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ERRATA 1982-1985

Special Report 201 For example, 1400 candlepower is directed at points on
the pedestrian’s upper torso. For points between con-

n 2, secon ragraph, ead : g ; 5
page 17, colum cond paragraph, should = tour lines, it is necessary to interpolate.

“Tools also need to change as the nature of options

changes significantly. Emerging policy options are not page 50 ‘ _
largely focused on network-expansion investments, Insert the following note to Figure 3:
whereas traditional models were developed long ago to “Where

deal with such options." : ]
S p = the azimuth angle from the driver’s

eye to a point P on the pavement;

Special Report 200 0 = the elevation angle from the driver’s
page 3, column 1 eye to a point P on the pavement;
Change the caption for the bottom figure to EZ = the driver’s eye height above the pave-
“A new AM General trolley bus starts down the 18 per- ment; and
cent grade on Queen Anne Avenue North in Seattle in DX, DY, DZ =the longitudinal, horizontal, and
October 1979 (photograph by J. P. Aurelius)”. vertical distance between the headlamp
and eye point.
Transportation Research Record 1040 Then
page ii — - EY.
Under " Library of Congress Cataloging-in-Publication ?1(2 =E§Z/"£a: gxz :)Z( - Eigi
Data," delete “’Meeting (64th: 1985: Washington, D.C.)" EY = H1 Tan p HY = EY-DY
and"ISBN 0361'1981” H22=H12+EY2 H32=HXZ+H22
a=Tan"' (HZ/HX), B = Tan™" (HY/H3), H4% = H3? +
Transportation Research Record 1020 Hy2
page 7, Figure 1
The histogram should reflect that the rail mode is Transportation Research Record 972
represented by the black bar and that the highway page 30, column 2, 22 lines up from bottom
mode is represented by the white bar. Reference number (5) should be deleted
) page 371, column 2, 5 lines up from bottom
Transportation Research Record 1017 Reference number should be 5, not 4
page 19, column 1, 7 lines ab%ve Table 1 2 page 34, column 2, 8 lines above References
Change ‘ranged from 1 in.“ to nearly 30 in.* of runoff" “Reference number {5) should be deleted
to “ranged from 1 area inch to nearly 30 area inches of -
runoff’’

Transportation Research Record 971

page 22, column 1, last'line '
Change 1 to nearly 30 in.2" t0 "1 to nearly 30 area
inches'

page 31, reference 3
Change to read as follows:

80 | 2 first Ii Merkblatt flrLichtsignalanlagen an Landstrassen,
pags == co“umr'1 2,”|rst”|ne . " Ausgabe 1972. Forschungsgesellschaft flir das Strassen-
Change “"13in.=" to 13 area inches wes en, K3ln, Federal Republic of Germany, 1972.

Transportation Research Record 1011 T nenariation Resoaroh \Eocopd 965

page 12, Figure 4
Figure does not show right-of-way structure for O-Bahn.
See discussion on page 11, column 1, paragraph 3.

page 34, column 1, Equation 1
Change equation to

rW=Yw- hly-z
Transportation Research Record 996
where
page 49
Insert the following note to Figure 2: ¥ = unit weight of water,
"“The contour lines connect points of equal candlepower.” ‘@ = moist unit weight of soil,
page 49 h = piezometric head, and
Insert the following note to Figure 3: z = vertical thickness of slide.

““The candlepower contours are superimposed on a
‘headlight’s-eye-view' of a road scene. The candlepower
directed at any point in the scene is given by the particu- page 60, column 1,9 lines up from bottom
lar candlepower contour light that overlays that point. Change by Payne (6)"” to " by us”

Transportation Research Record 905



Transportation Research Record 819
page 47, Table 1
Replace with the following table.

