
Trans. Cracks/mile 
IDig. Cracks, ft/mile 
Roughness, in/mile 
PSR 

outer lane 
36 

0 
0.01 

5 
0 

104 
3.9 

Transverse crac.kin;J was only notErl in the 19-ft (5.8 m) slabs. No 
other distress of aey significance was identifie:i in the con:lition sw:vey. 

8. CXHC!IIEICH., 

'Ibis pavement is perfonnirg very well after 17 years of service and a 
very high level of heavy traffic. Pavement deterioration is negligible am 
the only maintenance ard rehabilitation required on this section to dat.e has 
involved the AC shoulders. 'lhe low level of faulting on such a heavily 
trafficked pavement in this cold an1 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. 'Ihe excellent perfo:r:mance of the preformed joint sealant 
should also be noted. 
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CHAP.rER 23 IUJTES 66 AND 422 - KI'lTANNlll;, PENNSYil7ANIA 

1. INlRXDCl.'ICN 

An experimental project was constructed an Route 66 near Kittanning, 
Pennsylvania, to investigate the feasibility of several alternative base 
designs to Pennsylvania Department of Transp:>rtation's existing base design. 
While Pe.nnOOI'' s current base design was interrled to provide both adequate 
strength and adequate drainability, problems with premature pavement and. 
shoulder distress had occurred, with the primary cause being attributed to 
excess water in the pavement. Permeability tests performed in the lab on the 
base material showed it to be a relatively in'permeable material. Field 
permeability tests showed similar results. Included in this project were 
pavenent sections with an inpermeable cement-t.reated base, an asplalt-treated 
permeable base, a permeable aggregate layer of relatively unifonn gradation, 
a more well-graded. high permeability aggregate layer, and a control section 
consisting of PennOOI''s typical base design at the time. 

'Ihe mainline pavement, constructed. in 1980, was pave::!. 24 ft (7. 3 m) 
wide in each direction, with a 10-in (254 mm) jointed reinforced concrete 
pavement (JRCP) slab. 'Ihe transverse joints were pe.J:perrlicular, with 1.25-in 
(32 mm) diameter epoxy-coated dc,,..,els. 'lhe transverse joint spacing was 46.5 
ft (14.2 m). All transverse joints were sealed with a rubberized asphalt 
sealant. 'lhe shoulder for all sections was an AC surface on a 4-in (102 mm) 
aggregate base. 

F.ach of the different designs was constructed. for a length of between 
1000 and. 1700 ft (305 and 518 m) on adjacent sides of the highway. 'Ihe only 
section replicated (aside from the repeat of each design on the adjacent two 
lanes) was the control section, which was constructed three times on 
Route 66, arrl once on an int.ersect.ing highway, Route 422. '1he section with a 
cement-treated base was only constructed on Route 422. 

No design feature other than the base type varies over the ler.gth of 
the project. 'Ihus, only the effect of the base type can be determined. More 
specifically, the permeability of the different bases is the design variable 
evaluated in this project. As no other design features are changed, the 
analysis of this variable is not confoun:ied by other factors, with one 
exception. As nenti.oned aoove, the cement-treated aggregate base section is 
lcx::a:ted on Route 422, a highway adjacent to Route 66. 'Ihus traffic loading 
is not constant across all of the sections. 

One of the prri;:oses of the project was to campare the costs and 
const:ructability of the different base sections. 'Ihey were also subjected to 
field~ of their permeabilities. Since these can be evaluated without 
reference to the traffic loadings, for the purpose of the project this was 
not a l.imiting factor. However, in order to compare the perfo:anance of these 
different designs ard eventually make certain conclusions . regarding 
life-cycle costs, the traffic loadings on each roadway will have to be taken 
into acx:x:,unt. 

Five sections, designated PA l -l through l -5, were surveyed and tested 
in 1987. other testing results were made available by Pennror fran earlier 
years of study. Section PA 1-1 was the section with the cerent-treated base 
( containin::J 6 percent Portland cement) arrl was located on Route 422. 
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'Ihe remaining sections were all constructed on :Route 66. Sections 
PA 1-2 and, PA 1-3, shared the same uni.fem. aggregate gradation, but PA 1-2 
was treated with asµw.t cement. Sections PA 1-4 ani PA 1-5 were well-graded 
agg1:egates. '!here were far fewer fines in PA 1-4; PA 1-5 was the control, 
consisting of the typical PermOOI' base design at the time. A mre cai;,lete 
listir.g of the original design a:rrl construction infor.ma.tion, along with other 
project information, is provided in the summary tables of chapter 32. 

2. CLIMATE 

'Ihe pave.ment sections are located in the west-central part of 
Pennsylvania, in a wet-freeze environmental zone. 'Ihe project site has a 
'Ihon1thwaite Moisture Index of 53, a Corps of Ergineers Freezirq Index of 
300, ani receives an average of 41 in (1041 nm) of precipitation annually. 
'Ihe highest average 110nthly maxilll.:nn +-en:p=>rature is 83 ~ (28 °c) am the 
lONeSt average nonthly :rnininmn tPIJ'f>P.ratu:re is 15 ~ (-9 °c) . 

3. 'IRAFFIC 

Both roadways are four-lane highways (two lanes in each direction) ani 
have a functional classification of U:rban Minor Arterial. F.stimates were 
made of the rn.nnber of 18-kip (80 kN) F.qui.valent Single-Axle load (ESAL) 
ai:plications sustained by each section (through 1987). 'Ihis infonnation, 
alan;;J with other traffic information for each roadway, is provided in 
table 87. 

Highway 
Route 422 
Route 66 

Table 87. Traffic summa:cy of PA 1 sections. 

Section(s) 
PA 1-1 

PA 1-2 thru 
PA 1-5 

Two-Way 
ADI', 1987 

10,300 
10,200 

1987 
% Trucks 

6 
4 

:ESAL's, 
Inner 

0.08 
0.03 

millions 
outer 

0.60 
0.27 

Weigh-in-M::,tion (WIM) data collected on Route 66 in 1987 provided a 
traffic count of 15,211 vehicles per day, of which 4. 4 percent were heavy 
trucks. 

4. ~ AND REHN3ILI'12\TJ:Clf 

According to records provided by PennOOT, no significant maintenance or 
:rehabilitation has been performed on the surveyed sections. 

5. mYSICAL 'IES'l'.LNG RESOI!IS 

Center slab cores were retrieved fran the pavenent sections in 1987. 
Joint cores were not retrieved :because of the lack of significant distress 
ani the relatively recent construct.ion of these pavements. 'llle center a:,res 
were tested in split tensile to provide an inlication of the concrete 
strerqth. 'Ihe split tensile strerqth values were used to clJtain an estimate 
of the :roodulus of rupture, as provided in chapter 32. A mean :modulus of 
rupture of 747 psi (5.2 MPa) was calculated from the center slab cores. 
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Deflection testing was performed on the sections in 1987 forthe 
purp:,se of layer moduli characterization, detenni.nation of load transfer 
efficiencies, arrl void detection. 'Ihe elastic nxxlulus of the concrete (E), 
the c::arposite k-value (on top of the base), and the load transfer efficiency 
values are surmnarized for each section in d1apt:er 32. 

'llle slab E-values averaged 3,800,000 psi (26,200 MPa) for the five 
sections. 'Ihe carp:isite k-values for the sections. are shown in table 88. 

Table 88. SUmma:ry of canp:)Site k-value by base type. 

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

Base Type 
cm 

PATB 
N2G 
Nrz 
AG:; 

k-value, J.JCi 
731 

1040 
538 
747 
540 

All of the effective k-values were high, iniicating stiff support. '!he 
permeable ATB an:i the cm had especially high k-values. :eorirxJ tests arrl 
COllllty soil reports showed a variation in the subgrade fran an AASHro A-2-4 
to an AASHro A-4. 

Die fallhq weight deflectcmater (FWD) results are presented in 
table 89. 

Table 89. FWD deflection testing results at PA 1. 

Base AR;)roach Comer % load % Comers 
Section Type Average Deflection I mils Transfer ExhiJ:>itincr Voids 
PA 1-1 CI'B 12.9 84 45 
PA 1-2 PATB 41.4 100 100 
PA 1-3 AGG 40.0 98 95 
PA 1-4 NI, 11.1 39 15 
PA 1-5 }£[; 33.4 98 95 

'Ihe approach joint corner deflections for PA 1-2, 1-3, am 1-5 were 
a1m::,st triple those of the other two sect.ions. Ha.-Jever, adjacent load 
transfer efficiencies (rrrE) were the highest for these sections. Of the 
other two sections, the I1I'E was lower on t.11.e section with the well-graded 
aggregate base. 

Using deflection-based void detection procedures, voids, or loss of 
supfX.:>rt, were detected at slab ,corners. 'Ihese are summarized in table 89. 
'Ihe sections with the most voids were also the sections with the highest 
Ill'E' s. '!hey also had the highest awroach coz1ier deflections. 
Permeabilities were not a fact.or .in deflections, load transfer efficiency, or 
presence of corner voids. '!be least penneable sections, PA 1-1 and 1-2, had 
both low- arrl high pe:-.rcentages of voids. 'llle mid-slab deflection of PA 1-2 
was the lowest, an:i that of PA 1-3 was the highest, :but their penneabilities 
were essentially identical. Well-drainej sections had both high IJI'E's (PA 
1-2 and 1-3) and lCM Ill."E's (PA 1-4). '!he I.JI'E's of the poor-draining sections 
were consistently ~ (84 to 98 percent) • 
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6. mAINABILI'1Y OF PAVEMENI' SH!r.Ic:R:, 

As the major pw:pose of this project was to evaluate base materials of 
varyirq permeabilities, drainage design· was an :inp>rtant part of the design 
of the project. In addition to the base layers described previaJSly, a 
longitudinal drain was installed umerneath the shoulder, 13 in (330 mn) :Eran 
the lane-shoulder joint, on all of the paVE!!l'leI'lts. A trench WdS excavated to 
a depth 6 in (152 mn} bela,, the bottan of the base. 'lllen a perforated 
plastic drain pipe, 4. 7 in (119 mn) in diameter, was placed in the trench to 
the depth of the base layer. 'Ihe entire trench was backfilled with pea 
gravel. Drainage outlets were placed on an average of every 300 ft (91 m). 

A drainage analysis was performed on each section to evaluate the 
section's overall ability to remove water :frcm the pavement structure. Layer 
permeabilities were calculated for both the base arrl sul:base layers in each 
section, usirq the base material recovered fran the borin:;J operation. 
Penn001' also . calculated both field and lab per.me.abilities for the base 
ca.n:ses at the time of their construction, and have periodically m::>nit.ored 
a.rt:fl.a,, through devices which they installed. 'lbese per.me.abilities are 
sum.narized in table 90. For the analysis, pe.rmeabilities estimated fran the 
material collection were used. 'Ihe calculated field per.me.ability, ccmbined 
with other inp.rt:s f:ran the field survey, have been used to estimate the 
overall drain.ability dlaracteristics of these five sections. As this 
project's intent was to evaluate the perfonnance of :bases of different 
drainability, data from Pennt:OI''s study of these sections is also available. 

Table 90. Drainage sumnary for PA 1 sections. 

PERMEABim·x es, FT/HR 
PennlX1I' AASffiO Drainage OVera.11 

Section ra:2:er I.ab Field Estimated Coefficient Drainabilitv 
PA 1-1 cr:s 0 0 0 

1'G:?z 0.05 1.18 0.06 o.ao V.Poor-Fair 

PA 1-2 PATB 283 236 N/A 
N;G 0.05 1.18 0.06 1.05 Good-Exe. 

PA 1-3 N:I,; 898 780 1107 
·N:!l:!z 0.05 1.18 0.06 1.05 Good-Exe. 

PA 1-4 'PD:; 756 732 197 
N?,G 0.05 1.18 0.06 1.00 V.Poor--Good 

PA 1-5 A!?:G 0.05 1.18 0.06 
NONE 1.00 V.Paor-Fair 

In this limited sanple, the estimated per.me.abilities are reasonably 
close to the measured lab ard field values from PennOOI'' s study. 

7. IEDm:CIU(l'll2f OF PAVEJi!Fln' SB:!r.IQE 

'Ihe pr:bnary . perfonnance imicators are tabulated .in figure 20 am 
figure 21 for the alter arrl inner lanes, ~ively. 'Ihe follOW'ing 
disa1ssions of per_formance refer to the outer lanes only. 
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PENNSYLVANIA 1 RTE. 422 & RTE. 66 KITTANNING 

OUTER LANE PERFORMANCE DATA 

10 in JRCP 
46.5 f't JOINTS 

PA 1-1 
PSR 42 
ROUGHNESS, In/Ml 75 

CTB F'AUL TING, In 0,03 

T. CKS,/1'11 0 

LONG, CKS., f't/rtl 0 

¾ JT, SPALL, 0 

~ 
PSR 3.8 

ROUGHNESS, In/I'll 91 

PATB FAUL TING, tn 0,02 

T, C!<S.IMI 0 

LONG. CKS., ft/I'll 0 

Y. JT, SPALL, 0 

PA 1-3 
PSR '7T 

BASE AGG ROUGHNESS, In/I'll 113 

TYPE (UNIFORM- fAUL, TING, 1n 0.03 

GRADED) T, CKS,/rtl 0 

L□NG, CKS., ft/Ml 0 

Y. JT. SPALL. 0 

PA 1-4 
PSR -.:r.o 

AGG ROUGHNESS, In/I'll 109 

<VELL- F' AUL TING, tn 0,03 

GRADED> T, CKS,/MI 0 

LONG, CKS., ft/Ml 0 

¾ JT. SPALL, 0 
PA 1-5 

PSR 7Jf"" 
RQUGHNESS, 1n/r11 82 

AGG f" AUL TING. In 0.03 
(CONTROL) 

T, CKS,/r,1 0 

LONG, CKS., ft/I'll 0 

¾ JT, SPALL, 0 

PSR 3,9 

ROUGHNESS, In/Ml 94 

f AUL TING, In 0,03 
AVG, 

T. CKS./1'11 0 

L□NG. CKS., ft/Ml 0 

% JT. SPALL 0 

Figure 20. Outer lane performance data for Pennsylvania 1. 
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PENNSYLVANIA 1 RTE. 422 & RTE. 66 KITTANNING 

INNER LANE PERFORMANCE DATA 

10 In JRCP 
46.5 ft JOINTS 

PA 1-1 
PSR 4.0 

ROUGHNESS, Jn/MI 88 

CTB FAUL TING, In 0.01 

T. CKS.IMI 0 

LONG. CKS. Fi:11'11 0 

¾ .JT. SPALL 0 

PA 1-2 
PSR -is 
ROUGHNESS, rn/MI 71 

PATB FAUL TING, In 0.01 

T. CKS./Mt 0 

LONG. CKSv Ft/Ml 0 

?. JT. SPALL 0 

PA 1-3 
PSR ~ 

BASE AGG ROUGHNESS, In/Ml 93 

TYPE (UNIFORM- FAULTING, In 0.01 
GRADED) T, CKS./MI 0 

LONG. CKS., Ft/Ml 0 

% JT. SPALL 0 

"PA 1-4 
PSR ---:rr-

AGG ROUGHNESS, In/Ml 103 

(\./ELL- f AUL TING, In 0.02 

GRADED) T. CKS.IMI 0 

LONG. CKS. ft/Ml 0 

Y. JT. SPALL 0 
PA 1-5 

PSR ~ 
ROUGHNESS, In/Ml 103 

AGG FAUL TING, In 0.03 
<CONTROL) 

T. CKS./MI 0 

LONG. CKS. ft/Ml 0 

Y. JT, SPALL 0 

PSR 4.0 

ROUGHNESS, In/Ml 92 

AVG. 
FAUL TING, In 0.02 

T. CKS./MI 0 

LONG. CKS. ft/Ml 0 

% ,ff, SPALL, 0 

Figure !J .. Inner lane performance data for Pennsylvania 1. 
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Joint Spalling 

No joint spalling (madium- and. high-severity) was observed in any of 
the pavement sections. 

Joint Faulting 

Joint faulting for the sections was extremely low. 'lhe average joint 
faulting was about 0.03 in (0.8 mm), with a ran;e of only 0.02 in (0.5 mm) to 
0.03 in (0.8 mm). 

Transverse Cracking 

No transverse cracks of any severity 'WeI."e observed within any of the 
surveyed sections. 

longitudinal Cracking 

No longitudinal cracking of any severity was abse:rved in any of the 
pavement sections. 

Present Serviceability Rating (PSR) an:i Roughness 

. Table 91 summarizes the PSR arxi roughness measurements for each 
section: 

Table 91. Roughness am present serviceability at PA 1. 

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

Base Type 
CI'B 

PATB 
AGG 
AGG 
AG::, 

Roughne.ss. Wmi 
75 
91 

113 
109 

82 

PSR 
4.2 
3.8 
3.7 
4.0 
4.0 

'!be sm:othest riding sections, as Sl.lfPOrted by both roughness and. PSR, 
were PA 1-1 and. PA 1-5 ( control) . 'Ihese sections bot.'l. contained bases which 
were :much less penneable than the other sections. '!he fact that they were 
amon:J the sm:xJthest may reflect the fact that they are m::>re "conventional 11 

designs with which construction contractors are m::>re familiar. 

8. ~ OF DESIGN EEM.URES CH PAVEMEBI' ~ 

only one design feature, base type, was varied .in this ~inelt. 'lhe 
primary question of interest is whether or not the five base types had any 
diffe.:tential effect on pavement performance. Si.nee very little 
differentiation is noted for the various reported distresses, the answer can 
only be that vacyin;J the permeability of the base layer has no effect on 
pavement performance, for the given low level of traffic arrl slab design. 
While the base permeabilities varied by several orders of magnitude, all of 
the sections were constructed with lon;itudinal edge drains, providirg them 
with identical subdrainage design. Another factor to consider is that all of 
the sections, with the exception of 1-2, -were constructed on a substantial 
longitudinal grade, varying from arourrl 1 pa"'Ce!1t to over 4 ~- It is 
believed. that thesi._e tactors combined to provide all of the subdrainage 
necessary for these sections to rerocive free 1roisture. 
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9. a:MPARISCfi OF <DI'ER AND JNNm. IANE ~ 

In addition to differences in traffic loadings between lanes, there was 
also a difference in traffic loadings between PA 1-1 arrl the other sections. 
PA 1-1 was located on Route 422 arrl had been subjected to about twice as many 
ESAL applications than the sections on Route 66. '!his information arrl the 
differences in outer arrl inner lane performance, are presented in table 92. 

Table 92. catpirison of perfonnance by lane at PA 1. 

SECI'ION PA 1-1 (RI'E 422) 

Variable 
ESAL's (millions) 
Joint Spallin;J, % 
Joint Faultin;J, in 
Trans. Cracks/mile 
I..orq. Cracks, ft/mile 
Roughness, in/mile 
PSR 

Inner Iane 
0.08 

0 
0.01 

0 
0 

88 
4.0 

SECI'IONS PA 1-2 'lHROOGH PA 1-5 (RI'E 66) 

Variable 
ESAL's (millions) 
Joint Spallin;J, % 
Joint Faultin;J, in 
Trans. Cracks/mile 
I..orq. Cracks, ft/mile 
Roughness, in/mile 
PSR 

Inner lane 
0.03 

0 
0.02 

0 
0 

92 
3.9 

outer lane 
0.60 

0 
0.03 

0 
0 

75 
4.2 

outer lane 
0.27 

0 
0.03 

0 
0 

99 
3.9 

It is observed that the traffic levels are lOW' enough that they have 
not resulted in any substantial difference in perfonnance between the 
sections. It is also observed that both the inner am the outer lanes 
displayed excellent perfonnance; no significant difference exists between the 
two traffic lanes. Again, this is believed to be due to the very lOW' traffic 
loadings over the 7-year life of the pavement. 

10. smH\RY AND a:HCIIEI<H> 

'!his project was designed to evaluate the constructability arrl 
feasibility of several base designs that were substantially different from 
Pennsylvania's typical base design at the tine. 'Ihe results certainly 
support the contention that other base designs can be successfully built, but 
the traffic level is so lOW' that no trerrls have begun to develop in the 
perfonnance of the different designs. 

Several factors probably contribute to the excellent performanc::e of all 
of the sections. eonstruction control on this experimental project was 
probably very good, as is shown by the care taken in obtaining large volumes 
of both lab arrl field results. F.ach section was constructed with 
lorgitudinal subdrains which provided drainage to water enter~ the pavement 
system alorg the lane-shoulder interface. '!his interface is considered to be 
the greatest sourc.e of excess noisture in a pavement. 'lhe longitudinal grade 
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of this particular portion of Route 66 is quite high. Thus surface runoff is 
likely to be swift and excess moisture may 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 dowel bars at the transverse joints. These may also be 
contributing to the excellent performance of all of these sections. Finally, 
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 truck 
traffic on this pavement, as shown by the accumulative FSAL's. Deterioration 
that would be accelerated by high volmnes of heavy traffic will take longer 
to develop. 

The presence of voids at over 95 percent of the slab comers and the 
high comer deflections on three of the five sections are causes for concern 
about the future performance of these particular designs. 

11. ADDITICNAL READING 

Hoffman, G. L., "SUbbase Penneability and Pavement Performance," 
Interim Report, Pennsylvania Departrnent of Transportation Research 
Project 79-3, January 1982. 

Malesheskie, G. J., "Open-Graded SUbbase to Provide All-Season Pavement 
SUbdrainage," 1986. 

Highlands, K. L. and G. L. Hoffman, "SUbbase Penneability and Pavement 
Perfonnance," Paper presented at the 67th Annual Meeting of the 
Transportation Research Board, 1987. 
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aJAP.rER 24 IUf.lE 130 - YARDi7.IUE, NBf ~ 

1. IN.IRXlJCI'Ia{ 

Route 130 is a four-lane Principal Arterial highway located in a 
heavily developed part of central New Jersey, east of Trenton. '!his pavenent 
was constnicted in 1951, over the original alignment of Route 25 (Section lC, 
Yardville Bypass) • 

'!his pavement consists of a 10-in (254 mn) JRCP slab resting on a 5-in 
(127 mn) granular base am a 7-in (178 mm) grarrular ~ubbase. 'Ihe subgrade is 
an AASHIO A-4. 'Ihe slab lengths are 78.5 ft (24 m) am are constructed with 
expansion joints located at the em. of each slab, rather than contraction 
joints. 'Ihese joints contain a camp:ressible filler material am are sealed. 
with a rubberized. asphalt joint sealant cap. I.Dad transfer across the joints 
is provided by stainless steel clad, 1.25-in (32 mn) diameter dowels, 18 in 
(457 nun) long. 'Ihe outer shoulders are 10 ft (3 m) wide, am paved. with a 
2-in (51 mn) AC surfacing. No subsurface drainage pipes are provided in this 
design. '!his design is typical of the concrete pavements c:onstructed in New 
Jersey over the past 40 or more years. 

Mditional project design infonnation is contained in the summary 
tables presented in chapter 32. 

3. CI.JMATE 

Located in the wet-freeze environmental zone, this area has a Co:rps of 
En;Jineers Freezing Imex of o arrl a 'Ihomt.hwaite M::,isture Index of 37. 'Ihe 
annual average precipitation is 43 in (1092 mn). 'Ihe highest average nonthly 
maximum temperature is 85 °F (29 °c) arrl the lowest average monthly 
minimum temperature is 25 Op (-4 OC) • 

4. 'IRAF.FIC 

'Ihe one-Wcl.Y ADI' in the northbounj lanes was 11,895 vehicles in 1986. 
'!his included. 21 percent trucks, according to infonnation supplied. by the New 
Jersey Deparboont of Transportation (NJIXJI') • Sin::=e being opened to traffic 
in 1951, the pavement has sustained approximately 35 million 18-kip (80 kN) 
F.quivalent Single-Axle Load awlications in the outer lane am nearly 7.2 
million ESAL awlications in the inner lane. 'Ihese represent very high truck 
load.irgs. 

5. mAINl\BILITY AND CY.IHER I:TIYSICAL 'lli.Sl'.l.NG RESJI.lIS 

A drainage analysis was perfonned on this section using data obtained 
duri.r)1 the field survey. '!he cala.llated pe:rmeabilities for the base am 
subgrade layers are o.95 ft/hr (0.29 mjhr) am 0.11 ft/hr (0.03 mjhr) 
respectively. 'Ihese are in:licative of fairly well-draining materials. 'Ihe 
calallated drainage coefficient is 1.05, am the pavement received an overall 
drainability rating of "good." 
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Deflec:tion data was obtained using a FWD. Backcalculated material 
properties include an elastic m:rlulus of the PCC surface (E) of 6,720,000 psi 
(46,330 MPa) am a composite k-value on top of the base of 234 pci (63.5 

kPa/mm) • 'Ihe average center slab deflection was 3. 4 mils. 'Ihe adjusted load 
transfer efficiency at the transverse joints was 76 percent. Deflections 
taken at the slab corners showed no voids urrler any of the approach. or leave 
corners. 

6. ~ AND REBABILI'l2\T.ICfi 

over the years this project has urrlergone rcutine maintenance, 
consisting mainly of resealing of the joints. 'Ihe last recorded maintenance 
work was performed in 1986, at which. time the joints were resealed and minor 
partial - and full-depth repairs were placed. Patches within the section's 
bourrlaries are placed using bituminous materials. 'Ihe shoulders along this 
pavement were also replaced in 1986. 

7. PAVEMENI' ~ 

. 'Ihe prima:cy distresses for both the outer an::l inner lane are summarized 
in table 93. 

Table 93. Co.q)arison of perfo::rmance by larie at NJ 2. 

Variable Inner I.ane outer Lane ,~~----------'===--==---~=--~-=---~ 
ESA.L's (millions) 7.2 35.0 
Joint Spalling, % 20 20 
Joint Faulting, in 0.03 0.06 
Trans. Cracks/mile 5 24 
long. Cracks, ft/mile 0 10 
Roughness, in/mile 75 63 
PSR 3.5 3.8 

No other significant distresses were identified in the con:lition 
survey. 

8. a::H::IIJSICES 

'Ihis section is in remarkably good con:tition for a pavement that is 36 
years old. Distresses were minimal, especially considering the age an::l 
traffic loadings of this pavement. Faultin;;J and crack.m'J were less on the 
inner lane, although its roughness and PSR were higher than on the outer 
lane. 'Ihe need for regular joint re.sealing is not unexpected, given the 
design of these expansion joints. At the time of the survey, the average 
joint opening in the outer lane was 1.27 in (32 nm). 

9. . AIDITIOW:. ~ 

Unpublished paper provided by NJOO:r which discusses experimental 
pavenents constructed during the period fran 1946 to 1955 using the 
expansion joint. 

Van Breerren, W. , "Crrrent Design of Concrete Pavement in New Jersey," 
Highway Research Board, Proceedirqs of the Twenty-Eighth Annual 
Meet.in:J, ~ 1948, pp. 77-91. 
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CHAPlHl 25 m:mRS'm'lE 616 - CAMID', NEJrl' JFR:iEX 

1. IN1RllJCI'.ICH 

'lb.is experimental project, located on I-676 near canrlen, New Jersey, 
was constructed. in 1979. 'Ihe experiment was con::lucted to evaluate the 
con-:."truction and performance of penneable bases urrler jointed reinforced 
concrete pavements (JRCP). Two different base types were included: a 
nonst.abilized opan-graded aggregate am an ~t-treated open-graded 
aggregate. Conventional New Jersey JRCP was placed on each base type. 'Ihe 
only experinental design variable that can be directly compared is the two 
different penneable base types. 

'Ihe setup of the experiroent included two sections located in the 
southbourd lanes (one with each base type) that were included as part of this 
experiment. A filter cloth was used full-width urrler the open-graded layer 
and arourrl the edge drain w.hich was placed alon:J the longitudinal edge 
joint. Two other sections in the northboun:l lanes had the sane desigrl, 
except that no filter cloth was used between the base and snbbase layers, and 
the top 3 in (76 mm) of the subbase were stabilized with lime-fly ash. 'Ihe 
two sections that were surveyed were designated as NJ 3-1 ( open-graded 
aggregate base) and NJ 3-2 (asphalt-treated penneable base). 

'Ihe JRCP pavement represents the New Jersey oor1 s traditional design: a 
9-in (229 mm) slab constructed with dcMeled expansion joints placed at 78 ft 
(23.8 m) inte:r.vals. 'lllis design calls for 0.16 percent reinforcing steel. 
No transverse contraction joints are included. '!he 1. 25-in (32 mm) diameter 
dc::iwel bars are placed in a stainless steel sleeve to prevent corrosion. A 
ccarplete listin;J of the original design and concstruction info:rnation for each 
section, as well as other pertinent project information, is provided in the 
summary tables of chapter 32. 

2.. CIJ:MME 

'Ihe pavement sections are located in the central part of New Jersey, 
east of Philadelphia, in a wet-freeze envirornnental zone. 'Ihe project site 
has a 'lhornthwaite Moisture Irrlex of 44, a Corps of Erginee.rs Freezing Irrlex 
of 0, and receives an average of 43 in (1092 mm) of precipitation annually. 
'lhe highest average mnthly maxinrum tenperature is 86 °F' (30 °c) an:l the 
lowest average narti:lly minimum tenperature is 23 °F' (-5 °c). 

3.. '.mAFFIC 

'Ihe roadway's functional classification is Uman Interstate. It is a 
six-lane divided highway, with three lanes in each direction. Since openir.g 
to traffic in 1979, the project has sustained an estimated 4.2 million 18-kip 
(80 kN} F.quiva.lent Single-Axle I.cad (ESAL) applications in the outer lane, 
2.5 million ESAL applications in the middle lane, and nearly 0.6 million FSAL 
applications in the inner lane. 'Ihese ESAL estimates include calculations 
through 1987. 

'Ihe two-way Average Daily Traffic (AOr) in 1986 was approximately 
77, 000 vehicles, including 5 percent heavy trucks. Weigh-in-ncl:ion data 
collected at the project site in 1987 provided a two-way traffic count of 
50, 565 vehicles ~ ~y, including 5. 6 percent heavy trucks. 
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4 o ~ AND REBABILr.rATICIN 

'Ihe only maintenance and rehabilitation performed on these sections is 
the resealing" of joints with a :rubberized a.splalt sealant. 'Ihls is done on 
an annual basis, as neeied. 

5. :EmSICAL ~ RESOilIS 

Cores from slab centers were retrieved. from the pavement sections in 
1987. 'Ihe center cores were tested in split tensile to provide an irxlication 
of the concrete strength. 'Ihe split tensile strength values were used to 
obtain an estimate of the m:dulus of rupture, as shewn in chapter 32. A mean 
nn.:iulus of rupture of 704 psi (4.8 MPa) was obtained. No joint cores were 
retrieved fran this relatively new pavement. 

A Falling Weight Deflectameter (FWD) was used to perfODll deflection 
testing on these sections .in 1987. '!he collected data was analy-i:ed. to 
provide layer moduli characterization, to detennine load transfer 
efficiencies, and to aid in the detection of voids under the slab comers. 
'lbe elastic modulus of the concrete (E), the effective k-value (on top of the 
base), and the load transfer values are smmnarized for each section in 
a.'1.apter 32 • 

'Ihe slab E-values averaged 5,400,000 psi (37,230 MPa) for the two 
sections. 'Ihe effective k-values for the sections varied by base type, as 
shown in table 94. 

Section 
NJ 3-1 
ID 3-2 

Table 94. SUmma:ty of composite k-values at :tu 3. 

Basetrype 
Open-graded aggregate 
Asphalt-treated aggregate 

SU1::grade 
Classification 

A-1-a 
A-2-4 

k-value, pci 
356 
210 

'Ihe open-graded aggregate base appears to provide much greater slab 
support than the asphalt-treated penneable base. However, the subgrade for 
the aggregate base is much stiffer than the subgrade for the asi;tlalt-treated 
base, as .in:licated by its soil classification. 'Ibis can also contribute to 
the higher k-value. '!he center slab deflections were higher for the 
open-graded aggregate base than for the penneable asphalt-treated base. 
'Ihese results reflect the relationship between k-value results. Comer 
deflections were just the reverse; the aggregate base romer deflections were 
higher than those of the a5Iilalt base. 

'Ihe load transfer efficiencies were fairly lOii for dCMeled joints (50 
and 57 percent) indicating that same looseness of the dowels may exist. 'Ibis 
may be due, in part, to the use of wide expansion joints in lieu of 
contraction joints. 

Us.i.rg deflection-based void detection proce!dures, no voids, or loss of 
suppc,rt, were detected at slab co:rne.rs. Since the aggregate gradation of 
both base layers was open-graded arrl a filter fabric was plae::rl. between the 
base an:i subbase, these results sug:Jest that no migration or displacement of 
fines is taki.rg P!ae:e. 
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6. ~ OF PAVDEn' SErl'.Im5 

In order to isolate the effects of surface :runoff, these sections are 
located on a substantial fill. '!his eliminates gra.mdwater infiltration as a 
potential source of water in the pavement system. I.orqitudinal edge drains 
(6 in [152 nm] diameter) were placed in backfilled trenches, 1.5 ft (0.5 :m) 
fran the pavement edge, at the edge of the base. '1he trenches were separdted 
fran the snbbase by a filter cloth, placed to prevent intrusion of fines into 
the drainable base layers. Transverse drainage outlets were placed at 
a_wroximately 500-ft (152 m) intervals. A S1.JllJllla1:Y of the drainage 
infor.mation is presented in table 95. 

Table 95. Drainage summary for NT 3. 

Drainage Factor SECI'ION 4-1 SECTION 4-2 
Base Type Penns N/.G Penn. A'IB 

Base Per.meability, ft/hr 
COnstruction Records N/A o. 86 
1987 Field Tests 60 68 

SUbbase Type Lime-Flyash Stab. Lirr.e-Flyash St.ab. 

SUbbase Pemeability, ft/hr 
Construction Records N/A 
1987 Field Tests 1.02 

AASHIO Drainage Coefficient 1.10 

QV'erall Drainability Fair-Good 

7.. mnmIORAT.IC!i OF PAVEMENI' ~CR, 

N/A 
0.66 

1.10 

Fair-Good 

In order to better present the results of the extensive distress survey 
conducted on eadl. pavement section, the primary perfonnance indicators are 
tabulated in figui"e 22 for the both the outer lane ani the middle lane. '!be 
:relative perfonnance of eadl pavement section with respect to the primacy 
perfonnanc::e indicators are discussed below for the cuter lane only. 

Joint SpallinJ 

Joint design for both sections included doweled expansion joints at 
78-ft (23.8 m) i.nter.vals. 'lb.is is the nonnal practice in New Jersey am has 
been followed for many years. After 8 years of service, the section with 
penneable aggregate-treated base had no joint spallirg. 'llle section with the 
penneable asphalt-treated base had 43 percent spalled joints (medium or high 
severity). One of the reasons for the difference in joint spalling may be 
related to the construction of the expansion joints. 'Ihis type of 
const:ruction requires forms instead of slip fonn paving, and may have 
resulted in excessive han:1-finishirg at the transverse joints. Joint 
spalling often occurs where corrosion of the load transfer devices has taken 
place. 'lhe permeability of the stabilized layer was much lower, which m.y 
have also contrib.rted to more joint spalling. over 85 percent of the joints 
on that section already had low severity joint spallirq. 
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NEw 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, lnlr-11 134 153 
JRCP 

78,5 ft 
F" AUL TING, In 0,05 0.06 

JT, SPACING T, CKS./1'11 0 0 

LONG. CKSY ft/Ml 0 0 
1/. JT. SPALL. 0 43 

MIDDLE LANE PERFORMANCE DATA 

PERMEABLE AGG BASE PERMEABLE ATB 

NJ 3-1 NJ 3-2 
PSR NIA NIA 

9 In ROUGHNESS, In/Ml N/A N/A 
JRCP 

78,5 f't 
F" AUL TING, In 0.02 0,01 

JT, SPACING T, CKS./MI 0 0 

LONG, CKS., ft/rll 0 0 

1/. JT. SPALL 0 14 

Figure 22. ' Outer and middle lane performance data for New Jersey 3. 
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Joint Faultirg 

Joint faulting in the outer lane was s.il!l.ilar for the two sections, as 
is shown in table 96. 'Ihese levels of faultirg are not considered very 
signific.ant for long-jointed, doweled JRCP. 

Table 96. Transverse joint faulting at N.J 3. 

Base Type 
Open-graded Aggregate 
Asphalt-treated Aggregate 

Transverse Cracking 

Joint 
Spacing, ft 

78 
78 

D:,wel 

Bars 
Yes 
Yes 

Joint 
Faul ting, in 

0.05 
0.06 

No transverse cracking of any severity occurred on either section. 
'lhis is sm:prisirg in consideration of the lorg-jointed slabs on this 
project. Recall that the transverse joints are actually expansion joints, 
const:ructed with corrosion-resistant dowel bars, which :may contribute to the 
perfomance of these designs. 

Longitudinal Cracking 

No lorgitudinal cracking occurred on either section. '!he plans 
irxlicate that these pavements were paved one lane at a time, with keyways 
built :between the lanes. '!his would eliminate one of the nost common causes 
of longitudinal cracking, insufficient depth of sawcut of the longitudinal 
joint. 

Present Serviceability Ratirg (PSR) an:i Roughness 

'lhe serviceability an:i rideability of the sections after 8 years of 
service are shown in table 97. 'Ihese results irrlicate a significant rough-

Table 97. Roughness am present serviceability at NJ 3. 

Base Type 
Open-graded Aggregate 
Asphalt-treated Aggregate 

Roughness. in/mi 
134 
153 

PSR 
3.6 
3.5 

ness problem, with minimal difference between the two designs. 'Ihe reason 
for the high roughness is not readily apparent, since there exists very 
little surface distress. Roughness may have been built in during 
const:ruction, especially considering that the pavements were constructed with 
side forms, as is discussed above. In addition, the wide expansion joints 
utilized in the design may contribute to roughness as well. 

8. .. EF.Fl!X!l' OF Imirn FFmllRES Cti PAVEMENI' PERFOBMANCE 

'lhe only design feature that is evaluated in this project is the type 
of penneable base. 'lhe perfonnance of both of the sections evaluated was 
very good, with the exception of the greater spalling of transverse joints 
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observed in the section with the asphalt-treated base. 'Ihe high roughness 
values of both sections is probably not related to the perfonrence of the 
sections. It is not likely that the penneable base type had anything to do 
with the spalling of the joints, as the concrete aggregate is gene.rally 
sour:rl. In general, both of the pemeable base designs have perfo:nned 
similarly well after 8 years an::i 4.2 million ESAL loa~. 

9. a::MPARISCN OF a1I'.ER AND MIIDIB IANE ~ 

Al though being subjected to far fewer traffic loactin;:Js than the outer 
lane, the middle lane sections provide an interesting comparison. Although 
faulting is very low for the outer lane, faulting in the middle lane is even 
lawer than the outer lane for both sections. Despite the presence of the 
penneable bases arrl doweled joints, there is still some effect of heavy truck 
loads on erosion to create some faulting. 'Ihe measured load transfer was 
lo.,;, in:licating that the dowels may be loose. Table 98 summarizes the 
perfonnance of the two sections. 

Table 98. Comparison of perfonnance by lane at NJ 3. 

JRCP WI'IH OPEN-GRADED AGGREGATE BA.SE 

Variable 
ESAL's (millions) 
Joint Spalling, % 
Joint Faultin:;J, in 
Trans. Cracks/mile 
lDn:J. Cracks, ft/mile 
Roughness, injmile 
PSR 

Middle Iane 
2.5 

0 
0.02 

0 
0 

JRCP WI'IH PERMEABIE I ASFHAIIT'-'IREATE BASE 

Variable 
ESAL' s (millions) 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
ID:rq. Cracks, ft/mile 
Roughness, in/mile 
PSR 

Middle lane 
2.5 

14 
0.01 

0 
0 

outer Iane 
4.2 

0 
0.05 

0 
0 

134 
3.6 

outer 1ane 
4.2 

43 
0.06 

0 
0 

153 
3.5 

More joint spalling occurred in the outer lane than in the inner lane 
for the permeable, aspialt-treated base section. 'Ihe cause of this spalling 
is not k:na,m. No cracking has occurred in either lane. 

10. ~ AND a:u::::rnsICR> 

'Ihe most significant conclusion that can be drawn from this 
~imental project is that both sections with permeable base courses, 
regardless of type, have perfonned very well. No significant deterioration 
has occurred after 8 years an:::l 4.2 million ESAL's, except for spalling of the 
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transverse joints in the ~le as{ilalt-treated base section. Since this 
pavenent has expansion joints e:very 78-ft (23. 8 m) instead of the 100re 
conventional cx:mtraction joints, the spallin:J may be related to the 
construction methods used with the expansion joints. 

Both of these sect.ions provide rapid subdrainage to water enterin:J the 
pavement section, so that 100isture is not available to erode the base or 
saturate the concrete slab. 'Ihus, joint faultin:J is minilnal. 

11. AIDTI'IOOAL READJK; 

Kozlov, G. s., V. Mottola, and G. Mehalchick, "Improved Drainage ar.d 
Frost Action Criteria for New Jersey Pavememt Design, Volume 1-
Investigations for SUbsurface Drainage Design," FHWA,IN.J-84/003, Jlll'le 
1983. 
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rnAPIER 26 U.S. 101 - GEYSERVIU.E, CALIRHUA 

1. IN'lln'XJCl"ICN 

In 1975, an experimental project was constructed on U.S. 101 near 
Geyserville, california. 'Ihe experim:nt was con:iucted to examine the effects 
of different shoulder types on the perfonnance of jointed plain concrete 
:pavement (JFCP) perfonaance in califomia. It was also comucted to 
investigate the effect of joint sealing (which califomia traditionally has 
not done) on pavement perfonnance. 

'Ihe project contained seven experimental sections. Two of these 
sections were constructe:i with tied concrete shoulders, two were constru.cted 
with nontied concrete shoulders, and three sections were constru.cted with 
various asphalt shoulders. -:Ihe transverse joints on the sections with the AC 
shoulders were not sealed, whereas one section with tied concrete shoulders 
and one section with nontied concrete shoulders contained sealed transverse 
joints. 

'Ihree of the seven possible sections were surveyed in 1987. 'Ihese 
include a section with a tied concrete shoulder and unsealed transverse 
joints (designated CA 3-1) , a section with a tied concrete shoulder and 
sealed transverse joints (designated CA 3-2) and a section with nontied 
concrete shoulders and unsealed transverse joints (designated CA 3-5). 'Ihe 
concrete shoulders were 10 ft (3 m) wide, 9 in (229 mm) thick at the pavement 
edge and taperirg to 6 in (152 mm) thick at the outer shoulder edge. When 
tied, #4 (0.50-in [13 mm] diameter) bars, 22 in (559 mm) long were used at a 
lateral spacirq of 30 in (762 mm). 

Each section was constructed as a 9-in (229 mm) JFCP over a 5.4-in (137 
mm) cement-treated base (CrB) and a 6-in (152 mm) aggregate subbase. 'Ihe 
sections also had a skewed, ramom joint spacirg of 12-13-19-18 ft 
(3. 7-4.0-5.8-5.5 m). 'Ihe subgrade for the project ranged fra:n AASHro 
classification A-4 to A-6. Where applicable, the transverse joints were 
sealed with a hot-poured asphalt sealant, with a shape factor of 0.42. A 
canplete listirg of the original design arrl construction infonnation for each 
section is provided in the sunmm.y · tables of chapter 32. 

2.. cr.J.MAIB 

'Ihe pavement sections are located in central California in the 
wet-nonfreeze envirornrental zone. 'lhe project site has a 'lhomt:hwaite 
Moisture Index of 49, a Co:rps of Engineers F.reezir.g Index of O, an:l receives 
43. 7 in (1110 mm) of preci:eitation annually. 'llle highest average monthly 
max:ilwm temperature is 91 Up (33 °c) an:l the le.west average ronthly 
mi.ninunn temperature is 37 °F' (3 °C) • 

3. TRAFFIC 

'1he roadway has two lanes in each direction an:l has a functional 
classification of Principal Arterial. Since beir.g opened to traffic in 1975, 
the pavement has sustained approxililately 3.6 million 18-kip (80 kN) 
F.quivalent Single-Axle Load (ESAL) applications in the outer lane an:l nearly 
o. 7 million ESAL applications in the inner lane. 'Ihese values represent 
calculations ~ 1987. 'lhe two-way Average r:aily Traffic (ADI') in 1985 
-was 15,400 vehicles,· includirg 14 percent heavy trucks. 
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4. M1uN'fflWD AND REHABILI.'mTICli 

'Iwo of the surveyed sections have required maintenance. On CA 3-1, an 
80-ft (24.4 m) segment was damaged by flocxlin;J am received a substantial 
am:xmt of bituminous pat.c:ru.rg. In addition, partial-depth spall repairs were 
placed at selected joints of CA 3-5. CA 3-2 has not required any maintenance 
or rehabilitation. 

5. HIYSICAL TESI:I..t«; RESJIIl'S 

Cores fran slab centers am fran typical transverse joints were 
retrieved fran the pavenvant sections in 1987. 'lhe center cores were tested. 
in split tensile t.o provide an in::lication of the concrete strength. 'lhe 
split tensile strength values were used t.o dJtain an estimate of the roodulus 
of rupture, as provided in chapter 32. A mean lOOdul.us of rupture of 819 psi 
(5.6 MPa) was ootained, which is in:licative of sam:l concrete. 

'lhe joint cores were visually inspected for signs of deterioration 
beneath the joint or for any signs of material problems. '!he joint cores 
taken fran the pavement sections .irxlicate:i that there was no deterioration 
beneath the joints. However, microcrackinq in the aggregate was observed in 
all of the cores. It rarqed :Eran low- t.o high-severity along the length of 
the project. 

Deflection testing was perfonned on the sections in 1987 for pw:poses 
of layer rooduli characterization, determination of load transfer 
efficiencies, am void detection. 'Ille elastic m::x:iulus of the o::increte (E) , 
the canposite k-value (on top of the base), am the load transfer values are 
S1.JD.11'1,;ll"ized for each section in chapter 32. 

'llle slab E values averaged 4,027,000 psi (27, 770 MPa) for all three 
sections. 'Ihe k-value on top of the base course for each section is sh.own in 
table 99. 

Table 99. Corrposite k-values at CA 3. 

Section 
CA 3-1 
CA 3-2 
CA 3-5 

k-value, :pci 
286 
312 
397 

'lhe k-value on top of the base c:curse is typical for a c:rB over a 
fine-grained subgrade. 'lhe subgrade varied alon; the length of the project, 
ani was classified as an A-4 or an A-6 material for all three projects. 

'!he center slab deflections were fairly consistent along the project. 
'lhe average center slab deflection rarqed from 3. 4 mils t.o 4. 3 mils. 

'lhe transverse joint load transfer efficiencies rarge:i from 74 to 86 
percent for the th.t:ee sections. 'lbe average load transfer efficiency was 
also calculated across the lorqi'bldinal lane-shoulder joint. 'll'~ average 
lorqitudinal lane-shoulder and transverse joint load transfer efficien:::ies, 
as well as the average corner deflections, are tabulated in table 100. 
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Table 100. FWD deflection test.in;] results at CA 3. 

Section 
CA 3-1 
CA 3-2 
CA 3-5 

Shoulder 
Type 

Tied PCC 
Tied PCC 

Nontied PCC 

Avg. Comer 
Deflection, mils 

3.8 
3.1 
6.0 

Transverse Joint 
Load Transfer, % 

79 
86 
74 

lane-Shoulder Joint 
load Transfer. % · 

70 
85 
55 

As expected, the two sections with tied concrete sha.ll.ders shaved a 
h.igber average load tra.'1Sfe.r efficien..."Y than the nantied concrete shoulder 
~'ticm. 

No voids, or loss of support, were detected beneath any of the slab 
rorners tested. 

6.. Im1.NABIL1TY OF PAV'.FJEilT ~CH; 

A drainage analysis was perfonned on each section to evaluate the 
section's ability to renxwe water fran the pavement structure. It was foun:l 
that the subgrade l!laterial for all three sections was well-drained. 'llle 
sections are in an area with a potential for the pavement slabs to be 
saturated approximately 17 percent of the ti.ire. 'lbe results of the drainage 
analysis are presented. in table 101. 

Table 101. Drainage summary for CA 3. 

Subbase AASHIO 
... Sect=-----=i=on~-=~===1=· l=i=ty.,,_.,...,-=ft=· .... lhr_J2minage Coefficient 
CA 3-1 13.40 0.90 
CA 3-2 33.57 1.00 
C'A 3-5 2.05 0.90 

overall 
Drainability 
Fair-Good 
Fair-Good 
Fair-C-000 

'll-ie cm is assumed to be ~le, but t11e aggregate subbase 
material bP...neath the base had extremely good drainability. 'Ihis, in 
ccmbination with the well-d.rained sutg:rade, provided the sections with better 
than average d:rairability. 

7.. IEIERIOOATIC'fi OF PAVEMENI' ~CNS 

In order to better present the results, the primary perfm:manc:e 
indicat:ors are tabulated in figure 23 (outer lane) arxl Figure 24 (inner 
lane) • 'll:le relative perfol'.ltla.I'lCe of each pavement section with respect to the 
primary perfonnance in:licators are discussed below for the outer lane only. 

Joint &'pallm:J 

Any evaluation of joint spalling must consider the fact that the 
aggregate materials were observed to exh.i.bit reactive aggregate di.stress. 
'lhe presence of reactive aggi::egate can, over time, rac;ult in large amounts of 
joint spalling. 

All three sections surveyed exhibited scma degree of :me:ilum- to high
severity joint spalling. Table 102 summarizes the spa.llIDJ for the three 
sections. 
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CALIFORNIA 3 U.S. 101 GEYSERVILLE 

OUTER LANE PERFORMANCE DATA 

,9 In 
12-13-19-18 

TIED PCC 
SHOULDER 
CA 3-1 

PSR 3.6 

ROUGHNESS, ln/MI 134 
JOINTS FAUL TING, In 0.08 SEALED 

T. CKS./MI 27 

LONG. CKS., ft/Ml 0 

¾ JT. SPALL. 2 

CA 3-2 
PSR 3.9 
ROUGHNESS, In/Ml 104 

J□INTS FAUL TING, In 0.11 UNSEALED 
T. CKS./MI 6 
LONG. CKS., ft/Ml 0 

1/. JT. SPALL 3 

PSR 3.8 

ROUGHNESS, rn/Mf 119 

AVG. 
f" AUL TING, In 0.10 

T. CKS.IMI 16 
LONG. CKS., ft/Ml 0 

Y. 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 23. Outer lane performance data for California 3. 
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CALIFORNIA 3 U.S. 101 GEYSERVILLE 
INNER LANE PERFORMANCE DATA 

9 in 
12-13-19-18 

TIED PCC 
SHOULDER 
CA 3-1 

PSR 3,8 

ROUGHNESS, In/Ml 111 
JOINTS r AUL TING, In NIA 
SEALED 

T, CKS.IMI 5 

LONG. CKS., f't/MI 0 

i': JT. SPALL, 0 

CA 3-2 
PSR 4.1 

ROUGHNESS, In/Ml 82 
JOINTS r AUL TING, In NIA UNSEALED 

T, CKS./MI 0 

LONG, CKS., ft/Ml 0 

¼ JT, SPALL. 0 

PSR 4,0 

AVG, ROUGHNESS, 1n/l-11 96 

r AUL TING, In NIA 

T, CKS.IMI 2 
LONG, CKS., ft/Ml 0 

¾ JT, SPALL 0 

JPCP 
ft JOINTS 

NON TIED PCC 
SHOULDER 

CA 3-5 
3,9 

101 

NIA 
28 

0 

2 

3,9 

101 

NIA 

28 
0 

2 

AVG. 
3,8 

111 

NIA 

5 

0 

0 

4,0 

92 
N/A 

14 

0 

l 

Figure 24. Inner lane performance data for California 3. 
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Table 102. Transverse joint spalling at CA 3. 

Section 
CA 3-1 
CA 3-2 
CA 3-5 

Transverse 
Joint Sealant 

Yes 
No 
No 

Joint 
§palling.% 

1.6 
3.3 
6.4 

'Ihe section which exhibited the least a:nnmt of spallinJ was CA 3-1, 
whose joints we.re sealed. 'Ihe joint sealant ~ to keep the 
incarrpressibles out of the joints, thus reducing joint spallirg. HCY,,1ever, 
the anomt of spallinJ that has occurred for all three sections is so small 
that it can be considered insignificant. 

Joint Faulting 

Joint faulting for the three sections is sh.own in the table 103. 
Although. the faulting values for all three sections are relatively close 

Section 
CA 3-1 
CA 3-2 
CA 3-5 

Table 103. Transverse joint faulting at CA 3. 

Shoulder 
Type 
Tied 
Tied 

Nontied 

Joint 
Sealant 

Yes 
No 
No 

Average 
Faulting, in 

0.08 
0.11 
0.10 

Highest 
Faulting, in 

0.20 
0.25 
0.18 

to one another, the section with sealed transverse joints appeared to perfonn 
best in tents of faulting. 'Ihe sections without transverse joint sealant had 
ioore faulting. '!his may be attributed to the joint sealant keeping. the water 
out of the pavement system, thus reducing the anount of free water available 
for pumping. '!he average faulting for these sections is quite high after 
only 12 years, espec:ially for the sections with tied shoulders. 

Transverse Crack.m'.J 

Very little transverse cracking occurred on sections with the tied FCC 
shoulders. '!he section with the nontied PCC shoulders showed considerably 
nore transverse cracking. '!he am::iunt of cracking for each section is shown 
in table 104. 

Table 104. Transverse cracking at CA 3. 

Section 
CA 3-1 
CA 3-2 
CA 3-5 

Shoulder 
'lype 
Tiei 
Tied 

Nontied 

'fi'ansverse 
cracks/mile 

27 
6 

123 

It is believed that the tied concrete shoulders provided IOC>re support 
to the slabs than the nontied concrete shoulders as illustrated by higher 
load transfer am lower comer deflections. 'Ille tied shoulder apparently 
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decreases the edge stresses caused by the traffic loading arrl thereby reduces 
the amount of transverse crackin:J. 'Ihe transverse crackin] occurred in all 
slab lenft.hs, not just the lan;Jer slab 1~. 

lDn:Jitudinal Crackin] 

Only one section, CA 3-5, displayed largitudinal crackin:J. However, 
the ano.mt exhibited by this section (34 ft [10.4 m]) was not substantial. 
'lhe largitudinal joint was fonned with an insert to a depth of 2 in (51 mm). 

Present Serviceability Rating (PSR) arx1 Roughness 

Roughness was measurErl on the pavement sections with a Mays Rideneter. 
In conjunction with this, the pavements' rideability was evaluated with a 
Present Serviceability Rating (PSR). 'Ihe rideability of the sections varied 
as shown in table 105. 

Table 105. Roughness am present sei:viceability at CA 3. 

Shoulder Average Transverse Roughness, 
Section TypEf Faulting, in cracksLmile in/mi PSR 
CA 3-1 Tied 0.08 27 134 3.6 
CA 3-2 Tied 0.11 6 104 3.9 
CA 3-5 Nontied 0.10 123 102 3.8 

'lhe srocx>thest ridin:J section after 12 years is the section with the 
nontied PCC shoulders which, surprisingly, had high faulting arrl the m::ist 
crackinJ. Hc:Mever, there is really no discernible difference between CA 3-2 
arx1 CA 3-5. It is believed that the higher roughness irrlex (am lawer panel 
ratin:J) for section CA 3-1 can be attributed to the substantial anount of 
bituminous patchirg that had been perfonned within an 80-ft (24. 4 m) se.girent 
of that section. 

other Pavement Distress 

Low-severity reactive aggregate distress was observed in all three 
sections. 

8. EF.FB:.T OF ImIQf FEA'IDRES CN PAVEMEN.r ~ 

'1wo design features can be evaluated from this experiment. 'Ihese are 
the effect of tied am nontied shoulders, am. the effect of transverse joint 
sealing on pavement perfonnance. 'lhe relative effect of these features is 
discussed in the follc:,,,mg sections. 

Tied Conc:r:ete Shoulders 

'lhe co:ncrete shoulders were in gcxxi condition after 12 years of 
sei:vice. '!he sections with tied concrete shoulders had high lon:Jitudinal 
joint load transfer efficiencies which llli:l.Y have helped reduce transverse 
cracking. 'Ille infonnation collected for the shoulder is presented in table 
106. 
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Table 106. outer shoulder performance at CA 3. 

~itudinal Joint Average Average Shoulder 
Section Sealant Corrlition Droo-off, in Separation, in Condition 
CA 3-1 Excellent 0.1 0.3 Good 
CA 3-2 Poor o.o 0.2 Good 
CA 3-5 Poor o.o 0.3 Exc.ellent 

While the ovei:all ro:rdi.tion of the nontied shallder was excellent (canpa.red 
to "good" con:lition for each of the tied shoulders), the sealant in the 
lorqitudinal lane-shoulder joint was in poor a:,nclition. Also, recall that 
the nontied section had poor load transfer across that longitudinal 
lane-shoulder joint and also exhibited high corner deflections. 

Joint Sealant 

Fran the limited data, sealing of the transverse joints appears to 
reduce both transverse joint faulting and spallinq. While the reductions 
achieved by the section with the sealed. joints are not substantial, there 
does appear to be a correlation. 'Ihe correlation suggests that sealing 
joints will reduce the amount of water t.11at can infiltrate the pave.inent 
system (there.by reducing faulting) and will prevent the infiltration of 
incanpressibles (there.by reducing joint spalling). 

9. a::MPARISCtl OF CIJlER AND INNER IANE ~ 

large traffic volmnes prevented the detennination of roughness and PSR 
in the inner lane. Faulting was also not obtained in the inner lane for the 
sane reason. Nevertheless, other distresses occurring in the inner lane were 
noted. 'Ihis infonnation is presented in table 107, which summarizes the 
cuter and inner lane distresses for all sections. 

Table 107. Cctnparison of performance by lane at CA 3. 

CA 3-1 

Variable 
ESAL' s (millions) 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
long'. Cracks, ft/mile 
Roughness I in/mi 
Plm{)ing 
PSR 

Inner lane 
0.7 

0 
N/A 

0 
5 

111 
None 

3.8 
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outer lane 
3.6 

2 
0.08 

27 
0 

134 
None 

3.6 



Table 107. carparison of performance by lane at CA 3. (Cont'd) 

CA 3-2 

Variable 
ESAL's (millions) 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
long. Cracks, ft/mile 
Roughness, in/mi 
Punl)ing 
PSR 

CA 3-5 

Variable 
ESAL's {millions) 
Joint Spalling, % 
Joint Faulting, in 
Trans. Cracks/mile 
long. Cracks, ft/mile 
Roughness I bymi 
Punl)ing 
PSR 

Inner lane 
0.7 

0 
N/A 

0 
0 

82 
None 

4.1 

Inner lane 
0.7 

2 
N/A 

28 
0 

101 
None 

3.9 

outer Lane 
3.6 

3 
0.11 

6 
0 

104 
None 

3.9 

outer lane 
3.6 

6 
0.10 

123 
34 

102 
None 

3.8 

'!he ruoc,unt of transverse cracki.rq was greater in the outer lane than in 
the inner lane. 'Ihis is due to the higher truck volumes in the outer lane. 
'!he number of spalled joints was also observed to be higher for the out.er 
lanes. '!he nean panel rating is higher for the inner lane than for the outer 
lane, which reflects the quantity an:l severity of distresses observed in this 
lane. It should 1:e noted that CA 3-1, which was flooded am required a 
substantial annmt of bituminous pa~, had the highest roughness index in 
both lanes. It is l:Jelieved that the large roughness values reflect the 
roughness of that patched area. 

10. stHW« AND a:NCIDSIOOS 

'!his exper.i:nait evaluated the effect of joint sealing an:i tied concrete 
shoulders on concrete pavement. It was observed that the section with the 
sealed joints perfo:r:nai better than the others with respect to transverse 
joint spalling and joint faulting. However, it should :be noted that the 
reduction was not substantial. 

With regards to the tieing of concrete shoulders to the mainline 
pavement, it was dete:nn.ined. that the sections with the tied ro:: shoulders 
perfonned better than the section with nontied PCC shoulders. 'lhe sections 
with tied concrete shoulders had less transverse cracking and smaller corner 
deflections than the section with nontied concrete shoulders. 'Ihe relatively 
short tiebar spacing (22 in [559 :mm]) ~ to be satisfactory to provide 
good support to the mainline pavement. 'Ihus, the practice of tieing the 
concrete shoulder to the mainline pavement is an important part. of concrete 
shoulder construction that should not be emitted. 
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Conclusions in a report pertainin;;r to this project include: (17) 

o 'Ihe best perfonnance was deoonstrated by the sections with tied 
PCC shoulders and sealed transverse joints. Sane separation was 
obseJ::ved on the sections with nontied PCC shoulders. 

o Sections with full-depth asJ;:ha].t shoulders are also perfonning 
well. 
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aJAP.IER 27 Ill1ERSTATE 95 - FDCRY KDn", NORllI CAR:>IJNA 

1. IN'1KlllJCI'ICE 

'lltl.s experimental project, located on I-95 near Rocky M::x.mt, North 
carolina, was constructed in 1967. 'Ihe experiment was corrlucted to evaluate 
the effects of base type, slab thickness, am. load transfer on pavement 
perfonnance. Design variables include: aggregate, asi;ilalt-treated, 
cement-treated, arrl soil-cemant base courses; 8-in (203 mm) JRCP with 60-ft 
(18. 2 m) joint spacing and 9-in (229 mm) JR::P with 30-ft (9 .1 m) joint 
spa.cing; skewed and. nonsket'>led joints; and doweled and nandoweled joints. 'Ihe 
cement-treated base incorporated 8 percent p.)rtlarrl cenient and the 
soil-cement base inco:rporated. 6 percent portlarxl cement. 'Ihe sub:Jrade for 
the project was an AASHro Classification A-6 fine-grained soil. 

. Eight sections, designated as NC 1-1 through NC 1-8, were surve::;ted and 
tested in 1987. A CO!rplete listirq of the original design and construction 
infonnation for each section, as well as other pertinent project information, 
is provided in the ~ tables of chapter 32. 

2. cr.J:MATE 

'Ihe pavement sections a.re located in northeastern North carolina, in 
the wet-nonfreeze environmental zone. 'Ihe project site has a 'Ihomthwaite 
M:>isture Index of 29, a Corps of Engineers Freezing Index of O, a:oo. :receives 
an average of 46 in (1168 :mm) of rainfall annually. 'Ihe highest average 
nart:hly maximum ~ture is 89 °F' {32 °q and the lcwest ave.rage 
ioonthly daily minimum terrp3rature is 29 °F' (-2 °c). 

3. '.mAFFIC 

'Ihe roadway is a four-lane, divided highway, with a functional 
classification of Rural Interstate. Since being openecI to traffic in 1967, 
the pavement has sustained 9 .1 million 18-kip (80 kN) F.quivalent Single-Axle 
Load (ESAL) applications in the outer lane aro over 1. 9 million ESAL 
awlications in the inner lane. 'Ihese values represent calculations through 
1987. 'lhe two-way Average :caily Traffic (ADr) in 1987 was approximately 
19,100 vehicles, including 9 percent heavy trucks. 

4. ~ AND ~Cfi 

Acco:rcling to records furnished by the North carolina Department of 
Transportation, no major rehabilitation has been perfonned on the pavement 
sections to date. HCMever, the joints on the project have been pericxilcally 
resealed with a cutback asphalt. 

5., m.Y'SICAL 'IESTill.; RFSOilIS 

Cores from slab centers an:1 fran typical transverse joints were 
retrieved fran the pavement sections in 1987. 'Ihe center cores were tested 
in split tensile to provide an in:lication of the concrete strerqth. '!he 
joint cores were visually inspected for signs of deterioration beneath the 
joint or for any signs of material durability distress. 
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'Ihe split tensile strength values were used to obtain an estimate of 
the nn:lulus of rupture. 'lllese values are reported in chapter 32. A mean. 
nn:lulus of rupture of 676 psi (4. 7 MPa) was obtained for all sections. 

'!he joint cores taken fran the pavement indicated that no significant 
deterioratioo was present directly beneath the joint. However, a small 
ann.mt of microcracki.rg in the coarse aggzegate was present for a few of the 
pavement sections. 

Deflection testin:J was perfol.'l'ted on the sections in 1987 for p..irposes 
of layer nxrluli characterization, detem.ination of load transfer 
efficiencies, ard void detection. 'llle elastic :mcx:iulus of the co:oc:rete (E) , 
the cacposite k--value (on top of the base), and the load transfer values are 
sunmarized for each section in dlapter 32. 

'Ihe slab E values averaged 4,744,000 psi (32, 710 MPa) for all of the 
sections. 'llle k-values and the average load transfer efficiencies for the 
sections varied by base type, as sha.vn in table 108. 

Table 108. Coq)osite k-values ard load transfer efficiency at NC l. 

Joint I.Dad 
Base Type k-value. pci Transfer, % 
Aggregate 
Asphalt-Treated 
Cement-Treated 
Soil-cement 

437 
672 
628 
420 

50 
58 
92 

100 

Ccnsistent with the k-values reportai alx:Ne, the center slab 
deflections were laVJest for the soil-cement base coorse Sl9Ct.ions and 
smallest for the as.r;ilalt-treated base ocurse sections. As ca.n J:::>e observed, 
the load transfer efficiencies were very depen:lent upon base type am less 
depen:ient on the presence or absence of dc:Mels (load transfer efficiencies of 
78 percent for the doweled sections caupared to 63 percent for the nomcMeled 
sections). 

Voids, or loss of support, were detected beneath the joint corners for 
several of the pavement sections. 'Ihese are shown in table 109. It appears 
that soma erasion is oocurrirg beneath the aggregate base course sections. 

Table 109. Perc'.ent comers with voids at NC 1. 

Base i;rype 
Aggregate 
Aggregate 
Soil-cement 
Soil~ 
CTB 
N1'B 

Dowels 
Yes 

No 
Yes 

No 
No 
No 
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% CO:r:ners 
Exhibiting Voids 

15 
20 

5 
0 

15 
0 



6. IR\INABILI'fi OF PAVEMENI' ~QJS 

'lb evaluate each section's ability to nm:we water fn:im the pavement 
structure, a drainage analysis was perfonned on each section. 'Ihe sections 
were determined to be in an area that has the potential for the pavement to 
be saturated 22 percent of the tune. '!he subgrade drainability rarged fran 
poorly-drained (NC 1-1 am NC 1-4) to well-drained (NC 1-7). '1he 
drain.ability of the other sections fall sauewhere between these b/0 
extremes. 'lhe results of the drainage analysis are summarized in table 110. 

Table 110. Drainage summary for NC 1 sections. 

Section 
NC 1-1 
NC 1-2 
NC 1-3 
NC 1-4 
NC 1-5 
NC 1-6 
NC 1-7 
NC 1-8 

Base 
Permeability, ft/hr 

0.12 
o.oo 
o.oo 
0.09 
o.oo 
o.oo 
0.13 
0.14 

AASHro 
Drainage Coefficient 

0.75 
0.80 
0.80 
0.75 
0.75 
0.90 
0.90 
0.80 

OVe:r:all 
Drainability 
v. Poor-Poor 
Poor-Fair 

Fair 
V. Poor-Poor 

Poor-Fa.ir 
Fair 

Poor-Fair 
Poor-Fair 

It is obsaved that the drainability for all of the sections was not 
very good. 'lhe aggregate base course had a very low permeability, 'Which 
detracted fran the drain.ability of the sections with that base ca.n:se. If 
the· subgrade for a section was somewhat well-draining, this served to 
slightly increase the overall dra.inability of that section. 

7. JEJ.m«~~ OF PAVEMEM' SPrl'ICH, 

In order to :better present the results of the extensive distress 51.ItVey 
a::>rXiucted on each pavenent section, as well as to pl:."'CWide the factorial 
design of the experiment, the primary performance indicators are tabulated in 
figure 25 (cuter lane) an::l figure 26 (inner lane). Although the experimental 
layout does not :represent a full factorial design, several perfonnance trends 
can still be identified. 'lhese trerds are djscussed belOW' relative to the 
primacy performance indicators for the outer lane only. 

Joint Spallirq 

Of the eight sections evaluated, only one showed arfJ' joint spalling. 
'lhe 3 pm:c:ent observed on that section is not significant. 

Joint Faultirq 

For the JPCP sections with JO-ft (9 .1 m) perpendicular joints, direct 
carparisons can be made for the different base types shown in table 111. 
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NORTH CAROLINA 1 
I-95 ROCKY NC 
OUTER LANE PERFORMANCE DATA 

JPCP JRCP 
30 f'1: JOINTS 60 f't JOINTS 

SKE'wED JOINTS PERPENDICULAR JDJNTS PERPENDICULAR 
JDJNTS 

NO LOAD LOAD ND LOAD LOAD 
TRANSFER TRANSFER TRANSFER TRANSFER 

NC 1-7 
PSR 3A 

8 
ROUGHNESS, In/Ml 85 

In 
AGG FAUL TING, In 0,15 PCC 

T. CKS.l!-11 0 

LONG, CKS. ft/Ml 295 

¾ JT, SPALL 0 

NC 1-1 NC 1-A Nt; 1-8 
PSR ~ ~ ·3.7 
ROUGHNESS, In/Ml 83 85 95 

AGG FAUL TING. In 0.12 0,13 0.22 

T. CKS./MI 5 0 64 

LONG. CKS., ft/Ml 0 0 0 

¾ JT. SPALL 3 0 0 
NC 1-2 _t!C 1-3 

PSR 7:5 3,6 

SOIL 
ROUGHNESS, In/Ml 79 77 

CEM FAUL TING, tn 0,16 0,13 

T, CKS,/MI 10 5 

LONG. CKS., ft/Ml 1451 3068 

9 In ¾ JT. SPALL. 0 0 

PCC NC 1-5 
PSR 3.2 

ROUGHNESS, In/Ml 105 
CTB FAUL TING, In 0,16 

T, CKS,/ril 0 

LONG, CKS., ft/r,t 179 

¾ JT. SPALL 0 
NC 1-6 

PSR ~ 
ROUGHNESS. In/Ml 69 

ATB FAUL TING, In 0.05 

T, CKS,/r,t 0 

LONG, CKS. ft/Ml 0 

¾ JT. SPALL 0 

PSR 3.4 3.4 3,6 3.4 

ROUGHNESS, In/Ml 83 82 86 85 

&§ FAUL TING, In 0.12 0.15 0.14 0.15 

T. CKS./MI 5 0 1 0 

LONG, CKS. f-t/ru 0 725 812 295 

¾ JT. SPALL, 3 0 0 0 

Figure 25. Outer lane performance data for North Carolina 1. 
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AVG. 
3.4 

85 
0.15 

0 

295 

0 

3.5 

88 

0.16 

23 

0 

1 

3.6 

78 
0,15 

8 

2260 
0 

3.2 

105 
0,16 

0 

179 

0 

3,8 

69 

0.05 

0 

0 

0 



NORTH CAROLINA 1 
I-95 ROCKY NC 
INNER LANE PERFORMANCE DATA 

JPCP JRCP 
30 f'1: JOINTS 60 f'1: JOINTS 

SKE'JED JOINTS PERPENDICULAR JmNTS 
PERPENDICULAR 

JOINTS 

NO LOAD LOAD NO LOAD LOAD 
TRANSfER TRANSFER TRANSFER TRANSFER 

NC 1-7 
PSR 3.4 

8 
ROUGHNESS, In/Ml 85 

In AGG FAUL TING. In 0.05 PCC 
T, CKS./MI 0 

LONG, CKS. ft/Ml 0 

¾ JT, SPALL 5 

rn .. 1-1 NI.. 1-4 NL. 1-8 
PSR 3.8 3,4 ~ 
ROUGHNESS, In/Ml 74 85 69 

AGG FAUL TING. In 0.02 0,03 0,07 

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

¾ JT, SPALL 0 0 0 
NC 1-2 NC 1-3 

PSR 3.4 ~ 
ROUGHNESS, In/Ml 65 70 

SOIL FAUL TING, In 0,04 0.09 CEM 
T, CKS.IMI 0 0 

LONG, CKS. ft/Ml 0 0 

9 In ¼ JT. SPALL 0 0 

PCC NC 1-5 
PSR ~ 
ROUGHNESS. in/Ml 84 

CTB FAUL TING, In 0,08 

T, CKS./MI 0 

LONG, CKS. ft/Ml 0 

¼ JT. SPALL 0 
NC 1-6 

PSR 7:4 
ROUGHNESS. In/Ml 74 

ATB FAUL TING. In 0,04 

T, CKS./MI 0 

LONG, CKS. ft/Ml 0 

7. JT. SPALL 0 

PSR 3.8 3.4 3.4 3.4 

AVG, 
ROUGHNESS. In/Ml 74 75 74 85 

FAUL TING, In 0.02 0.04 0.07 0,05 

T. CKS.IMI 0 0 1 0 

LONG, CKS. ft/Mi 0 0 0 0 

¼ JT. SPALL. 0 0 0 5 

Figure 26. Inner lane performance data for North Carolina 1. 
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AVG. 
3.4 

85 

0.05 

0 

0 

5 

3.5 

76 

0.04 

2 
0 

0 

3,4 

68 
0.06 

0 

0 

0 

3,4 

84 

o.os 
0 

0 

0 

, 3,4 

74 

0.04 

0 

0 

0 



Table 111. Transverse joint faultin;J by load transfer type. 

. F A U L T I N G, i n 

Base'Iype 
Aggregate 
Soil--ceJ:oont 
cm 
ATB 

No Dowels 
0.22 
0.13 
0.16 
0.05 

0.13 
0.16 

'lhe faulting is lowest for the asp,a).t-treated base section, while the 
other treated base types have approximately the same ann.mt of faulting. '!he 
faulting for the aggregate base types was the highest. With regards to load 
transfer, there seems to be some benefit in da.veling joints for the aggregate 
base course sections, but this does not appear to be the case for the 
soil-cement base course sections. However, it should be noted that the dowel 
bars were only 1 in (25 mm) in diameter ani they received no corrosion 
protection. It is likely that the 1-in (25 mn) dC1.vel bars are of 
insufficient size to adequately provide load transfer. Moreover, it is 
possible that the "effective diameter" of the dc:Mel.s has been reduced due to 
corrosion of the devices. 

'!here appears to be some benefit gained by the skewing of transverse 
joints. 'Ihe aggregate base course section with sker.ved, nomoweled joints had 
approximately half the annmt of faulting that the aggregate base course 
section with perpemicular, norrloweled joints had. 

A comparison of jointed reinforced ani jointed plain pavements can be 
made, although confoun:led by joint spacing an::i slab thickness. Nevertheless, 
the dc:Mel.ed JRCP aggregate base course section ar:d the doweled JPCP aggregate 
base course section had approximately the same ann.mt of faulting. 

Best Perfonnance 

Based on the results from the limited factorial, the pavement section 
with the best perfonnance, in terms of joint faulting, had the folla,ring 
design features: 

o 9-in (229 mm) slab on asphalt-treated base course with 
perpemicular joints am no load transfer devices. 

Worst Performance 

'Ihe pavement sections displaying the "10rst performance, in tenns of 
joint faulting, had the following characteristics: 

o ArW section with an aggregate base course. 

Transverse Cracking 

Only four sections displayed transverse cracking. For JfCP, all 
severity levels of transverse cracking are ca.mted. It was observed that the 
JPCP section with perpen:licular joints, no load transfer devices, ani an 
aggr~te base exhibited 64 deteriorated cracks per mile, awroaching the 
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critical value of 70 cracks per mile where rehabilitation is needed. 'Iwo of 
the remaining sections displaying transverse crackincJ -were constructed on 
soil-cement base course. However,· the total nuJiiJer of deteriorated 
transverse cracks per mile for these sections averaged. only 7 .5. '1he last 
section exhibitirg cracking was the Ji:a> with skewed joints ani an aggregate 
base course, with only five cracks per mile. '1he absence of transverse 
cracking in the 30-ft (9.1 m) slabs, ani the 60-ft (18.2 m) JRCP slabs is 
surprising, given the heavy traffic levels and the large k-values. 

IDngitudinal Cracking 

longitudinal cracking, rooa.sured :in feet per mile, was not observed in 
the inner lane but was observed in four sections of the outer lane, as shC7Nil 
in table 112. 

Table 112. Iongitudinal cracking at NC 1. 

Pavement 
Type 
JPCP 
JPCP 
JPCP 
JRCP 

Base Type 
Soil-ceirent 
Soil-cement 

CI'B 
Aggregate 

I.Dad Transfer 
Cevices 

No 
Yes 

No 
Yes 

I..ongitud.inal 
Crackirg, ft/mi 

3068 
1451 
179 
295 

As can be observed, a substantial am::mit of cracking occurred on the 
soil-ceioont base course sections, while the other sections exhibited far less 
longitudinal cracking. It is ~ to note that two of the three 
treated base courses exhibited lor.qitudinal cracking. 'lhe lOD;Jitudinal joint 
was sawed to a depth of 2. 75 in (70 mm) , or 34 percent of the 8-in (203 mm) 
slab thickness and 31 percent of the 9-:in (229 mm) slab thickness. 

Best Perfo:rmance 

'Ihe pavement sections with the best performance, in tenns of 
lor.qitudinal cracking, had the follow-lrq characteristics: 

o Nf;f 9-in (229 mm) slab on either aggregate or asi;ilalt-treated 
base course. 

Worst Perfonnance 

'1he l#Orst perfonnance, in terms of lor.qitudinal cracking, was recorded 
at pavement sections with the follow:irg design features: 

o Any 9-in (229 mm) slab on soil cement base <XJUrSe. 

Present Serviceability Rat:irg (FSR) am Roughness 

'Ihe pavement roughness a.rd PSR values for the sections 'Wet."e all close 
to one another. '!he largest PSR (an:l smallest roughness value) was for the 
aspialt-treated base course section, which was also the section with the 
least faulting. 'Ihe smallest PSR (am largest :rougbness value) was for the 
cement-treated base course section, whidl had significant faultin:J and 
transverse crack.i.rg. '1he remaining PSR and roughness values were :roughly 
identical. 
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8.. ~ OF ImIGIJ' FEMURES CH PAViMfln' ~ 

'Ihe :relative effect of the varioos design features on the performance 
of the pavement are sumnarized below. 

Base Type 

'!he pavement section constructed over the asi;ilalt-treated base 
displayed. superior perfo:rmance in eNery distress categ-ory over all of the 
other base types. 'Ihe other base types perfornei approximately the same, 
although the aggregate base course sections may have been in slightly worse 
condition. 'lbe remaining base course sections exhibited their cwn unique 
deterioration: the aggregate base course sections had transverse crackir:q, 
faulting, and erosion of the base; the soil-cement base course sections had 
significant longitudinal cracking and faul~; aT¥i the cement-treated base 
course section had longitudinal cracking arrl faulting. 

With the exception of the section constructed over the asphalt-treated 
base course, the treated. bases all had a certain amount of lorqitudinal 
cracking. It is believed that the treated bases contribute to the crackin; 
because of their.larger coefficient of friction produced. at the slab-base 
interface. As has previously been mentioned, the longitudinal joint was 
sawed to a depth of 2. 75 in (70 mm) • 

Joint Load Transfer 

6Ihe effect of load transfer devices on. the :perfo::rmance of these 
pavements is unclear.. Only b.vo direct comparisons can be made between 
~ed and nooooweled sections. In one case the dcMelecl section perfo:nie:l 
better than its l"JOndaweled countei:part (aggregate base course), am in the 
other case the norrloweled section performed better than the dcMeled section 
(soil-cement base course). Hcwever, it appears likely that erosion is 
occu.rring on the aggregate base course sections ard subsequently the dowels 
are effective at reducirq faultirq. 'Ille less erodible soil--cerent base 
course sect.ions are not experiencing any erosion, am. therefore ·uni.fem 
suwc>rt is provided to the slab. 

It bears repeating that the 1-in (25 mn) dovlel bars were probably too 
small to provide adequate long-term load transfer for the heavy truck loads 
sustained by the pavement. In addition, the dowel bars are probably corroded 
to sate extent, thus reducing th~ "effective diameter" of the devices. 

Pavement Type/Joint Spacing 

A ge.ne:ral carparisan of JRC!? arrl JPCP an:l joint spacin;J (60-ft [18.2 m] 
and 30-ft [9 .1 m]) can be made, althc:ugh the two items confound one another 
and are further confounded by pavement thickness. Nevertheless, the two 
sections have approxi.mately the same performance in terms of roughness, PSR, 
and faulting. However, the JRCP section (60-ft [18.2 m] joint spacing) has a 
mode:rate amcunt of longitudinal cracking but no deteriorated transverse 
crackirg. '!his may be partially attributed to the mild environment (reduced 
curlirg stresses) arrl the presence of the less rigid aggregate base course. 
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Joint Orientation 

A direct ccm:parison of skewed an:J. pei:perdicular joints for JPCP 
const.:ructed over aggregate base without load transfer devices is shown in 
t.able 113. 

Table 113. Coopari$on of performance by transverse joint orientation. 

Perfonrance Irrlicator 
Joint Spalli.."19, % 
Joint Faul.tin;, in · 
Trans. Cracks/mile 
I.on;J. Cracks, ft/mile 
PSR 

Skewe:i Joints 
3 

0.12 
5 
0 

3.4 
83 

Pe?:per,dj.cular Joints 
0 

0.22 
64 

0 
3.7 

Roughness, in/mile 95 

For nor.dc.:Me.led joints at least, it appears that skewed joints offer 
sare advantages ewer pe:t'pE!.t'¥:ilcular joints, particularly in the level of 
faulting and measured roughness. 