Table 1. Summary of interactions between signal-
timing parameters and MOEs,

Emissions

Timing Total Fuel

Method Parameter Delay Stops Consumption HC Cco NO,

Manual Cycle length @ ® @ @ -] ®
Speed of progression + ® + + + +
Priority policy * + + + + +
Split method +

TRANSYT Cycle length ® ] ® ® ® ]
K-factor + ®
Priority policy +

Note: + = main effect detected from TRANSYT output, and (O : main effect detected from NETSIM output,
Transportation Research Record 869 Transportation Research Record 840

page 25, column 1, line 5
Change "money’’ to ‘model”’

page 54, authors’ names
The second author’s name should read
""Edmond Chin-Ping Chang”’

Transportation Research Record 831

Transportation Research Record 847

page 50, Figure 3
Add the following numbers under each block in the last
line of the flowchart:

R1, R2, R3, R4, D1, D2, D3, A1, A2

page 50, Figure 4
Make the following changes in the last line of the flow-
chart.

Change ‘R4’ to "'D1"" and "'Recognition’’ to ' Decision”
Change “'R5" to ’D2'" and ""Recognition’ to 'Decision"”
Change ""R6" to ’D3" and ""Recognition” to “'Decision"’
Change '"‘R7" to "'R4"

Change '"R8" to "“D4" and “'Recognition” to "'Decision’
Change "“R9" to "'A1" and ""Recognition’’ to ‘“Action”’
Change “R10" to ""A2’" and ""Recognition’ to ‘'Action”’

TRANSPORTATION RESEARCH BOARD
NATIONAL RESEARCH COUNCIL

2101 Constitution Avenue, N.W,

Washington, D.C. 20418

ADDRESS CORRECTION REQUESTED

page ii, column 1
Change ISBN number to “ISBN 0-309-03308-X"*

Transportation Research Circular 255

page 6, column 1, third paragraph
Change "Marquette University'’ to ‘‘Northern Michigan
University”’

NCHRP Synthesis of Highway Practice 87

page ii
Change ISBN number to 0-309-03305-5

NCHRP Synthesis of Highway Practice 84

page ii
Change ISBN number to 0-309-03273-3
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Fibrous Portland Cement Concrete Overlay
Research in Greene County, Iowa

R. M. BETTERTON, M. J. KNUTSON, and VERNON J. MARKS

ABSTRACT

The project was constructed in October 1973 to evaluate the performance of

steel fiber-reinforced concrete
sections,

(fibrous concrete).
four continuous reinforced concrete sections,

The 33 fibrous concrete
two mesh-reinforced

sections, and two sections with transverse reinforcing were rated relative to
each other on a scale of 0 to 100 at ages of 5 and 10 years. All sections are
essentially unbonded to or debonded from the underlying slab. All experimental
overlay sections experienced only limited additional deterioration in the 5-10
year period. The 4-in. thick, nonfibrous, mesh, continuously reinforced con-
crete pavement overlay sections provided the best performance in this research

project. A nonfibrous, 5-in. thick,

transverse bar-reinforced overlay section

with no longitudinal steel performed almost as well. The best performance of a
fiber-reinforced concrete section was obtained with 160 1lb of fiber per yd®
of concrete. In the fibrous concrete overlays, 750 1lb of cement per yd® pro-
vided no benefit over the use of 600 lb of cement per yd®’. The performance of
the fibrous overlays was directly related to the fiber content of the concrete
mix. The 2.5-in.~long higher aspect ratio fibers produced a higher performance
rating than the 1l-in.-long lower aspect ratio fibers. The 3-in. thick fibrous
concrete overlays performed substantially better than the 2-in. thick fibrous
overlays. In general, the thicker, nonfibrous pavement overlay sections con-
structed at a lower unit cost than the fibrous sections performed better than

the fiber~-reinforced concrete overlays.

The overlay project in Greene County, Iowa, which
was completed in October 1973, is the most compre-
hensive study undertaken of fibrous concrete as an
overlay for deteriorated highway pavement. The 3-mi
overlay project, constructed by Hallett Construction
Company, included 33 test sections of fibrous con-
crete, four test sections of continuously reinforced
concrete pavement (CRCP), two test sections of mesh-
reinforced concrete, and two sections with trans-
verse reinforcing. The mix and design variables (in
parentheses) for the fibrous concrete overlays in-
clude:

* Concrete mix design (3)

¢ Fiber type (2)

* Fiber content (3)

* Special cement (Chem Comp)
Overlay thickness (2)
Joint spacing

* Type of bonding (3)