9. a:MPARISCH OF CDTER JANE AND mNER IANE PERRDWO 

In addition to the outer lane, pe.rforman::e data was collected for the 
inner lane as well. Many of the same trerds that were obsel,ved in the outer 
lane were also observed in the inner lane. An overall c::c,npu-ison of the two 
traffic lanes is presented by base type in table 114. 

Table 114. a:atprrison of performance :by lane and base type at NC 1. 

AGGREX;ATE EW>'E croRSE CJ.PCP and JRCPl 

Variab=l=e ______ ~Inner===-=I.ane==---_,..cuter==---Iane= 
ESAL's (millions) 1.9 9.1 
Joint Spallirg, % l l. 
Jo.int Faultirg, in 0.04 0.16 
Trans. Cracks/mile 1 18 
I.orq~ Cracks, ft/mile O 74 
PSR 3.5 3.5 
Roughness I in/mile 78 87 

SOIL CEMENI' ~ ~E 

Y,ariable 
ESAL' s (millions) 
Joint Spallirg, % 
Joint Fault.ing, in 
Trans. Ct:'acks/mile 
long. CJ:ac:ks, ft/mile 
PSR 
'Dr,o .,,..1-,'""""""""" {.,.., ,,.,...~ 1 .. ~ ............. , auv.u. ........ e 

Inner I.ane 
1.9 

0 
0.06 

0 
0 

3.4 
68 

180 

cuter I.ane 
9.1 

0 
0.15 

8 
2260 
3.6 

78 



Table 114. Cclrplrison of perfonnance by lane am base 
type at NC 1. (C.ont'd) 

CEMENT-'rnFATED BASE axJP.SE 

Variable 
ESAL's (millions) 
Joint Spallirg, % 
Joint Faul tin:J, in 
Trans. Cracks/mile 
long. Cracks, ft/mile 
PSR 
Roughness, in/mile 

AS~'ED BASE~ 

Vgiable 
ESAL's (millions) 
Joint ::,·palling, % 
Joint Faultirg, in 
Trans. Cracks/mile 
1DnJ. Cracks, ft/mile 
PSR 
Roughness I in/mile 

Inner Iane . 
1.9 

0 
0.08 

0 
0 

3.4 
84 

Inner Iane 
1.9 

0 
0.04 

0 
0 

3.4 
74 

outer lane 
9.1 

0 
0.16 

0 
179 
3.2 
105 

outer ~ 
9.1 

0 
0.05 

0 
0 

3.8 
69 

The prilnat:y differences in pe.rfonrance that exist between· the inner and 
outer lane are in the annmt of cracking am faulting. Most of the 
transverse cracking· within the project occurred on the outer lane, as did all 
of the longitu:linal cracldn:J. 'Ihe inner lane faultirg is 1~ than half that 
of the out.er lane. Given these observations, it is smprising to note the 
closeness of the bro lanes in tentls of rideability, as evidenced by both the 
PSR arrl the roughness values. 

'Ihe dcJ..ieled aggregate base course sections had less faulting in the 
inner lane than the norrla,;ele.d. aggregate base course section. 'Ihe same is 
true for the asplalt-t:reated base course sections. 'Ihe inner lane section 
with skewed joints also displayErl superior perfonnance over its counterpart 
with perpendicular joints. 

10. SHmRY AND a:ECim:raiS 

'Ihe performance of the section constructed over the asrn:ut-treated 
base ca.u-se was superior to all other designs within this experiment. 'Ibis 
is cont:ra:ry to what was observe::l in Minnesota., am may be due in part to the 
milder Nol.th carolina climate. The other base course sections (soil-cement, 
CTB, and aggregate) performed approximately the same, although tlie aggregate 
base course sections displayed the :roost distress. 

'll'le mild climate is probably also the reason for the sections being 
relatively free of clistress. Althcugh sane crackirg oocurred on the 
soil-cement sections, overall very little cracking and virtually no spalling 
occun-ed. on the project. 'lbe absence of the latter may also be attributed to 
the mild climate, but in conjunction with good quality aggregates am what 
appears to have oee11 a regular joint seal.irg program. 
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It is unclear why a substantial amount of longitudinal cracking 
occurred on the sections constructed over soil-cement base courses. 'Ihe 
cause of the longitudinal cracking is probably related to the aioount of 
friction between the base and slab. 'Ihe soil-cement base courses must have a 
larger friction coefficient than aggregate_base carrses, tut the asi;:ralt- and 
ceneit-treated base courses are also t:ha.Ight to have large friction 
coefficients and they did not display any significant longitudinal cracking. 
other possible explanations include late sawirg or insufficient depth of 
sawi.rg of the lorqitudinal joint. 

For non:loweled joints, there is evidence to surp::,rt the advantage of 
skewed joints over perperxlicular joints. In both the outer and inner lane, 
the nord:weled skewed joints over aggregate base course had less faultin;r 
than the oon:iaweled perperxlicular 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) • H<::Mever, the dc:Mel bars used in this experimental project were of 
insufficient diameter to keep faulting to a reasonable level. 'Ille use of 
adegµate dcwel bars must be observed to achieve the desired levels of load 
transfer. 

ll.. AIDITICEAL RFADllC 

"Experimental Project - C.Oncrete Pavement, Interstate 95, Nash and 
Halifax County, North carolina," Intanal Project Reports, North 
Carolina DepartJnent of Transportation, 1968-1984. 
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aIAPr.m 28 INI'.E8S"I2\TE 85 - GREENSB:R), N:R:m CAROLINA. 

1. INIK)[DCl'IQl 

'!his pavement is a six-lane Rural Interstate highway located on I-85 in 
the West Central part of the State. Designated as NC 2, this section was 
constructeci arrl opened to traffic in 1982. 

'1his section is an 11-in (279 mm) JIG>. It has perperrlicular joints 
placed in a rarrlam pattern of 18-25-23-19 ft (5.5-7.6-7.0-5.8 m). 'Ihe 
transverse joints contain 1. 38-in (35 mm) diameter dowels bars and are sealed. 
with a silicone sealant utiliz.in;r a shape factor of 0.13. 

A 5-in (127 mm) lean concrete base is located beneath the slab. 'Ihe 
subgrade is an AASHro Classification A-4 material. 'Ihe section has tied. 
concrete shoulders that are 10 in (254 mm) thick and rest on the 5-in (127 
mm) lean concrete base. No subdrainage was provided on the section. 

3. CT.J:MAm 

'!his sect.ion is located. in a wet-nonfreeze climatic zone. 'Ihe area has 
a 'Ihornthwaite Moisture Ind.ex of 40, a Freezing Index of o, arrl receives an 
average annual precipitation of 42 in (1067 mm). 'Ihe highest average monthly 
maximum temperature is 87 °F (31 °c) while the lowest average monthly 
:minimum temperature is 27 Op (-3 OC). 

4. TRAFFIC 

Traffic info:nnation provided by the North carol.ina Department of 
Transportation irrlicated that in 1987 this section had a two-way AU.I' of 
26,000 vehicles, including 17 :percent trucks. At the time of smvey, the 
pavement was 5 years old and had carried 5.8 million 18-kip (80 kN) FSAI/s in 
the outer lane, 1.5 million ESAL's in the center lane, arrl 0.4 million ESAL's 
in the inner lane. 

5. mAINABILl'IY AND amER mYSICAL ~ RESUIIIS 

'Ih.e pavement consists of an .inpmreable lean concrete base and contains 
oo positive subsurface drainage. However, the subgrade is sanewhat 
well-draining, which should assist in the reiwval of excess ooisture. 'Ihe 
pave:nelt section was assigned an MSHro drainage coefficient of 1. 00, 
in:licating an overall drainability of fair to good. 

Fram deflection testing, the backcalculated E of the slab was 
determined to be 5,890, ooo psi ( 40, 610 MPa) • 'Ihe modulus of rupture 
estimated from slab cores was 712 psi (4.9 MPa). 'Ihe COitp)Site dynamic 
k-value on the top of the lean concrete base was 293 pci (80 kPa/nun). 

'Ihe load transfer measured. across the doweled transverse joints was 100 
percent. '!he mean slab corner deflection (under a 9-kip ( 40 kN) load) was 
measured to be 7. 5 mils. Slab corner deflection tests showed that only 5 
percent of the corners were exhibitin;J loss of support. 
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6. ~ AND REHABILITATICfi 

~itudinal drains were installed in the pavement in 1985. Hydraway 
drainage mats were placed at the outer edge of the shoulder. 'Ihe ma.ts were 
placed such that their top protruded 1.5 in (38 mm) above the shoulder 
surface-base interface. No other rehabilit.ation n-easures have been perfonned 
on the pavement. 

7. PAVEMENI' ~ 

After 5 years of service, this pavenent section is begi.nnin;J to shav 
signs of distress. 'lhe major problem is the significant anount ·of pumping 
that is occurring in the outer traffic lane. I.arge stains are clearly 
evident throughout the project, occurring at the carriers of transverse joints 
on both the mainline pavenv:.mt and the shoulder. Pumping is also oc:casionally 
d:lserved at the :mid-slab edge between the mainline pavement and the tied 
shoulder. Perfo:rm.nce data for the section is sunmiarized in table 115. 

Table 115. carrparison of performance by lane for NC 2. 

Distress Inner lane 
ESAL' s, millions 
Jo.int Spalling, % 
Joint Faul ting, in 
Pumping 
Transverse Cracks/mile 
IDrgitud:inal cracks, ft/mile 
Roughness, in/mile 
PSR 

0.4 
N/A 
N/A 
N/A 

0 
0 

N/A 
N/A 

Center Iane 
1.5 

0 
N/A 

None 
5 
0 

N/A 
N/A 

outer Iane 
5.8 

0 
0.02 
High 

10 
0 

64 
4.2 

Due to high traffic volumes, certain distress items were not able to be 
deter.mined in the inner two lanes. 

'Ihe concrete shoulders were generally in good con:iltion. Ha.vever, as 
noted above, the transverse joints in the shoulder were exhibiti.rg pumping, 
which was also noted. along- the lane-shoulder joint. I.Dad transfer at the 
lon;Jitud.inal lane-shoulder joint was deter.mined to be 70 percent. 'lhe 
shoulders were tied with 0.62-in (16 mm) dianeter, 30-in (762 mm) lon:J 
tie.bars, spaced. at 30-in (762 mm) inte?.val.s. 

8 Q c:xu::::IIJSIQR; 

overall, this pave.ment section is perfo:nn.irq fairly well. However, the 
extensive amcunt of punping occurring on the section is a cause of concern. 
It is interesting that such high levels of puq,ing a:re observed over a 
section with a lean concrete base. '!he pumping is believed to be occurring 
between the lean concrete base am. the concrete slab, as the p.mipe.d material 
displays the re::l::lish-bro.vn tint of the curing compoun::l placed on the base. 

'll1sre was a small am:iunt of transverse cracking observed within the 
pavement section. 'lhese transverse cracks occurred only in the longer 25 ft 
(7.6 m) and 23-ft (7.0 m) slabs. 
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Even though this pavement is exhibiti.n;J extensive µmping, this distress 
has oot yet translated into any other deterioration. It is believed that the 
substantial annmt of pmpirXJ cx,upled with the heavy traffic loading will 
soon result in significant deterioration. 'Ihe 1.38-in (35 lllll) dcMel. bars 
have awarently minimized the annmt of faultl.n;J occurrirXJ on this pavement 
section to date. 

'!his pavement section exhibited an extensive anrA.lllt of punpin:J soon 
after construction. studies by the North caro1ina Departlrent of 
Transportation an this project have concluded that the lon:Jitudinal joints 
arrl the concrete-soil interface at the edge of the shoulders were the major 
sources of water infiltration. Further, the cross-sectional design for the 
pavenent structure was detenn.ined to be a ''trenc::h" design that trapped water 
in the pavement structure. 'Ihe p.llllpll'XJ is a,warently occurrirXJ from m:>isture 
trapped between the lean concrete base arrl the concrete slab. 

9. AlDITIQ{AL RF.AmR; 

Wu, Shie-Shin, am T. M. Hearne, Jr., "Perfonnance of Concrete Pavement 
With F.conocrete Base," Paper Prepared for the Fourth International 
Conference on Concrete Pavement Design arrl Rehabilitation, Purdue 
University, April 1989. 
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rnAPDR 29 I-75 - DMB\, FliRIDA (HillSEUUGI CillfJ.Y) 

1. IN.IKDJCI'ICN 

'Ihis pave:roont section, located in Hillsborough County near Tampa, 
Florida, is a six-lane divided U:rban Interstate highway that was constructed 
in 1986. 'Ihe pavement was not part of any experimantal project arrl is 
designated as FL 2. 

2. rEITGN 

'Ihe section is JR::P, with a slab thickness of 13 in (330 mm) arrl a 
ran:icm skewed joint spacin;;J of 12-18-19-13 ft ( 4. 9-5. 5-5. 8-4. O m) • 
Transverse joint load transfer is provided by 1.25-in (32 mm) diaitV;ter, 
plastic-coated davel bars. 'Ihe transverse joints are sealed with a silicone 
sealant utilizing a shape factor of 0.17. 

'Ihe base is 6 in {152 mm) of sand over an AASlilO Classification A-3 
(sarrl) sutgrade. 'Ihe section has tied PCC shoulders that have the SaitV; slab 
arrl base materials arrl thickness as the traffic lanes. No subsurface 
drainage was provided to the pavement. 

3. CLIMA'lE 

'Ihis section is located in the wet-nonfreeze climatic zone. 'Ihe area 
has a 'Ihomthwaite Moisture Irrlex of 4, a Freezing In::iex of o, arrl receives 
an average of 47 in (1186 mm) of annual precipitation. '!he highest average 
lOOllthl.y maximum temperature is 90 °F' (32 °c) while the low-est average 
I1DI1thly :minilm.nn temperature is 50 °F' (10 °c). 

4. 'mAFFIC 

In 1987, this section had a two-way ADI' of 28,700 vehicles, including 
20 pe:rca1t heavy trucks. 'Ihe pavement has sustained 2 million 18-kip (80 kN) 
F.quivalent Single-AY.J.e load (ESAL) applications in the outer lane, 0.8 
million ESAL's in the center lane, arrl 0.2 million ESAL's in the inner lane. 

5. IEAINABIIJ:'1Y AND OIHEX IffiSICAL 'JE-JI•n«; RESIDIS 

Fran field data, the penreability of the base was calculated to be 
0.06 ft/day (0.02 m/day). 'Ihe con::lition smvey irili.cated no signs of poor 
drainage. 'Ihe presence of the A-3 Sl.ltgrade, l:Jeing sarcewhat drainable, 
probably contributes to provide sane drainability to the pave:roont structure. 

Deflection rceasureoonts were obtained fran the pavement sections using 
a Fallirg Weight Deflectcmeter. Fran FWD deflections, the E of the slab was 
backcalailated to be 5,550, 000 psi (38,270 MPa) , arrl the JOOdulus of rupture 
estimated fran cores was 664 psi ( 4. 6 MPa.) • 'Ihe composite dynamic k-value on 
top of the base was 378 pci (180 kPajmm). 

'Ihe load transfer efficiency of the transverse joints was extremely 
lOW', averaging 29 percent. 'Ih.e maan slab co:rner deflection 1.lrX3er a 9-kip ( 40 
kN) load was 7.6 mils, which is fairly low- considering the poor load 
transfer. Slab corner deflection tests sru::Med that only 10 percent of the 
coniers had loo.s ,of_ support. 
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6. MAINrffiANCE AND RmABILrIM'IW 

Accordm:J to records provided by the Florida Deparbnent of 
Transportation, no maintenance or rehabilitation has been performed on this 
pavement. 

7. PA\1.EMENI' ~ 

.As this pavenent section was only 1 year old at the time of sm:vey, it 
had essentially no deterioration. Faul'ti.rr:J averaged 0.01 in (0.3 nun) arrl no 
signs of p..mping were evident. No joint spalling or transverse arrl 
lon;ritudinal cracks were found. '!he tied PCC shoulder was in excellent 
con:iltion, with the load transfer across the lane-shoulder lorgitudinal joint 
calculated to be 100 percent. However, the relatively low PSR (3. 7) may be 
an irrlication that same roughness was built in at construction. '!he 
perfonnance infonnation for this section is summarized in table 116. 

Table 116. Pavement perfonnance at FL 2. 

Item 
ESAI/ s (millions) 
Joint Spall.ing, % 
Joint Fault.ing, in 
Transverse Cracks/mile 
Iorgitudinal Cracks, ft/mile 
:Roughness, in/mile 
PSR 

Center lane 
0.8 

0 
N/A 

0 
0 

N/A 
N/A 

outer lane 
2.0 

0 
0.01 

0 
0 

64 
3.7 

No deterioration was identified in the center lane. rue to very high 
traffic volumes, no fault.ing measurements were obtained in the center lane. 

8.. CXH'!llJSI(H; 

'!his 1-year-old pavement showed no deterioration at all arrl is in 
excellent corrlition. Hc:Mever, while faultirg is minimal, it is expected that 
the lOv/ load transfer, combined with heavy traffic load.ing, will result in 
increased faulting of the transverse joints. 
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~ 30 ~ 75 - ~, FUm.DA ~ c.a:!Nr.l} 

1. INmOllJCI'IW 

'Ibis pavement is a six-lane Rural Interstate highway constructed and 
opened to traffic in 1982. The project is four miles lo:rq ani is lOC'.ated 
betrll'leen Highways 70 and 64, in Manatee County near Ta:rrpa, Florida. 'Ihe 
section is designated as FL 3. 

2e DESIGi 

'Ihe section is JPCP having a slab thickness of 9 in (229 mn), and a 
random skewed joint spacing of 16-17-23-22 ft (4.9-5.2-7.o--6. 7 m). '!he 
transverse joints contain 1.00-in (25 mn) diameter, epoxy-coated dowels, and 
are sealed with a silicone sealant utilizirg a shape factor of 0.17. 

'lhe base consists of lean concrete, 6 in (152 mn) thick. 'lhe subgrade 
is an AASHI'O Classification A-3 sa:rrly material. 'Ihe section has tied le.an 
concrete shou.lders that have an average slab thickness of 7 .5 in (191 mm) , 
and a 6 in (152 mm) thick sand base. Complete design and construction 
information is provided in chapter 32 of this appendix. 

3. CL'IMME 

This section is located in a wet-nonfreeze climate zone. 'Ihe area has 
a 'Ihomthwaite Moisture In:l.ex of 16, a freezing index of O, and receives an 
average annual precipitation of 58. 7 in (1491 :rmn) • 'lhe highest average 
IOC.)nthly :maxinuJ.rn temperature is 91 °.F' (33 °c) while the lowest average 
IOC.)rrthly minimum temperature is 50 °F (10 °c). 

4. 'IRAFFIC 

In 1987, this section had a two-way ADI' of 32,700 vehicles, including 
20 percent truck..c.. At the time of survey, the pavement was 5 years old and 
had carried 4.1 million 18-ldp (80 kN) ESAI/s .in the outer lane, 1. 7 million 
in the center lane, and o. 4 million in the inner lane. 

5. IEAINABil.J.TY AND OllJER PHYSICAL ff.ST.llG RESOI.I[S 

'lhe pavement contains no positive subsurface drainage. A strip of 
filter fabric, 58 in (1473 mm) wide, was placed ur.rler the lean concrete 
shoulder, apparently to improve the flCY.tl of water beneath the lean concrete, 
which is assumed to have no pP-nooability. 'llle subgrade had very poor 
drainability, 'Which resulted in the assigrment of a drainage coefficient of 
0.75. 

FWD deflections am cores were taken on the section. 'Ihe 
backcalculated E of the slab was detenni.nai to be 4,160,000 psi (28, 680 
MPa) • 'llle :modulus of rupture estimated from. cores was 599 psi ( 4 .1 MPa) • 
'Ihe composite dynamic k-value on the top of the lean concrete base ·lilias 529 
pci (144 kPa/nm). 'Ihe load transfer measured on the doweled transverse 
joints averaged. only 19 percent, while the mean slab corner deflection (und.er 
a 9-ki.p (40 kN) load) was an extremely high 23.9 mils. Slab ..-;orner 
deflection tests showed that 73 percent of the comers were €Xh.ihiting loss 
of support. 
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6. KAINTENANCE AND REHABIU'l!ATICfi 

D.le to the large a:momits of deterioration that has occurred on this 
project, extensive rehabilitation has been perfonned. on the pavement. 
Pr.inarily, this has included full- an:1 partial-depth patching and joint and 
crack sealing. '!his was per.fo:r:nei .in 1984 and again in 1986. 

7. PAVEMENI' ~ 

For only being 5 years old, this p:1vement section is di.splaying a large 
amount of deterioration. '!his is summarized in the table 117. rue to high 
traffic volumes, certain distress items were not able to be detennined. in the 
.inner two lanes. 

Table 117. caoparison of perfonnance by lane at FL 3. 

Distress 
ESAL' s, millions 
Joint Spalling, % 

Inner Lane 
0.4 

Joint Faulting, in 
PUmpirg 
Transverse cracks/mile 
longitudinal cracks, ft/mile 
Roughness, in/mile 
PSR 

N/A 
N/A 
I.J::M 

80 
0 

N/A 
N/A 

Center lane 
1.7 

3 
N/A 
I.CM 
250 
460 
N/A 
N/A 

OU"tP..r Lane 
4.1 

2 
0.08 

Medium 
310 
440 

84 
3.2 

'I.he major distress that has occurred is deteriorated transverse 
cracki.ng-, which has reached an excessive ann.mt (gene.rally 70 transverse 
cracksjlnile is believed the critical level). 'lllese cracks were routed arrl 
sealed just before the survey was con:iucted. Transverse cracking varies 
across the traffic lanes as does the accumulated 18-kip (80 kN) ESAI/s, as 
seen from table 118. 

Lane 
outer 
Center 
Inner 

Table 118. Transverse crackin:J at FL 3 • 

C\mulati ve 
ES.Alls. millions 

4.1 
1.7 
0.4 

Transverse 
Cracks/mile 

3iO 
250 

80 

'Ihe slab lengths in the rarrlcm joint spacing pattern ranged fram a lOW' 
of 16 ft ( 4. 9 m) to a high of 23 ft (7. O m) • 'lhe effect of joint spacing on 
cracking for each traffic lane is shown in table 119. 

canbined, the :results fran these two tables show the effect of slab 
length am traffic loading on transverse cracking. Generally speaking, the 
longer the slabs am the heavier the traffic, the greater the number of 
cracked slabs. '!he lorger slab lerqths (22 arrl 23 ft (6.7 and 7.0 m)) 
consistently had higher amounts of transverse cracki.r.g, and it should be 
noted that many of those larger slabs actually had two transverse cracks. 
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Table 119. Slab cracking as a ftmction of slab length at FL 3. 

Slab Length 
16 
17 
22 
23 

Cl.:nnulative ESAL's 

o..rter lane 
85 
86 

100 
92 

4.1 

Center lane 
54 
71 

100 
100 

1.7 

Inner Iane 
0 
0 

69 
50 

0.4 

'Ihe shorter 16 and 17 ft ( 4. 9 and 5. 2 m) slabs located on the lighter 
trafficked inner lane had no transverse cracks, whereas, for the same lane, 
the larger 22- and 23-ft ( 6. 7 and 7. o m) slabs had over 50 percent slabs 
cracked. A general reduction in transverse cracking is observed as lower 
traffic loadings are errlured.. 

'Ihe larger slab lengths produce more transverse cracking because of 
larger thermal curling and shrinkage stresses .imuced in the slab. 'llus is 
particularly true for sections constructed over a stiff base, such as the 
lean concrete used here. 'Ihe results show that for the heavy trafficked 
outer and center lanes, even the shorter 16- and 17-ft (4.9 and 5.2 m) slabs 
and 9 in (229 mm) slab thickness were inadequate to control cracking. When 
traffic was much lower, as in the inner traffic lane, no cracking was 
d::>served for the 16- and 17-ft (4.9 and 5.2 m) slabs. 

Studies by Florida ror indicate that no provision was made for positive 
drainage of subsurface moisture. (18) 'lb.is resulted in water being trapped 
between the slab and the lean concrete base. 'Ihe joints started to purrp 
unier heavy traffic loads, which resulted in erosion of the base material 
and, ultiiaately, slab cracking. 

'!here also existed a fair amount of longitudinal cracking within the 
project. It also varied across traffic lanes, showing 440 ft/mi for the 
outer, 456 ft/mi for the center, and O ft/mi for the inner lane. Some of 
these cracks were diagonal, somewhat similar to comer breaks. 

Faulting averaged 0.08 in (2.0 nun) at transverse joints, which is 
approaching a critical level of 0.13 in {3.3 mm). '!here existed visible 
signs of medium-severity punl)ing (fines on the surface). 'Ibis is apparently 
frcm the lean concrete base, which ma.y be eroding away. '!he 1-in (25.4 mm) 
diameter dowels may be insufficient to harrlle the heavy traffic loadings that 
are present on the project. Nearly three out of four joints had a measured 
loss of support, which correlates with the presence of p.lll'ping, and a low 
load transfer at the transverse joint certainly contributed to the pumping 
con::lition. Also, corner deflections were very high, in:ticating extensive 
puq>ing and loss of support exists alorg the outer lane. 'lhe net result of 
these factors was a low PSR in the outer lane of 3. 2. 

'Ihe l?CC shoulder was generally in good con::lition. However, there were 
scma localized areas of joint spallirq. Load transfer at the largitudinal 
lane--shoulder joint was determined to be 44 percent, in:ticating that the tieq. 
l?CC shoulder is not lerxiing a substantial aIOOl.lllt of support to the mainline 
pavement in edge am corner loading situations. 
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8. OH::I.DSI<.H3 

'Ibis 5-year-old, heavily-trafficked pavement showed extensive 
transverse cracking arrl significant pumping arrl faultirg. An exa:m.ination of 
the transverse cracking by traffic lane (e.g., loading level) an:i slab length 
shows that both factors have contributed to this distress. Based on these 
results arrl upon other aspects of the pavement design, the major causes of 
the transverse cracking is believed to be a combination of thennal curling, 
shrinkage (frictional restraint), an:l traffic loading stresses. 'Ihere still 
remains questions as to why such a large amount of cracking developed, 
however. 

Poor drainability, an erodible lean concrete base, arrl small diameter 
dowels have contributed to the erosion of the lean concrete base. 'Ibis 
erosion has led to significant faultin;J an:l serious loss of support under the 
outer lane corners, which will eventually lead to corner breaks arrl 
additional transverse cracking. 

9. AIDI.TI~ READlNG 

"Appropriateness of Design, Construction arrl Rehabilitation Actions on 
Concrete Pavement Sections of Interstate 75 in Sarasota arrl :Manatee 
Counties," Office of Inspector General, Florida Department of 
Transportation, July 1986. 

191 



CHAPim 31 REY 'ID IRlJErI' SCHW« '17\BUS 

'Ihis chapter provides a key to the SUlllll1illY tables which are presented. 
in chapter 32. F.ach category and columnar heading is described, a key to the 
abbreviations used in the tables are presented., arrl, where appropriate, 
sources of infonnation used. to carrplete the tables are provided. 'Ihe summary 
tables in chapter 32 document and summarize all important project data, 
including envirormental data, original design an::i construction data, traffic 
infonnation, drainage infonnation, and perfo:rmance data. 

lo GENERAL AND ~ mTA 

'lhe following is an explanation of the headings in the table "General 
and Envirornnental Data. " Where awlicable, the source of the entries in the 
columns are provided. All climatic data are, of necessity, obtained from the 
nearest data collection source. 

ZOOE. '!he U.S. is divided into clilllatic zones based on temperature 
and annual :rainfall, from work done by 'Iho:rnthwaite. ( 19) 'Ihe divisions 
used are those proposed for use in SHRP. (20) '!he project sections are 
grouped according to their location in these zones to highlight the 
effect that climate has on pavement perfonnance. 

IRlJECI' I..OCATICNe Project sections are identified by their highway 
classification am. number. '!hey are further located. by the nearest 
city. 

'1012\I, NUMBER. OF EXPERIMENmL SEcr'IONS. Many of the sections selected 
for this project are part of e.xperiments in which one or several design 
features were evaluated. 'Ihis c:x:,lumn shows how many experimental 
sections were constnlcted at any given location. If the entry in this 
column is one, then there was no experiment con:iucted at this 
location. In that case, the section is included. either as a control 
section for use with the experimental sections or as an exanple of new 
construction inco:rporatin:J unique experimental design features.· 

NUMBm OF SECI'.IONS :EVAIIlATm. 'Ihe enb:y in this column provides the 
number of sections at each project location actually included in the 
study. 

~ Avm:mGE ~'ICE" IEtDIH. Generally, an attenpt was made to 
select sections 0.2 mi (1056 ft [322 m]) lor.g. However, this was not 
always possible, due to a number of con::litions which existed at the 
sites. 'Ihe ma.jor liinitation was that ~ sections were constructed 
less than 1056 ft (322 m). 

'lBEN'mWAI'.m IDIS'IORE INIEX. 'Ihis value imicates the anomt of free 
rroisture available in a partiailar area. A value of o in:licates that, 
on average, there is no free rroisture available. Positive values 
represent an excess of free iooisture am. negative values represent a 
high evapotranspiration potential. 'Ihe 'Ihornthwaite Moisture In:lex 
values are based on w0rk descril:e::l in reference 19. 
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CORPS OF EHiINEERS FREEZING INIEX. 'llrls irrlex represents the number 
of degree days with a mean air temperature below freezing. Values can 
be obtained fran reference 21. 

HIGmSI' AVERl!GE lDlIBIX MAXIlD( ~, °F'. A substantial 
anount of climatological data are collected by the National Oceanic and 
Atmospheric Administration (NOAA) at locations in each state arrl 
SUil1Illarized in the publication, "Climato¥aPhy of the United States No. 
81, Monthly Nonnals of Temperature, Precipitation, an::l Heatin:J arrl 
Coolin; D:gree Days, 1951-1980." (22) 'lhe temperature data presented in 
this publication are the nonnal maxillll.nn, minimtnn, and average 
temperatures, SUil1Illarized by m::>nth. In this column, the value fran the 
1ronth with the highest maximum temperature is reported. 

~ AVEEW:;E 1Dl.IJilll MINlMJM ~, °F'. 'Ihis data canes 
from the same source described above. 'lhe data presented in this 
column is the value from the m::>nth with the lowest minimum temperature. 

AVERl!GE. MAXIMlM ~ - Av.mAGE KINillJM T.EMPERMURE. 'Ihis 
temperature change is the difference between the highest average 
II"Onthly maximum temperature and the lowest average II"Onthly minimum 
temperature. 

AVERl!GE NUMBER OF Il1\YS OF FREX!IPITATICti PER YEAR. 'Ihis is an average 
of the number of days during the year in which precipitation in the 
vicinity of the section is recorded. It represents an average over a 
30-year pericxl. 'Ihis infonnation is obtained from county soil reJ;XJrts, 
which are prepared by the United states Department of Agriculture, Soil 
Conservation Se:tvice (SCS). 

ANNUAL A~ i::mx::IP!TATJ:Cti. '!his is the average precipitation 
based on the climatic infonnation available in reference 22. 

lmIGN FENIORES EVAI.DATED. Project sections were selected for one of 
three reasons: they were e.xperilDental projects, they were a "control" 
section which could be used to cx::arpa.re perfonnance with the 
experimental sections, or they were an example of a new design which 
included some experimental feature(s) being evaluated. 'Ihis column 
identifies the reason for inclusion of the section in the study. Where 
the section was initially constructe:i as an experiment, the design 
features evaluated as part of the experiment are presented. If the 
section is included as new construction, the experimental features 
incorporated in its design are noted. 

A~ NOMmR OF ANRJAI.. FREE:lE-'ll:JAW cr~. 'Ihe average rrumber of 
annual freeze-thaw cycles data at over 1300 sites was collected and 
recorded by the National Weather Bureau. '!his information was obtained 
from reference 23. 

2. IE:ITGN IlA'.rn. 

'Ihe following is an explanation of the headings for the design tables. 
'Ihis includes the slab, base, subbase and subgrade design data, the outer 
shoulder data, and the joint infonnation. 
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SIAB JE:;IGN DATA 

lRlJECl' IOCATICE. Project sections are identified by their 
highway designation and number, the nearest city, and the year of 
construction. 'Ihe direction of the su:r:vey is also given. If the 
sw:vey was corx:iucted in one direction only, that is shown as EB, 
WB, NB, or SB. If sections on both sides of a four-lane (or 
greater) highway were surveyed, both directions are shown as EB&WB 
or N.B&SB. If the section was located on a two-lane highway, the 
lane in each direction was surveyed. '!his is sha,m as E/W or 
N/S. Sections included as controls or as representative of new 
construction incorporating innovative design features are 
identified with their year of construction. 

~ SOCTIW ID. To aid in the overall organization of this 
project, each different project location within a State was 
identified by that State's abbreviation and a number. Each 
different design within that project was further identified by a 
number sequentially assigned as a suffix, thereby differentiating 
between sections. 

PAVEMmT 'fil?E. Two types of pavements are included in this 
study, Jointed Plain Concrete Pavement (JR:P) and Jointed 
Reinforced Concrete Pavement (JRCP). '!he appropriate pavement 
type for each section is entered in this column. 

'Ihickness, in 
'lhe design thickness is obtained from plans, drawings, or 
reports provided by the state or reporting agency. Core 
thicknesses come from the coring perfonned as part of the 
field su:r:vey. 'Ihe core thickness reported represents one to 
two center slab cores. '!his is not a valid sanple size and 
it is not intenied to suggest that the actual thickness of 
the slab is that obtained frcm the cores. 'Ihe design 
thickness has been used in backcalculation procedures and 
ESAL calculations. for SCllle projects, the core thickness was 
unavailable and an entJ:y of N/A is made. 

Joint Spacing, ft 
'Ihe transverse joint spacing of the section is entered in 
this column. Joint spacirgs are either unifom or ram.am. 
Random joint spa~ are a sequence of four slab lengths 
that are repeated in a. consistent pattern. All slab len:fths 
are reported to the nearest foot. 

% Steel. JRCP 
Jointed reinforced concrete pavements have a small percentage 
of steel whose purpose is to keep transverse shrinkage cracks 
tight. 'Ihe percent steel is calculated as follows: 

As * n 

t * 12 
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where: Ag = cross-sectional area of the lor:gitudinal steel, in 
n = number of pieces of lor:gitudinal steel per foot 
t = thickness of the slab, in 

'llris actually gives a value of percent steel/foot, which is 
very close to the percent steel calculated on the slab's 
entire cross section. 

Skewed Joints, Yes/No 
Skewed joints are transverse joints which are not constructed 
pe:rpen:licular to the lor:gitud:inal centerline. 'Ihe standard 
practice is to have an offset of 2 ft in 12 and to construct 
the skew counterclockwise. Sections with skewed joints are 
identified by a 11y 11 • 

I.Dad Transfer Devices {LTD'S) 
'!he most commonly encountered IlI'D's are dowels. If dowels 
are used., the dov1el diameter, in inches, is shown. If no um 
is used, a diameter of o. o is entered. Several projects in 
Nev.r York used IlID's other than dowels. 'Ihese are in:licated 
in the summary tables as "AOIB" for the two-part malleable 
iron load transfer devices or "I-BEAM'' for steel I-beam bars. 

Coating 
Dc:Mels are often placed with a coating to inhibit corrosion 
and to facilitate :rovement. 'Ihe coatir:gs :nn;t commonly used 
include paint andjor grease (P/G), epoxy, a plastic coating, 
stainless steel (SI' SIL), an::i liquid asphalt (IA). If there 
was no dowel, a series of three dashes is entered. 

E, ksi 
Young's modulus of elasticity (E) is estimated using 
ba.ckcalculation prccedures. 'Ihe FWD deflection basin and 
radius of relative stiffness are used to characterize the 
strergt:h of the surface in tenn.s of the dynamic nmulus of 
elasticity. 'lb.is figure is rourded to the nearest 10 ksi. 
'Ihe dynamic E is not the sane as the E calculated with other 
correlations. 

~, psi 

'!he m::xiulus of rupture reported here is an estimate of the 
value obtained from third point load.irg. It is calculated 
from the correlation I\,= l.02*Ft + 210, where Ft is 
the split tensile st.refgth frcm the cores collected during 
the field survey. 'Ihls correlation is developed in work by 
Foxworthy. (24) 

BASE DESIGN DATA 

'Ihe first three colmnns in the table (Project I.Dcation, Project Section 
ID, am. Pavet00nt 'IyPe) are repeats of categories discussed in section 2. 'Ihe 
base data begins in column 4. 
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~ 
'llle base layer is the layer in the pavement system directly 
l:>eneath the surface. .Many different materials are used in 
the construction of base layers. 'Ihe following list includes 
the abbreviations used for both base arrl subbase materials: 

AGG: gravel or crushed stone 
SC: cement-treated soil 

A...ITB: asphalt-treated base, usually a dense-graded 
hot-mix 

SAND: sarrl 
CTB: cement-treated base 
ICB: Lean concrete base (also econocrete) 

PATB: permeable asplalt-treated base 
HMAC: hot-mix asphalt concrete 
PAGG: permeable (nonstabilized) open-graded base 
I.FAS: lilne--fly ash stabilized base 
IJISG: lime-treated subgrade 
NONE: no base; slab is constructed directly on the 

subgrade 

'lru.ckness 
'Ihe design thickness is obtained from plans, drawings, or 
reports provided by the state or reportirg agency. Core 
thicknesses are :measured from the coring performed as part of 
the field sui:vey. 'Ihe values represent one to two center 
slab cores. As with the slab core measurements, this is not 
a ·valid sanple size and its inclusion here is not inter.rled to 
imply that the actual thickness of the ba.se is that obtained 
from the cores. 

If there is not base layer, the design and core thicknesses 
are entered as three dashes. As is noted above, some core 
thicknesses were not available and are noted as N/A. 

Estimated Pe.nneabillty 
'Ihe coefficient of :permeability, k, is reported in units of 
ft/hr. 'Ihe procedure used in this study to estimate the 
permeability of porous base and subbase layers follows that 
outlined in reference 25. '!he penneability equation in that 
reference has been worked into a carprt:erized solution, 
mA.rnrr. (26) 'Ihe inputs to this solution include the 
effective grain size, Dia, the specific gravity, Gs, and 
the percent passing the No. 200 sieve. '!he types of fines 
arrl the general material type are also need.eel. All of the 
material properties were obtained from the coring and boring 
performed as part of the field surveys, with the exception of 
Gs. In same cases, that is available from project 
records. Whex:e it is not available it is eh'i"..imated. nie 
estimated pe:nreability of stabilizecl, norrlrainirq layers 
(ATB, CI'B, CAM, SC, Dl'SG, LFAS) are entered as zero. Several 
projects bad in situ or laboratory drainage evaluations 
performed arxi, where available, these results are also 
12~sented. 'lhe study permeability value is presented first, 
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separated by an in/in from the estimated permeability. If 
there is no base, the estimated permeability is recorded as 
three dashes. If insufficient material was obtained to 
estilna.te the permeability, an entry of N/A is made. 

~ff' (Dynamic) 

'Ihe effective dynamic m::xiulus of subgrade reaction on the 
base is ba.ckcalculated using a closed-form nl.JlOO:rical 
procedure which evaluates the stiffness of tl1e surface and 
subsurface layers in terms of dynamic loading. 'Ihe FWD 
deflection basin am radius of relative stiffness are used to 
detenn.ine the dynamic k-value on top of the base. 'Ihe 
dynamic k-value is approximately 50 pP.xcent higher than the 
static k-value due to the stress state in:iuced by the dynamic 
load. 

'!he subbase is the layer of the pavement system located beneath the 
base. '!he descriptions of the categories and the entries are identical 
to those used. in the section on bases. 

AASHro Sl.ll::grade Soil ~ 
'Ihe subgrade is the lowest layer of the pavement system. It is 
the existing material upon which the pavement system is 
constructed. 'Ihe pavement may l:>e constructed on the existing soil 
or it may rP..st on fill material. 'Ihe AASH'IO soil type is 
detennined in accordance with .MSHIO M-145. Results were obtained 
from the boring ope:rations, construction reports, or county soil 
surveys. 

curER SIDJillER ImIGN DATA 

~ 
Two surface types were absel:ved on the outer shoulders j,n this 
project. 'Ibey are asphalt concrete (AC) and portland cement 
concrete (RX:!) • In IIDSt cases, the ~ shoulders are tied to the 
mainline pavenrant with regularly space:l rebar. 

'Ihickness 
'Ihe thickness of the surface arrl base courses are provided for the 
outer shoulder. In ce:rtain cases, the croos section of the 
surface layer tapers fran the pavement e:ige to the outer edge of 
the shoulder. 'Ihen the thickness provided is an average of the 
thickest am thinnest part of the cross section and is noted by an 
asterisk. 