Replicate sections of several of the test sections
were constructed. Table 1 gives a summary of the
project. The 3-mi project site is located on Road
E-53 east of Jefferson, Iowa. The traffic count on
the pavement is approximately 1,100 vehicles per day
with 4 percent trucks. This partially reinforced
concrete pavement, which originally was Lincoln
Highway/U.S. 30, was constructed of 7- to 8-in.
thick and 18-ft wide pavement without joints between
1921 and 1922. At the time of the overlay (1973),
the old pavement was severely cracked and spalled.
Prior to the overlay, nonreinforced lean concrete
widening 4-in. thick and 2-ft wide was constructed
on each side of the o0ld pavement to increase the
width from 18 ft to 22 ft.

Two basic concrete mixes were used in the major-

ity of the fibrous concrete sections. The mixes were
chosen to represent extremes in cement content,
namely, 600 and 750 1lb of cement per yd®. Some
fibrous concrete research had indicated that a
greater cement content (750 1lb) was needed to obtain
the total benefit of the steel fiber reinforcement.
Other fibrous concretes used in the project con-
tained a cement/fly ash mixture (five sections) or a
shrinkage-compensating cement (one section).

The steel fibers used were 0.010-in. x 0.022-in. x
l1-in.-long rectangular slit sheet supplied by the
U.S. Steel Corporation and 0.025-in. diameter x
2.5~in.-long drawn fiber supplied by the Atlantic
Wire Company in Branford, Connecticut. Fiber addi-
tion rates were 60, 100, and 160 1lb per yd®. Twenty-
three of the fibrous concrete sections contained the
0.010-in. x 0.022-in. x 1.0-in. fiber while 10 sec-
tions contained the 0.025-in. x 2.,5-in. fibers.

All of the conventional portland cement concrete
(PCC) and CRCP sections were constructed using the
Iowa DOT Class A concrete mix proportion containing
569 1lb of Type I cement, 1,499 1lb of fine aggregate,
1,522 1b of coarse aggregate (l.5-in. maximum size),
and approximately 270 1lb of water per yd® of con=-
crete., Two test sections were constructed with No. 4
bars 12-ft long placed transversely on 3-ft centers
at a depth of 2.5~in. with no longitudinal steel.
Two test sections were constructed with PCC-rein-
forced concrete with 6-in. x 6-in. steel mesh (wire
diameter = 0.125-in.) placed at one-half the overlay
depth. Twenty-two of the fibrous concrete test sec-~
tions were 3=-in. thick and 11 were 2-in. thick. The
conventional PCC test sections were 4-in. and 5-in.
thick and the CRCP sections were 3-in. and 4-in.
thick.

Most of the fibrous concrete sections had trans-
verse joints sawed .250-in. wide to one-third of the



overlay depth at 40-ft spacings. The centerline
joint (.250-in. wide) was cut to one=-third the
thickness of the overlay in most of the test sec-
tions.

Transverse joints for the rebar and mesh-rein-
forced concrete sections were sawed .250-in. wide
and one-third of the overlay depth on 20- or 30-ft
spacings. The centerline joint was cut (.250-in.
wide and one-third of the overlay depth) in all of
these sections. The bonding conditions for the fi-
brous concrete test sections were as follows:

1. Five sections intended to be
(cement spread on wet surface).

2. Twenty-five sections partially bonded (old
pavement swept and cracks cleaned before overlay).

3. Three sections unbonded (double thickness of
polyethylene sheet between overlay and old pavement).

fully bonded

Two fibrous concrete sections (3-in. design
thickness) were placed on grade. The rebar and mesh-
reinforced concrete sections were all partially
bonded. The CRCP sections were both bonded and un-
bonded (paraffin base cure). A detailed report on
the subject, which was prepared by the Iowa Concrete
Paving Association, gives job data on concrete mix-
ture proportioning, concrete properties, test re-
sults, section locations, core locations, and costs
(1). A report on the subject was also written by
Lankard and Henager (2).