PA~ 'mANSVmSE JOillr ~ 

Again there is sate repetition of column headings for sake of clarity. 
'Ihese have been described elsewhere. 
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'mANSV'EmE JOINI'. 

D:Jwel Diameter. in 
'Ihis catego:ry has been previously described elsewhere. 

calculated Average Joint Qpening, in 
Joint m:wement is a function of slab length, temperature 
charge, the thennal coefficient of expansion of the slab 
material, and the friction between the slab and the base. 
'll1e calOJlated m?an joint opening can be estinlatai from the 
following equation: 

/J.L = C * L * ex * /J.T 

where: /1 L = mean joint opening, inches 
C = an adjustmnt factor for base friction; 0.80 

for granular material and 0.65 for stabilized 
material 

L = slab length, inches 
, a = thennal coefficient of expansion of PCC, 

5.5 * 10-6 in/in/°F 
/1 T = design temperature chang"e, from table 1, 

General and Envirornnental Data 

Skewed Joints. YIN 
'Ihis catego:ry has been previously described. 

Joint Sealant Shape Factor 
'lhe joint shape factor is the ratio of the joint reser:voir 
width to the joint reservoir depth. 'lhis is based on the 
design and not an actual field measurements. If the joint 
was not sealed at construction ar:d rena.ined unsealed, the 
shape factor is O. o. Note that the joint reservoir may be 
different than the initial sawcut of the transverse joint. 

Joint Sealant 

Type 

Age 

'lhe types of sealants used in the transverse joints and 
their abbreviations are presented below: 

PREF: prefonned elastaneric conp:,urxl 
HP: hot-poured bituminous material 
AC: asphalt cement 

SIL: silicone sealant 
RA: :rubberized asphalt 

'lhe age of the sealant at the time of the smvey is 
recorded. 'Ibis is not always the same as the age of the 
pavement, as same sections have been resealed. 
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Corrlition 
'Ihe joint sealant con:lition was evaluated by severity 
during the field su:rvey. 'Ihe corrlition reported is the 
average condition, or the corrlition of the sealant in 
the majority of the joints. Only the outer lane is 
included in this ratin;J. 'Ihe follOW"ing ratin:J scheme is 
used: 

SEVERITY I.EVEL 

NONE 
I.CW 

IDDERATE 
HIGH 

OJNDITION 

EXCETJEN'T.' 
GCOD 
FAIR 
RX>R 

IEPIH OF ICNGrIUDINAL JOmr, IN. 'Ihe depth of the longitudinal 
joint between lanes is obtained from construction records or other 
infonnation supplied by the states. It was not measured in the 
field. If the lanes were placed at separate times and no joint 
was sawed or fonned by an insert, this is recorded as N/A. 

3. MEITORING DATA 

'lhis section describes selected Il'Onitorin;J infonnation. SUch items as 
deflection data, outer shoulder information, drainage information, and 
traffic infonnation are included here. 

DEFrE.CT'.IOO DATA - cv.rER IANE 

IEFll'Cl'ICN, MIISe 

Mid-Slab Deflections 
A Falling Weight Deflectameter (FWD) was used to nLE>.asure 
pavenent deflections u.rder a dynamic load. 'llle te.st patterns 
used are illustrated in chapter 1 of appendix B. A series of 
four loads in a range from 7 kips (31 kN) to 17 kips (76 kN) 
were applied to the center of the slab arrl the resultant 
deflections were recorded by a set of sensors in thousandths 
of an inch. 'Ihe deflections at the load closest to 9 kips 
( 40 kN) were then "nonnalized" to 9 kips ( 40 kN) by plotting 
load vs. deflection arrl obtainin;J a deflection for each 
~t. 'Ihe results presented here for each section are the 
nonnalized high arrl lOW" deflections recorded from the load 
plate sensor (D

0
) , arrl the average of all of the mid--slab 

deflections for the section. 

I.Daded Comer 
As the above-mentioned figures show, FWD testing was 
perfonned at the corners of the slabs. Data collecte::l at 
this location is used to determine load transfer at the joint 
and to detennine the existence of voids urrler the slab 
corners. 'lhe loaded comer deflection is the deflection 
recorded by the sensor directly lll'rler the load plate (D

0
). 

'Ihe value presented here is an average of all of the loaded 
comer deflections fran the section. 
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Unloaded Corner 
When deflection testin:J is perfonood in the corner of the 
slab, a sensor is placed c:g:>osite the loaded corner, on the 
unloaded. corner. 'Ihe deflections recorded fran this sensor 
(Dl or D6) represent the unloaded corner deflections. 
'Ibis value is also an average of all of the tmloaded comer 
deflections fran the section. 

A0JUST.ED PERCEN.I' I!W) 'mANSFER EFFICilNCY. 'Ihe general 
definition of load transfer (percent) is the deflection of the 
unloaded corner divided by the deflection of the loaded comer 
multiplied by 100. 'Ihe adjusted load transfer is a corrected 
value to take into account the fact that the slab deflects under 
loadirq; the natural benii.ng of the slab under load Illl.lSt be 
accounted for to 100:re accurately IOOdel the deflection of the 
comer. 'lhe correction factor used is the average of De/Di_ 
for the section. 'lhe load transfer is multiplied by the 
correction factor to obtain the adjusted load transfer efficiency. 

PERCENT IOAD '1RANSFER ACB:6S sa::m:im.. 'lhe load transfer across 
the shoulder can be cala.1lated from deflections measured across 
this joint, if the shoulder is R:'C. 'lhe method of cala.1lation is 
the same as that described above. If the shoulder is AC or AGG, 
the entry in this colmnn is N/A. 

AVE:m\GE NDl' TEST TEMPERNIORE, °F. FWD test results are· 
somewhat sensitive to the teirg;ierature of the slab beirq tested. 
'lhe average ambient temperature over the course of the testin:J is 
presented here. 

Im'C!Nl' CDRNERS wrnI 'VOTIS. Usin:J procedures developed under 
NCERP 1-21 (:reference 27), deflection measurements obtained at the 
slab corners can be used to identify the presence of voids under 
those comers. 'lhe percent of the comers tested which had voids 
is presented here. 

aJrER SimI.DER INRHWl'ICU 

~~..JJllICKNESS, IN. 

SUrface 

Base 

'lhe layer type and its thickness are given for the surface. 
'Ibis infonnation is obtained fran plans, specifications or 
other sources ma.de available by the states. 'lhe surface 
types are asphalt concrete (AC) and portland cement concrete 
(ICC). 

'lhe base type and its thickness are given. 'lhe base types 
are the same as previously described. 'lhe thicknesses 
follCYtled by an asterisk ( *) irrlicate an average thickness. 
An average is given when the shoulder thickness changes from 
the pavene-it edge to the cuter edge. 
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OVERAIL SIDJI.IER a:tIDJTICN. '!he shoulder condition ratirg is a 
subjective evaluation made at the time of the field survey. '!he 
ratings used were excellent, gocd, fair, arrl :i;x:x:>r. 'Ibey are based on 
the airount of distress recorded on the shoulder. 

SlllJilER JOINI' SEAL a:tIDJTICN. As part of the drainage survey, the 
condition of the lane-shoulder joint sealant was evaluated for each 
section. '!he severity levels for the at:served sealant distress were 
NONE, I.CM, IDDERATE, arrl HIGH. 'Ihese correspond to an overall shoulder 
joint seal a:,ndition of excellent, gocrl, fair, arrl p:>0r. 

IEAilWiE INF'CR1ATICH 

PERMEABILITY, ETJBR. 

B:lse 
'Ihe calculation of the estimated permeability, k, of the base 
has been previously described. 

SUbbase 
'!he calculation of the estimated. permeability, k, of the 
subbase has been previously described. 

Sµbgrade 
'Ihe detennination of the estimated permeability, k, of the 
subgrade is presented when made available from other sources • 

.MSffiO IEAitW;E a>EFFICIEN.l', ½i• · rnris parameter is an overall 
estimate of the drainability or the entire section or its ability to 
rerocwe water from the pavement structure. It is based on a number of 
factors, including environment, layer permeabilities, time of 
saturation, lon.1itudinal arrl transverse slopes, ar.d naterial 
characterL<ttics. 

i::nmrs, Yf.N. 'Ihis is the same as information presented earlier. It 
is included again as an aid to un:ierst:an::lirg the other data on this 
page. 

~ '!'WE. If the only pavement drainage is positive flow 
from the slope of the surface, this is recorded as NQ."'T.E. Types of 
subdraina.ge included here me: a drainage blanket (DB) or d...."'clining 
layer, longitudinal edge drains (EOO DRNS), transverse drains, and a 
draina.ge blanket with longitudinal edge drains (DB/ED). 

IEPm '10 DIT<ll, FT. '!he depth from the pavement edge to the bottom 
of the ditch line was estimated during the field survey. '1his number 
is only an estimate. If a value of o is entered, there is no drainage 
curbs arrl gutters or stonn drains. 

AVE:RAGE '1RANSVERSE SIDI£, PEEllNl'. '!he average transverse slope of 
the outer lane of the pavement was :measured at the beginning, middle, 
arrl errl of the section, using a bubble level with a slcpe irrlicator. 
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'Ihe three values are averaged and converted fram in/ft to a 
percentage. A negative value in:iicates that the outer lane sloped down 
toward the outer shoulder when facing in the direction of traffic. 

AV.ERN;E ICNGI'lUDINAL GRAI::'IE, P.ERCEN.l'. 'Ihe average longitudinal grade 
was also measured three times and the readings were averaged. A 
negative slope in:licates that the pavement slopes da.,m in the direction 
of the sw:vey. In saroo cases the slope changed signs during the 
section. In those instances, the three readings are still averaged. 

'IRAFFIC ~CH 

ORIGINAL IESIGN 'IRAFFIC 

Very little original design traffic was available. '!he design 
traffic that was available is presented here. 

ESAL's 
'Ihis is the number of 18-kip (80 kN) Equivalent Single-Axle 
IDad (ESAL) applications used for the design of the pavement. 

Average 1:aily Traffic (ADI') 
'!his is the two-way ADI' used for the design of the pavement. 

Percent Trucks 
'!his is the percent of heavy tru.cks used for the design of 
the pavement. 

AGE M SOR.VEY 'Ihe age of the pavement at the time of the sw::vey is 
the number of years passed from the time of constru.ction until the 
summer of 1987. 

1987 EST.IMATED. 

'!his is the 1987 two-way ADI' obtained from the participating 
state agencies. 

Percent Trucks 
'!his is the 1987 truck percentage ( excluding panels and 
pickups) obtained from the participatin;J state agencies. 

anm JANE 

1987 ESAL Estimated From ADI' and Percent Trucks 
Using ADI' and percent truck infonnation provided by the state 
agencies, and truck weight infonnation, the ESAL applications 
for 1987 were calculated and entered here. 'Ihe outline of 
the traffic conprtations is given in chapter 3 of appendix B. 

Estimated Accumulated ESAL' s 'Ihrouqh 1987 
Using historical ADr and percent truck infonnation provided 
by the State agencies, and truck weight infonnation, the 
cmnulative ESAL applications ( from the date of opening to 
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JANE #2 

traffic through 1987) were cala.ilated and entered here. The 
outline of the traffic computations is given in dlapter 3 of 
appendix B. 

lane #2 is the lane adjacent to the outer lane. 

1987 FSAL F.stimated From ADr and Percent T:tucks 
'Ilrls is the same as described above for the out.er lane. 

Estimated Accumulated ESAL' s 'Ihrough 1987 
'lhis is the same as described above for the outer lane. 

4. ~ DATA 

Key elements of each pavement section's performance are summarized for 
both the outer lane (lane 1) and the adjacent lane (lane 2). '!his data was 
collected during the field surveys conducted over a 6-rronth period during 
1987. It is not possible to include all of the perfo:anance data in these 
tables; that infonnation is available in the computerized database. Instead, 
key performanc.e .indicators are provided. 'Ihe distress identification, rating 
of severity levels, and recordir:g of quantities were all perfonned in 
accordance with guidelines presented in reference 28. Sections with rrore 
than two lanes in the direction of the survey were only visually surveyed for 
condition and distress in all lanes other than the outer lane due to safety 
considerations. 

001ER IANE PERRlRMANCE DATA 

LOAD 1:RANSFER rEV.ICE (DID) DIAMEI'ER, IN. '!his catego:r.y of data is 
described elsewhere and is included here for reference only. 

AVERl!GE PRESmT SERVICEABIIJTY: RATING. 'Ihe PSR was recorded by two 
people while runnin:;J the Mays Roughness survey. 'Ihe PSR is a rating 
assigned to the pavement by the si.Itvey era, after driving over the 
pavement at the posted speed limit. 'Ihe ratirq scale ran-Jes from o 
(considered an "impassible" pavement) to 5 (considered a "perfect" 
pavement). 'Ihe PSR is a highly subjective ratin;J given the small 
san-ple size and is included for reference pmp:,ses only. 

MAYS :ra:amE$, IN/MI. A 1985 :Bui.ck Le Sabre equipped with a Mays 
Roughness Meter was used to perfonn a roughness survey on every section 
of the project. 'Ihe vehicle, loaded to a fairly constant weight, made 
two passes over each section at 50 mi/hr (80 km/hr). 'Ihe roughness 
readings fram both passes were average.cl. to obtain the value presented 
in this table. If the.re were two lanes in the direction of the survey, 
roughness information was ga:thered for both lanes. How'ever, if there 
were three or n-ore lanes in the direction of the smvey, PSR an::l 
roughness infonnation were only collected in the oute.noost lane (lane 
1). 

AVEI.W.iE ~ F.ADI.II.'IN:;, IN. Harrl measure.ments of the faulting 
of each ~erse joint were recorded in the outer wheel path of each 
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lane, for sections with fer.,.,er than three lanes in the direction of the 
survey, and in the outer lane only, for sections with three or nore 
lanes in the direction of the SUJ:Vey. 'Ihe average of the faulting 
measurements is given in this column. 

IEI.ml:OOMED · 'IRANSVmsE ~/MI. 'Ihe occurrence of transverse 
cracks and their severity was recorde:i duriI:g the field survey. For 
JPCP pavemants, transverse cracks of lc:M, m:x:ierate, and high severity 
are counted together and SUlil['(Sl as deteriorated cracks per mile. For 
JRCP pavements, only transverse cracks of lOOderate and high severity 
are counted. 

IOCI.'IUDilW.. ~, LINEAR FT/MI. I.on;itudinal cracks of all 
severities were measured and recorded. 'Ihe total~ are summarized as a 
number of linear feet of longitudinal. cracking :r;:er· mile of pavement. 

RJMPn«;. T.he entire section is given a ratirg for pumping based on 
the presence of the highest severity level of punping noted during the 
field survey. 

1?.ERCENI' OF '1RANSVImE JOINTS SPAUED. 'Ihree severity levels of 
transverse joint spalling are recognized and were recorded. Only 
medium- and high-severity joint spalling are stnmnarized together and 
shC1.vn here. 'Ihey are recorded as a :percent of the total number of 
joints in the section. 

MATERIAI..S IIJ.RABII.rI'Y msmESS. Materials problems usually occur over 
the entire length of the section. Typical problems noted are 11D11 

crack.uq (JXRK) and reactive aggregate (RAG). Where no durabilit<.1 
problem exists, this is noted as NONE. 

IANE 2 ~ IlATA 

'Ihe column headings for this table are t.he same as the ones previously 
described for "outer lane Perfonnance tata. 11 
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N 
0 
I.Jl 

Table 120. General information and design data for projects included in study. 

: Total : Project: : Corps : No. of : Iii ghest.: Lowes!:. : Average: flverage: 
Z :Number: Ntunber: Jlverc.1<Je ! Tllornl:h-: of : ,~.-eeze/: rlverage: flvera«Je: Ma>-< - : th.1mber : Onrntal : Design 
n :of luf lSectionltJaile lEnyr. :lha,J :Uaily lUai!lJ lllverage:uf DayslflveragelFeal:.ures 
N lExpi:.l. : Sects. :Length, : Hoisl:ure: Freez. :cycles/ :Maximum lNinimum: Min, : Precip/: Precip, : Evaluated 
E PROJECT LOCATION :Sects. lEval. :FT : Incle>-e : Index :Year :Temp, °FlTemp, •F: '"F :Year : IN : <See Codes) 

: --- : _, _______________________ : ------: ------: ·-------: --------: ------: -------: -------: ---·----: ----~-~: ~--~---: -------: -------------: 
' . . ' . . 

F I-94 Rothsay, MN 24 12 729 0 
R 1-94 Rothsay, MN 1 1 800 7 

0 E I-90 Albert Lea, HN 4 4 1053 16 
R E I-90 Austin. MN 1 1 1053 21 
y z TH 15 Ne1J Ulm, MN 1 1 1243 0 

E TH 15 Truman, MN 1 1 1053 17 

2188 92 84 -3 
2188 92 84 -3 
1688 90 85 6 
1250 90 03 2 
1800 80 86 2 
1800 80 83 1 

87 109 
87 109 
79 106 
Bl 110 
84 105 
02 105 

23.4 
23.4 
29.7 
31.2 
28. 1 
30.2 

:1,3,6,7 
:CONTROL 
:1, 2, 4, 6. 7: 
lNE~l- 7 
:NEH- 1,4>7,8 
lNEH- 1,3,7,8 

; --- ~ -- ------~--------------: ------: -------: --~----: ---~---·-: ------: -----·-·-: ------~-: --~----: -------: -------: -------: -------------: 
N: 
0 RT 360 Phoenix, AZ 7 6 1059 -47 0 40 105 36 69 34 8.0 1. 3, 7, 8 
F I-10 Phoenix, AZ 1 1 1041 -49 0 20 105 3'9 66 34 6.9 NEW- 3,4._6 

0 R J-,s Tracy, CA 9 5 1056 --42 0 40 94 37 57 61 9.7 1. 3, 4 
R E 1-5 Sacramento, CA l 1 1069 -31 0 40 93 38 55 58 17.2 CONTROL <O) 
y E I-210 Los Angeles, CA 2 2 988 -29 0 40 89 41 49 40 15.6 3, 8 

z us 101 1000 Oaks, CA 1 1 l.056 ·-25 0 40 76 43 33 40 14.6 NEH-1,3,4,7,8: 
E RT 14 Solemint, CA l 1 1072 -43 0 40 98 32 66 40 7.3 NEW- 3,4,8 . . 

:---:-~-------~~-------------:----~-:------:-------:--------:------:-------:---.--:-------:-------:-----•--:-------:-------------: 

F 
R 

I~ E 
E E 

' ' 
US 10 Clare, MI 

1-69 Charlotte, MI 
I-'94 l1arshall 0 HI 
1-94 Pau Paw, HI 

RT 23 Catski 11. NY 
I-88 01:.ego, NY 

RT 23 Chillicothe, OIi 
SR 2 V•wmi 11 ion, 011 

T Z IU,IY 3N Ruthven, ONT 
E IUW 427 Toronto. ONT 

RT 422 Kittanning, PA 
RT 676 Camden, NJ 
RT 130 Yardville, HJ 

10 8 644 
12 2 4068 

1 l 1066 
1 1 1066 

30 6 599 . 4 4 1000 . . 15 7 266 . 
104 2 500 . ' . 4 4 1054 . 

: 1 . 1 1054 . . . 
5 . 5 965 : . 
4 2 471 
1 1 1099 

29 
22 
27 
40 
54 
53 : 
33 
19 
22 
13 
53 
44 
37 

875 
563 
563 
563 
500 
500 

25 
300 

1000 
1000 
300 

0 
0 

100 
100 
100 
100 
00 
08 
~10 

100 
100 
100 
100 
75 
80 

02 10 
84 . 13: . 
83: 15: 
85: 17 
82 9 
83 13 
06 20 
ID 19 
80 19 
82 16 
03 15 
86: 23 
85: 25 

72 135 32.3 :2,3,4,5,6,B 
71 144 31.8 :7 
68 144 34.0 :NEH- 3,8 
68 86 38.2 lNEH- 3,8 
73 136 3B.9 :2, 3, 4, 5, 6: 
70 164 . 40.5 :2, 4, 7 . 
66 141 39.3 :3, 4 
64 146 33.0 :7 
61 128 32.3 :1, 3, 7, 8 
66 1!2 29.8 lCONTROL 
68 !62 41.2 :3, 0 
63 131 . 44.3 :3, 8 . 
60 131 . 42.5 :CONTROL . 

: -~-: ________ _,_ _____ . --------- :------: -·---~--: -------: --------: ------: ------~: --~-~---·: ------- :---~---: ---~---: -·------: -------------: 
N 
(! US 101 Geyserville, CA 6 3 933 

~l F I-'.35 Rocky Mount, NC 9 8 1065 
E R I-85 Greensboro, NC 1 1 105? 
T E l-75 Tampa. FL (Hill.) 1 1 1078 

E I-75 Tampa, FL <Han.) l l 1057 
z 
E TOTAL 264 -95 

49 
29 
25 

4 
16 

0 
0 
0 
0 
0 

50 
63 
70 

0 
0 

91 37 
89 29 
87 27 
90 50 
91 50 

54 75 43~7 7 
60 122 46.4 1,2,3,4,5,6 
60 120 42.0 HEH- 1,3,4 
40 ll5 46.7 NEH- 1,4,7 
41 115 58.7 NEW- 3,4,B 

________________________________________________________________ , _____ , ____________________________________________ _ 
Design Feal:.ures Codes: 

1 = Slab Thickness 
2 = S,ab Type 
3"' Base Type 

4 = Joinl:. Spacing 
5 = Joinl:. Configuralion 
6 = Load Transfer 

7 = PCC Shoulder/ 
1-1 i dened Lanes 

8 == Subdrainage 

(J 

~ 
b-1 
:,::, 
w 
N 

I 
0 
1-rj 

>,; 

~ 
L, 
trj 

n 
1-j 

~ 



Table 121. Slab design data for projects in dry-freeze environmental zone • 

. . --------
I I :Pee SURFACE I I I • 

I I • • I 
• I I ' I. 

:Project.: :THICKNESS, IN: Joint • Skewed: LTD"S :E. KSI :Mr,PSI: I 

:Project. Location :Section:Pvt.. I I Spacing, :z Steel Joints: I from : (from ' • ' I I 

l(Vear Constructed) I IO lType lDesign Core I FT I JRCP V/N 'Dia.• IN Coating: HlD I cores): I I 

:-------:---- ·------- -----·----------- ~------ ------ -------- -·------:------:------: 
I-94 Rothsay, MN :MN 1-1 lJRCP 9.0 N/A 27 0.08 V 0.0 --- I 7090 I --- • I I I 

we (1970) :MN 1-2 :JRCP, 9.0 N/A 27 0.08 V 1.0 P/G : 7750 I 801 I 

' I I 

IMN 1-3 :JRCP: 8.0 N/A 27 0.09 V 0.0 --- : 6660 
IMN 1-4 :JRCP: 8.0 N/A 27 0.09 V 1.0 P/G I 6920 ' 552 ' I 

:MN 1-5 :JRCP: 8.0 N/A 27 0.09 V 0.0 --- : 9130 
:MN 1-6 :JRCP: 8.0 N/A 27 0.09 V 1.0 P/G 9360: 587 
:MN 1-7 :JRCPl 9.0 N/A 27 0.08 V 0.0 c--- 8300 
:MN 1-B :JRCP: 9.0: N/A 27 0.08 V LO P/G 7880: 689 
:MN 1-9 :JRCPl 9.0 IN/A 27 0.08, V 0.0 --- 6670 N 

0 I I :MN 1-10:JRCP: 9.0: N/A 27 0.08: V 1.0 P/G 6740: 735 . ' 
°' . ' IMN 1-11 lJRCP: 8.0: NIA 27 0.09 I V 0.0 --- 8030 . ' • 

'' IMN 1-12:JRCP: 8.0: N/A 27 0.09: V 1.0 PIG 7790 I 763 '. I 

'. '' ::I-94 Rothsay, MN !MN 5 :JRCP:: 9.0: NIA: 39 I 0.04 I N ' 1.0 I PIG • 7560 I ' ' ' I 

: : WB (1969- control): . ' I I 

1:I-90 Alberl Lea, MN :MN 2-1 :JPCPl l 9.0: N/A l13-16-14-19l N/A: V ' 1.0?JE PIG l 6780: 682 I 

: l EB (1977) lMN 2-2 :JPCPI: 8.0: NIA :13-16-14-19l N/A: 't I LO* P/G : 8010 I 
I I !MN 2-3 JRCPI: 9.0: NIA: 27 ' 0.09 ' V ' 1.0 P/G I 7320' 743 '. I I ' I 

0 I 'MN 2--4 JRCP:: 9.0: NIA l 27 ' 0.09: V ' 1.0 P/G 6620 --- • • • ' • ' . 
I I • • ' I I I • '' I I '. ' • ' ' ' I I 

::I-90 Auslin, MN MN 3 JRCPl: 9.0 l N/A 27 . 0.06 • V . LO EPOXY 8810 --- '. • I I ' ' : : EB (1984- new) . ' ' . ' . I a I 

'' I • ' • ' I I . ' I I • ' ' •• ' '. • . I I I 

:TH 15 New Ulm, MN MN 4 JPCPl l 7.5 N/A :13-16-14-17: N/A V 1.0 ' PIG 6300 832 : : I 

: N/5 (1906- new) .. . ' ' ' I • I I 
0 I I • ' ' . I I I 
I I ' ' ' I • • I I •• ' • • I ' I I I I 

lTH 15 Truman, MN IMN 6 lJRCPl: 8.0: NIA: 27 I 0.06 l V ' 1.0: P/G : 6570 616 : : ' ' : N/5 (1983- new) ' • I I • ' I I I I I I I 

' ' I I I • I I ' I I I I 

'. . I I I ' • ' . ' . ' • • • I ' ' I I I 

* Outer Lane Only 



N 
0 
-..J 

Table 122. Base, subbase, subgrade, and outer shoulder design data for 
projects in dry-freeze environmental zone. 

,--
' : : : BASE l : SUBBASE : : : l OUTER SHOULDER : : 

: : : : : : : ARSHTO : : : : 
:Project: :: lTHICl<NESS, INlEslinaledll<eff, :: :rllICKtlESS, rn:Eslnld.llSUBGRADEll lflUCl<NESS, rn:: 

lProjecl Locolion lSeclionlPvt.:: _____________ Pern., l(Dyn.):: : _____________ lPern., :: Soil :: _____________ :: 
l(Veor Conslrucled) ID :Typel:Type:Designl Core: ff/HR : PCI ::Type:Designl Core lff/HR 11 fype llfypelSurfocelBose :: 
:--------------------:-------:----::----:-------------:---------:------::----:------:------:-------: :--------::----:-------:-----·; 
ll-94 Rolhsoy, MN 
' UB (1970) 

I-94 Rothsay, MN 
UB (1969- control) 

I-90 Albert Leo, MN 
EB (1977) 

1-90 AusUn,.NN 
EB Cl 984- neM) 

,TH 15 NeM Uln, NN 
: N/5 (1986- neM) 

:rH 15 Trunon, MN 
: N/5 (1983- neM) 

:MN 1-1 JRCPll AGG: 
MN 1-2 JRCPll AGGl 
tlN 1-3 JRCPll AGG: 
MN 1-4 JRCPll AGGl 
MN 1-5 JRCPll Are: 
MN 1-6 JRCP:: Are: 
NN 1-7 JRer:: Are: 
MN 1-8 JRCPll Are: 
NH 1-9 JReP:: ere: 
NH 1~101JRCP:: ere: 
MN 1-11:JRCP:: ere: 
MN 1-12:JRCP:: ere: 

' I 

MN 5 : JRCP: l AGO: .. 
Io .. 
I I 

: MN 2-1 : JPCP: : 
'NN 2-2 : JPCPl: 

MN 2-3 lJRCPl 
MN 2-"I lJRCPl 

AGG: 
AGGl 
AGG: 
AGGl 

6.0 
6.0 
6.0 
6.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

3.0 

5.0 
6.0 
5.0 
6.0 

tlN 3 lJRCPll AGG: "1.0 

tlN 4 lJPCPll AGGl 5.0 

MN 6 lJRCPllPAfBl 4.0 

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

NIA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
NIA 
N/A 
NIA 
NIA 
NIA 

N/A 

N/A 
N/A 
NIA 
N/A 

N/A 

NIA 

N/A 

0.63 
0.17 
0.73 
0.77 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.78 

0.'93 
0.08 
0.06 
0."10' 

NIA 

0.3<1 

N/A 

1'31 
172 
217 
222 
30"1 
31"1 
287 
278 
291 
285 
2"15 
23'3 

156 

128 
127 
162 
178 

256 

222 

NONE: 
NONE: 
NONE: 

,NONE: 
: NotlEl 
:NONE: 
:NONE: 

, :NONE: 
: :NONE: 
: ;NONE: 
: :NONE: 
'lNONE: 

AGG: 

:tWHE: 
:tWNEl 
:tWNEl 
NONE: 

3.0 

AGG: 10.0 

NONE: 

1'39 : : AGG: <f.O 
It 

'' .. . . 

N/A 

NIA 

NIA 

0.3"1 

A-6 
A-6 
A-6 
A-6 
A-f, 
A-6 
A-6 
A-6 
A-6 
A-6 
A-6. 
A-6 

A-6 

A-2-7 
A-2-6 
A-2-6 
A-2-6 

N/A : :A-4 

:A-2-6 

0.42 ::A-2-"I 

. ' .. .. .. .. . ' 

pee: 
AC: 

Pee: 
AC: 
AC: 
nc: 
nc: 
AC: 

Pee: 
AC: 

pee: 
AC: 

AC: 

pee: 
PCC: 

ACl 
AC: 

ACM: 

ACM: 

ACMl 

6.0 9.0 : : 
2.0 13.0 : : 
6.0 8.0 : : 
2.0 12.0 : : 
2.0 11.0 : : 
2.0 11.0 : : 
2.0 12.0 : : 
2.0 12.0 : : 
6.0 8.0 : : 
2.0 12.0 : : 
6.0 7.0 :: 
2.0 11.0 

2.0 : 13.0 

6.0 
6.0 
2.0 
2.0 

8.0 
8.0 

: 12.0 
· n.o 

3.0 : 10.0 , 

3.0 '3.5 

"1.0 :12.0 

l( Uidened ouler lone 



Table 123. Pavement joint data for projects in dry-freeze environmental zone. 

-------------------~-------------------------------------------------------------------------------------------
TRANSVERSE JOINT :Oepl:.h: 
--------------------------------------------:or I 

I 

:Project. Slab I Joint. I Dowel Cale Avg:Skewed:Jt:. Seal JOINT SEALANT :Long.: I I 

:Project. Local:.ion :sect.ion T, Pvt.. : Spacing, :Base: Dia., Jt Open,lJoinl:.s'Shape --------------:Join!:. 
l(Year Constructed) I ID IN Type: FT :Type: IN IN I Y/N Factor Type Age Cond.: IN I I 

·--------- :------- ---- ----·-----------·----: ----- -------~·~----- ------- ---- --~ -----:-----
I-94 Rothsay, MN :MN 1-1 9.0 JRCP 27 AGG: 0.0 0.12 y 0.17 PREF 3 GOOD :2.75 

WB (1970> :MN 1-2 9.0 JRCP 27 AGG: 1.0 0.12 y 0.17 PREF 3 GOOD l2.75 
MN 1-3 8.0 ,JRCP 27 AGG:, 0.0 0.12 y 0.17 ,PREF 3 GOOD :2.75 
MN 1-4 ,8.0 lJRCP 27 AGG: 1.0: 0.12 y 0.17 lPREF 3 GOOD :2.75 
MN 1-5 :0.0 :JRCP 27 ATS: 0.0: 0.10 y 

I 0.17 lPREF 3 ,GOOD :2.75 
,MN 1-6 :0.0 :JRCP 27 ATS: 1.0: 0.10 y 0.17 lPREF, 3 GOOD '2.75 
lMN 1-7 l9.0 lJRCP 27 ATS: 0.0: 0.10 y 0.17 lPREF: 3 GOOD 2.75 
'MN 1-8 l9.0 lJRCP 27 ATB' 1.0: 0.10 y 0.17 :PREF' 3 GOOD 2.75 

N I I MN 1-9 l9.0 lJRCP 27 CTB 0.0: 0.10 y 0.17 lPREF 3 GOOD 2.75 
0 I I MN 1-1 □ :9.0 IJRCP 27 CTB 1.0: 0.10 y 0.17 lPREF 3 FAIR 2.75 I I 
00 MN 1-lllB.O :JRCP 27 CTB 0.0: 0.10 y 0.17 lPREF 3 FAIR 2.75 

MN 1-12:B.0 lJRCPl 27 CTB 1.0,: 0.10 y 0.17 :PREF 3 FAIR 2.75 
I I I I ' I I I I I 

I-94 Rothsay, MN MN 5 :9.0 lJRCPl 39 AGG 1.0: 0.18 N 0.32 lPREF 18 :GOOD 2.75 
WB (1969- control) 

I I I 
I I I 

I-90 Albert Lea, MN :MN 2-1 l9.0 :JPCPll3-16-14-19l AGG:: 1. 03E: 0.08: y ' 0.25: HPllO :FAIR :2.75 I 

EB < 1977) lMN 2-2 lB.O :JPCP:13-16-14-19: AGGl: 1. 03E: 0.08: y I 0.25: HP:10 :FAIR :2.75 I 

MN 2-3 l9.0 :JRCP: 27 : AGG:: 1.0: 0.11 • y I 0.17 lPREFll □ lGOOD :2.75 I I 

MN 2-4 l9.0 lJRCP: 27 : AGG:: 1.0: 0.11 I y I 0.17 lPREF:10 :GOOD :2.75 I I 

' I I 
I I I 

1-90 Austin, MN :MN 3 l9.0 :JRCP: 27 : AGG:: 1.0: 0.12: y I 0.17 :PREF: 3 lGOOD :2.75 I 

EB (1984- new) 

TH 15 New Ulm, MN lMN 4 l7.5 :JPCP:13-16-14-17: AGG:: 1.0: 0.08: y I 0.63: HP: 1 lEXC :2.75 I 

N/S (1986- new) 
I 
I 

,:TH 15 Truman, MN lMN 6 :a.o lJRCP: 27 :PATS:: 1.0: 0.09: y ' 0.42 :PREF: 4 :Exe 12.75 I 

: l N/5 (1983- new) 
I I 
I I 

----------------- --------------------------------------------------
* Outer Lane Only 



Table 124. Outer lane deflection data of projects in dry-freeze environmental zone. 

-----------------
DEFLECTION, mils • • lAvg. • • I • 

• • ------------------------------: • NOT 'Percent: • • I 

:Project Slab • Joint Mid-Slab • • Adjusted:Z LT Test Corners: • I I 

Project Location :Section T, Pvt.: Spacing, Base --------------'Loaded:Unloaded Percent :Across Temp, with 
(Vear Constructed) • ID IN Type: FT Type High'Low :Ave. Corner:Corner LTE 'Shldr •F Voids I 

-~------------------:------- ---- ----:----------- ---- ---- ----:---- ------:-------- ------~- ------ ----- -------
I-94 Rothsay, MN :MN 1-1 9.0 JRCP: 27 AGG 3.6 2.9 :3.2 15.5: 4.0 28 100 57 0 

WB < 1970) :MN 1-2 9.0 JRCP: 27 AGG 3.5 3.0 :3.3 12.3: 5.5 48 NIA 57 0 
MN 1-3 8.0 JRCP: 27 AGG 4.0 3.5 :3.8 11.5 4.8 47 100 57 7 
MN 1--4 8.0 JRCP' 27 AGG 3.7 3.4 :3.5 12.9 6.5 56 NIA 53 D 
MN 1-5 8.0 JRCP 27 ATB 2.9 2.5 :2.7 9.8 4.4 51 NIA I 53 0 
MN 1-6 8.0 JRCP 27 ATB 2.9 2.3 '2.6 8.5 4.2 54 NIA l 44 0 
MN 1-7 9.0 JRCP 27 ATB 2.7 2.2 2.5 9.3 3.6' 42 NIA 44 0 

,MN 1-8 9.0 JRCP 27 ATB ,2.7 2.1 2.4 7.3 5.7 07 NIA 39 0 
N :MN 1-9 ,9.0 JRCP 27 CTB :2.8 2.3 2.7 14.4 5.8 45 100 39 14 
0 •• lMN 1-10:9.0 JRCP 27 CTB :2.6 2.1 2.3 11.9 : 6.9 65 NIA 41 □ •• I.O 'MN 1-11 :B.O JRCP 27 CTB :3.7 l2.9 3.0 15.5: 8.4 62 100 41 29 

MN 1-12:B.0 JRCP 27 CTB :3.9 :2.6 3.1 11. 8 : B.O 75 NIA 6B 0 
• • • ' • I • I I I ' I-91 Rothsay, MN :MN 5 :9.0 JRCP 39 : AGG :1.5 :3.0 3.5: 10.6 : 5.9 62 NIA 68: 0 

1~8 (1969- control) 
I • I • • • I • ., . 

I-90 Albert Lea, MN lMN 2-1 9.0 JPCP 13-16-14-19: AGG 5.0 :4.2 4.6 16.0 11.2 79 100 : 66 7 
EB <1977) lMN 2-2 8.0 JPCP 13-16-14-19: AGG 7.2 :4.7 5.5 13.7 11. 1 86: 96: 66 7 

MN 2-3 9.0 JRCP 27 : AGG 4.9 :3.6 4.0 9.4 8.2 99 NIA 66 0 
MN 2-4 9.0 JRCP 27 : AGG 5.5 l3.2 3.6 7.8 6.0 86: NIA: 62 □ 

I ' I • • • • I I • 
I-90 Austin, MN ll1N 3 9.0 JRCP 27 : AGG 3.4 :2.6 2.9 9.6 8.2 93 : NIA : 48 17 
EB (1984- new) 

I • I . 
I • • • 

TH 15 New Ulm, MN :MN 4 l7.5 lJPCP:13-16-14-17: AGGll4.5 :3.9 :4.2 7.9: 5.9: 86 : NIA 51 . 0 • 
NIS (1986- new) 

I • I I 

TH 15 Truman, MN IMN 6 :8.0 lJRCP: 27 : PATB : : 7. -4 : 3. 1 : 1. 1 I 7.2: 5.2: 80: NIA: 57: 0 • 
N/S (1983- new) 

•• I I I • I I I I I I 

---------- -----------------------------------------------------------------------------------------------
Sections MN 1-1, 1-3, 1-9, and 1-11 had 
tied and dowelled shoulders added in 1984. 



Table 125. Outer shoulder and drainage information for 
projects in dry-freeze environmental zone~ 

-----------------------------------------------------------------------------------------------------------------------------------------------------------
::outer Shoulder: ::Perneobilily: : : 
: :Type- Thickness: :Shoulder : :FT/HR :AASHTO : :Oeplh:Average:Averbge:: 

:Projecl:Sl.ob: Joinl :: Inches :overall :Joinl ::------------:Drain.: Sub- : lo :rrons. :Longit. .. :: 
Project Location :Section: T, :Pvl.: Spacing, :Base::---------------:Shoulder !Seolainl :: :Sub- :Coeff.,:oo~el:Oroinoge!Dilch:Slope, :or~de, :• 
<Yeor Conslrucled) : ID : IN :Type: FT :Type::surf.oce: Dase :Condilion:Condilion: Daise :b~se: Cd : \'/N: Type : ff: Z : z 
--------------------:-------:----:----:-----·------:----::-------:-------:---------:---------· ------:-----·-------·------:--------:-----:-------·-------
1-'J'I Rolh:sa',!, MH :MN 1-1 :'J.O :JRCP: 27 mm::PCC- £.M:AGG- q: GOOD : EXC 0.62 --- 1.05 N NONE 'I -1.0'1 -0.52 

UB (1970) :ttN 1-2 :'J.O :JRCP: 27 AGG:: nc- 2 :nGG- 13: FAIR : POOR 0.17 --- 1.05 V NONE 'I -1.0'1 -1.0'1 
:ttN 1-3 :8.0 :JRCP: 27 ftGG: :Pee- 6M:AGG- o: GOO() EXC 0.72 --- 1.05 N NONE 3 -1.0'1 -1.0'1 
:ttN 1-'1 lB.O :JRCP: 27 AGG: AC- 2 :nGG- 12: POOR POOR 0.78 --- 1.05 V NONE 6 -1.0'I -1.0'1 
:t1N 1-5 :8.0 :JRcr: 27 nm: nc- 2 :nGG- 11: POOR POOR 0.00 --- 0.05 N NONE 7 -1.0'l -1.0'1 
:tiH 1-6 :0.0 lJRCr: 27 mu: IIC- 2 :mm- 11: l'Olll{ GlllJt) ll.00 --- 0.05 \' tlllll[ '1 -1.0'1 0.)5 
:HN 1-7 : 9.0 : JRCP: 27 nrn: llC- 2 : mm- 12: mm POOR 0.00 --- 0.85 ti tlONE 'I 2.08 0.69 
:t1N 1-8 :9.0 :JRCP: 27 AfB: AC- 2 :AGG- 12: FAIR FAIR 0.00 --- 0.85 V HONE £. -1.0'1 0.00 : : 
:NH 1-9 :9.0 :,lRCP: 27 crn: rec- 6M:AGG- o: GOOD GOOD 0.00 --- 0.00 H tlotlE 3 -1.0'l -1.0'I 

:: :ttt4 1-10:9.0 :JRCP: 27 crn: nc- 2 :OGG- n: FAIR FAIR 0.00 --- 0.80 V NONE '1 -1.0'l 0.35 
N : : :MN 1-11:0.0 :JRCP: 27 cm: PCC- 6ll:AGG- 7: EXC GOOD 0.00 --- 0.80 : ti tllltlE '1 -5.21 0.00 6 : : :11H 1-12:0.0 :JRCP: 27 crn: AC- 2 :AGG- lt: POOR POOR 0.00 --- 0.80 : V IIOtlE 'I -5.21 0.00 .. 