PERFORMANCE EVALUATIONS

The performance of the various overlay sections was
documented by crack surveys during the first 5
years. These surveys, which detail the location,
type (transverse and longitudinal), and 1length of
the cracks were made six times in the first 5 years.
The first crack survey was conducted in April 1974,

followed by crack surveys in October of the years
1974 through 1978. A report documenting these crack

surveys 1is available from the Iowa Department of
Transportation (3). Much of the cracking and deteri-
oration is above the longitudinal joints between the
original slab and the 2 ft of widening on each side.
In retrospect, an evaluation of fibrous concrete
overlay variables would have been better on a pave-
ment without widening.

A 23-member rating panel evaluated all research
sections in October 1978 at an age of 5 years. The
S5-year evaluation was an effort to rate the perfor-
mance of the overlay sections on the basis of more
comprehensive performance criteria. There were 13
members on the original planning committee, twenty-
three participants in the 5-year evaluation rating
panel and 25 participants in the l0-year evaluation
rating panel. The current assessment of the condi-
tion of the Greene County overlay project at 10
years was made on October 12, 1983, by members of
the original planning committee and representatives
from the Iowa Department of Transportation, TIowa
County Government, FHWA, University of Illinois, and
industry. Each of the 41 sections in the project was
examined with particular attention given to

1. The type and amount of cracking;

2. The type and amount of other forms of pave-
ment distress (spalling);

3. Fhe presence of repaired areas and the prog-
nosis for needed repairs or removal of the entire
test section; and

4. Overall condition relative to the other sec-
tions on the project.

For the evaluation, each participant was requested

Transportation Research Record 1040

to use the Greene County Evaluation Form that had
been provided to them. Each evaluator was to assign
a rating to each section with a maximum value of 100
assigned to a section showing zero distress and
wear. The rating number was based on criteria previ-
ously noted with four general categories:

1. 75-100 (good with minor maintenance) ;

2. 50-75 (above average--average maintenance);

3. 25-50 (below average--repairs are needed); and
4. 0-25 (poor condition--major repairs needed).

The 23 values for 1978 and the 25 values for 1983
were averaged to provide a final rating number of
each section. The ratings are given in Tables 1 and
2 where the sections have been listed in the order
corresponding to the panel rating. The highest rat-
ing is listed first, descending to the lowest rat-
ing. It is believed that the rating systems used in
the 5- and 10-year evaluation give a meaningful
ranking of the experimental sections based on their
current condition and on speculation concerning
their short-term future performance.

A careful analysis of project records indicates
that construction problems or the absence thereof
had a definite effect on performance ratings. When
few or no problems were noted in the project log and
paving progressed rapidly, the ratings were higher
than for sections where problems resulted in delays.
A correlation of this factor is not realistic, how-
ever, as numeric values were not assigned to the
problems.

DISCUSSION

The data given in Table 1 were analyzed with a view
to identify the effect of a number of variables on
the performance of the overlays through 10 years.
Using the rating number as an index of relative per-
formance, the effect of major material and design
parameters on the performance of the overlay sections
can be assessed.

General Comparison

A schematic display of the variables of each section
is given in Figure 1. The bonding condition and the
admixture type were not considered major variables
and are disregarded for some evaluations within the
report. The section identification numbers are con-
tained in the individual spaces in the schematic
display. A schematic display of the 10-year rating
numbers is provided in Figure 2. The bonding condi-
tion and admixture type were disregarded in this
schematic summary. Sections 23 (a bridge), 22 and
40A (on grade), and 25 (Chem Comp cement) were ex-—
cluded from the rating summary.

By using this summary rating chart, the variables
of the fibrous concrete overlay can be compared,
These can also be compared with the nonfibrous sec-
tions listed beneath the schematic display with the
panel rating listed at the bottom of each block.
From this schematic summary, it can be noted that
the section receiving the highest 1l0-year rating was
section 3, which was a 4-in.-thick mesh, CRCD. The
second highest average rating was achieved by the
5-in.-thick section with transverse steel (no longi-
tudinal steel) and Type A concrete. The third high-
est rating (79) was given to a fiber-reinforced con-
crete section with 600 1b of cement and 160 1lb of
l-in.=long fiber, The fourth highest rating was ob-
tained by a 4-in. mesh-reinforced jointed section.
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TABLE 1 Fibrous Concrete Overlay Summary

Fiber Content 14-Day
(Ib) Flexural  Overlay Joint Center Panel Rating

Section Cement —————————  Strength  Thickness Intended Spacing Line —
No. (Ib) 1-in. 2.5-in, (psi) (in.) Bond (ft) Joint  Oct. 1978 Oct. 1983

1 569 -2 =4 563 5 Partial 20 Yes 90 86

7 569 b -b 559 4 Partial 30 Yes 81 80

3 569 - ¢ 575 4 Bonded Yes 84 82

4 569 = - 565 4 Unbonded 8 Yes 78 72
4A 569 —d -d Various Unbonded 8 Yes

5 569 L -d 671 3 Unbonded 8 Yes 52 46

6 569 - - 614 3 Bonded Yes 54 53

7 600 60 575 3 Partial 40° Yes 64 56

8 750 60 730 3 Partial 40 Yes 69 60

9 600 100 603 3 Partial 40 Yes 69 65
10 750 100 680 3 Partial 40 Yes 59 55
11 750 100 739 3 Unbonded 40 Yes 68 66
12 750 100 811 3 Bonded 40 Yes 64 62
13 600 60 718 3 Partial 40 No 56 50
14 500 100 664 3 Partial 40 Yes 40 40
15 500 100 615 3 Partial 40 Yes 42 43
16 600 60 662 3 Partial 40 Yes 60 60
17 750 60 769 3 Partial 40 Yes 55 50
18 600 160 705 3 Partial 40 Yes 86 80
19 600 160 811 3 Partial 40 Yes 82 77
20 750 160 809 3 Partial 40 Yes 83 73
21 750 100 775 3 Bonded 40 Yes 68 59
22 500 160 677 3 On grade 40 Yes 69 55
23 750 160 775 2.250 Bonded No 83 86
24 600 100 644 3 Partial 40 Yes 79 76
25 750 100 719 3 Unbonded No 69 60
26 750 160 674 2 Partial 40 Yes 79 64
27 600 100 680 2 Partial 40 Yes 65 58
28 750 100 755 2 Partial 40° Yes 55 45
29 750 100 741 2 Bonded 40° Yes 56 50
30 750 160 834 2 Partial 40 Yes 70 60
31 600 100 612 2 Partial 40 No 56 52
32 750 100 726 2 Partial 40 No 50 48
33 600 160 664 2 Partial 40 Yes 72 62
34 750 160 808 2 Partial 40 Yes 69 56
35 750 100 731 2 Unbonded 40 Yes 44 37
36 750 100 791 2 Bonded 40 Yes 63 52
37 600 60 668 3 Partial 40 No 71 52
38 569 -b -b 605 4 Partial 30 Yes 84 70
39 569 - -2 602 5 Partial 20 Yes 82 76
40 500 100 621 3 Partial Various No 59 45
40A 500 160 865 3 On grade 40 Yes 76 Sl
Grand average 67 60
A-rransverse steel-reinforced section. € CRCP-anchored section. CFull depth.

bMesh-reinforced section. CRCP-gection,

The average cost of the various overlay sections
(see Table 3) was determined by using 1973 prices.
The cost for the special sections is as follows:

Special Section Description Cost per Yd* (§)

5-in. Plain concrete 3.57
4~in., Type A concrete

with mesh 3.58
4-in. CRCP with elastic

joints , 4.41
3-in. CRCP with elastic

joints 3.48

In general, the use of fibrous reinforcement results
in a unit price greater than that of thicker conven-
tionally reinforced overlays.

Personnel who had been on the evaluation panel
for the 5-year evaluation were pleasantly surprised
with the condition of all overlay sections at the
10-year performance evaluation. It was the general
consensus that based on the 5-year performance eval-
uation, substantially greater deterioration between
5 and 10 years had been expected. The grand average
of the rating numbers of October 1978 (see Table 1)
was 67 and the grand average of all ratings of Oc-
tober 1983 had decreased to 60. During the 5-year
evaluation, many of the evaluators expressed the

opinion that substantial rehabilitation would prob-
ably be needed at 10 years. The consensus of the 10-
year evaluation panel was that the pavement had per-
formed quite well and a substantial effort should be
aimed at maintaining the research sections with fur-
ther evaluation. A substantial patching project was
completed in June 1984 to repair the badly deterio-
rated areas and allow evaluation of the overlay
project through 15 years.