I-'J'l Rolh:SalJ, "" :tltl 5 :9.0 :JRCP: 39 AGG: nc- 2 :nGG- n: FAIR POOR 0.78 :0.3'1 O.'J5 V HONE 10 -!).87 1.39 
UB (1969- conlrol): 

I-'JO Alberl Lea, HN :tlN 2-1 :'3.0 :JPCP:13-16-1'1-l'J: AGG::PCC- & :AGG- B: EXC EXC 0.93 --- 0.05 V tlOtlE 7 -1.0'1 0.00 
HI 0977) :Htl 2-2 :0.0 : JPCP: 13-16-M-1'.l: flHG:: PCC- 6 : OGG- o: EXC EXC 0.00 --- 0.75 \' NOtlE : r, - 1.0'1 0.00 

:Htl 2-3 : 9.0 : JRCP: 27 AGG:: nc- 2 : AHG- 12: E8C POOR 0.06 --- 0.00 V llOtlE : 12 -1.0'l 0.00 
:MN 2-'I :9.0 :JRCP: 27 flGG:: AC- 2 :AGG- 13: POOR POOR 0.'11 --- O.'J5 V NONE r, -1.0'1 0.00 
• • • • i 
f I I 11 

I-90 Austin, NH :MN 3 :9.0 :.JRCP: 27 AGG:: AC-3MlE:AGG- 10: GOOD POOR NIA ti/A 0.80 V tlOllE 6 -1.0'1 -0.35 
EB (1984- neu) :: :: 

t I II I 

: TH 15 tle1,1 Ultt, HN :MN "I : 7 .5 : JPCP: 13-16-1'1-17: AGG:: AC-3MM: AGG-9.5: 600() POOR 0.3'1 --- 0.90 V : EDGE ORN: 10 -1.56 0.00 : : 
! tf/S (1986- neM) : ! : : : 

I t I f J 
t I t I I I I 

:TH 15 Trunan, t1H ltlH £. :8.0 :JRCP: 27 :PATB:: AC-'lMM:AGG- 12: FAIR : POOR NIA 0.'12 : 1.05 V :ORN LAVR: 10 -1.73 0.00 : : 
: HIS < 1903- neu> : : : : : : 

I I I 11 
I I I t t 

-----------------------------------------------------------------------------------------------------------------------------------------------------------
)Ef i ed and doMell ed PCC shoul der:s 
added, ouler lane dianond ground 
in 198'1. 

Mllllos 1,1idened concrete ouler lane. 
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Table 126. Traffic information for projects in dry-freeze environmental zone . 

. . 
'' I I 
I I .. . ' 
::Project Location 
::<Vear Construcled) 
: : ~"·~-~----------· 
::I-94 Rothsay. MN 
: : WB 0970> 
I I .. 
0 I 
I I 

'. '. 
I I 
I I 

' . • • . ' I I 

' ' •• 
I I 
I I . ' I I . 
' .. . ' 

Project 
Section 

IO 
-------
MN 1-1 
MN 1-2 
MN 1-3 
MN 1-4 
MN 1-5 
MN l'--6 
MN 1-7 
MN 1-8 
MN 1-9 
MN 1-10 
MN 1-11 
MN 1-12 

::I-94 Rothsay. MN :MN 5 
:: WO (1969- control)l 
I I •• 
::I-90 Albert lea, MN 
: : EB (1977) 
I I 
I I 

I I 

' ' '' I I 

::I-90 Austin, MN 
: : EB (1984- new) .. 
I I 

: lTl-1 15 New Ulm, MN 
:: N/S (1986- new) 
I I 
t I 

::TH 15 Truman, MN 
: : N/S <1983- new) 
I I 
I I 

:MN 2-1 
lMN 2-2 
:MN 2-3 
lMN 2-4 
I 

' lMN 3 

:MN 4 

:MN 6 

•:ORIGINAL DESIGN TRAFFIC: 

:-----------------------: 
'ESAL•s. :ROT*. : Z :Age at 
(million):thous.:Trucks:Survey 
-~-------!------!~-----:---~---

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

' • ,. 
I 

17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 

10 

10 
10 
10 
10 

3 

1 

4 

OUTER LANE (1) LANE# 2 1987 
ESTIMATED :------~------------:---~---------------

:1987 ESAL:Estimated:1987 ESALlEstimated 
ADT. : Z :from ADT, lESAL's 
thous.:Trucks:z Trucks :to Date 
~-----:------:---------:---------

5.0 ! 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

5.0 

3.9 
3.9 
3.9 
3.9 

10.6 

2.9 

3.9 

21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 
21.0 

21.0 

20.0 
20.0 
20.0 
20.0 

15.0 

13.5 

17.0 

301700 ' 
301700 
301700 
301700 
301700 
301700 
301700 
301700 
301700 
301700 
301700 
301700 

301700 

222400 
222400 
222400 
222400 

368800 

111000 

188800 

5518900 
5518900 
5518900 
5518900 
5518900 
5518900 
5518900 
5518900 
5518900 
5518900 
5518900 
5518900 

55Hl900 

2785500 
2785500 
2785500 
2785500 

1466000 

218800 

845000 

:from ADT, :ESAL's 
:z Trucks :to Date 
---------:---------

26000 
26000 
26000 
26000 
26000 
26000 
26000 
26000 
26000 
26000 
26000 
26000 

26000 

13881 
13881 
13881 
13881 

60700 

N/A 

N/A 

550900 
550900 
550900 
550900 
550900' 
550900 
550900 
550900 
550900 
550900 
550900 
550900 

550900 

215100 
215100 
215100 
215100 

243700 

N/A 

N/A 

I I 
I 

~ All ADT's are two-way 



Table 127. Outer lane performance data for projects in dry-freeze environmental zone. 

-·---------- ----------~----~----~~-----------~--------------------~-------·-------------------------------------~- -~----
I I • ' ' I ' '. ' ' : 19£M • ' . I Ii I I • I I • I . . I I I . ' ' I I .. ' • I ' I I I ' / 

I !Pre- :Avg :Deter.: I . ' I I ' I ' I I I I • ' I . ' '. : Project: Slab l Joint l :Oowel: :Mays :Grind : Trans. :Trans. : longi L :Percent:. MUs:: . ' 
I :Project Location lSed.ion: T. :Pvt. I Spacing, :Base: :Dia.• : Ave. :Rough. : Fault, :Fault, : Crack/: Cracking, : Pumping :Joints Dur.:: 
::<Year Constructed) . ID I IN :Type: FT 'T•Jpe:: IN : PSR* l IN/MI :UL I IN. :Mi le :UN FT/MI:N/L/M/11:Spalled Dist.:: I 

: t ~~-r•~1 ----------------: -------: ----1----: ----------- ---- t l ---~-: ----: ~------: ---·---: ------: ------: -~----~~--: -------: ------- ----: : 
: l I -·94 Ro l:.hsay. MN :MN 1-1 :9.0 :JRCPl 27 RGG: 0.0 3.7: 53: 0.31 : 0.07' 8 : 0 L 4 DCRK:: 
l : ~lff (1970) lMN 1-2 :9.0 lJRCP: 27 flGG; l.O 3.3 104 0.06: 0.10 23 0 N 14 ,DCRI<: i 
I I lMN l-3 lB.O lJRCPI 27 AGG: 0.0 3.4 : 44 0.31 0.12 33 301 L 8 :OCRt<:: '' 0 I :MN 1-4 lB.O :JRCP: 27 AGG: 1.0 3.3 110 □.OG: 0.08 47 0 L 15 :DCRK:' I I 
! I :MN 1-5 18.0 IJRCPl 27 nrn: 0.0 3.4 : 46 0.37 0.11 41 I 1776 : L 24 :OCR!<: I I I 
0 I :MN 1-6 :a.o lJRCP: 27 ATBl 1.0 3. -1 : 107 0.00 □.OB 0 : 2073: N ' 31 :DCRKl I I 

I 
I I :MN 1-7 :9.0 IJRCPI 27 mo: 0.0 3.6: 32 I I 0.31 0.05 0 : 1760 M 15 : DCRI<: '. lMN 1-0 :9.0 lJRCP: 27 mo: 1.0 3.4 93 fl.06 0.09 102 2509: N w :ocRt<: I I 

'. IMN 1-9 l9.0 lJRCPl 27 crn: 0.0 3.7 50 0.37 : 0.08 0 0 : L 4 :OCRK: '' . ' lMN 1-1□ :9.0 lJRCP! 27 cm:, l.O 3.3: 100 0.13 0.00 39: 0 : L . 6 !DCRI<: o I . '. !MN 1-1118.0 lJRCP: 27 crn:: o.o 3.7' 50 0.50 0.11 0 : 1306 L I 37 :DCRl<l I I 
I rv:: INN 1-1218.0 IJRCPl 27 CT□:: 1.0 l3.5 110 0.06 0.10 40 : 177 : M : 29 'DCRKl ....... I ' It I ' ' ' !',.J. 5 • I I I . ' . I 

::I-94 Rolhsay, MN lMN 5 l9.0 :JRCP: 39 AGG:: 1.0 l3.3 100: --- : 0.09 53 J 1261 . N 36 DCRKl I 

l l UB (1969- control): I • . ' • ' I ' I ' I • I I I I ' . If 
I I • I . ' I I I . I . I I • . ' I I ' I I • . I I • I I f ' ' I I 

: :!-90 Albert Lea, NN :MN 2-1 l9.0 lJPCP:13-16-14-191 RGGl: 1.0 :3.0 72: --- : 0.06 0 : 0 : N 3 NONE:: 
: l EB (1977) lMN 2-2 :S.O lJPCP:13-16-1'1-19l AGG:: 1.0 13.9 02 l --- 0.06 0 : 150: 1-l ' 9 NONE: l • '' IMN 2-3 !9.0 lJRCPl 27 l AGGl l 1.0 :4.0 76: --- l 0.05 0 : 0 : N 3 NONE! '' . ' IMN 2-4 l9.0 :JRCPI 27 : RGG: l LO :4.0 96 : --- : 0.06 5 : 0 : N ' 0 lNONEl '' . . ' • I • . . ' 0' I I I I I I 

llI-90 Austin, MN !MN 3 19.0 :JRCPl 27 I AGG: l LO 13.B l 44: --- : 0.02: 0 0 : N I 0 lNONEl . 
: l EB (1984- new) I I I . I '' I I I I ' I I .. I I o I a I I I I I 

: lTi-l 15 New Ulm, MN lMN 4 l7.5 lJPCPll3-16-14-17l AGGI I 1.0 l4.B 42 --- l 0.01 I 0 a : N 0 lNONE: ' : l N/S (1986- new) I I I I I I 
I I I I I I 

I' ' I I ' '' ; ; . I ' ' . I I I I I I I I I If . I I I I . I I 
: !TH 15 Truman. MN lMN 6 :S.O :JRCPl 27 !PATS:: 1.0 14.5 I 51 --- : 0.01 0 : 0 : N I 0 :N□NEl I ' l: N/5 (1983- new) . I ' ' ' I I . ' I I . . ' . • ' • I I ,_, 

' I I ' I I O I .. • ' • I I I I ' I ' ' I ' . . . ' 11 I ' • ' I I ' ' I I ' ' ' • I I 0 ----~--------- ---- ------------ ----~------------ --------------~-~----------------~~-~~------~-
* Project sections 1-1, 1-3. 1-5, 1-7. 1-9. and 1-11 were 

diamond ground in the outer lane in 1904; tied and 
dowelled PCC shoulders were added al same time. 



Table 128. Lane 2 performance data for projects in 
dry-freeze environmental zone. 

--~---------~- ----------~~-----~-----------------~---~--~~------M---~---------------~--------------------------
I I I ' • ' I I I I I ' I ' I I I 
I I I • I I I ' I I • ' I I I I I 
I I I I I I I ' I I :Average lDeter. ' I I 
I I ' I I ' ' I I I ' I I . ' :Project:Slabl ' Joint I :Dowel I :Nays :Trans. :Trans. llongi t. :Percent:Mtls:: I I I I 

l :Pr.oJil:-;l Location :Section: T, lPvL I Spacing, 'Base !Dia.,: :Rough.lFaull:.inglCracks/lCracking, lPumping:Joinls :our .. :: 
::<Year Constructed) I ID I IN :Type: FT Type : IN :PSR : IN/MI . IN :Mi le lLIN FT/MI :NIL/M/HlSpalled:Dist:: ' I . 
: : --------------------; -------: ---~~: ---•-: ----------- ---- : -~---: ----: ------: --------: -------: ---------:-------I-------:----: : 
::{-94 Rothsay. MN lMN 1-1 l9. □ lJRCPl 27 RGG: 0.0 :3.1 : 124 ! 0.03 0 : 0 : N 8 :OCRK:: 
: : ·WB < 1970> :MN 1-2 19.0 :JRCP: 27 AGG 1.0 :3.5 86: 0.03 0 : 0 N 4 :DCRl<l l . ' lMN 1-3 l8.0 :JRCP: 27 RGG,: 0.0 13.3 10£1 : 0.06 0 0 N 24 :DCRKI l I 0 

I 0 lMN l-4 18.0 :JRCP' 27 RGG' LO 3.6 100 : 0.02 47 0 N 8 :OCRKl l f I 

I I : MN 1-5 :B. 0 :JRCP 27 flT8 0.0 3.4 l 98 0.07 16 880 N 16 :OCRK:: I I 

I! !MN 1-6 :8.0 lJRCP 27 RTB 1.0 3.3 92 0.03 0 1299 N 23 :OCRK:: I I 

I I :MN 1-7 :9.0 :JRCP 27 I ATB 0.0 3.5 95 0.04 I 0 1190 N 15 :OCRK:: I I I 

I I lMN 1-B :9.0 lJRCP 27 nrn 1.0 3.5 l 80 0.04 55 2644 N 81 lDCRI<:: I I 

' ' lMN 1-9 19.0 :JRCP 27 crn 0.0 3.4 118 0.03 0 0 N 15 lDCRKl I I 

'' lMN 1-1 □ :9.0 lJRCP 27 CT□ LO 3. -1 00 0.03 3~ : 0 N 10 :DCRK: lo 

MN 1-11!8.0 :JRCP 27 crn 0.0 .3.2 50 0.04 0 : 2874 N 74 lDCRKl 
N I I ,MN 1-1218.0 lJRCP 27 CTB LO l3.4 104 0.02 40 813 -N 50 lDCRKl 
1--" I; ' ' t. '. ' I '. w 'll-94 Rothsay, MN lMN 5 l9.0 :JRCPl 39 AGGI: 1.0 :3.7 94 0.04 33 1 0 N 23 :OCRK: 

: WB ( 1969- control): t It 
t I I 

I I 
I I 

ll-90 Albert Lea, MN lMN 2-1 :9.0 :JPCPl13-16-l4-l9: ncG:: n.n :J.O : 02 l O.OJ n 71G : N ' l lNONE:' I 

El] < 1977) :MN 2-2 lU.O lJPCPll3-16-14-19l OGG:: 0.0 :3.9 : 72 : 0.03 u 0 N 0 :NONE: 
I I :MN 2-3 :9.0 lJRCP: 27 RGGl: 1.0 :-1.0 : 62 l 0.03 i 0 0 N I 3 :NONE: I I ' ' '. :MN 2-4 l9.0 :JRCP: 27 AGG:: 1.0 :4.0 74 0.02 0 0 N 5 :N□NEl I• 
0 I I I . I• 
I I ' ' ' . ' 
::I-90 Austin, MN IMN 3 :9.0 lJRCP: 27 l AGG:: LO :4.0 51 ' 0.01 0 0 : N 0 :NONE: I 

: : EB <1984- new) ' I '. ' ' '. '' I t I I 
I I I I I I 

: :Tl-! 15 New Ulm, MN :MN 4 :7.5 lJPCP:13-16-11-17: RGG:: 1.0 :4. 7 37 0.01 0 0 N 0 lNONE 
: : N/5 (1986- new) I '' . '' I I ' ' I I I I 

'' ' I I • JI 

: lTl1 15 Truman, MN :MN 6 :a.o :JRCP: 27 :PATB:: l .O l-1.4 51 . 0.01 ' 0 0 N 0 lNONE ' • 
l I N/S (1983- new) I . ' • Ii 
! I . ' . I 0 
I I I • ' I I 

----------------------------r------------------------------------------------ •--------------------------~---~----•-~------------
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Table 129. Slab design for projects in dry-nonfreeze environmental zone. 

: :Project Location 
1 : :<Vear Constructed) 
• . ' 

RT 360 Phoenix, AZ 
: : WBB:EB 
I I 
I I 

I I 
I I 

I I . ' 
• I '. I I '. 
::I-10 Phoenix, AZ 
:: EB (1983- new) 
I I . ' 
::I-5 Tracy, CA 
: : NB <1971) 
I I 

' ' 
'' I I 

lI-5 Sacramento. CA 

('72) 
('75) 
('79) 
("79) 
("81) 
("Bl> 

: NB (1979- control) 
• 
' :I-210 Los Angeles, CA 
: EB <1980> 

'' I I 

::us 101 1000 Oaks, CA 
:: NB (1983- new) 
I I 
I I 

::RT 14 Solemint, CA 
:: 58 (1980- new) '. '. 

PCC SURFACE 

Project 
Section: Pvt. : 

THICKNESS, IN: Joint : :Skewed: LTD's :E, KSI :Mr,PSI 
Spacing, :z SleellJoints: ________________ : from :(from 

IO :Type: Design: Core: FT : JRCP : VIN :Dia., IN:Coating: FWD :Cores) 
-------·----: ------!~-----:-----------:-------:------:--------:-------!------!------
AZ 
AZ 
AZ 
AZ 
AZ 
AZ 

1-1 
1-2 
1-4 
1-5 
1-6 
1-7 

AZ 2 

CA 1-1 
CA 1-3 
CA 1-5 
CA 1-7 
CA 1-9 

CA 7 

JPCP: I 

,JPCP:: 
JPCPl: 
JPCP:: 
JPCPl: 
JPCPl I 

I I 
I I 

9.0 
13.0 
13.0 
11.0 
9.0 
9.0 

JPCPl: 10.0 
I I 
I I 
I I 
I I 

JPCP:: B.4 
lJPCPl l 8.4 
:JPCP : : 11. 4 
'JPCPl: 8.4 
JPCP:: 8.4 

JPCP 10.2 

N/A 
N/A 
13.0 
11.0 
N/A 
N/A 

N/A 

8.5 
8.8 

11.9 
8.5 
8.5 

10.2 

:13-15-17-15 
:13-15-17-15 
:13-15-17-15 
:13-15-17-15 
:13-15-17-15 
13-15-17-15 

13-15-17-15 

8-11-7-5 
, 12-13-19-18 
12-13-19-18 
12-13-19-18 
12-13-19-18 

12-13-19-18 

V 
V 
V 
V 
V 
V 

V 

V 
V 
y 
y 
V 

V 

0.00 
0.00 
0.00 I 

0.00 
0.00 
0.00 

1.25 

0.00 
0.00 
0.00 
0.00 
0.00' 

0.00 

EPOXY 

3140 
3440 
3490 
3290 
3090 
3690 

5560 

6610 
5240 
5280 
6480 
6950:lE 

6260 

687 
649 
702 
761 
853 
868 

725 

N/A 
723 
918 
781 
802 

552 

:CA 2-2 
:CA 2-3 

JPCP 
JPCP 

8.4 
8.4 

8.5 
10.0 

12-13-19-18 
12-13-19-18 

y 
V 

0.00 
0.00 

7040 
4980 

730 
644 

• • 
:CR B JPCP 10.2 10.8 :12-13-15-14 V 0.00 6420 727 

:CR 6 JPCP 9.0 9.0 :12-13-15-14 V 0.00 6710 791 :: 
I I 
I I 

' ' I I 

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

*High-strength 
(7.5 sack) mix. 



Table 130. Base, subbase, subgrade, and outer shoulder design data for projects 
in dry-nonfreeze environmental zone. 

----------- · :Tense: -------------------------
fSUBBASE : : SUBGRAOE . : OUTER SHOULDER .. . . 

: : 
:Project: '' lTHICKNESS, IN:EstiMated Keff, : THICKNESS, rn: EsliMaled: AASHTO:EstiMated: : THICKNESS, IN! 

Project Location : Seclion: Pvl.: : ' . PerM. • <Dyn.) Pert1~, : Soil . Pert1., : ' -------------. . 
(Vear Constructed) ID :Type::rype:Design: Core: FT/HR PCI :Type:Design: Core: FT/HR Type: FT/HR : Type:Surface:Base: 
------------------------:-------:----::----:-------------·--------- ------ :----:------:------·---------· ------·---------: ----:-------:-----
R,r 360 PhoeniH, AZ ("72):RZ 1-1 :JPeP:: CTBl 6.0 N/R 0.00 5% : AGG: •1.0 N/A 3.78 A-'I 0.11 ne: 3.0 : 6.0 

llB&EB ("75):Az 1-2 :Jpep::NONE: --- --- --- '192 :NONE: --- --- --- A-6 0.11 Pee: 9.5loE' 0.0 
("79):Az 1-'I lJPeP: :NONE: --- --- --- 3'1'1 !NONE: --- --- --- A-6 0.11 Pee: 13.0 0.0 
('79>:RZ 1-5 :Jpep: 'NONE: --- --- --- '139 :NONE: --- --- --- A-6 0.11 Pee: 11.0 0.0 
("81>:Az 1-6 :JPeP: LCB: '1.0 NIA 0.00 621 :NONE: --- --- --- A-6 0.0'1 PCC: 9.0 '1.0 
("Ol)lAZ 1-7 :JPCP: LCB: '1.0 NIA 0.00 58'1 : NOllE! --- --- --- 'A-6 0.0'1 pee: 9.0 4.0 

' ' I-10 PhoeniH, AZ :AZ 2 :JPCP: LCB: 5.0 NIA 0.00 17'1 'NONE: --- --- --- A-6 0.03 rec: 10.0 5.0 
EB <1903- neu) 

I-5 Tracy, CR : CA 1-1 JPCP: cm: 5.'I NIA 0.00 232 RGG: 2"1.0 ti/A 26.3'1 A-1-a, AC: 3.0 6.0' 
NB (1971) :en 1-3 JPCP: ere: 5.4 5.5 0.00 349 RGG: 24.0 9.7 0.75 R-2-4: RC: 3.0 f,. 0 

CA 1-5 JPCP: cm: 5.'I "1.8 0.00 335 AGG: 24.0 ti/A 2.32 R-1-a: AC: 3.0 £,.0 
N ,CA 1-7 JPCP: LCB: 5.4 6.0 0.00 433 AGG: 24.0 ti/A 1.65 A-1-a: AC: 3.0' 6.0 
I-' :en 1-9 JPCP: cm: 5."I "1.6 0.00 290 RGG: 24.0 ti/A 2.72 A-1-a: AC: 3.0 6.0 
l.n . 

' :I-5 SacraMento, CA 'CA 7 JPCP: cm: 5."I 5.5 0.00 326 LTSG: 5.4 NIA 0.00 . A-2-4' AC: 3.6 12.0 . 
: NB (1979- conlrol> . . 

: ' . 
'lI-210 Los Angeles, CR CA 2-2 :JPCP: Pere: 5. 'I NIA 1423 AGG: 3.0 ti/A 0.00 A-'I o. 11 nc: 3.0 r,. o 
: EB (1980) CA 2-3 lJPCP: cm: 5."I NIA 0.00 572 AGG: 6.0 '1.6 0.00 A-"I 0.11 nc: 3.0 6.0 

:us 101 1000 Oaks, CA CR 8 :JPCP: HNAC: 5.'I 5.5 0.00 339 AGG: 9.0 NIA 2.0'1 R-7 0.01 AC: 'l.2 7.2 
: NB (1983- neM) 

' '' :RT 1"1 SoleMint, CR CR 6 : JPCP!: LCB: "1.2 5.0 0.70 294 HNAC: 1.0 NIA 0.00 A-2-4, AC: 3.6 5.'I 
: SB (1980- neM) '' .. 

Joi Average 



Table 131. Pavement joint data for projects 1n dry-nunfreeze environmental zone. 

-------~------.,---~--~--------~-~-----~---~----------------------·--------~----·--------------------------------------------
I I I I I I ' ::TRANSVERSE JOINT Deplh I I 
I I I I I I ' I I 

::-------------------------------------------- of I I 
I I 

:Project:Slab I I Joint. I I Dowel:Calc Avg:Skewed:Jt Seal JOINT SEALANT Long. I I 
I I ' I ' ' Project Location : section: T. :Pvt.: Spacing, lBase: Dia., :Jt Open, :Joints:Shape --------------Joint,:: 

<Year Constructed) I ID • IN :Type FT :Type: IN I IN Y/N :Factor Type:Rge!Cond. IN I I 
I I I I 

------------------------:------- -----:---- ---~--------:----: -----:-------- ------:------- ----:---:----- ------:: 
RT 360 Phoenix, AZ <' 72) :AZ 1-1 9.0 :JPCP 13-15-17-15: crn: 0.00 I 0.05 y 0.67 RR 1 :GOOD 2.25 . ' ' I I 

WBB:EB <' 75) :AZ 1-2 13.0 :JPCP 13-15-17-15:N□NE: 0.00 I 0.06 y I 0.67 RA l EXC 3.25 'i 
I I '' <' 79) : AZ 1-4 13.0 lJPCP 13-l5-17-15lNONE: 0.00 ' 0.06 y I 0.67 RR l GOOD 3.25 '. I I I I 

("79):RZ 1-5 11.0 :JPCP 13-15-17-15:N□NEl 0.00 I 0.06 y . 0.67 RA I 1 FAIR 2.75 '. I I • I I 

< • 8 l> : AZ 1-6 9.0 lJPCP 13-15-17-15: LCB: 0.00 ' 0.05 y I 0.67 RR I l GOOD 2.25 I • I 

<' B 1 ) : AZ 1-7 9.0 :JPCP 13-15-17-15: LCB: ,0.00 I 0.05 y ' 0.67 RA ' 1 FAIR 2.25 I I I 

' I I I I ' I I 

' ' ' . ' ' I I 

:I-10 Phoenix, AZ :AZ 2 10. □ :JPCP 13-15-17-15: LCB:: 1.25 ' 0.05 y ' 0.67 RR I 4 GOOD 2.5 ' I I 

' EB (1983- new) N I I 

1--' 
0\ ·: I-5 Tracy, CA : CA 1--1 I 8.4 :JPCP: 8-11-7-5 CTB 0.00 0.03 ' y 0.0 NONE:---: 2.0 I I ---

NB <1971) :cA 1-3 I 8.4 :JPCP:12-13-19-18 CTB 0.00 0.05 . y 0.0 NONE:---: --- ' 2.0 I I ' CA 1-5 : 11. 4 :JPCP:12-13-19-18 CTB 0.00 0.05 I y 0.0 NONE:---: --- ' 3.0 ' I ' CA 1-7 I 8.4 lJPCP:12-13-19-10 LCIJ 0.00 0.05 ' y 0.0 NONE:---: --- . 2.0 I I I 

' :CA 1-9 I 8.4 :JPCP:12-13-19-18 crn 0.00 0.05 I y 0.0 NONE:---: --- I 2.0 I I I I ' I • ' ' I I ' I 
I ' ' • I I I I 

: I-5 Sacramento, CA :CA 7 : 10.2 :JPCP!12-13-19-18 CTB 0.00 0.04 I y 0.0 NONE:----: --- I 3.0 I I 

• NB (1979- control) I 

' I 
:I-210 Los Angeles, CR lCA 2-2 I 8.4 lJPCP.l 12-13-19-18: PCTB: :0. 00 ' 0.04 ' y ' 0.0 :NONE:---: --- I 2.0 I I I ' ' . EB (1980) lCA 2-3 I 8.4 lJPCP:12-13-19-18: cTs::o.oo I 0.04 I y I 0.0 :NONE:---: --- I 2.0 ' • I I ' I 

I I I ' I I I 
I I I I I ' I 

:us 101 1000 Oaks, CA lCA 8 l 10.2 :JPCP: 12-13-15-14lHMRCl : □ .OD I 0.02 ' y ' 0.0 :N□NEl---: --- I 3.0 I 
I I I I '. ' NB <1983- new) ' ' I I I I I ' I I . ' I I 

I ' I I I I 0 I I I I ' I I I 

' ' I I 

:RT 14 Solemint, CA :CA 6 ' 9.0 :JPCP:12-13-15-14l LCB: l0.00 I 0.04 i y ' 0.0 :NONE:---: --- I 2.0 I I 
I I ' I I I I 

I SB (1980- new) • . I ' • '. I I I I . I I I I 

' ' I I I I I I I I ' I I I I I I 
I I I I I ' I I I I I 
I I I I I I I • I I I 

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



Table 132. Outer lane deflection data of projects in dry-nonfreeze environmental zone. 

-------------------------- ---------------------------------------------------------------------------------------------------
I I I I I I ::DEFLECTION, mils I :Avg. I I I 
I I I ' I I I I I I 

I I • I I I ::------------------------------: INDT :Percent:: I I I I I I 
I I Project'Slab: Joint I I I Mid-Slab I I :Adjusl:ed:7. LT : Tes!: : Corners: : I I I I I I I 

: :Project Location Section T, 'Pvt.: Spacing, :Base::---- ---------'Loaded'Unloaded:Percent :Across:Temp, :wil:h I I 
I I 

::<Year Constructed) ID IN Type: FT :Type: 'High Low :Ave. Corner Corner : LTE IShldr : • F : Voids 
I I I I I I I I ' 
t I/ I I I I 

: :RT 360 Phoenix, AZ <'72),AZ 1-1 9.0 JPCP 13-15-17-15: CTBI 3.9 2.5 :3.3 8.6 6.3 9·1 NIA 73 30 
: :· WB&EB ('75) AZ 1-2 13.0 JPCP 13-15-17-15:NONEI 3.2 2.0 :2.7 4.6 ·1.0 100 86 69 0 
'' <'79) AZ 1-4 13.0 JPCP 13-15-17-151NONEI 3.0 1.8 :2.3 6.3 5.5 100 79 74 0 I I 

Io <'79) AZ 1-5 11.0 JPCP 13-15-17-15:NONE: 3.6 2.5 :3.2 12.5 9.9 100 72 70 36 O I 

' ' <'Bl> AZ 1-6 9.0 JPCP 13-15-17-151 Leo: 2.4 1.0 :2. 1 5.0 ·L ·1 100 100 68 0 '' I I '' 
I 0 ('81) AZ 1-7 9.0 JPCP 13-15-17-151 LCB: 3.2 2.5 :2.8 6.9 5. 1 9·1 95 74 24 o I 
I I ' ' 
'' I 0 
I I I I 

: : 1-10 Phoenix, AZ AZ 2 10.0 JPCP 13-15-17-15: Leo: 3.3 2.1 :2.6 11. 1 . 6.1 72' 100 80 31 '. I 

: : EB (1983- new) • . . I I 
I I . • ' I I • I I I I 

t I I I I I I 

: : I-5 Tracy, CA :CA 1-1 8.4 JPCP 8-11-7-5 crn: 4.6 3.4 :3.9 15.9 12. 1 85 NIA 68 60 
N : : NO < 1971) :CA 1-3 8.4 JPCP 12-13-19-18: CTB: 3.5 2.0 :3.2 13.7 10.4 87 MIR 63 50 I 

I-' ' ' :en t-5 11."'I JPCP 12-13-19-10: cTo: 2.6 1.6 :2.2 13. 2 10.5 0') NIA 63 60 '' -.J :CA l-7 8. "'I JPCP 12-13-19-18: LCB: 3."'I 2.1 :2.7 8.2 6. 1 88 NIA 64 10 
:CA 1-9 8.4 JPCP 12-13-19-18: CTB: 3.9 2.8 :3.5 15.0 11. 5 86 NIA 70 55 

I I ' I I I I 

1-5 Sacramento, CA ICA 7 : 10.2 JPCP 12-13-19-101 CTO: 4.9 1.9 l2.4 ' 9.0 3.2 35 t11n 69 23 I 

NU (1979- conlrol) 
I . I I I I I I I 

' • I ' I I I ' I 

1-210 Los Angeles, CA :CA 2-2: 8.4 :JPCPll2-13-19-18lPCTOlll.9 :1.0 :t.4 : 14. 7 1. 2 : 10 : NIA 67 : 65 
EB < 1980) lCA 2-3 : 8.4 lJPCP:12-13-19-18: CTBl:5.2 :2.0 :3.1 : 24.4 l 4. l 19 N/A 69 90 

I . • I I I I I ' I I 
I • I • I I I I I I I 

US 101 1000 Oaks, CA lCA 8 l 10.2 lJPCPl 12-13-15-14 :flMACl l2. 7 l2. l :2.4 3.2 2.6 92 NIA 73 0 
NB (1983- new) 

I I ' . 
I I • I I 

llRT 14 Solemint. CA :CA 6 l 9.0 :Jrcr:12-13-15-14: LCB::4.4 :2.5 :3.1 5.9 4.2 79 i NIA 72 0 
: : SB (1980- new) I I • I I I I 

I I I I I I I 

I 0 • I I ' . ' I I . ' I • t I 

---------- -------------------------------------------------------------------------------------------------------------
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'' . ' 

Table 133. Outer shoulder and drainage information for projects 
in d!y-nonfreeze environmental zone. 

Ouler Shoulder : : :Perne&bilily: 
Type- fhickness: :Shoulder : :Ff/llR :AASHTO: 

Inches : Overol l : Joinl : : ---·---------:Drain .. : 
I I • • :Proj~ct.:slab . a Joi~t- : : 
,,ProJecl Loceit1on iSecl1on, T,, ,Pvt .... Sp~ci.ng,, ,Bose1 ---------------!Shoulder :sealonl : : :Sub- !Coeff .. !DoMel 
::(Vear Conslrucled) ID : IN :rype: Ff :rype: Surface: B~se :Condition:Condilion:: Bose :b~se i Cd : Y/N 
: :------------------------:-------:-----:----:-----------:----: -------:-------:---------
: : Rf 360 Phoe-ni ", AZ 

llEl&EB 
I 

I-10 PhoeniH, AZ 
:: EB (1983- neu) 
' ' ::I-5 fn,cy, CA 
: : NB <197D 
'' '' .. 
'' '' '. 

('72) AZ 1-1 
('75) AZ 1-2 
<"79) AZ 1-'I 
('7'.l) AZ 1-5 
('0D AZ 1-f> 
("0D AZ 1-7 

AZ 2 

CA 1-1 
CA 1-3 
CA 1-5 
CA 1-7 
Cfl 1-9 

~ : :1-s SocroMenlo,, CA 
oo l: HB 0979- conlrol> 

CA 7 

'' '' 

: 9.0 JPCP 13-15-17-15 CTB AC-3 
:13.0 JPCP 13-15-17-15 NONE PCC-'.l* 
'13.0 JPCP 13-15-17-15 NONE PCC-13 

11.0 JPCP 13-15-17-15 NONE PCC-11 
9.0 JPCP 13-15-17-15 LCB PCC-9 
9.0 JPCP 13-15-17-15 LCB PCC-9 

AGG-6 
NONE 
NONE 
NONE 
lCB-'I 
lCB-'l 

10.0 JPCP: 13-15-17-15: LCB:: PCC-10: LCB-5 

8.'I 
8.'I 

11.'l 
8.'I 
0.'l 

JPCP 0-11-7-5 
JPCP 12-13-19-10 
JPCP 12·· 13-19-18 
JPCP 12-13-19-18 
JPCP 12-13-19-18 

'' '. ere:: 
ere:: 
cm:: 
LCB:: 
cm:: 

AC-3 
AC-3 
ilC-3 
AC-3 
AC--3 

AGG-f, 
AGG-6 
llGG-6 
AGG-6 
AGG-f, 

10.2 :JPCP: 12-13-19-18: CTB AC-'I :PATB-12: 

: :l-210 Los Angeles, CA 
: : Ell <1980) 

:en 2-2 0.'I :JPCP: 12-13-19-10:Pcra:: AC-3 AGG-£, 
:cA 2-3 8.'I :JPCP: 12-13-19-18: era:: AC-3 AGG-6 

'' '. : :us 101 1000 Oaks, CA 
: : NB (1983- neu) 
' . . . 
::RT 1'1 Soleninl, CA 
:: SB (1980- neM) .. 
'' 

:rn 0 

:rn 6 

10.2 :JPCP:12-13-15-M:mmc:: AC··'I flGG-7 . ' '. 
9.0 :JPCP: 12-13-15-1'1: Lee:: AC-'! . ' . ' .. 

'' 

AGG-5 

* Average 

FAIR 
EXC 
EXC 
me 
EXC 
EXC 

EXC 

GOOD 
GOOD 
GOOD 

EXC 
EXC 

EXC 

EXC 
EXC 

EXC 

GOOD 

---------
GOOD 
FAIR 
FAIR 
POOR 
FAIR 
POOR 

GOOD 

POOR 
POOR 
POOR 
POOR 
POOR 

EXC 

POOR 
POOR 

POOR 

POOR 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

N/R 

0.00 26.3'1 
0.00 0.75 
0.00 2.32 

: : 0.00 1.65 
: : 0.00 2.72 

, , 0.00 0.00 .. . . 
: : 0 .. 00 :o-oo 
: : 0 .. 00 :o .. oo .. . . 

0.00 : 2.0'1 

0.70 :o.oo 

------:-----
1.00 
1.10 
1.10 
1.10 
1.10 
1.15 

1.05 

1.10 
1.00 
1.10 
1.15 
1.10 

0.85 

1.10 
0.90 

0.95 

0.60 

N 
N 
N 
N 
N 
N 

'r' 

N 
N 
N 
N 
N 

N 

N 
N 

N 

N 

:Oeplh:Aver~ge:Average:: 
Sub- ! lo :Trans. :Longit~:: 

Droinage:Oilch:Slope, :Grade~ : : 
Type : Ff: 7. : 7. 

-------- -----!-------!-------
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

NONE 

NONE 
NOtlE 
NONE 
NOHE 
NOtlE 

LONG ORN: 

DB/LO 
DB 

DB/lD 

LONG ORN: 

0 
0 
0 
0 
0 
0 

2 

5 
6 
7 

10 
5 

5 

-0.52 
-1.0'I 
--2.08 
-2.08 
-2.08 
-2.08 

-3.39 

-1.21 
-1.39 
-1.39 
-L21 
-1.0'I 

-2.08 

NIA: -l.73 
'10 : -3. 12 

15 -0.52 

2 -1.73 

0.78 
0.87 
0.00 
1.39 
0.00 
0.00 

1.0'l 

'' .. 
0.00 : : 
0.00 
0.00 
1.0'1 : : 
0.00 : : 

0.00 '' 

2.70 
1.0'l:: 

1.73 

2 .. 26 ! : 

.. '. 
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Table 134. Traffic information for projects in dry- nonfreeze environmental zone. 

:ORIGINAL DESIGN TRAFFIC OUTER LANE (1) LANE# 2 I 

' I . 

' ,. 
1987 

ESTIMATED :------------------- -------------------:: 
I Project:-----------------------: : _____________ :1987 ESAL:Estimated:1987 ESAL:Estimated 
!Project Location 
:<Year Constructed) 

Section:ESAL's, :AOT*, : Z :Age at:ADT. : Z :from ADT, :ESAL's :from ADT, :ESAL's 
ID l(million):thous.lTrucks:Survey:thous. :TruckslZ Trucks :to Date :z Trucks :to Dale 

lRT 360 Phoenix, AZ 
WB&EB 

:I-10 Phoenix, AZ 
:: EB (19B3- new) 
I I 
I 0 

::I-5 Tracy. CA 
: : NB <1971) 
' I 

I I 

' ' ' ' '' '' 

-------:-------
('72) :AZ 1-1 
<'75) :AZ 1-2 
<' 79) :AZ 1-4 
("79>:Az 1-5 
< • 82 > :AZ 1-6 
< • 82) :AZ 1-7 

AZ 2 

CA 1-1 
CA 1-3 
CR 1-5 
CR 1-7 

,CA 1-9 

::I-5 Sacramento, CA lCA 7 
•: NB (1980- control) 

lI-210 Los Angeles, CR :CA 2-2 
: EB (1980) :CA 2-3 
I I 
I I 

lUS 101 Los Angeles, CA :CAB 
: NB (1980- new) 

'. I I 

74.0 
74.0 

40.5 

------!------:---------:---------
15 
12 

8 
8 
5 
5 

4 

l 6 
16 
16 
16 
16' 

110.4 
118.6 
93.7 

106.4 
97.8 
75.4 

50.0 

13.0 
13.0 
13.0 
13.0 
13.0 

7: 22.0 

7: 44.0 
7: 44.0 

' ' 7 :135.0 

' I 3.1 
3.1 
3.1 
3.1 ' 
3.1 
3.1 

9.0 

19.0 
19.0' 
19.0 
19.0 
19.0 

22.0 

9.0 
9.0 

7.0 

517300 
549700' 
450100 
501600 
571400 
454500 

924600 

773000 
773000 
773000 
773000 
773000 

1436500 

527200 
527200 

1234900 

3068600 
3414900 
2387100 
2801200 
2012200 
1523000 

1622900 

7621800 I 

7621800 
7621800 
7621800 
7621800 

1052500 

4423800 
4423800 

5263400 

------~--:---------
362400 
395000 
297300 
346900 
274900 
197900 

484700 

145300 
145300 
145300 
145300 
145300' 

362800 

263200 
263200 

929100 

1981200 
1849400 
1189100 
1477400 
809000 
540000 

810700 

1146700 
1146700 
1146700 
1146700 
1146700 

2364700 

2120500 
2120500 

3864600 

I I 
I I 

::RT 14 Los Angeles, CA 
:: SB (1980- new) 

CA 6 7 46.0 9.0 632700 4434300 321400 2227500 : : 

I I 
I I 

I I 
I I 

I I 

' ' * All ADT's are two-way 

I I 
I I 

I I 
I I 

'I I I 



Table 135. Outer lane performance data for projects in dry-nonfreeze environmental zone. 

---·~---------- --------------------~--------------------------------------------------------------------------~------------
I I ' ' ' ' I , , I ' I 
I I ' • I ' I i I I ' ' . ' ' I ' I I I lAverage IOeler. ' I• I ' ' . ' ' ' '' IProjecUSlab ' Joint . : :Dowel: :Mays !Trans. iTrans. llongil. ' 1Percenll11lls I I ' I ' l lProjecl location : Section: T. lPvl:..: Spacing. IBase:lOia •• lAve. IRough. IFaullinglCracks/lCracking, :PumpinglJoinls lDur. 
: l(Vear Constructed) ' ID : IN :Type: FT :Type!: IN lPSR : IN/MI ' IN I Mi le : LIN FT /MI: N/L/11/H l Spal led: Dist. I I 

: :------------------------:--~----i-----;----:-----------:--~-: :-----:----:------:--~-----:-------:---------:-------:-------:----
::R~ 360 Phoenix, AZ ("72)1AZ 1-1 9.0 lJPCPl13-15-17-151 CTBI : □ .DO 13.4 : 114 : 0.08 0 : 149 N 22 lNONE 
: : WB&EB ('75> :AZ l-2 13. 0 :JPCP l 13-15-17-15 lNONE l :0.00 13. 8 : 65: O.Ol 0 0 : N l :NONE, 
'' ( • 79) :AZ 1-4 13.0 !JPCPll3-15-l7-15lNONEl : □ .DO 13.6 : 102 0.01 0 D : N 0 :NONE: • i 

<'79> IAZ 1-5 11.0 IJPCP:13-I5-17-151NONE::o.oo :3.8 ! 85 0.03 : 0 : 0 : N ' 0 INONE . 
( • Bl) :AZ 1-6 9.0 IJPCPl13-15-17-15l LCB::o.oo 13.5 l 97 0.01 I 0 : 0 : N I 1 INONE ' I 

<"BI> :AZ 1-7 9.0 lJPCPll3-15-17-15l LCB: : □ .DO 13.B 91 0.02 0 0 N 0 INDNE 
I . I I 
I • I I 

II-10 Phoenix, AZ :AZ 2 10.0 IJPCP!l3-15-17-15i LCBlll.25 13.6 : 71 0.01 0 0 N 0 INONE 
: EB (1983- new) ' I I I 

I . I I 

I I I I 
I I I I 

,:I-5 Tracy, CA ICA 1-1 0.4 :JPCP B-11-7-5 cro: :o.oo :2.9 : 102 0.06 : 5 0 : t1 2 :RnGG 
I: NB (1971) ICA 1-3 0.4 :JPCP 12-13-19-10: c10::o.oo :3. □ : 94 : 0. lO : 30 : 500 N 3 lRflGG 

N I I ICA 1-5 11.4 :JPCP 12-13-19-181 CTBl 10.00 l2.7 122 : 0. 11 ' 0 : 0 : L 3 IRRGG I I ' N I 0 ICA 1-7 , 8.4 IJPCP 12-13-19-18! LC81 :0.00 l2.7 102 0.0G : 75 230 : II 9 IRflGG 0 I I 

I I ICA 1-9 : 8.4 IJPCP 12-·13-19-18: crn: :0.00 :2.s : 116 0.13 190 449 L . 3 :RAGG, 0 I I 

I I I • I I I 
I I ' ' I I 0 

l II-5 Sacramento, CA !CA 7 110.2 IJPCP,12-13-19-181 CT8110.00 13.8 : 87: 0.06 119 598: N I 0 lNONEl I 

I I NB ( 1979- conlro l) I . ' ' ' '' ' ' I I I I I 

I I ' I I ' I I 

' ' I I ' I I I 

::I-210 Los Angeles, CA :CA 2-2 : 8.4 lJPCPl12-13-19-l8lPCTB::o.oo 13.B 107 0.11 0 0 : N ' 0 RAGGI I 

l l EB (1980) :CA 2-3 l 8.4 lJPCPll2-13-19-l8l CTBll0.00 '4.1 98 0. 11 290: 0 : N 0 RAGG: 
I I . I I I I I '. I I I I I ' I I I I 

llUS 101 1000 Oaks, CA ICA 8 l 10.2 :JPCPl 12-13-15-14lHMACI 10.00 3.8 92 0.04 0 0 : N 0 NONE: l 
: : NB (1983- new) I 0 I ' .. 

' I I ' I I 

It I . . I I ' ' l I I I ' '' '' 
::RT li Soleminl, CA lCR 6 I 9.0 :JPCPll2-13-15-l41 LCBI 10.00 3.4 158 0.15 10 0 : N 3 RAGGI: 
I: 58 (1980- new) ' ' I Ii I ' ' ' I I I I I I I '. ' I . '' • '' I I ' I ' Ii ' '' ~~------------ .,,. ... ,_ -~-------~--------------~---------------------------------------------~--------------------~----------



Table 1.36. Lane 2 performance data for projects in dry-nonfreeze environmental zone. 

------------------------------------------------------~~------ --------------------------------------------------------------------
• I • I • ' I I • I ' I . 
I I I ' I • I I I I I I I 

It I I I I I I I ' :Average :Deter. I 
I I ' . ' I ' I I ' I 

I I :Project.:Slab l Joint :Dowel i :Mays :Trans. :Trans. lLongit. :Percent:Ml:.ls I I 

::Project Location lSeclionl T, lPvL: Spacing, : Base : Dia .. • : : ffough. : Faul ting: Cracks/: Cracking, : Pumping: Joinls : Dur. 
::(Year Constructed) ' ID ' IN :Type: FT :Type : IN : PSR : IN/Ml : IN !Mi le lLIN FT/MI :N/L/11/lllSpal led:Oisl:. ' I 

: : ------------------------: ------- : ---- ' 1----: ·-----------. : ---- : ----- : ---- : ------ : -------- : ------- : ----------- : -------: -------~-: ----
::RT'360 Phoenix. AZ ('72>:AZ 1-1 : 9.0 :JPCPl13-15-17-15l CTB : □ .DD l3.4 : 102 N/A . D : 84 : N I 26 !NOME . I 

: : wae..rn ("75)!AZ 1-2 :13.D lJPCP!l3-15-17-15:N□NE::o.oo :3.8 76 N/A I 0 : D N 6 :NONE I 

I I ("79):Az 1-1 :13.0 :JPCP:13-15-17-15:NONE::o.oo :3.1 100 N/A 0 0 N 0 !NONE i I . ' ("79):Az 1-5 111.0 IJPCP:13-15-17-15:N□NE::o.oo :3.0 03 N/A D D N D !NONE I I 

I I ('Ol)IAZ 1-6: 9.0 lJPCPl13-15-17-15! Lco::o.oo !3.0 03 N/A I D 0 N 0 :NONE, I I I 

0 I ('Bl)!AZ 1-7 I 9.0 lJPCP:13-15-17-15: LCB::o.oo 13.0 74 : N/11 . 0 0 N 0 !HONE I I I 

I I 
I I 

::I-10 Phoenix, AZ :nz 2 : 10.0 :JPCPI 13-15-17-151 LCB: l 1.25 IN/A : II/A : NIA I 0 : 0 N 0 !NONE I 

:: EB (1983- new) 
I I I I I • 0 I ' I • ' I 
I I I I I ' I I I I • ' 

,. 
: : I-5 Tracy, CA :en 1-1 8.1 :JPCPl B-11-7-5 : crn: :o.oo :3.B 08 Nin 0 0 L l :RAGG 
; : NB < 1971) 'CA 1-3 B.1 lJPCPll2-I3-19-1Bl CTB:: □ .00 :1.0 86 t-l/11 D 140 N ' D lRAGG ' N '' CA 1-5 lil.1 lJPCP:12-13-19-tB: CTB::o.oo :3.3 103 N/R 0 0 N D :RAGG 

N '' 
t-' I I CA 1-7 8.1 !JPCPll2-l3-19-lB: LCB::o.oo !3.4 : 115 : H/A 0 : 0 M . 3 :RRGG I I . 

I I CA 1-9 8.1 :JPCPll2-13-19-lB: CTB::o.oo 13.2 120: N/A . 0 : 70: M I l :RRGG . ' I I 

I I . ' I I ' I 

111-5 Sacramento, CA CA 7 10.2 :Jrcr:12-13-19-10: crs::o.oo 3.9 96 : NIil ' 74 1462: N 0 :NONE I 

! : NO ( 1979- conlro l ) I ' I I I ' I ' I I I 
I I I I I I I I . ' 

I I • I I I I I ' I I 
I I I I I I I I I I I 

I :I-210 Los Angeles, CA CA 2-2 8.1 :JPCP:12-13-19-IB:PCTB:: □.oo N/A NIA : NIA I 0 : 0 : N 0 RRGG!: ' 
: : EB < 1980) CA 2-3 8.4 lJPCP:12-13-19-18: CTB'l0.00 U/11 N/11 l NIA I 162: 0 : N 0 RAGG:: . 
It ' ' I ' I • I ' I I 

' ' • • I I I ' I I I I 

l :us 101 1000 Oaks. CA CA 8 ,10.2 lJPCPll2-13-15-14lHMAC l0.00 N/A NIA : NIA 0 : 0 N 0 NONE:: 
: l NB (1983- new) I I . I ' It . I I ' ' I I 

' ' I I . I ' I I I 
I I ' I . . I ' I I 

I lRT 14 Solemint, CA CR 6 : 9.0 :JPCPl12-13-15-14l LCB : □ .DO !N/A N/A N/A I 0 : □ l N 13 lRAGG: l • 
l: 58 0980- new) I ' ' I I • I ' I I 

I ' I ' ' ' I I I I 

I I . ' ' ' I • ' ' ' I ' ' I 0 ' • . . I ' I ' I ' t I 

.---~-~------------- ----~--------- -----~--------~-----------------------~----------------~~---~-=~-----~-----------
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Table 137. Slab design data for projects in wet-freeze environmental zone. 

I I •• 
• I . ' •• . ' 
::Project Location 
::<Year Constructed) 

: : PCC SURFACE ---------------~-------------------,, 
I I 

I I I I 
I I , I I 

:Project : : :THICKNESS, IN: Joint : :Skewed : LTD's :E, KSI:Mr,PSI: l 
ISection :Pvt.:: _____________ : Spacing, :z SteellJoints,: _________________ : from :<from:: 

ID :TypellDesign :Core: FT : JRCP: YIN :Dia .• IN:Coating l FWD :Cores): 
: :----- -----~--------~~---::-------:-----:-----------:-------:-------:--------:--------:------:------: 
::us 10 Clare, MI 
~: WB&EB ( 1975) 
i' 
l, I 

I I 
I I 

I I 
I I 

I I 
I I 

I-94 Marshall. MI 
WB <1986- new) 

I-69 Charlotte, MI 
: : NB < 1972) . ' I I 

::J-94 Paw Paw, MI 
:: WB (1984- new) 
I 0 
I I 

::RT 23 Catskill, NY 
: : EBB:WB < 1965) 
'. I I .. 
I I . ' I I 

I I 

' ' I I 
I I 

::I-BO Otego. NV 
: l EBl!.:WB < 1975) 

' . • • 
I I 
I I 

MI 1-la JRCP: 
MI 1-lb JRCP: 
MI l-4a JPCP : 
MI l-7a JPCP: 
MI 1-7b JPCP: 
MI 1-lOa JPCP 
MI 1-lOb JPCP 
MI 1-25 JPCP 

,MI 3 JRCPI 

lMI 4-1 
IMI 4-2 
I 
I 

:MI 5 

:NY 1-1 
lNY 1-3 
:NV 1-4 
:NV 1-6 
:NV 1-Ba 
:NY 1-8b 
I 
I 

INY 2-3 
lNV 2-9 
lNV 2-11 
:NV 2-15 

JRCP 
JRCP 

JRCP 

JPCP 
JRCP 

,JRCP 
lJPCP 
:JPCP 
lJPCP 
I • 
lJPCP 
:JPCP 
:JPCP 
lJRCP 

8 I 
I I 

9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 

10.0 

9.4 : 71.2 
9.0 : 71.2 
9.6 :13-19-18-12 
9.1 :13-17-16-12 
9.0 :13-17-16-12 
8.4 :13-19-18-12 
8.9 113-19-18-12 
NIA :13-19-18-12' 

9.8 41.0 

9.0: 9.5 • 
9.0: 9.2 

71.2 
71.2 

I 
I 

10.0 : 10.3 

9.0 
9.0 
9.0 
9.0 
9.0 
9.0 

9.0 
9.0 
9.0 
9.0 

9.4 
8.8 
9.0 
8.8 
9.8 
9.4 

9.0 
9.4 
9.1 
9.8 

41.0 

20.0 
60.8 
60.8 
20.0 
20.0 
20.0 

20.0 
20.0 
26.7 
63.5 

0.15 
0.15 

NIA 
N/A 
N/A 
NIA 
N/A 
N/A 

0.14 

0.15 
o. 15 

0.14 

NIA 
0.20: 
0.20 
NIA 
N/A 
NIA 

NIA 
NIA 
N/A 
0.20: 

N 
N 
y 
N 
N 
y 
y 
y 

N 

N 
N 

N 

N 
N 
N 
N 
N 
y 

N 
N 
N 
N 

1.25 
1.25 
NONE 
1.25 
1.25 
NONE 
NONE 
NONE 

LA/EPOXY: 5450 
LA/EPOXY: 5790 

5880 
LR/EPOXY: 6340 
LA/EPOXY: 6090 

6230 
5280 

1.25 :LR/EPOXY: 4380 

1.25 
1.25 

LR 
LR 

4830 
4530 

1.25 :LA/EPOXY: 4490 

ACME 
ACME 
ACME 
ACME 
NONE 
NONE 

ll"I-BEAM 
ll"I-BEAM 
:l"I-BERM 
:l"I-BEAM 

NONE 
NONE 
NONE 
NONE 

EPOXY 
EPOXY 
EPOXY 
EPOXY 

3810 
3890 
3892 
4020 
4100 
3880 

5100 
5090 
6120 
5520 

745 
NIA 
756 I 

?"-14 
N/A 
NIA 
NIA 

810 

596 
756 

671 

NIA 
809 
658 
N/A 
684 
N/A 

864 
705 
812 
N/fi 



N 
N 
w 

Table 137. Slab design data for projects in wet-freeze environmental zone (cont'd). 

: : : l : : PCC SURFACE : : 
! I 
i I 

Project 
Sect.ion 

ID 

::THICKNESS, IN: Joint l :Skewed: LTO's :E, KSI:Mr,PSI'' 
Project Location 
(Year Constructed) 

'Pvt.:: _____________ : Spacing, :z SteellJoints, : _________________ : from l(from 
TypellDesign :Core: FT : JRCP: YIN :Dia., IN:Coating: FWD :Cores> 

-------~----~----- ----: :-------:----~:-~---~-----:---·----:-------:---~----:-----~--!-------~------
I 
I/ 

.. 
I 

RT 23 Chillicothe, 
58 <1973) 

OHlOH 
OH 
OH 
OH 

,OH 
OH 
OH 

1-1 
1-3 
1-4 
1-6 
1-7 
1-9 
1-10 

JRCP:: 
JRCP:: 
JRCP:: 
JRCPl: 
JRCP' 
JRCP 

'JRCP 

SR 2 Vermillion, OH 
W8 (1974) 

OH 2-33a :JPCP 
OH 2-33blJPCP 

HIW 3N Ruthven, ONT * : ONT 
EIW (1982) lONT 

:ONT 
:□NT 

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

JPCP 
JPCP 
JPCP 
JPCP 

:HWY 427 Toronto, ONT : □NT 2-1 lJPCP 
: SO (1971- control) 

lTR 66 Kittanning. PA 
: NB <1980> 

' ' 

PA 
PR 
PA 
PA 
PR 

1-1:IE:IE 
1-2 
1-3 
1-4 
1-5 

JRCP 
JRCP 
JRCP 
JRCP 
JRCP, 

,:RT 130 Yardville, NJ :NJ 2-1 lJRCP: 
:: NB (1951- control) 
I I 
i I 

::RT 676 Camden, NJ 
: l 59 < 1979) .. 
'' 

au 3-1 :JRCP: 
:NJ 3-2 :JRCP: 

* Field results from reports. 
** RT 422 EB 

9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 

15.0 
15.0 

12.0 
8.0 
8.0 
7.0 

9.0 
9.2 

10.0 
9.2 
9.0 
8.8 
8.8 

NIA 
NIA' 

12.0 
7.9 
7.9 
7.1 

40.0 
21.0 
40.0 
21.0 
40.0 
40.0 
21.0 

20.0 
20.0 

13-19-18-12, 
13-19-18-12 : 
13-19-18-12: 
13-19-18-12: 

0.09: 
o. □9: 
0.09: 
0.09: 
0.09 
0.09 
0.09 

NIA 
NIA 

NIA 
NIA 
N/A 
NIA 

N 
N 
N 
N 
N 
N 
N 

y 
y 

y 
y 
y 
V 

1.25 
1.25 
1. 25 I 

1.25 
1.25 
1.25 
1.25 

NONE 
NONE 

NONE 
NONE 
NONE 
NONE 

PIG 
PIG 
PIG 

PLASTIC 
PLASTIC 

PIG 
PIG 

9.0 NIA : 13-19-18-12 : NIA y 1.00 PIG 

10.0 
10.0 
10.0 
10.0 
10.0 

7.0 
9.5 
9.8 

10.3 
10.0 

10.0 :10.3 

9.0 
9.0 

9.2 
9.1 

46.5 
46.5 
46.5 
46.5 
46.5 

78.5*** 

78.5*** 
78.5*""* 

0.09 
0.09 
0.09 
0.09 
0.09 

□. 14 

0.16, 
0.16: 

N 
N 
N 
N 
N 

N 

N 
N 

1.25 
1.25 
1.25 
1.25 
1.25 

1.25 

1.25 
1.25 

EPOXY 
EPOXY 
EPOXY 
EPOXY 
EPOXY 

ST 5TL 

ST STL 
ST STL 

*** All NJ projects had expansion 
joints on 78.5-ft centers 

4430 
5310 
5230 
4060 
4430 
3400 
4510 

:see 
:report 
I 

' 

4210 
3390 
3230 
4530 
3620 

6720 

5400 
5330 

686 
NIA 
Nlfl 
761 
848 
833 
788 

NIA 
NIA 

see 
report 

N/A 
NIA 

NIA 

731 
720 : : 
709 
870 
704 

700 

681 
726 



Table 138. Base, subbase, subgrade, and outer shoulder design data for projects 
in wet-freeze environmental zone. 

-------- : : : :BASE : :SUBBASE : :SUBGRAOE ::ourER SHOULDER 
I I I I 
I I I I 

:Project : THICKNESS. IN: EsliMoled! l<eff, . : fllICl<NESS, Itl! EsliMoled:: ARSllfO: EsliMled: : fllICKHESS, rn: . 
:Project Locolion : Seclion : Pvt.: PerM., : <Oyn.): Pern., .. Soil . Pert1., . . . . . . ' :(Ye.or Constructed) IO :Type: fype :Design: Core: Ff/HR . PCI . fype:Oesign: Core: H/IIR .. fype: Ff/llR fype:Surfoce:Base: . I '' :---------------------:--------:----: -----·------ ------:---------:------· ----:------:------·---------::------·---------: ----:-------·----- ' 
:us 10 Clore, HI lHI 1-lo !JRCP: AGG "1.0 NIA : 0.01/0.0'l: 353 AGG: 10.0 NIA 0.01/0.25::R-2-'1 a.so· AC: 9.0 l"I. 0 

1-lBO.EB (1975) :HI 1-lb : JRCP: AGG "1.0 5.8 '0.0210.01: 300 AGG: 10.0 H/A 1.03/2.98:'A-2-"I 0.% AC: 9.0 1"1.0 
:HI 1-"lo : JPCP: PRTB "1.0 3.0 307/N/R: "168 AGG: 10.0 H/R 0.&o/1.10: A-2-"I a.so RC: 9.0 1"1.0 
:HI 1-7.o :JPCP: AGG "1.0 G.O 0.0211.22: 292 RGG: 10.0 ti/A 0.6610.0l: A-2-"I 0.07 AC: 9.0 1"1.0 
:HI l-7b :JPCP: AGG "1.0 N/A 0.0110.02: 269 RGG: 10.0 ti/A 0.58/2.0l: A-2-"I 0.11 AC: 9.0 1"1. 0 :MI 1-10.a: JPCP:, ATB "1.0 "1.2 0.00 "136 AGG: 10.0 NIA 0.721"1."18: A-2-<I 0. l"I AC: 9.0 1"1. 0 
lMI 1-lOb: JPCP:: ATB "1.0 G."I 0.00 502 AGG: 10.0 NIA 0.87/2.02: A-2-<I 0."17 RC: 9.0 l'-1.0 
:t1I 1-25 : JPCP:: Are "1.0 H/A 0.00 --- AGG: 10.0 ti/A 0.32/ H/R: A-2-"I O.G2 rec: 9.0 "1.0 .. 

o I . 
I-9"1 Horsholl. HI :HI 3 : JRCP: : PAGG "1.0 "1.3 "1.38 18G AGG: 3.0 ti/A 3.59: A-2-<I rec: 8.0M, "1.0 

1-lB (1986- neu) I I I 
I I I 
I Io 
I I I 

I -69 Chorl olle • HI : HI "1-1 :JRCP:: AGG "1.0 : NIA 0.01 283 : : AGG: 10.0 6.3 0.35 : : A-<I 0.11 : : rec: 7.SM: "1.0 
NB (1972} :HI "1-2 :JRCP:: AGG "1.0 : "1.2 0.0G 189 : : AGG: 10.0 9.0 0.85 :: A-"I 0.11 : : AC: 1.5 : "1.5 

I Io I .. I I I I I I I . 0 I I I I I 
N 1-9"1 Pou Pou. HI :HI 5 : JRCP: : PAGG "1.0 : "1.2 1.85 233 :: AGG: 21.0 22.1 0.85 ::A-2-"I 0.50 : : rec: 8.0M: "1.0 • N 1-lB <198<1- neu} _J:... 

Rf 23 Colskill, NY :tW 1-1 :JPCP: ATB 3.0: N/A 0.00 5<19 AGG: 8.0 NIA 0.03 ::A-2-"I AC: <I. 0 : 16.0 
EB&l-lB (1965) :NY 1-3 :JRCP: ATB 3.0 NIA 0.00 503 AGG: 8.0 H/R 0.12 : : A-2-"I AC: "1.0 : 16.0 

:NY 1-<I :JRCP: AGG "1.0 5."I 0.11 5:M RGG: 8.0 N/A O.O'l :n-2-<1 nc: "1.0 'IG.O 
: NY 1-6 : Jl'CP: flGO "1.0 3.0 N/fl G l'J : um;: 0.0 tVfl O.lJO : 11-1-o 11c: "1.0 lG.O 
'NY 1-8,:s :JPCP: ATB 3.0 N/A 0.00 638 : AGG: 8.0 NIA H/fl . N/A AC: "1.0 lG.O I 

NY 1-8b : JPCP: Are 3.0 NIA 0.00 5"18 AGG: 8.0 NIA 0.01 :A-2-"I AC: "1.0 16.0 . . 
I-88 Otego.. N\' !N\' 2-3 :JPCP! A66 "1.0 5.1 NIA 3'-11 AGG: 8.0 NIA 0.23 :A-1-o Pee: 6.0 15.0 

EB&l-lB Cl'l75> :NY 2-'l :JPCP: A66 G.O: 6.G 0.25 "171 :NONE: --- --- --- : A-1-o Pee: 6.0 'l.O 
NY 2-11 : JPCP: AGG 6.0: 5.3 NIA 2% ::NONE: --- --- --- :A-1-o PCC: 6.0 9.0 
NY 2-15 :JRCP:: AG6 "1.0 'l.f, 0.17 273 : : AGG: 8.0 N/A 0."11 : : A-1-o RC: "1.0 9.0 

I I I I .. 
I I I I o I 

-------------------------------------------------------------------------------------------------------------------------------------------------
M Average 



Table 138. Base, subbase, subgrade, and outer shoulder design data for projects 
in wet-freeze environmental zone (cont'd). 

,------- ::BASE : : SUBBASE --- -- SUBGRADE . OUTER SHOULDER .. . . '. . . . . . . . . . . 
:Projecl . . :THICKNESS, IN:Estinated:Keff, . : TIUCKNESS, rn: EsliMled: AASHTO:Eslinated: : TIIICKNESS, rn:: . . . 

:Project Location : Section : Pvt.:: . Pern. • : <Dyn.): Pern., . Soil : PerN., : . . . . . . 
:<Year Constructed) ID :Type::Type :Design: Core: FT/HR . PCI . Type:Design: Core: FT/HR . Type: FT/HR Type:Surface:Base :~ . . . 
:------------- :--------:----::-----:------ ------:---------·------· ----:------:------·---------: ------·---------: ----:-------·-----: 
:.RT 23 Chillicothe, OH:OH 1-1 lJRCP:' AGG: 7.5 8.0 0.27 449 NONE: --- --- --- A-6 0.11 AC: 3.0 6.0 . SB (1973) lOH 1-3 lJRCPl ATB "1.0 "1.0 0.00 440 NONE: --- --- --- A-"I 0.11 : AC: 3.0 6.0 .. 
: lOH 1-4 lJRCPl ATB "1.0 3.5: 0.00 525 ,NONE: --- --- --- A-"I 0.11 : AC: 3.0 6.0 

: OH 1-6 :JRCPl AGG 7.5 7.0: 0.06 "131 :NONE: --- --- --- A-<I 0.11 AC: 3.0 6.0 
:OH 1-7 :JRCP: mm 7.5 6.2 7.25 3'10 lNONE: --- --- --- A-4 0.11 AC: 3.0 6.0 
lOH 1-9 :JRCP: AGO 7.5 7.6 0.16 351 lNONE: --- --- --- . A-6 0.11 RC: 3.0 6.0 . 
lOH 1-10 lJRCP: AGG 7.5 7.6 0.58 "105 :NONE: --- --- --- A-6 0.11 AC: 3.0 6.0 

SR 2 Vernillion, OH M:OH 2-33a:JPCP: NONE --- --- --- --- :NONE: --- --- --- . A-"I . 0.11 pee: 8.0M,NONE· 
~B (1974) lOH 2-33blJPCPl NONE --- --- --- --- :HONE{ --- --- --- . . A-"l 0.11 AC: 8.0lEl NONE . . . 

H~Y 3N Ruthven, ONT MlONT 1-1 :JPCPllNONE --- : --- --- --- : rnoNE: --- --- : --- : : A-7-6 : .. AC: 3.0 9.0 . . 
E/'-1 (1982> lONT 1-2 lJPCP::PATB: 4.0 l NIA 14.6 --- : lNONE: --- --- : --- : : A-7-6 : .. . . RC: 3.0 9.0 

ONT 1-3 : JPCP:: LCB: 5.0: NIA 0.00 --- : :NONE: --- --- --- : lA-7-6 .. '. PCC: 8.0 5.0 
ONT 1-"I : JPCP:: LCB 5.0: NIA 0.00 --- ::NONE: --- --- --- : :A-7-& .. PCC: 7.0 5.0 .. . . . ' . . . . . 

N . . . . . . . .. . . 
N ::H~Y 427 Toronto, ONT lONT 2-1 :JPCP:: ere 6.0 NIA 0.00 --- : lNONE: --- --- --- .. NIA . . RC: 4.0 5.8 .. . . 
V1 .. SB (1971- control> .. . . . . . . 

TR 66 Kittanning, PA :PA 1-llElE:JRCPl ere 6.0 9.0 0.00 731 AGG: 7.0 NIA 0.06 : : A-2-"I 0.33 : : AC: 1.0 "1.0 
NB (1980) :PA 1-2 :JRCPl PATB 5.0 NIA 236/N/A 10'10 AGG: 8.0 NIA 97.58 :: A-"I 0.09 :: AC: 1.0 "1.0 

PA 1-3 lJRCP: AGG 8.0 'l.8 236/1107: 538 AGG: 5.0 NIA 85.Gl : : A-"I 0.11 : : rte: 1.0 "l.O 
PA 1-"I :JRCP: AGG 8.0 8.9 732/197: 747 AGG: 5.0 NIA 0.10 ::A-2-4 0.33 : : AC: 1.0 "1.0 
PA 1-5 lJRCPl AGG 13.0 15.0 l0.05/0.15l 5"10 NONE: --- --- --- '. A-"I '. 0.09 :: AC: 1.0 "1.0 

RT 130 Yardville, NJ lNJ 2-1 lJRCP: AGG 5.0 5.0 0.95 234 AGG: 7.0 7.0 0.'95 l l R-4 0.11 : : AC: 2.0 7.0 
NB <1951- control} . . . . .. . . . . . . . . . . 

RT 676 Canden, NJ :NJ 3-1 :JRCP::NSOG 4.0 "1.3 61/N/A 356 : :LFAS: "1.0 --- 0.00 ::A-1-c 0.01 : : AC: 4.0 5.0 
SB (1'37'9) :NJ 3-2 lJRCPllPAT:B "t.O "1.1 68/0.86: 210 : : LFASl 4.0 --- 0.00 llA-2-"I .. AC: "t.O 5.0 .. .. . . . . . . . . . . . . . . 

------------------------------------------------------------------------- --------------------------------------------------------
lE Field results froN reports. lE Avercge 

MM RT '122 EB 



Table 139. Pavement joint data for projects in wet-freeze environmental zone. 

·----------------------~--~----------------------------------------------------------------------·------~--~-------------
:: : : ':TRANSVERSE JOINT :Depth:: 
:: : :----------------------------------------------:of : ! 
:: :Project :Slab: Joint LTD :Cale Avg Skewed:Jt Seal JOINT SEALANT :Long.:: 
: :Project Location :Section T, :Pvt.: Spacing, :Base :Diameter:Jt Open, Joints:Shape ---------------:Joint:: 
::<Year Constructed) ID IN :T~pe: FT :T~pe: IN : IN Y/N :Factor T~pe:Age :Cond.: IN : : 
: :-4-------------------:-------- -----:----:-----------:---- :--------:-------- ------·------- ----:----

us 10 Clare, MI IMI 1-la 9.0 lJRCP: 71.2 : RGG 1.25 D.27 N 0.20 PREF: 12 GOOD :2.75 
: WO&EB (1975) :MI I-lb 9.0 :JRCP: 71.2 : AGG 1.25 0.27 N 0.20 PREF: 12 EXC :2.75 
: lMI 1-1a 9.0 :JPCP:13-19-18-12:PRTB NONE ' 0.06 Y 0.20 ,PREF: 12 EXC :2.75 

:MI 1-?a 9.0 :JPCP:13-17-16-12: AGG 1.25 0.07 N 0.20 :PREF: 12 EXC :2.75 
:MI l-7b 9.0 :JPCP:13-17-16-12: AGG 1.25 0.07 N 0.20 :PREF: 12 EXC :2.75 
lMI 1-I0al 9.0 :JPCP:13-19-18-121 RTB NONE 0.06: Y 0.20 :PREF: 12 EXC :2.75 
:MI 1-l □b: 9.0 lJPCP:13-19-18-12: ATB NONE 0.06 Y 0.20 :PREF: 12 POOR :2.75 
:MI 1-25 9.0 :JPCPll3-19-18-12l FlTO NONE 0.06 Y 0.20 :PREF: 12 GOOD :2.75 

I-94 Marshall, MI IMI 3 :10.0 :JRCP: 11.0 :PflGG 1.25 0.15 N 0.22 :PREF: l: EXC :2.75 
N , , WB (1986- new) 
N fl ,. 

o~ '. '.I-69 Charlotte, MI :MI 4-1 9.0 :JRCP: 71.2 AGG:: 1.25 0.27 N 0.20 :PREF: 11 lFAIR :2.75 
NB (1972) lM[ 4-2 9.0 :JRCP: 71.2 AGG:: 1.25 0.27 N 0.20 :PREF: :FAIR :2.75 

' . . ' 
I-94 Paw Paw, MI :MI 5 : 10.0 :JRCP: 11.0 lPAGG:: 1.25 l 0.15 : N : 0.22 :PREF: 3 : EXC :2. 75 

WB (1981- new) : : : 
I• 
0 I 

RT 23 Catskill, NY :NY 1-1 9.0 :JPCP: 20.0 RTBll ACME: 0.06 N 0.16 :PREF: EXC: 2.0 
EB&WB (1965) !NY 1-3 9.0 :JRCP: 60.8 nrn: l ACME 0.06 N 0.16 :PREF: EXC 2.0 

NY 1-1 9.0 :JRCP: 60.8 AGG:: ACME 0.08 N 0.16 :PREF: EXC 2.0 
NY 1-6 9.0 :JPCP: 20.0 AGG:: ACME 0.08 N 0.16 :PREF: EXC : 2.0 
NY 1-Ba 9.0 :JPCP 20.0 AT□:: NONE 0.06 N 0.16 :PREF: EXC: 2.0 

: : :NY 1-86 9.0 :JPCP 20.0 AT□: l NONE 0.06 Y 0.16 ;PREF: EXC 2.0 
I I I I 
; I I I 

: :I-88 Otego, NY :NY 2-3 9.0 :JPCP 20.0 AGG: :!"I-BEAM: 0.07 N 0.32 RA: 2 EXC !2.25 : : 
:: EB&WB (1975) :NY 2-9 9.0 :JPCP 20.0 AGGl:I"I-BEAM: 0.07 N 0.32 RAl 2 EXC :2.25 : : 
:: :NY 2-11 9.0 :JPCP 26_7 nGG: :t"I-BEAM: 0.10 N : 0.32 RA: 2 EXC :2.25 : : 
:: lNY 2-15: 9.0 :JRCP 63.5 AGGl:1"1-BEFlMl 0.23 N : 0.32 RA: 2 EXC 12.25:: 
~ t t I I I t t , I 
I I f I ii t I f I I 

--------------~-----------------------------------------------------------------------------------~--------------------



N 
N 

" 

Table 139. Pavement joint data for projects in wet-freeze environmental zone (cont'd). 

I. 
I I . ' a I 

'' '. 
::Project Location 
;:(Vear Constructed) 

IProject 
:section 

ID 
: : ------------~---------- : 
: :RT 23 Chillicothe, OH:OH 
: : SB <1973) :oH 
:: :OH '. . ' 
'' .. 
'' I I 

'. I I 

i I 
I I 

:OH 
:OH 
:OH 
:OH 

1-1 
1-3 
1-4 
1-6 
1-7 
1-9 
1-10 

Slab Joint 
T • : Pvt. : Spacing, 
IN :Type: FT 

-----:----:-----------
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 

:JRCP: 
:JRCP: 
:JRCP: 
lJRCP: 
lJRCPl 
:JRCP 
lJRCP 

40.0 
21.0 
40.0 
21.0 
40.0 
40.0 
21.0 

:TRANSVERSE JOINT :Depth 
:------------------------------------------------:of 

LTD :Cale Avgl5kewed:Jt Seal 
Base::Diameter:Jt Open, :Joints:Shape 
Typel: IN : IN : Y/N :Factor 

AGG 
ATB 
ATB 
AGG 
AGG 
AGG 
AGG 

1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 

--------!------!-----~-
□. 14 
0.06 
0. 11 
0.07 
0.14 
0.14 
0.07 

N 
N 
N 
N 
N 
N 
N 

0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

JOINT SEALANT 

Type:Age :Cond. 

PREF 
PREF 
PREF 
PREF 

:PREF 
:PREF 
:PREF 

. 
14 :FAIR 
14 :GOOD 
14 :GOOD 
14 :GOOD 
14 :GOOD 
14 :GOOD 
14 :GOOD 

Long. 
Joint: 

IN 

2.25 
2.25 
2.25 

'2.25 
2.25 
2.25 
2.25 

::SR 2 Vermillion, OH 
: : WB (1974> 

:011 2-33all5.0 :JPCP 
'OH 2-33b: 15.0 :JPCP 

20.0 
20.0 

:NONE 
:NONE 

NONE 
NONE 

0.07 
0.07 

y 
V 

0.25 
0.25 

Rn 
RA 

13 :FAIR 
13 :FAIR 

3.75 
3.75 .. 

I I 

llHWY 3N Ruthven. ONT 
: : E/W <1982) 

. ' I I 

I 

' 

ONT 1-1 
ONT 1-2 
ONT 1-3 
ONT 1-4 

::HWY 427 Toronto, ONT : □NT 2 
:: SB (1971- control) 
•• • • 
::TR 66 Kittanning, PA 
: : NB 0980> 
Ii 
I I 

I I 
I I 
I I •• 
I I 
I I 

PA 1-H• 
,PA 1-2 
:PA 1-3 
:PA 1-/4 
:PA 1-5 

l:RT 130 Vardville, NJ :NJ 2 
:: NB (1951- control) .. 
> I 

:!RT 676 Camden, NJ 
: : SB <1979) 
I I 
I I 

..: RT 422 EB 

lNJ 3-1 
lNJ 3-2 

' • 
:12.0 

B.O 
B.O 
7.0 

:JPCPl13-19-18-12:NONE 
:JPCP:13-19-18-12:PATB 
:JPCP:13-19-18-12: LCB 
:JPCPll3-19-18-12: LCB 

I 
I I 

9.0 :JPCP:13-19-18-12: CTB: 

: 10.0 
: 10.0 
: 10.0 
: 10.0 
: 10.0 

lJRCP: 
JRCP: 
JRCPl 
JRCPI 
JRCP: 

/46.5 
46.5 
46.5 
46.5 
46.5 

CTB: 
:PATS' 
I AGG 

AGG 
AGG 

9.0 :JRCP: 78.5 AGG 

9.0 :JRCPl 
9.0 :JRCPI 

78.5 
78.5 

,NSOGl: 
:PATBl I 

I I 
I I 

NONE 
NONE 
NONE 
NONE 

1.00 

1.25 
1.25 
1.25 
1.25 
1.25 

0.06 
0.05 
0.05 
0.05 

0.05 

0.14 
0.14 
0. 17 
0.17 
0. 17 

l. 25 : ** 0. 25 

' I 
1. 25 : ** 0. 26 
1. 25 l ** 0. 21 

y 
y 
y 
y 

y 

N 
N 
N 
N 
N 

N 

N 
N 

0.50 
0.50 
0.50 
0.50 

RA 
RA 
RA 
RA 

5 
5 
5 
5 

EXC 
EXC 
EXC 

GOOD 

3.0 
2.2 
N/A 
N/A 

0.50 :PREF' EXC :2.50 

1.00 
1.00 
1.00 
1.00 
1.00 

0.75 

0.75 
0.75 

RA 
RA 
RA 
RR 
RA, 

RA: 

7 
7 
7 
7 
7 

GOOD 
GOOD 
GOOD 
GOOD 
GOOD 

POOR 

RAl 1 :GOOD 
RA: l lGOOD 

2.75 
2.75 
2.75 
2.75 
2.75 

N/A 

N/A 
N/A 

----------------------------------------~-----------------~-----
** All NJ projects had expansion 

joints on 78.5-fl centers. 