Cement Content

Most of the fibrous concrete overlays were placed
with concrete made with either 600 or 750 1lb of ce-
ment per cubic yard. There were, however, five over-
lay sections placed with 500 1lb of cement and 234 1b
of fly ash as the binder material. One section was
placed using 750 1lb of Chem Comp cement per cubic
yard. Comparisons of sections in which the cement
content is the only intended variable are given in
Table 4. In five of six comparative sections where
the only major variable is the cement content, the
600 1lb of cement per yd®’ mix performed better than
that containing the 750 1lb of cement per yd®. The
grand average also favored the 600 1b of cement per
yd®. This is a relatively small difference and may



TABLE 2 Overlay Sections Arranged in Order of the 10-Yr Performance Rating

FIBROUS SECTIONS

AS BUILT

Cement Reinforcement Amount Overlay
Section Panel Content or of Fiber Thickness Type of
No. Rating (Ib/yd3) Fiber Type (Ib/yd?) (in.) Bond
23 86 750 1 in. 160 2-1/4 Bridge
1 86 569 Transverse 5 Partial
3 82 569 CRCP 4 Bonded
2 80 569 Mesh 4 Partial
18 80 600 1in. 160 3 Partial
19 7 600 1in. 160 3 Partial
24 76 600 1in. 100 3 Partial
39 76 569 Transverse 5 Partial
20 73 750 1in. 160 3 Partial
4 2 569 CRCP 4 Unbonded
38 70 569 Mesh 4 Partial
11 66 750 25 in. 100 3 Unbonded
9 65 600 1in. 100 3 Partial
26 64 750 2.5 in. 160 2 Partial
12 62 750 1in. 100 3 Bonded
33 62 600 1in. 160 2 Partial
8 60 750 2.51n. 60 3 Partial
25 60 750 2.51n. 100 3 Unbonded
3¢ 60 750 1in, 160 2 Partial
16 60 600 2.5in. 60 3 Partial
21 59 750 2.8 'n, 100 3 Bonded
21 58 600 1in. 100 2 Partial
34 56 750 1in. 160 2 Partial
7 56 600 1in. 60 3 Partial
10 55 750 1in. 100 3 Partial
2 55 5002 1in. 160 3 On grade
6 53 569 CRCP 3 Bonded
36 52 750 2.5in. 100 2 Bonded
37 52 600 2.5in. 60 3 Partial
31 52 600 1 in, 100 2 Partial
40A 51 5002 1in, 160 3 On grade
17 50 750 1in, 60 3 Partial
13 50 600 1in. 60 3 Partial
29 50 750 1in. 100 2 Bonded
32 48 750 1 in, 100 2 Partial
5 46 569 CRCP 3 Unbonded
40 45 5007 1in. 100 3 Partial
28 45 750 1in. 100 2 Partial
15 43 5002 2.5in. 100 3 Partial
14 40 500% 1in. 100 3 Partial
35 37 750 2.5 in. 100 2 Unbonded

2500 1b of cement + 234 Ib of fly ash.
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FIGURE 1 Schematic summary of the variables of each overlay section.
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FIBROUS SLCTIONS AS BUILT
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FIGURE 2 Schematic summary of overlay variables and performance ratings at 10

years.

TABLE 3 Average Cost of Overlays

Thickness Cement Fiber Cost Per
(in.) (Ibjyd®) (1bjyd®) Yd? ()
2 600 100 3.40
2 600 160 4.10
2 750 100 3.52
2 750 160 4.22
3 500 + 234 fly ash 100 4.94
3 500 + 234 fly ash 160 5.61
3 750 160 6.64
3 750 100 4.56
3 750 60 3.86
3 600 160 5.42
3 600 100 4.30
3 600 60 3.61

not be significant when considering other variables.
The only explanation for this result would be the
drying shrinkage caused by the additional cement
with the relatively thin overlay sections that are 2
or 3 in.