Table 140. Outer lane deflection data of projects in wet-freeze environmental zone. 

-----------~-------~-~-~------·-·-------------------------------.-----------------------------------·------------------------------. ' I ' I I I : : DEFLECT I ON. Mi ls ' :Avg. ' I I 
I I • I ' I I I I I I 
I 5 I I I I I ::---~------------------,----- I 'NOT :Percent:: i I ' I I I I I 

'. 'Project :Slab • Joint I I I Mid-Slab lNon- Adjusted:Z LT Test :corners:: I I • ' I I 

: :Project Location Section T, :Pvt:..: Spacing, :Base::-------------~ Loaded:loaded Percent :Across Temp, lwith t I 
I I 

: :<Year Constructed) ID IN :Type FT :Ttjpe l : High' Low lRve. Corner:Corner LTE :Shldr •F :Voids I I 
I I 

::--+---------------- - -------- -----:---- -----------:----::---- ----:---- ------:------ --------:------ ----- -------:: 
: : US . 10 Cl are, MI MI 1-la 9.0 :JRCP 71.2 . AGGl :3.2 2.B :3.0 6.7 . 6.0 98 N/A 82 0 • I 
0 I J..lB&EB < 1975) MI 1-lb 9.0 :JRCP 71.2 . AGGl l4. 7 2.8 :3.4 10.3 6.4 72 N/A 82 15 I I . 
'. MI 1-4a 9.0 :JPCP 13-19-18-12:PATB: 2.6 2.1 :2.4 21.8 . 3.7 19 . N/A 75 85 I 0 ' I 

I! MI l-7a 9.0 :JPCP 13-17-16-12: RGG: 3.7 2.8 : 3. 1 26.3 I 23.0 100 N/A 78 85 I I • 
'' ,MI 1-7b 9.0 :JPCP 13-17-16-121 AGG: 3.8 3.3 :3.5 ' 31.8 • 27.2 . 100 I N/A ' 63 100 I I I I ' I I 

I I : MI 1-lOa 9.0 :JPCP 13-19-18-12: ATB: 2.7 2.2 :2.5 I 13.7 ' 5.1 . 41 ' N/A . 76 70 I I I I ' I I 

I I :MI 1-lOb 9.0 lJPCP 13-19-18-12: ATB: 3.6 2.3 :2.6 I 20.4 • 7.2 I 42 . NIA I 72 100 '' I • I I I 

I I :MI 1-25 9.0 lJPCPl13-19-18-12: ATB: --- .---I I 

' ' • • I I • I 
I I I I I I I I I ' I I I 

: : I-94 Marshal 1, MI lMI 3 10.0 lJRCP: 41.0 lPAGG: 7.7 :5.2 '6.3 5.1 4.1 • 88 90 85 I 0 I I • I I I 

N I I WB (1986- new) I I ' . I I I I 

N I I I I I • • ' It 

00 I I . . . ' I . ' I 0 I • I ' I I I 

: !I-69 Charlotte. MI :MI 4-1 9.0 :JRCP: 71.2 . RGG: 4.4 3.3 3.7 15.6 7.0 51 35 80 22 I I 
I I I 

It NB <1972) :111 4-2 9.0 lJRCP: 71.2 ' AGG: 6.0 3.3 5.0 27.1 15.8 67 NIA 75 95 I I 
I I • I I 

'. I I • • . I I 
I I I I I • I I 

: :I-94 Paw Paw, MI :t-11 5 : 10.0 :JRCP' 41.0 PAGB: 4.7 3.2 3.8 • 26.9 21.9 94 48 75 95 It 
I I 

I I WEI (1984- new) I I I I • • I I 
I I I • . I • '. .. I I ' I I • I I 
It • I ' I I I I 

::RT 23 Catskill, NY :NY 1-1 9.0 :JPCP 20.0 ATB: 3.4 ,2.2 2.9 I 16.4 I 15.7 100 NIA 78 • 55 I I • • I I I I . ' EB&WB < 1965) :NY 1-3 9.0 :JRCP 60.8 ATB: 3.9 :2.6 3.1 ' 10.0 . 4.0 47 NIA I 82 • 20 I I .. I I I I It 

'' :NV 1-4 9.0 :JRCP 60.8 AGG: 3.3 :2.4 2.9 I 11. 1 . 8.9 94 NIA ' 79 . 25 It '. I ' . . . 
'' lNV 1-6 9.0 lJPCP 20.0 AGG: ,3. 1 :2.2 2.6 16.5 I 16.1 100 NIA I 73 ' 30 I 
I I I • I ' '. 'NY l-8a 9.0 :JPCP 20.0 ATB: :2.9 :2.2 2.5 I 11. l • 10.5 100 N/A . 76 I 20 '' I ' I . 
'' NY 1-Bb 9.0 :JPCP: 20.0 ATB' l3. l 12.4 2.8 10.6 . 9.9 100 N/A I 80 • 25 '. I • • 
0 I I • I . . • I ' : :I-88 Otego, NV NY 2-3 9.0 :JPCP: 20.0 . AGG :4.1 :3.0 :3.3 I 28.7 I 25.0 I 100 I 65 71 ' 90 I I I I I • .. EB!l.:WB <1975) NY 2-9 9.0 :JPCP: 20.0 I AGG :3.0 :2.2 :2.7 21.4 18.4 97 64 . 67 I 50 IO I • I 
I 0 NV 2-11 9.0 lJPCP: 26.7 I AGG :3.7 :2.0 :3.2 I 11.0 I 8.1 . 81 I 69 I 73 I 5 I I I I I I I • I .. NY 2-15 • 9.0 :JRCPl 63.5 • AGG M.O :3.0 :3.5 I 8.4 ' 7.3 • 99 I NIA I 74 I 0 I I I I I I I I I I 
I I • ' I • I •• I I I I I 

------~-------------------------------------------------------------------------------------------------------------------



Table 140. Outer lane deflection data of projects in wet-freeze environmental zone (cont'd). 

------------~~----------~---------------------------------------------------------------------------------------------------
0 I I I I I . : : DEFLECT I ON, Mi ls I I :Avg. I I I 

I I I I I I I I ' I I 

----------------------------: I :NOT lPercent:: I 

:Project Slab I I Joint '' Mid-Slab I :Non- :AdjustedlZ LT :Test :corners: I I I I I 

Project Location : Sed:ion T, :Pvt. I Spacing, Base::--------------lLoadedlloadedlPercent lAcross:Temp, lwith 
(Year Constructed) IO IN :Type FT Type :HighlLow :Ave. CornerlCornerlLTE 'Shldr I •F lVoids I 

------------------~--:-------- -----:---- ----------- ---- :----:-~--:---- ------:------:-------- ------:-----:-------: 
RT 23 Chillicothe, OH:OH 1-1 9.0 lJRCP 40.0 AGG :3.3 :2.7 '3.0 13.0 ' 10.6 • 95 N/A I 70 71 I 

Sp (1973) lOH 1-3 9.0 lJRCP 21.0 ATB :2.9 :2.1 2.6 7.8 5.4 79 N/A I 75 0 I 

OH 1-4 9.0 :JRCP 40.0 ATB :3.1 : 2. 1 2.6 7.7 4.7 70 N/A I 78 0 ' ' OH 1-6 9.0 :JRCP 21.0 I AGG :3.4 :2.6 3.1 20.4 18.6 100 N/A ' 74 94 . I I 

OH 1-7 . 9.0 :JRCP 40.0 ' AGG :5.4 :3.2 3.8 16.4 14.9 100 N/A 73 81 I I 

OH 1-9 ' 9.0 :JRCP 40.0 ' AGG :7.2 :3.2 4.1 15.7 11.5 86 N/A ' 72 100 I I I 

OH 1-10 ' 9.0 lJRCP 21.0 I AGG :3.5 :2.6 3.1 9.5 5.8 71 N/A ' 73 0 I ' I 

I ' I I 

:SR 2 Vermillion, OH :OH 2-33al 15.0 lJPCP: 20.0 lNONE: :---
I WB <1974) !OH 2-336:15.0 :JPCP! 20.0 :NONE:'---I 

I 
I 

: ~U~Y 3N Ruthven, ONT :□NT 1-1 :12.0 :JPCPll3-19-18-12:N□NE! ---
N ., EIW (1982) :ONT 1-2 I 8.0 :JPCPll3-I9-18-12:PATB: ---I I • 
N 0 I :ONT 1-3 I 8.0 :JPCP:13-19-18-12: LCB: ----c> I I I 

:ONT 1-4 I 
I 7.0 :JPCP:13-19-18-12: LCB: ---. I I ' I 
I I I I I 

,:HWY 427 Toronto, ONT :□NT 2 I 9.0 :JPCP:13-19-18-12: CTB I 

I I SB (1971- contra 1) '. 
IO 
I I 

TR 66 Kittanning, PA :PA 1-1 : 10.0 'JRCP 46.5 ' CTB 4.3 1.6 :2.1 I 12.9 9.4 . 84 N/A I 72 I 45 t ll 

• ' ' ' ' '. 
NB ( 1980) lPA 1-2 : 10.0 JRCP 46.5 lPATB 2.1 I. 7 :1.9 I 41.4 · 36.0 I 100 NIA I 71 . 100 . ' ' • . ' I I 

:PA 1-3 : 10.0 JRCP 46.5 I AGG 3.4 2.2 :2.9 I 40.0 33.5 ' 98 N/A I 72 I 95 I I 
I I I I I I I 

:PA 1-4 : 10.0 JRCP 46.5 I AGG 3.0 1.9 :2.1 • 11.1 3.9 ' 39 N/A I 77 I 15 I I 
I ' I ' I I I 

lPA 1-5 : 10.0 JRCP 46.5 ' AGG 3.4 1.8 :2.6 ' 33.4 28.5 I 98 N/A . 71 ' 95 I • I ' ' ' I . I . 
I I • I I 

::RT 130 Yardville, NJ :tiJ 2 I 9.0 JRCP 78.5 RGG 3.7 3.2 :3.4 I 7.2 4.9 76 NIA I 79 . 0 I I I I 

I I NB (1951- control) I I 

I I 
I I 

: : RT 676 Camden, NJ :NJ 3-1 I 9.0 lJRCPl 78.5 :NSOG: :3.4 :2.9 :3.0 9.2 . 4.0 I 50 ' N/A ' 81 I 0 • I I ' I I 

I I SB <1979) :NJ 3-2 I 9.0 lJRCPl 78.5 :PATBl :4.5 :3.6 :4.1 ' 6.7 ' 3.4 I 57 ' NIA I 85 I 0 I I I I I I I I ' I I 
I I 

------------~---------~---------------------------------------------------------------------------------------------------



Table 141. Outer shoulder and drainage information for projects in 
wet-freeze environmental zone. 

-------------------------------------------------------------------------------------------------------------------------------------------------------------.. . : : Ouler Shoulder : : : PERt1EnBI LI T'r': . ' . ' . .. . ::Type- Thickness: ::Fr/llR :AASIITO: :Deplh!Avera:ge:Avere.ge:: .. . . . :Projed. :Slab : . Joinl .. Inches : 0veroll : Shoulder ! : ______ ,,o _____ : Droi n a! Sub- . to !Tr.ons .. : Longi la:: '. . .. . 
::Projecl location :sect.ion: r, !Pvl .. : Spacing, :e~se::---------------:Shoulder :Jl Seol . ' :Sub- :coeff~:Douel:Dirain~ge:Dilch:Slope,. !Grode, '. .. '. : : (Yeor Conslrucled) ID : IN :TlJpe: Fr :TlJpe!:Surface: 0<>se : Cond·: lion: Condi ti on: : Bose :bose ! Cd : 'r'/tl : Type : FT : 7. : 7. .. 
·:---------------------:--------:-----:----:-----------:----::-------:-------:---------:---------::------:-----:------:-----!--------:-----:-------:-------:: 
:us 10 Cl~re, NI :m 1-la '.LO lJRCPl 7l.2 : AGG:: m:- 9 :mm- M: GOOD GOOD .. 0.04 :0.25 LOO 'r' :LONG DRNl I 2.08 -o. 17 

imdrn 0975> au 1-lb 'LO :JRCPl 71.2 : OGG:: flC- '3 lflGG- M: HUR GOOD . ' 0.01 :2.'l0 0.90 'r' IWIIE '1 -1.0'l 0.35 '. 
:m 1-<Ja 9.o :JPcr: 13-19-10-12:Pnro:: m:- 9 :mm- Ml FIHR POOR . ' N/fl : 1. W LIO N ! tntH1 ORN! 3 -l.'ll o.on 
:m 1-7,. 'l.0 :.ll'CPl 13-17-tL-12: flfiG:: m:- 'l : 11nr.- J.tl: GIJOl.l GOOll .. 1.22 :0.01 0.'IIJ ... : umn oRu: 3 -1. 3'.l 0. 17 
:m 1-71> 9.0 !JPCI': 13-17-lL-12: OGG:' 11c- 'l :mm- 11: GOUD GOOD .. 0.02 :2.01 0.00 'r' NONE 2 -2.08 0.27 
an 1-100: 9.0 : JPCP: 13·· 19-18-12: nm: nc- 9 : ilGG- Ml GOOD EXC '. 0.00 : '1.'18 0.85 N :LONG DRN: '-I 2.08 0.00 
:m 1-1m,: 9.0 :JPCP: 13-19-10-12: nm: RC- '.l :mm- M: GOOD FilIR '' 0.00 :2.02 0.85 N l!0tlE 5 -1.39 0.52 . ' 
an 1-25 9.0 :JPCPll3-19-10-t2: nm: PCC- 9 :nm- .q: GOOD MM: POOR . ' 0.00 :0.32 0.70 tl NONE '10 -1.30 0.00 .. . ' . ' 

, : I -94 N<>rsh<ll l , NI :m 3 : 10.0 : JRCP: 41.0 lPflGG: PCC- OJoi: flGG- .tf! [XC me . ' 4.30 :3.59 Ll2 'r' !J!l/LO 5 -1.0<l 0.00 
'' Im 098(;- neM) '. '. '' 
'' .. 
'' '. 
::I-L9 Ch<>rlolle, HI :NI 4-1 9.0 :JRCP: 71.2 0GG:,Pcc- 7M:nGG- -1: mm FfliR .. 0.01 l0.35 0.75 'r' NotlE 5 -1.0'1 0.L'.l 

NO (1972) lttl "1-2 9.0 lJRCPl 71.2 flGG:: fl[- 1 lflTB- s: FAIR POOR . ' 0.0L :0.85 0.70 \' llOllE 5 -1.0'1 0.00 
'' . ' .. .. . . '' t; : : I -'94 Pou PoM • tlI :m 5 10.0 : JRCP: 4LO lPRGGllPCC- 8MlflGG- -1: EXC EXC .. 1.85 : 0.85 1.05 'r' 08/LD 2 -2.08 0 .. 00 : : . . 

' . Q ; ; iJB (l'J8'!- neM) .. . ' ' . ,. 
'. '. : :RT 23 Colskill, tW :tl'r' l-1 9.0 :JPCP: 20.0 nre:: RC- "I :flGG- 10: GOOD POOR : 0.0 :0.03 0.'90 'r' NONE 0 -1.39 Om52 ! : . ' EBIUJB (1%5) ltl'r' 1-3 9.0 lJRCPl 60.8 ATB:: AC- "I :fJGG- 11;: GOOD GOOD . 0.0 :0.12 0.90 'r' NONE 8 -1.21 -1.0"1 : : .. . 

:ti\' 1-'1 9.0 lJRCP: 60.0 nGG~; nc- 4 :oGG- lf>l GOOD POOR 0.11 :0.09 0.00 \' NONE '1 -0.07 0.17 : : 
lN\' 1-L 'J.0 :JPCP: 20.0 nnn:: nc- •1 :nw,- JC.: G0OI) POOR ti/fl :o.oo 0.75 \' WIil[ f, -0.07 -U .. 52 !: 
:t-l'r' 1-04 9.0 :JPCP: 20.0 . nro:: !IC- '1 :mJG- IL! GOUD POOR 0.0 ! N/fl 0.'.l0 N NOil[ 0 1.5& -1. 91 . 
:tl'r' 1-8b 9.0 : .JPCP: 20.0 . nm:: flC- '1 !OGG- 16: GOOD POOR 0.0 :0.01 1.00 ti tl0tlE 8 -0.07 -0.17 . .. .. 

1-89 0lego, ll'r' :N\' 2-3 ':LO :JPCP: 20.0 AGG::Pcc- 6 :nGG- 1s: FAIR GOOD N/fl :o.23 1.00 \' NONE 8 -2.00 -1.0'l 
EBlll-lB (1975) :H'r' 2-9 9.0 :JPCP: 20.0 AGG::PCC- f, :AGG- 9: POOR EXC 0 .. 25 : --- 0.85 'r' NONE 15 1.73 -0.87 

:II\' 2-11 9.0 lJPCP: 2L.7 nGG::PCC- t :AGG- 9: POOR EXC .. If/A : --- 0.80 'r' NOIIE 10 -1.0'1 -1. 91 . . 
:ti\' 2-15 9.0 lJRCP: 63.S OGG:: AC- '1 : flGG- '.l: FAIR POOR '. 0.17 :0.-11 0.85 'r' tlotlE 12 -1.56 0.87 '. .. '. .. '. ------------------------------------------------------------------------------------------------------------------------------------------------------------

)( nveroge MM NeHl lane is an 
accelerolion roNp 



N 
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Table 141. Outer shoulder and drainage information for projects in 
wet-freeze environmental zone (cont'd) . 

: : Ouler Shoulder : :PERNEABILIT'r': 
: : : : Type- Thickness: : : FT /UR : AAStifO! : Deplh: Averoge: Averoge: 
: : : Project : Sl.ab Joi nl : : Inches : Overol l : Shoulder : : ------------: Dr.oi n.: Sub- : lo : Trons. : Lon']i l - : 
:!Projecl localion :Seclion: T~ :Pvt.: Spbcing, :o~se::---------------:Sl1oulder :JL Seal :: :Sub- :coeff.:Do~el:Orai11oge:Oilch:Slope, :Grode, 
:: (Yeor Conslrucled) ID : IN :Type: ff :r~pe: :Surface: Bose !Condilion:Condilion:: Bose :base: Cd : Y/t~: Type : Ff : Z : l : 
::-·--------------------:--------:-----:----:-----------:----: :-------:-------:---------:---------: :------:-----:------:-----:--------:-----:-------:-------: 

'' .. . . . ' 
'' '' 

RT 23 Chilli colhe, OIi Oil 
50' < 1973) Oil 

OIi 
:mt 
:m1 
:011 
:011 

1-1 
1-3 
1-4 
1-6 
1-7 
1-9 
1-10 

'J.O JRCP 
'J.O JRCP 
'9.0 JRCP 
'.l.0 JRCP 
'LO JRCP 
'LO JRCP 
'.l.0 JRCP 

40.0 
21.0 
40.0 
21.0 
40.0 
'10.0 
21.0 

nGo:: nc- 3 :noo
nro:: nc- 3 :noo
nro:: nc- 3 :noo
noo:: nc- 3 :noo
mm:: nc- 3 : noo
noo:: AC- 3 :noG
AGG:: nc- 3 :nGG-

'' '. 
: :5R 2 Vernillion, OIi 
: : 1m <1974) 

:mt 2-330: 15.0 :JPCP: 
: Oil 2-33b: 15.0 : JPCPl 

20.0 
20.0 

NONE::PCC- 0)(: NONE 
HONE:: AC- OlE: NONE . ' 

'' : : fll.l'r' 3N Ru! l.ven, ONT 
E/ll <1902> 

)( otlf 
ONT 
OHT 
ONT 

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

: 12.0 
8.0 
0.0 
7.0 

JPCP 13-19-18-12 NONE AC- 3 
JPCP 13-19-18-12 PATB AC- 3 
JPCP 13-19-18-12 LCB PCC- 8 
JPCP 13-19-18-12 LCB PCC- 7 

AGG
AGG
flGG
AGCJ-

4: 
4: 
4: 
4: 
4: 
"l: 
"l: 

9: 
9: 
s: 
s: 

FflIR )()(' 
FAIR 
FAIR 
HHR 
POOR 
FAIR 
FflIR 

EXC 
FAIR 

GOOD 
GOOD 
GOOD 
GOOD 

POOR 
POOR 
POOR 
POOR 
POOR 
POOR 
POOR 

EXC 
POOR 

FAIR 
FflIR 

EXC 
GOOD 

:: 0.27 
0.0 
0.0 

fl.Of> 
7.25 
0.16 
0.58 

14.6, 
0.0 
0.0 

llllY 427 Toronto, Otff :OIIT 2 
5B (1971- conlrol) 

9.0 !JPCP: 13-·19-18-12: cm:: nc- <! :mm- £>: GOOD mm 0.0 

TR 66 Killonning, PA :PA l-1lllo£ 10.0 JRCP 
1-2 10.0 JRCP 
1-3 10.0 JRCP 
1-4 10.0 JRCP 
1-5 10.0 JRCP 

NO (1900) :PA 
:PA 
lPA 
lPA 

::Rf 130 Yordville, NJ INJ 2 
:: NB (1951- conlrol) 
'' . ' 
: :RT G7G Canden, HJ 
' ' 58 ( 1979) 
'' '' 

' :1u 3-1 
lHJ 3-2 

M Field resulls fron reports. 
MM Rf 422 EB 

9.0 lJRCP! 

9.0 !JRCP: 
'LO :JRCP: 

%.5 
'IG.5 
.r:fG.5 
%.5 
%.5 

70.5 

78.5 
78.5 

. ' . ' '. '' ere:: 
:pnrn:: 

OGG:: 
mrn:: 
AGG:: 

'' '. 

nc
nc
nc
nc
AC-

1 : ATB-
1 :nn:1-
1 :nni-
1 : nrn-
1 : AfB-

'I: 
,i: 
,i: 
4: 
<1: 

AGG:: AC- 2 :AGG- 7: 

:NSOG:: AC- 'I :PAN- s: 
:PATS:: AC- 4 :PAN- 5: 

'' '' 

lE Averag.-

EXC 
EXC 
EXC 

GOOD 
EXC 

EXC 

EXC 
EXC 

POOR 
POOR 
POOR 
POOR 
POOR 

EXC 

POOR 
POOR 

0.0 
236, 

1107 
197 

:0.0£, 
: 'l7.f> 
:os.G 
: 0.10 

: : 0.15 

: : 0_95 
'' '' 
'' . ' .. 
'' '' 

61 : 1.02 
0.8b : 0.73 

MM Nettl lone is an 
acc~leralion raHp 

O.'l5 
0.90 
0.90 
0.05 
1.05 
0.90 
1.05 

0.90 
O.':l5 

0.95 
1.00 
1.00 
1.00 

0.80 

0.90 
LOS 
1.05 
1.00 
1.00 

1.05 

1.10 
1.10 

'r' 
'r' 
'r' 
'r' 
'r' .,. 
I-' 

N 
N 

N 
N 
N 
N 

... 

.,. 
'r' 
... 
'r' 
... 

'r' 

'r' 
\' 

NOIIE 
NOHE 
NONE 
NONE 
NONE 
tlONE 
NONE 

NOtlE 
tlOIIE 

:LONG DRtl 
'LONG DRtl 

LONG DRtl 
LONG DRN 

LOtlG DRN 

LONG 
LotlG 
LOtlG 
LotlG 
LONG 

DRN: 
DRN: 
DRU: 
DRtl! 
ORN: 

NOHE 

DB/LD 
DB/LO 

50 
50 
so 
50 
50 
50 
50 

8 
10 

E, 

0 
E, 

8 

4 
5 
4 
5 
'l 

-1.56 
-2.43 
-2.25 
-1.04 
-1.56 
-2.00 
-1.91 

-1.0<l 
-2.08 

-2.08 
-2.08 
-2.00 
-1.39 

-1.73 

-0.87 
-1.0'1 
-3.30 
-0.70 
0.35 

rl/A: -0.07 

NIA: -1.21 
NIA: -l.21 

-1.0'l 
-2.08 
·· I. 91 
-2.08 
0.00 

-0.17 
0.00 

0.00 
-n .. 11 : : 

0.00 
0.17 
0.00 
0.00 

0.00 , , 

1.39 
0.17 : : 
3.02 : : 
'1.00 : : 
3. 12 : : 

0.52 , , 

OM35 :: 
0.52 :: 
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Table 142. Traffic information for projects in wet-freeze environmental zone. 

:ORIGINAL DESIGN TRAFFIC 1987 
ESTIMATED 

OUTER LANE <l> LANE tt 2 
:-------------------:-------------------

:Project:-----------------------: : ____________ l1987 ESAL:Estimated:1987 ESAL:Estimated 
!Project Location :Section lESAL's, :ADT*, : Z :Age at:ADT, : Z :from AOT,:ESAL's :from ROT, :ESAL's 
f<Year Constructed): ID :(million):thous.:Trucks:Survey:thous. :Trucks:z Trucks :to Date :z Trucks :to Date 
t------------------:--------:---------:------:------
: US 10 Clare, MI 

, : WB&EB (1975) 
:MI 1-la 
lMI 1-16 
'Ml 1-4a I l •• 
MI 1-7a 
MI 1-7b 
MI 1-lOa 
MI 1-lOb 
MI 1-25 

, :J-94 Marshall, MI lMI 3 
: WB (1986- new) 

:I-69 Charlotte, MI:MI 4-1 
: NB (1972) lMI 4-2 

:I-94 Paw Paw, MI :MI 5 
: WB (1984- new) 
I 
I 

'RT 23 Catskill, NY:NY 1-1 
EB&WB <l 965) : NY 1 - 3 

:NY 1-4 
lNY 1-6 
:NY l-8a 
:NY 1-86 

I-88 Otego, NY 
EB&WB (1975) 

lNY 2-3 
lNY 2-9 
:NY 2-11 
:NY 2-15 

15.7 

18.4 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

25.0 

5.0 
5.0 

22.0 

12 
12 
12 
12 
12 
12 
12 
12 

1 

16 
16 

3 

22 
22 
22 
22 
22 
22 

12 
12 
12 
12 

5.1 
5.1 
5.1 
5.1 
5.1 
5. 1 ' 
5.1 
5.1 

31.3 

13.7 
13.7 

19.3 

7.3 
7.3 
7.3 
7.3 
7.3 
7.3 

8.5 
8.5 
8.5 
8.5 

------!---------
8.0 71100 
8. 0 71100 
8.0 71100 
8.0 71100 
B. 0 71100 
8. 0 71100 
8. 0 71100 
B. 0 71100 

22.0 

11.0 
11.0 

20.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

12.0 
12.0 
12.0 
12.0 

1411400 

324800 
324800 

832200 

214600 
214600 
214600 
214600 
214600 
214600 

272600 
272600 
272600 
272600 

---------t---------
885200' 
885200 
885200 
885200 
805200 
885200 
885200 
885200 

2768800 

4367400 
4367400 

3123700 

3136300 
3136300 
3136300 
3136300 
3136300 
3136300 

1428100 
1428100 
1428100 
1428100 

6300 
6300 
6300 
6300 
6300 
6300 
6300 
6300 

423400 

63000 
63000 

196300 

26500 
26500 
26500 
26500 
26500 
26500 

38300 
38300 
38300 
38300 

77500 
77500 
77500 
77500 
77500 
77500 
77500 
77500 

830700 

747300 
747300 

748500 : I 

368500 
368500 
368500 
368500 
368500 
368500 

144900 
144900 
144900 
144900 : I 

l I •• ---------------------------------------------------------------------------------------------------------------------
* All AOT"s are two-way 
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Table 142. Traffic information for projects in wet-freeze environmental zone (cont'd). 

I I • :ORIGINAL DESIGN TRAFFIC: 1987 
: ESTIMATED 

OUTER LANE (1) LANE# 2 
:-------------------:-------------------: 

:Project 
:Section 

ID 

:-----------------------: : :1987 ESALlEslimated:1987 ESAL:Estimated: 
Project. Location 
(Vear Constructed) 

lESAL's, :ADT**,: Z lAge at:ADT, : Z lfrom AOT,lESAL's :from ADT,lESAL's 
l(million)lthous.:TruckslSurvey:thous.:TruckslZ Trucks :to Date :z Trucks lto Date 

-~-------------------:-------- ---------:-.----:------:------:------:------:---------:---------:---------:---------: 
RT 23 Chillicothe, □H: □H 1-1 

SB (1973) lOH 1-3 
:□H 1-4 
:□H 1-6 
:OH 1-7 
'OH 1-9 

,SR 2 Vermillion. OH 
: J.JB (1974) 
' ' ,:HWY 3N Ruthven, ONT 

: : EIW <19B2) 
I I '. I I 
It 

I I 
t I 

OH l·-10 

OH 2-33a 
OH 2-33b, 

ONT 1-1 
'ONT 1-2 1 

ONT 1-3 
ONT 1-4 

'lHWY 427 Toronto. ONT : □NT 2 
: SB (1971- control) 

:TR 66 Kittanning. PA 
: NB 09B0> 

:RT 130 Yardville, NJ 
: NB (1951- control) 
' I 
:RT 676 Camden. NJ 

: : SB (1979) 
It 
t I 

'PA 1-1* 
PA 1-2 
PA 1-3 
PA 1-4 
PA 1-5 

NJ 2 

NJ 3-1 
,NJ 3-2 

* RT 422 EB 

4.4 
4.4 
4.4 
4.4 

13 
13 
13' 
13 

14 I 

14 
14 
14 
14 
14 
14 

13 
13 

5 
5 
5 
5 

13.0 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 

13.5 
13.5 

5.4 
5.4 
5.4 
5.4 

16 :228.4 

7 
7 
7 
7 
7 

36 

8 
8 

10.3 
10.2 
10.2 
10.2 
10.2 

24.7 

78.7 
78.7 

** All ADT's are two-wa~ 

12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 

16.6 
16.6 

14.5 
14.5 
14.5 
14.5 

10.0 

6.0 
4.0 
4.0 
4.0 
4.0 

22.0 

5.0 
5.0 

305800 
305B00 
305800 
305800 
305800 
305800 
305800 

391000 
391000 

244500 
244500 
244500 
244500 

3424600 
3424600 
3424600 
3424600 
3424600 
3424600 
3424600 

3295700 
3295700 

1011100 
1011100 
1011100 
1011100 

3702600 :35649300 

97100 
64200 
64200 
64200 
64200 

1475800 

641200 
6-41200 

603400 
270200 
270200 
270200 
270200 

34813100 

4181400 
4181100 

57500 
57500 
57500 
57500 
57500 
57500 
57500 

75200 
75200 

NIA 
NIR 
NIA 
NIA 

570200 
570200 
570200 
570200 
570200 
570200 
570200 

561700 
561700 

NIA 
NIA 
NIA 
NIA 

' ' 

3349000 :28235000 

15700 
10300 
10300 
10300 
10300 

394800 

397700 
397700 

75300 
28700 
28700 
28700 : : 
28700 : l 

7194600 

2514300 
2514300 



Table 143. Outer lane performance data for projects in wet-freeze environmental zone. 

-------------------------~--------------------------------------------------------------------------------------------------------
'' ' I ' ' ' '. • I I ' o I ' '' o I I ' ' I :Average :Deter. '' '' ' '. ' . ' : : :Project lSlab Joint: '' LTD :Nays :Trans~ lTrans. :LongiL : Percent.: Ml::. Is: : '' : :Project Local:ion :Section I T, !Pvt:..: Spacing, lBase: lDia., lAve. lRough. lFaultinglCracks/lCracking, Pumping, lJoints :our. ' : l(Year Constructed) ID IN lTypel FT :Type:: IN lPSR : IN/MI ' IN lMi le :UN FT/MI N/L/M/11 lSpalled:Dist ' ~:----------------------:--------:-----:----:-----------:----; :-----:----·------·--------:-------~--------- --------~-------~----
: : US 

110 Cl are, MI :MI 1-la I 9.0 lJRCP: 71.2 ' AGGl l 1.25 :3.6 % 0.05 0 . 0 N 0 lOCRK'' I ' ~me.rn ( l 975) lMI 1-lb 9.0 lJRCPl 71.2 : flGG : 1. 25 l3.3 91 0.08 5 0 N 0 lDCRK 
:MI 1-4a 9.0 lJPCPl13-19-18-12lPATB :□ .OD :3.9 47 0.03 0 0 N 9 lDCRK 
lMI l-7a 9.0 lJPCPll3-I7-16-I2: RGG : 1.25 :3.6 58 0.04 0 0 N 12 lDCRI< 
:MI l-7b 9.0 :JPCP:13-17-16-12: RGG :1.25 :3.7 37 0.04 0 0 N 11 :ocRK 
:MI 1-l □a: 9.0 :JPCPll3-19-l8-12l RTB :o.oo :2.9 98 0.14 0 0 L 41 lDCRK 
:MI 1-lObl 9.0 :JPCP:13-19-10-12: nrn :o.oo :2.8 101 0. 19 I IO fl L 6J : (l[f<!(' ' :MI l-2'.'i I 9. D :Jr~l~:IJ-l'J-ID-12: nru : 0. (JO : 2 - 'J 15'.l CJ.2[] 29 ll L 75 :Drnl< I 

1-94 Marshall, MI lMI 3 : 10.0 :JRCPl 41.0 :PflGG : 1.25 :4.8 37 0.02 0 0 N 0 :NONE . ' 1-JB (1986- new) o I 

'' N '' 
w : : I-69 Charlotte, MI :MI 4-1 9.0 :JRCPl 71.2 RGG:: 1.25 l2.4 132 □- 12 227 40 N 0 :DCRI( 
.i::- . ' NB (1972) :MI 4-2 9.0 :JRCP: 71.2 flGG:: 1.25 :2.4 112 0.06 183 0 N 6 :DCRK . ' I 0 

' 'I-94 Paw Paw, NI :MI 5 : 10.D :JRCP: 41.0 :PAGG:: 1.25 :4.2 36 0.05 144 0 N 0 lNONE 
l~B (1984- new) 

I I I 0 I 
I '' '' lRT 23 Catskill, NY :NY 1-1 9.0 :JPCP: 20.0 mo: :ACME :4.0 56 0.02 0 0 N 6 :NONE:: 

EBl'xlm (1%5) :NY 1-3 9.0 :JRCP: 60.8 ATBl :ACME :3.6 79 0.14 0 0 M 73 :NONE:: 
:NY 1-4 9.0 :JRCP: 60.8 llGG: lACME :3.4 90 0.09 0 0 t-l 'J lNONE:: 
:NY 1-6 9.0 :JPCP: 20.0 RGG: lRCME :3.9 82 0.03 35 0 N 13 :NONE:: 
:NY 1-Sa 9.0 :JPCP: 20.0 ATB: : □ .DO l 4. 1 . 64 0.01 9 ' 0 N D :NONE:: ' :NY 1-Bb 9.0 lJPCP: 20.0 ATB: : □ .00 :3.8 65 0.03 0 : 0 N 0 :NONE:: 

I I I I 
I 0 '' , : J-88 01:.ego, NY :NY 2-3 9.0 :JPCP: 20.0 flGG: : 1" I8l4.2 61 0.01 35 0 N 0 :NONE:! 

'' EB!l:WB (1975) lNY 2-9 9.0 lJPCPl 20.0 AGGl l l" IBl4.0 66 0.02 25 ' 543 I N 0 :NONE:: '' . . 
0 I :NY 2-11 . 9.0 :JPCP: 26.7 RGG:: l" rn:4.1 76 0.01 26 : 0 ' N 0 :NONE:: Io ' I '. lNY 2-15 ' 9.0 lJRCP: 63.5 AGG:: l" rn:4.o 63 0.02 ' 0 73 N 0 :NONE:: o I . ' '' ' ' '' I ' ' '' I ' '' I '. ----------------------------------------------------------------------------------------------------------------------------------



Table 143. Outer lane performance data for projects in wet-freeze environmental zone (cont'd). 

-------------~-·---~-~-~----------------------~--------·--~---------,--------------------------------~----~--~--------------·------------. ' • ' . . ' > I • ' I . ' 
O I ' . . lflverage :Oeler . '. ' I I 
I I :Project :Slab ' ' Joint I 0 LTD lMaus :Trans. :Trans. a.ongiL :Percent:Mtls: I! ' ' I I 

::Project Location :seclion . T, IPvL: Spacing, :□ase: :Dia., :nve. :Rough. :FaullinglCracks/:Cracking, !Pumping, :Joinl:s !Dur .. :: ' ::(Vear Constructed) m : IN :T<jpe: FT :Type: l rn !PSR l IN/MI ' rn : Mi le : LIN FT /1'1 I : N/L/11/H :Spalled:Oisl:! . 
::----------------------:--------:-----:----:-----------:----::-----:----:------:--------:-------:---------:--------:-------:----:: 
::RT 23 Chillicothe, rn-n rn-1 1 ·· l . 9. 0 :.mer: "10.0 . AGG:: l .25 : 1. 2 I 109 0. l3 0 0 N . 0 ;NONE:: . . . . .. SB (1973) :m-1 1-3 • 'J. 0 :.mcP: 21.0 RTEll: 1.25 :4.2 106 . I) - []6 0 0 . N . 13 lNONE; '' ' ' • . 
'' :oH 1-4 9.0 :JRCPI 40.0 . ATB: !L25 : 4. 1 123 ' 0.07 29 Li N 0 :NONE '. . • 
'' :OH 1-6 9.0 lJRCP: 2LO . AGG: l 1.25 :4.2 HH 0.03 31 0 N 0 :NONE '' . 
I• lOH 1-7 9.0 lJRCP: 40.0 ' AGG:: L25 :4.2 115 0.07 235 0 N 0 : NOt-lE '. ' .. lOII 1-9 9.0 :.mer: 4D.0 l rlGG:: l .25 : -1. 2 11)9 0. H 10G 0 N D :NONE . . . ' :□H 1-10 9.0 :JRCP: 2LO AGGl: 1.25 :4.2 122 0. lU 0 0 N 0 :NONE .. 
'' . ' 
'' .. 
: : SR 2 Ver·mii H ion, OH lDH 2-33a: 15.0 lJPCP: 20.0 : NONE: :0. 00 :3.4 . '30 □. l l 0 104 L 15 :NONE . . ' WB <l '374) :OH 2-336: 15. O lJPCP: 20.0 : NONE l rn. 00 13.5 : 85 □. 11 11 148 tl 23 :NONE '' '. ' '. 0 I ' '. 
: : HWY 3N RuU,ven, ONT :ONT 1-1 :12.0 :1rcr:13-19-10-12:N□NE: :o.oo :3.8 90 0.05 0 0 L fl :NONE, . ' E/W <1982) :□NT 1-2 • 8.0 :JPCPll3-19-IB-12:PATB:: □ .oo :J .. 8 78 D.05 0 0 L 0 :MONE: .. ' : : :□NT 1-3 tl.O :JPCP:13-19-18-12: Len: :o.oo :3.0 57 [UH 30 I] L u !NUME: 
'. :□NT 1-/4 7.0 :JPCP!IJ-19-18-12: LCD:: 0. 00 L:J. 7 65 O. lH 15 05 N 0 :NOME! '. 

N '' ' . 
'' . . 

L,v : ;HWi' 42? Toronto, ONT :□NT 2 9.0 :JPCP:!3-19-18-12: CTB;: 1 .. 00 l3.'9 104 0.01 5 0 N 0 !NONE: \.J1 
' ' SB (l 971 - con !:n:i, D • . . 
'' ' '' 
'' .. 
: :TR 66 Kittanning, PR :PA 1-1* : 10.0 :JRCP: 46.5 CTB: ! l. 25 :4.2 75 0.03 0 0 N 0 :NONE: .. NB ( 1980) : PA 1-2 : 10.0 :JRCP: 4G.'.ii :rm□:: 1.25 :3.0 91 0.02 0 D N 0 :NONEl . . . ' :PA 1-3 : 10.,0 : JF:CP: 46.5 AGG:: L25 : 3. 7 113 0.03 0 0 N 0 !NONE: '' : t iPR 1-4 ; 10.0 lJRCPl 46.5 AGGl: 1.25 :4.0 109 0.03 0 (l ' N 0 lNONE: . 
I I :PA l-5 : 10.0 :J1~cp: 46.5 AGG:: l. 25 :•LO 82 0.03 0 0 : N 0 :NONE: > I . . . . . ' '' . . ' ' ' • . . 
: :RT 130 Vardvi!le, NJ au 2 9.0 lJRCPl 78.5 I AGG;: J. .25 :3.8 63 o. rn; 24 HI N 20 :NOME: ' 
'' NB 0951- conl:.n:iD '' .. . ' 
'' ' ' . ' I 0 . • o I 

: : RT 676 Camden, NJ HU 3-1 : 9.0 :JRCP: 78.5 :NS□G:: L25 :3.6 13'1 0.05 0 0 N 0 :NONE: .. 58 (1979) :NJ 3-2 '3. 0 lJRCP: 78.5 : PRTB : : l • 25 i3n5 153 0 .. 06 0 0 N 43 ;NONE: '. 
'' : : '' --------•---------•~<,••~-----------------------•--~-----•--~•~••---------•------------•----------------------M----~-•------•-s--~-------•----------~-•---•-

* RT 422 EB 



Table 144. Lane 2 performance data for projects in wet-freeze environmental zone. 

-------------------------------~-------------------~---------------~-----------------------------------~~---------------------------. ' ' ' ' '' ' ' ' '' I :Average :Deter-'' ' '' :Project: :Slab Joint ' LTD ' ll1ays :Trans .. :TransF lLongiL :Percent::Mt:ls '' ' ' : :Project Location :section . T, lPvL: Spacing, :Base :Dia .. ,: :Rough_ :FaultinglCracks/:Cracking, :Pumping, :Joints :Dur~ ' : :<Year Constructed) ID . IN :Type: FT :Type ' IN :PSR : IN/MI I IN :Mi le :LIN FT/11IlN/L/M/H -:Spalled:Dist: I I l 

: :----~----------------:--------:-----;----:-----------:---- : ----- ~ ---- ~ ---·---. -------- ~ --------: -- --------: --------: -------: ----
: :U9 10 Clare, MI :MI 1-la 9.0 lJRCPl 71-2 I AGG :1-25 :3_9 76 0_04 () 0 N 0 :DCRK ' '' HllBEO < 1975) :MI I-lb 9_0 lJRCPl 71.2 ' AGG,: L25 lcL2 7·1 0_01 I() 0 N n :OCRI< '' ' : : : Ml l-4a 9.0 :JPCP: 13-19-10-12:PmB: :o_oo !•LO 41 o_oo 0 0 I N 2 :DCRK ' Io lMI l-7a I 9.0 :JPCP:13-17-16-12' FIGG:: 1. 25 :3_9 . 50 0_02 0 0 . N D :DCRK '' I . ' 
'' :MI l-76 I 9_0 :JPCP:13-17-16-12 AGG:: 1-25 :•LO ' 44 0_03 0 0 ' N 0 :DCRK 'I ' ' ' 
'' :l'tI 1-lOa' 9_0 :JPCP:13-19-18-12 ms: :o.oo :3_0 78 0_03 0 D I L 32 :DCRK • I . . ' :111 1-IOb 9.0 !JPCP:13-19-18-12 ma: :o_oo :3_6 80 0.03 0 0 L 43 :DCRK '. 
'' :MI 1-25 9_0 :JPCP:13-19-10-12 mo: :o_oo :::L4 103 0.01 0 0 L 25 :Drnl< . ' 
: : I 0 '. 
: :I-94 Marshall, MI lMI 3 10.0 :JRCP: 41-0 PRGG:: 1. 25 : 4. 0 39 0_01 0 D N D :NONE:: 
0 I I~[} (1906- new) ' I I Io . ' I I• I I 

' ' ' . '' '' . ' '' 
N lll-69 Charlotte, MI :MI 4-1 9_0 :JRCP: 71-2 FIGG:: 1-25 :2.6 ' 114 0_05 69 0 N 0 :DCRK: ' l,v '' NB ( 1972) :MI 4-2 9_0 lJRCPl 71-2 FIGG:: 1-25 :2.6 : i03 0.06 54 143 N 0 lDCRK: 0\ Io . ' . ' ' . 

'' ' ' . ' 
: : I-94 Paw Pa1,J, 111 :MI 5 10.0 lJRCP: 41.0 PRGG:: 1-25 : 4_ 4 50 0_03 5 0 N 0 :NONE: 
Io ~18 (1984- new) I ' . Io I . . 
'' I . • o I 
I 0 I I ' I I 

: :RT 23 Calsk i 11, NV lNV 1-1 9_0 IJPCP: 20.0 mo: :ACME 14.0 57 0_01 0 0 N 3 :NONE: 
'' EB&WB (1965) :NY I-~ 9_0 lJRCP: 60_8 ms: :ACME :•LO ' 76 0.03 0 0 M 73 :NONE: I 0 I ' '. :NY 1-4 9_0 lJRCP: 60_8 I FIGG: lACME :4_0 ' 66 ' □-□2 9 ' 0 N 9 :NONE:: I 0 I I ' I 

0 I lNY I-6 9_0 :JPCP~ 20.0 I RGGl lACME :3.6 79 0.01 9 ' 264 N 10 :NONE:: '' ' ' : : :NV 1-Ba 9_0 lJPCP: 20_0 ms: :o_oo :4.0 64 0.01 9 290 N 0 :NONE:: .. :NY 1-81:, 9.0 :JPCP: 20.0 ms: :o_oo : 4. I 59 0_01 0 ' 0 . N () :NONE:: . ' ' ' '. . I 0 : . '' '. I '. ' '' 
: l I-88 Otego, NY :NV 2-3 9_0 :JPCPl 20_0 FIGG:: l" IB:4.0 78 0.01 35 0 N 0 :NONE:: 
: : EB&WB (1975) :NV 2-9 9.0 :JPCP: 2G.O AGGl: 1" 10:4_1 62 □- □ l 10 . 0 N 0 :NONE:: I 

'. :NY 2-11 9.0 lJPCPl 26.7 AGG:: l" IBl4.0 ' 58 □- □ I 13 I 0 N 0 :NONE:: i I . . 
I 0 :NY 2-15 9_0 lJRCP: 63.5 RGGl: l" IBl·L2 I 57 0.00 0 161 ' N 6 lNONEl: '' ' . I 

'. . .. : I• 
0 I I . . • I ---------•.------------------------------------------H----------------------~~----------------------------~~------------------------
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Table 144. Lane 2 performance data for projects in wet-freeze environmental zone (cont'd). 

I I I I e I I I I I I t I I It 
8 I I I t I I I I I f I t I I I 

I I : : : : : : i :Average :Deter .. : : : : : : 
I: :Project lSlab : : Joint : : : LTD l :Hays :Trans. :Trans. lLongiL l :Percent:.:Mlls:: 
l:Projecl Location !Section l T, :Pvt.: Spacing, :Base: lDia .• : :Rough. IFaullinglCracks/lCracking, :Pumping, :Joints lDur.:: 
!l(Vear Constructed) : ID : IN :Type! FT :Tupe:: IN :PSR lIN/MI: IN lMile lLIN FT/IHlN/L/M/11 :Spalled:Dist:: 
f : ---------------------: ____ s ____ : ,_ ____ : ----: -----------: ----: : -----: - , •--: ------ t --------: -------; ---------: --------: -------: ----: t 
::RT 23 Chillicothe, OHlOH 1-1 9.0 URCPl "10.0 l FIGG::1.25 :4.2: 113 0.06: 22 0 t·I O al□NE:: 
:: SB (1973) :mt 1-3 9.0 :Jr~cP: 21.0 mo::1.25 :4.2 113 0.03 D O N D :NONE:: 
: : lOM 1--4 9.0 :JRCPl 40.0 1110:: 1.25 M.2 115 0.04 29 0 N O :NONE:: 
:: :rni 1-6 9.0 lJRCP: 21.0 nGG::1.25 :1.1 BB 0.0-4 0 0 N O :N□t-JE 
i l :OH 1-7 9.0 :JRCP: 40.0 AGG:: 1-25 M.-4 105 O.DG 73 0 N O :NOME 
: : :OH 1-9 : 9.0 !JRCP! 40.0 flGG!: l.25 :1.1 100 D.07 40 0 N O :NONE 
l: lOH 1-10 : 9.0 :JRCP: 21.0 : RGG:: 1.25 l4.2 108 0.07 0 : 0 t-J O :NONE 
t ~ I ~ I S I t I 
t ~ I I - J I I I 

l lSR 2 Vermillion, OH : □H 2-33a:l5.0 lJPCPI 20.0 :t-lONE: l0.00 :3.3 : 86 0.0-1 0 264 : L : 3 :NONE" 
:: WB (1974) :oH 2-336:15.0 lJPCP: 20.0 INONE::o.oo :3.5 t 75: 0.03 0 0 l M l 11 :NONE 
' I 
: HIN JN Ruthven, ONT 
I E/W (1902) 
' ! 

:ONT 1-1 
:ONT 1-2 
:ONT l-3 
lllNT 1-1 . . ' . 

nJilV 427 Toronlo, ONT :ONT 2 
: SB (1971- control) 

I! 

'' ::TR 66 Kit.tanning. PA 
: : NB (1980) 
I I 
I I 
I I .. 
I I .. '. '' 

. • 
IPA l-l11E 
lPA 1-2 
IPA 1-3 
IPA 1-4 
IPA 1-5 

l : RT 130 Yardvi I le. NJ l NJ 2 
: : NB ( 1951- control> . . '. l :RT 676 Camden, NJ 
: : SB <1979> 

lNJ 3-1 
lNJ 3-2 

.. 
i' 

: 12.0 :JPCPl 13-19-l0-12:MllNE: : □ .00 
0.0 IJPCPll3-19-10-12lPATO: l0.00 
8.0 lJPCP: 13-19-10-12: LCfll :0.00 
7. 0 :JPCP: 13-19-18-12: LCO: :0. 00 

:J.O 
:3.7 
13.8 
:3.B . '' ' '. 9.0 lJPCPl!3-19-10-12: CTB: 11.00 :---

lO.O 
10.0 
10.0 
10.0 
10.0 

. . • • 
lJRCP: 
lJRCP! 
lJRCPl 
:JRCPl 
IJRCPl . • 

9.0 :JRCP: 

9.0 IJRCPl 
9.0 :JRCPl 

'16.5 
46.5 
46.5 
46.5 
46.5 

70.5 

78.5 
78.5 

'. '. .. 
'' cro:: 1.2s :-t.o 

:PnT□: l!.25 13.B 
flGGl: 1.25 13. 7 
llGG:: 1.25 M.1 
AGG:: 1.25 M.2 

'. . . 
AGG:: 1.25 :3.5 

'' .. 
I 0 '. 

:NSOG:: 1.25 l---
!PATBl l l.25 :---

t I I I l i Ii 
6 l I f i S I ,-

62 
70 
66 
72 

BB 
71 
93 

103 
103 

75 

0.117 
0.06 
O.O'J 
0.07 

0.01 
0.01 
0.01 
0.02 
0.03 

0.03 

0.02 
0.01 

IJ 
0 

25 
50 

0 
0 
0 
0 
0 

10 

0 
0 

-------------------------------------------•------•·•· -·---------------------------------------
ii( RT -t22 EB 

10 
0 

'190 
260 

0 
0 
0 
IJ 
0 

0 

0 
0 

L 
M 
L 
N 

N 
N 
N 
N 
N 

N 

N 
N 

0 :NONE 
l :NONE 
l lNONE, 
0 lNONEl 

I . 
:NONE: 

0 lNONE: 
0 :NONE:: 
0 lNONEl: 
0 :NONE:: 
0 :NONE:: 

' '' ' ' . 
20 :NONE:: 

It 

'' . . 
It 

0 :NONE: 1 
14 lNONE:: 

'' '; 
-----------------------------
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Table 145. Slab design data for projects in wet-nonfreeze environmental zone. 

:Project Location 
:(Vear Constructed) 

lI-95 Rocky Mount, NC 
: NB&SB (1967> 

' . ' 
'' I 0 

'. '. 
I; '. .. . ' 
'' •• 
::I-85 Greensboro, NC 
:: NB (1982- new) 
•• '. ::I-75 Tampa. FL 
:: NB (1986- new) .. 
'' ::I-75 Tampa, FL 
:: 58 (1982- new) 
I• .. 

I I 
I > 

:Project: 
:sect:.ion:PvL 

ID :Type 
---:----

lNC 1-1 :JPCP 
:NC 1-2 : JPCP 
:NC 1-3 lJPCP 
:NC 1-4 :JPCP 
:NC 1-5 : JPCP 
:NC 1-6 : JPCP 
:NC 1-7 : JRCP 
:NC 1-8 lJPCP 

:NC 2 lJPCP 

:FL 2 lJPCP 

:pee SURFACE : : 
I I 
I I 

:THICKNESS, IN: Joint : : Skewed: LTD' s : E, l<SI: Mr. PSI: : 
Spacing, : 1/. Steel: Joints: _________________ : froon : ( from : : 

:Design :Core l FT l JRCP : Y/N :Oia. IN :·Coating: fl.JD : Cores): 
·~------:-----'-----~-~---;-----~-·------·-------:---~--~:------:------: 

9.0: 9.5 30 : 0.00 Y 0.00 l --- : 4630: 736 
9.0 : 9.5 30 : 0.00 N LOO : NONE : 5190 : 674 
9.0: 9.1 30 : 0.00 N 0.00: --- : 3970: 705 
9.0 : 9.0 30 : 0.00 N 1.00 : NONE : 4210 : 709 
9.0: 9.0 30 l 0.00 N 0.00: --- : 5500: 674 
9.0: 9.5 30 : 0.00 N 0.00: --- : 5140: 559 
8.0 : 8.0 60 : 0.17 N LOO : NONE : 5090 : 644 
9.0: 8.9 30 l 0.00 N 0.00: --- 4220: 705 

11.0 :11.0 :10~25-23-19: 0.00 N 1-38 PIG 5890 712 

13.0 :13.6 :12-18-19-13 0.00 V 1.25 p 5550 664 

:FL 3 lJPCP:: 9.0 9.5 :16-17-23-22 0.00 V 1.00 EPOXY 4160 599 
•• I' '. '' ::us 101, Geyserville. CAlCA 3-1 lJPCPl: 9.0 

9.0 
9.0 

8.5 :12-13-19-18 
8.5 :12-13-19-18, 
9.0 :12-13-19-18: 

0.00 
0.00 
0.00 

y 
V 
y 

0.00 
0.00 
0.00 

NIA 
N/A 
N/A 

3530 
4170 
4380 

N/A 
796 : , 
842 : : 

: : NB (1975) :CA 3-2 :JPCP: l 
: : :CA 3-5 :JPCP:: 
a• I• I 0 

I 0 
I I . ' 



N 
w 
1.0 

I 

:Project Locolion 
:<Yeor Constructed) 

Table 146. Base, subbase, subgrade, and outer shoulder design data for 
projects in wet-nonfreeze environmental zone. 

: :BASE : :SUBBASE SUBGRADE 
' . : : . ' : : OUTER SI-IOULDER ' . . ' '. .. 

'. '' 
:Project: '' : TIIICKtlESS, rn: Eslinoted: Keff, . ' : TIIICl(NESS, IH: Esli ttaled: flflSllfO:Eslittoled:: : TfHCl<NESS, IN:: . ' '. 
: Seclion: Pvl.:: Per11., : (Dyn .. ):: Pertt., ' Soil ' Pertt., '' ' '. ' . '. . '. 

ID :rype::rype :Design: Core ' FT/HR ' PCI ::Type:Design:Core ' FT/HR ' fype . FT/HR ::Type:S~rface: Base:: ' ' . . ' :------ -----------------:-------· ----: :-----· ------ ------: ---------: ------:: ----: ------: --·----: ---------: ------:---------::----:-------:-----:: 
:I-95 Rocky Mount, NC lNC 1-1 JPCP: l AGG •1.0 2.0 0.12 538 : lNOHE: --- --- ' --- A-2-'-i 0.50 : : AC: 3.0 5.0 . ' ' '. 
' NBliSB (1%7> :NC 1-2 JPCPl: SC 6.0 6.0 0.00 3"17 : : HotlE: --- ~-- --- A-2-4 0.50 . . AC: 3.0 5.0 . ' ' . ' ' . 

:He 1-3 JPCP:: SC 6.0 6.0 0.00 "l')"l : :NOtlE: --- --- --- flc-2-6 0.33 .. fl''' 3.0 5.0 '. 
'' ~· '' 

:NC 1-<1 JPCP:: AGO <1.0 3.5 0.09 570 : : NOHE: --- --- --- : : fl-2-G 0.50 . ' AC: 3.0 5.0 '' '. '' 
:NC 1-5 JPCP:: CTB <1.0 <1. f, 0.00 628 : :HONE: --- --- --- '' fl-4 0.11 . ' AC! 3.0 5.0 '' '' .. '' 
:NC 1-6 JPCP:: ATB "1.0 "1.0 0.00 672 : :NONE: --- --- --- : : A-2-6 0.50 '. AC: 3.0 5.0 '. '. '. :uc 1-7 JRCP:: AGO "i.O "1.0 0.13 128 l :NONE: --- --- --- : : A-2-"I 0.50 .. AC: 3.0 5.0 '. . . '' 

'' me 1-8 JPCP: l AGO <1.0 "1.7 0.1<1 513 : :NONE: --- --- : : A'-2-6 0.50 ' . AC) 3.0 5.0 . ' . ' 
'' . ' ' . 
'' '' . . 

1-85 Greensboro, NC me 2 ,JPCP:: LCB 5.0 5.0 0.00 293 NOHE: --- --- --- . ' A-'! . ' 0.33 '. Pee: 10.0 5.0 '' 
NB (1982- neM) .. '. . ' '' '. '' '' '. . ' . ' 

'' '' '' .. 
: n-75 Tonpo, FL :FL 2 JPCP: :smm 6.0 1.6 0.06 370 NONE: --- --- --- '' .. A-3 0.52 .. Pee: n.o G.0 . ' 
'' NB (1986- neM) '' . '. '. '' I• ' '. '. . ' I '. '. . Io 

::I-75 fattpo, FL lFL 3 JPCP: LCB 6.0 5.7 ' 0.00 529 NOHE: --- --- --- '' A-3 1.10 . ' PCC:M 7.5 6.0 I I I I 0 . ' SB (1982- neM) I .. 
'' ' . . 
'' '. '' '' : :us 101, Geyserville, CA:CA 3-1 JPCP: cm 5.<1 5.0 0.00 286 '' AGG: 6.0 5.5 13.<10 '. A-<1 0.11 . ' PCC:M 7.5 : 11.0 '. '' '. 
'' NB (1975) :CA 3-2 JPCP: cm 5."I 5.5 0.00 312 . ' AGG: 6.0 18.0 33.57 '. A-<1 0.11 '' PCC:M 7.5 : 11.0 '. 0 I '. '' '' :en 3-5 :JPCP: cm 5.<1 5.5 0.00 397 : : AGG: 6.0 3.5 2.05 '' A-"I 0.11 '' PCC:M 7.5 : 11.0 '. . ' 0 I 

I 0 '' '' Io I 0 . ' -----------------------------------------------------------------------------~---------------------~---------------------------------------------
M Average 



Table 147. Pavement joint data for projects in wet-nonfreeze environmental zone. 

----------------------------~~--------------------------------------------------------------------------------------
: t I I : TRANSVERSE JOINT :Depl:.h I I 

I I I ' : ---------------------------------------------:of I I I I 

I I Project:Slab ' Joint : Dowel:Calc Avg:Skewed :Jt Seal JOINT SEALANT :Long. I I ' : :Project location Section: T, Pvt.: Spacing, Base: Dia.,:Jt Open,lJoints, :Shape --------------:Joint, 
::<Year Constructed) ID ' IN Type: FT Type: IN I IN ' YIN 'Facl:.or Type:Age lCond IN • ' ' : ---------------------- _______ I _____ _ ___ I ___________ --•-- : ----- : -------- ~ ------- ------- ---- : ---- t---- ------
:I-95 Rocky Mount, NC NC 1-1 9.0 JPCP 30.0 AGG: 0.00: 0. 10 : y 0.5 AC: 20 :GOOD 2.75 
l NBB.SB (1967) NC 1-2 9.0 JPCP 30.0 sc: LOO l 0.08 l N 0.5 AC 20 :GOOD 2.75 

NC 1-3 9.0 ,JPCP 30.0 • sc: 0.00 l 0.08: N 0.5 I AC 20 :GOOD 2.75 
NC 1-4 9.0 :JPCP 30.0 : AGGl 1.00 : 0.10 l N 0.5 AC 20 :GOOD 2.75 
NC 1-5 9.0 :JPCP 30.0 : CTB: ,0.00 : 0.08: N 0.5: AC 20 lGOOD 2.75 

N I I lNC 1-6 9.0 IJPCP 30.0 I ATBl : □ .00 : 0.08: N 0.5: RC 20: EXC 2.75 .p- I I 

0 : : :NC 1-7 8.0 :JRCP 60.0 : AGG: :1.00 : 0.19 N 0.5: AC 20 :FAIR: 2.75 
:NC 1-8 9.0 :JPCP 30.0 : AGG::o.oo: 0.10 : N 0.5: AC 20 :Gooo: 2.75 
I I I I I I ' ' I I 
I I ' '. I ' I I ' :I-85 Greensboro, NC :NC 2 11.0 :JPCP 18-23-25-19: LCBlll.38 l 0.06: N 0.13: SIL 5 lGOODl 3.5 

: NB <1982- new) 
I I 
I I 

: :I-75 Tampa, Fl :FL 2 l13.0 lJPCPl12-19-18-13lSANDl:1.25: 0.04: y I 0.17 : SIL: 1 : EXCl I 

: : NB (1986- new) 
I I 
I I 

::I-75 Tampa, Fl :FL 3 : 9.0 :JPCPl 16-17-23-22: LCB:: 1.00 : 0.03: y l 0.17 : SIL: 2 :GOOD • 
: : SB <1982- new) 
I I 
I I 

: :us 101 Ge~serville, CAlCA 3-1 : 9.0 :JPCP:12-13-19-18: CTB::o.oo: 0.04 I y ' 0.42: RAl 12 :Gooo: 2.0 I I 

: : NB (1975) :CA 3-2: 9.0 :JPCP:12-13-19-18: CTB::o.oo: 0.04 I y I N/A lNONE:---: ---: 2.0 I I 

I I :cA 3-5: 9.o :Jpcp:12-13-19-tB: CTB::o.oo: 0.04 I y I N/A :NONE:---:---: 2.0 I I I I 

I I 
I I 

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



Table 148. Outer lane deflection data of projects in wet-nonfreeze environmental zone. 

---------------------------------------- ---------------------------------------------
: :DEFLECTION, mils I I :Avg. I I I 

I I I I I 

I I I I I I : :------------------- ·----------: I INDT lPercentl: I I I I I I I 

I lProjectlSlab l I Joint Mid-Slab I lAdjustedlr. LT :Test :Corners:: I I I I I 

!Project Location ISed:.ionl T. lPvt.: Spacing. IBasel :--------------:LoadedlUnloadedlPercent lRcrosslTemp, :with : : 
:<Year Constructed) I IO I IN ITypel FT ITypel 11-ligh:Low :Ave. lCornerlCorner lLTE lShldr : °F :Voids I ' :----------------------:-------:-----:----:-----------'----: ·----:----:----·------·--------·--------·------:-----:-------: 
11-95 Rocky Mount, NC :NC 1-1 : 9.0 :JPCP: 30.0 AGGI 3.5 12.3 12.7 7.6 3.3 50 MIR 73 D 
: NB&SB (1967) lNC 1-2: 9.0 lJPCPl 30.0 sc: 3.5 :2.5 :3.3 5.7 5.1 100 NIA 74 : D 

lNC l-3: 9.0 IJPCPl 30.0 sc: 1.3 :2.3 :3.1 4.0 3.6 100 Nin: 76: 0 
INC 1-1 : 9.0 IJPCPI 30.0 AGGl 2.9 12.1 12.6 0.0 1.5 59 Nin 67 : 15 
INC 1-5 I 9.0 IJPCPl 30.0 era: 3.9 :1.7 :2.3 4.5 3.4 92 NIA: 69 D 
lNC 1-6 I 9.0 IJPCPl 30.0 ATB: 2.4 11.9 12.2 4.6 2.3 50 NIA: 70 0 
:NC 1-7 8.0 IJRCPl 60.0 AGGl,8.9 15.8 16.8 8.3 5.8 77 NIA : 74 : D 

N INC 1-8: 9.0 :JPCPI 30.0 AGGll3.3 12.5 l2.9 11.0 1. 7 16 NIA 61 : 40 
.i::- 'I I .. I I 

I I I ' ' I I .... : :I-05 Greensboro, NC INC 2 111.0 lJPCP:lB-23-25-19: LC□ ::2.7 :1.6 :2.2 7.5 7.0: 100 61 : 70 5 : • 
: : NB ( 1982- new) 
I I 
I I 

: :I-75 Tampa, FL :FL 2 l 13.0 lJPCPl 12-19-l8-13lSANDl :2. 5 : 1.6 l 1. 9 : 7.6 : 2.0 l 29 l 100 l 74 10 
: l NB ( 1 986-- new) 

• I I I I I I 
I I I I I • I 

I-75 Tampa. FL lFL 3 l 9.0 lJPCPll6-17-23-22l LCBl 13.9 l2.1 l2.8 : 23.4 : 3.7: 19 I 43 l 75 : 73 
SB (1982- new) I I ' I I I I I Oc 

I • I I I It I . 
I I I • t I ' . 

US 101 Geyserville, CAICA 3-1 9.0 :JPCPl12-13-19-18l CTBl :5.0 l3.9 :4.3 3.8 l 2.7 : 79: 70 : 68 l 0 
NB (1975) lCA 3-2 l 9.0 lJPCP:12-13-19-lBl CTBll4.l :2.8 13.6 : 3.1 I 2.4 86: 85 I 74 D . 

:en 3-5: 9.o :JPCP:12-13-19-10: era: :s.s :2.0 :3.4 6.0 l 3.9 74 55 62 12 
It •• ---------------------------------------- ----------------------------

_K __________________________ 



Table 149. Outer shoulder and drainage information for projects in wet-nonfreeze environmental zone. 

---------------------------------------------------------------·----------------------------------------------------------------------------------------------
: ! : : : 01Jler Shoulder : : : PERMEABILITY: : : 
~: : : : TtJpe-- Thickness: : : FT /llR : AASIITO: : Oeplh: Averoge: Averoge:: 
:: :Projecl:Slob Joint :: Inches :over.oil :Shoulder ::.;.,.-----------:Droin.: Sub- : lo :rrons .. :Longil .. :: 
::Pr9jecl Locolion :Seclion: T, :Pvt .. : Spacing» :B.ase::---------------:Shoulder :.Jl Seal :: :sub- !Coeff .. :Oo1..1el:Droin.oge:Dilch:Slope 9 :Gr-,de,: 
::(Ye.or Conslrucled} : ID : IN :Type: FT :Type::Surf~ce: Dase !Condilion:Condilion:• Bose :b~se: Cd : V/N ! Type : Ff : Z : ~ 

::--~-------------------:-------:-----:----:-----------:----::--------:-------:---------:---------: ------·-----:------:-----:--------1-----:-------:-------, 
::I-'15 Rocky 11ounl, HC :HC 1-1 9.0 :JPCPl 30.0 AllClll AC-·3 : AGG-E. GOOD POOR 0.12 --- : 0.75: H HONE 5 -1.3'1 0.17 
: : tmaso (1%7) :Ile 1-2 9.0 :JPCPl 30.0 sc:: nc-3 llGG-8 fflIR POOR 0.00 --- 0.80 \' tllltlE 5 -0.70 0.00 
:: :tlC 1-3 9.0 lJPCP: 30.0 sc:: nc-3 AGG-0 GOOD GOOD 0.00 --- 0.'10 H HONE 5 -1.21 0.E.'I 

lNC 1-"I 9.0 lJPCP: 30.0 nm,:: AC-3 flGG-f. GOOD POOR 0.09 --- 0.75 'r' tl0t!E 5 -1.21 0.&9 
:Ne 1-5 9.0 lJPCP: 30.0 : cm:: f!C-3 FlGG--6 ' GOOD POOR 0.00 --- 0.75 N tl0NE 5 -1.21 0.&9 
:tlC 1-r.: ':l.0 lJPcr: 30.0 : mo:: nc-3 rum--& mm POOR 0.00 --- 0.'J0 H llOtlE 5 -1.% (1.00 
:He 1-7 l 0.0 :Jf.!CP: 60.0 llGG:: nc-3 flGG-& GOUD POOR o.n --- U.'J0 \' liUtlE 5 -1.91 0.00 
lNC 1-8 '3.0 lJPCPl 30.0 AGGll AC-3 AGG-& GOOD POOR O.M --- 0.00 H l!0tlE 5 -1.5& 0.35 :: .. 

I ~ I I 

:J-85 Greensboro, NC lHC 2 lll.0 :JPCP:18-23-25-19: LCB::PCC-10 LCB-5 EXC GOOD 0.00 --- 0.95 H l!0llE 3 -2.00 -1.39 :: 
: NB ( 1982- neu) : : • ~ 

I I 1 • N ,, ti 

... --. ; :I-75 T<>Nf>"'• Fl :FL 2 : 13.0 :JPCP: 12-19-18-13:smm: lPCC-12 SAND-£, EXC EXC 0.06 --- 0.00 \' HONE 5 -1.5& 0.00 : : 
N : ! HD ( 1 <JOG- nea;,.:) : : i ! 

1 l 11 I I 
II ti t e 

::I-75 r~npo, Fl :FL 3 9.0 :JPCP: 16-17-23-22: LC0::PCC-7 M, ECC-& FAIR GOOD 0.00 --- 0.75 \' lFAB/EDRN, 5 -2.08 0.00 :: 
: : SB ( 1982- neu) : : : : 
I I JI t t 
11 te ,, 

: :us 101 G .. tJserville, CA:Cfl 3-1 9.0 :JPCPl 12-13-19-10: cm: lPCC-·7 M: llGG-11. GOOD GOOD 0.00 : 13.'1 0.90 tl tlOtlE : 11/11 0.f,9 2.00 : : 
: : HB 0975) :rn 3-2 9.0 :JPCP: !2-13-19-10: cm: :PCC-7 M: AGG-11: GOOD POOR 0.00 :33.57: 1.00 tl tl0l!E : II/A -1.73 -2.'13 : : 
: : :rn "1-5 'l.ll :JPCP: 12-13--19-18: cm: :PCC-7 M: AGG-11: EXC POOR 0.00 : 2.05: 0.90 H l!0NE ll/A -1.91 1.04 : : 
I I Ii t I 
1 B I I 11 

---------------------------------~-------"--------------------------------------------------------------------------------------------------------------------
!( Averoge 
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Table 150. Traffic information for projects in wet-nonfreeze environmental zone. 

'' Ii :ORIGINAL DESIGN TRAFFIC: 
I! I I I 
- @ a I I 

: :Project:-----------------------: 

1987 
EST I MATEO 

::Project Location lSeclionlESAL's, lADT*. : Z !Age at:ADT, : Z 
::(Year Constructed) : IO :<million):lhous. :Trucks:Survey:thous.:Trucks 
::-~-----~--------------:-------:---------:------:------:------:------:------
: : I -··95 Rocky Mount. NC 
: l NB&SB (1967) 
I I . ' 
• I . ' 
I I 
I I 

'' I I 

• I . ' 
'! 
I I 

'. I I 

llI-85 Greensboro, NC 
:: NB (1982- new) 
I I 
I I 

::I-75 Tampa. FL 
:: NB (1986- new) . ' 
'' : : I--75 Tampa, FL 
l : SfJ <1982- new) . ' 
'' 

lNC 
:NC 
:NC 
:NC 
:NC 
:NC 
lNC 
'NC 

' 1-1 
1-2 
1-3 
1-4 
1-5 
1-6 
1-7 
1-8' 

NC 2 

FL 2 

FL 3 

::us 101 Geyserville, CAlCA 3-1 
: : NB <1975) :CA 3-2 
: : :CA 3-3 
I I 
I I 

2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 

8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 
8.1 

33.2 

17.8 

46.4 

16.0 
16.0 
16.0 
16.0 
16.0 

' 16.0 
16.0 
16.0 

15.0 

20 
20 
20 
20 
20 
20 
20 ' 
20 

5 

1 

5 

12 
12 
12 

19.1 
19. 1 
19.1 
19.1 
19. 1 
19. 1 
19.1 
19.1 

26.0 

28.7 

32.7 

17.0 
17.0 
17.0 

* All ADT"s are two-way 

9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 

17.0 

20.0 

20.0 

14.0 
14.0 
14.0 

OUTER LANE (1) INNER LANE (2) I I 
I I 

i I I -----------~--~----1-------------------, I 
1987 ESAL:Estimated:1987 ESAL:Eslimated:: 
from ADT,:ESAL's :from ROT, :ESAL's : : 
Z Trucks :to Date :7. Trucks lto Date :: 
---------:------~--:---------:---------

495500 
495500 
495500 
495500 
495500 
495500 
495500 
495500 

1105000 

1085800 

1308600 

485700 
485700 
485700 

9137400 
9137400 
9137400 
9137400 
9137400 
9137400 
9137400 
9137400 

5755300 

2005800 

5967200 

3641200 
3641200 
3641200 

116200 
116200 
116200 
116200 
116200 
116200 
116200 
116200 

303400 

458000 

581900 

106900 
106900 
106900 

1883500 
1883500 
1883500 
1883500 
1883500 
1883500 
1883500 
1883500 

1532100 : l 

824600 

2465100 

714500 
714500 
714500 



Table 151. Outer lane performance data for projects in wet-nonfreeze environmental zone. 

_________ ...., _______ 
----------------------- -----------------~------------------

______ .,.. ______ .. • ' I I I I I I I . I I '. I' ' I ' '' I I I ' ' I . I I 
I I • I ' ' I I . : Average :Oeler • I I I I 
l t . I ' I . ' I . . . ' 
'' !Project:Slab ' Joint . : :Dowel: :Mays :Trans. :Trans. :Longil. : Percent: MU s: : 
! ' ' I 

: :Project Location iSeclion: T, lPvL: Spacing, :Basel :Dia .• :Ave. :Rough. lFaull:.inglCracks/:Cracking, !Pumping, :Joints !Dur.:: 
::(Vear Constructed) . m ' IN :Type: FT :Type:: IN lPSR :IN/111 . IN :Mi le :LIN FT/ti! lN/L/M/H :Spalled!Dist::: I . I 

; : --~------·------------=•~-~--~: -----~-~ : --~----: ----: ---------- '---- ! : ----~: -----: --·---- : --------: ------- : ---------- : --------: ~------ : ---- : : 

l!I-95 Rocky Mount. NC me 1-1 I 9.0 UPCP! 30.0 AGG :0. 00 : 3. 4 83: 0. 12 l 5 : a N 0 :NONE: 
I: NBS.SB (1967) lNC 1-2 : 9.0 IJPCPl 30.0 SC : 1.00 :3.5 : 79 0.16 : 10 : 1451 N 0 lNONE: 
I l INC 1-3 I 9.0 :JPCPI 30.0 SC l0.00 :3.6 77 : 0. 13 : 5 3068: N 0 lNONEI I I 

' ' :NC l·-4 : 9.0 :JPCP: 30.0 AGG l 1.00 :3.4 05: 0.13 0 0 N fl :NONE: . ' 
I• :NC i-5 <J.O IJl'CP: 30.ll cm :u.oo :3.2 lll5 0. 16 l ll l ?<J N ll :NONE: I I 

' ' :NC 1-6: 9.0 :JPCP: 30.0 Arn :a.a□ :3.B 69 0.05 0 : 0 N 0 :NONE: .. 
0 ~ INC 1-7 8.0 IJRCP: 60.0 , AGG,li.00 l3.4 I OS 0.15: 0 : 295 N 0 INOME: '. ' ' . lNC 1-8 : 9.0 :JPCP: 30.0 AGG::o.oo :3.7 : 95 0.22: 64 □ N □ :NONE: . ' 
I I . I I 

N . ' I .. 
+" l:I-85 Greensboro, NC INC 2 lll.O !JPCP:18-23-25-19: LCB: :1.38 14.2 64 0.02 l 10 0 H 0 INONE: 
.&::'- l: NB 0982- new) . . '. . ' ' . 

I • . . . ' • . . 
0 I • ' . • . . . ' I I '. I ' • . . ' I I t . 
::I-75 Tampa. FL :FL 2 : 13.0 lJPCP: 12-19-l8-l3l5ANO:: 1.25 l3. 7 64 0.01 0 0 N 0 lNONE: 
: I NB (1986- new) . I . . I I I 

I I • I t 'I 

'' ' • • ' ' I I 
l I ' t ' • t I I 

: : I-75 Tampa. FL :FL 3 : 9.0 lJPCP:16-17-23-22: LCB:ll.00 :3.2 04 ' 0.08: 300 410: M ' 2 :NONE: I I 

: : SB <1982- new) ' ' . ' I I . ' ' I I I 

I 0 • ' • I I 

' ' ' I I '' ::us 101 Geyserville, CA:CA 3-l : 9.0 :JPCP:12-13-19-18: CTB: : □ .00 l3.6 134 l 0.08: 27 0 N 2 :RAGGl, 
: : NB <1975) lCR 3-2 9.0 IJPCPl12-l3-19-lB: CTBl : □.00 l3.9 104 I 

□. ll 6 0 N 3 lRAGGl l I 

'' lCA 3-5 : 9.0 :JPCP: 12-13-19-H:l: crn: rn.oo :3.8 102 0.10 123 34 N . 6 :RAGGl l . ' ' . ' I ' ; I ' ' . ' . I I 
I I ' I I I ' ' I ' ' I I ------------------------------~~-----------~-----~----------~-,----------~-------- -----~-----------~-------~~~--------------



Table 152. Lane 2 performance data for projects in wet-nonfreeze environmental zone. 

--------~----~------------------------------------------------------------~-----------------------.. . . . ' : '. . ' ' I '' '. 
'' '. ·:Average lDeter. ' ' . ' 
'I o I . I Io 

0 I :Projecl:.:Slab Joint : : Dowel~ :Hays :Trans. :Trans. :Long it. : Percent:.: Mtl s: : 0 I 

::Project location :section: T, :Pvt..: Spacing, :Base: 'Dia .. •: lRough. :Faulting:Cracks/:Cracking, :Pumping:Joints :our .. :; 
::(Year Constructed) : ID : IN :Typel FT :Type: IN :PSR :IN/Ml : IN :Mile :LIN FTIMI:NILIM/HlSpalled:Dist:: 
f I i I I I i t .. -------------~--------,-------.-----.----.-----------.-A---, -----:-~--:------:--------:-------:---------:-------·-------:----:: 
::I-95 Rocky Mount, NC lNC 1-1 : 9.0 lJPCP: 30.0 AGG: 0.00 :3.8 74 0.02 0 : 0 N 0 :NONE: . ' NB&SB (1%7) lNC 1-2 : 9.0 :JPCP: 30.0 sc: 1.00 :3.4 65 0.04 0 : 0 N 0 :NONE: .. 
11 lNC 1-3 9.0 :JPCP: 30.0 sc: 0.00 :3.4 70 0.09 a : 0 N 0 :NONE 0 I 

0 I :NC l-4 9.0 lJPCP: 30.0 ' AGG: 1.00 :3.4 85 0.03 [I 0 N 0 :NONE .. ' ' . :NC l-5 9.0 :JPCP: 30.0 cm: 0. LID :3.4 04 0.00 u LI N o :NONE . ' . ' lNC 1-6 9.0 :JPCPl 30.0 ATB: 0.00 :3.4 74 0.04 0 0 ' N 0 :NOi-iE < I . .. :NC 1-7 8.0 :JRCPl 60.0 OGG:: 1.00 :3.4 . 85 0.05 0 o ' t·I 5 :NONE '' . ' 
i' lNC 1-8 9.0 :JPCP: 30.0 AGG: : □ .00 :3.3 : 69 0.07 5 a N o :NONE . ' 

N : : 
.i:,- ::I-85 Greensboro, NC :NC 2 : 11.0 :JPCP:18-23-25-19: LCBl: 1. 38 :rl/R NIA NIA 5 0 N 0 :NONE, 
lJI . ' NB (1982- new) '' '' . ' 

: : 1-75 Tampa, FL :FL 2 ll3.0 :JPCP:12-19-10-13:snNo: :1.25 :NIil Nin NIA 0 0 N 0 :NONE: 
' . N8 (1986- new) . ' . ' ' . ' 0 I ' '. 
'' • I I . ' . . ' 
: : I-75 Tampa, FL :FL 3 9.0 :JPCP:16-17-23-22: LCB:: LOO :NIA I NIA NIA 250 ' 460 ' N . 2 :NONE: l ' ' . ' '' SB 0982- new) . . '. . ' ' . ' . ' ' ' '. I I I . ' 
', ' ' . '' . ' ! : .. • I I I I ' ' : :us 101 Geyserville, cn:cn 3-1 9.0 lJPCPll2-13-19-l8: crn: :o.oo :3.8 111 NIA 5 ' 0 N ' 0 :RAGG:: ' ' . ' NB <1975) :en 3-2 9.0 lJPCP:12-13-19-18: crn: :o.oo :4.1 82 NIA 0 0 N 0 lRAGGl: '' 
'' :en 3-5 9.0 lJPCPl12-13-19-18l crn: :o.oo l3.9 101 NIA 28 . o ' N 2 lRAGGl: '' . I . ' I I ' I 0 . ' '' ' . ' --------------------~~---~---~-------~-------~---------------------------------------------------------------------------------~--
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