The performance ratings of the sections with 500
1b of cement plus 234 1b of fly ash were somewhat
less than the sections with 600 or 750 1lb of cement
per yd’. Direct comparisons of panel ratings can
be made between sections containing 500 1b of cement
plus fly ash (Sections 14 and 40), 750 1b of cement
(Sections 10 and 12), or 600 lb of cement (Sections
9 and 24), with ratings of 42, 59, and 70, respec-
tively. The 500 1lb of cement plus fly ash mix can
also be compared with the 750 1lb per yd? mix with
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TABLE 4 Performance Ratings and Flexural Strengths of Overlay Sections Where Cement Content

Was the Only Major Variable

Comparative Overlay Section Nos.
by Cement Content (Ib/yd>)

Flexural Strength (psi)
By Cement Content (Ib/yd®)

Avg 10-Yr Performance Rating
by Cement Content (lb/yda)

500(+ 2341b F.A.) 750 600 500(+2341b F.A.) 750 600 500(+ 23416 F.A.) 750 600

14,40 10,12 9,24 643 745 624 42 59 70
30,34 33 821 664 58 62
8 37,16 730 665 60 56
17 7,13 769 647 50 53
28,29,32 27,31 741 646 48 55
20 18,19 809 758 73 79

Grand Average 753 667 58 62

15 11,21 615 757 43 63

Grand Average 629 751 42 61

Note: F.A. = fly ash.

Section 15 versus Sections 11 and 21. Section 15 was Fiber Type

rated at 43 and Sections 11 and 21 averaged 63. Sec-
tions 11 and 25 provided a comparison of Chem Comp
expansive cement and a standard 750-1lb cement con-
crete mix. There was no significant benefit derived
from the use of the Chem Comp expansive cement.

Fiber Content

Fiber contents of 60, 100, or 160 lb per yd®’ were
studied under this research. These fiber contents
were used with both the 1-in. and the 2.5-in.
fibers. A comparison of the overlay sections where
the only intended major variable was the fiber con-
tent is given in Table 5. There are two sets of sec-
tions in which all three fiber contents were used.
When averaging these two, the grand average shows
that the 160 1lb per yd is superior to both the 100~
and 60-1b fiber contents with ratings of 76, 65, and
52 for the 160-, 100-, and 60-1lb contents, respec-
tively. The comparative sections would show that the
100-1b fiber content yields a rating number approxi-
mately 10 points higher than that of the 60-1lb fiber
content and the 160-1lb fiber content yields a rating
number approximately 10 points better than the
100-1b fiber content. It would appear that the fiber
content is one of the more important major variables
as two of the 160-lb-per-yd® fibrous sections com-
pared favorably with the 4- and 5-in. nonfibrous
sections. Unfortunately, however, the 160-lb-per-yd?
substantially increases the cost of the overlay sec-
tions.

TABLE 5 Performance Ratings of Fibrous Concrete
Overlay Sections Where Fiber Content Was the Only
Major Variable

Avg 10-Yr Perfor-
mance Rating by

Comparative Overlay Section Nos. Cement Content

by Cement Content (Ib/yd?) (Ib/yd®)

60 100 160 60 100 160

7,13 9,24 18,19 53 70 79

17 10,12 20 50 59 73

Grand average 52 65 76
27,31 33 55 62
28,29,32 30,34 48 58
35,36 26 45 64

Grand average 55 67

8 11,21 60 63

Grand average 54 64

Two different fiber types were used in this re-
search. There are six sets of comparative sections
(see Table 6) where fiber type is the only major
variable. In all six cases, the 2.5-in.-long fibers
exhibited a performance superior to that of the
l-in. fiber in the comparative sections. The grand

TABLE 6 Performance Ratings of
Fibrous Concrete Overlay Sections
Where Fiber Type Was the Only
Major Variable

Avg 10-Yr Perfor-
mance Rating by
Fiber Length (in.)

Comparative Overlay
Section Nos. by
Fiber Length (in.)

1-in. 2.5-in. 1-in. 2.5-in.
7,13 16,37 53 56
17 8 50 60
10,12 11;21 59 63
14,40 15 42 43
30,34 26 58 64
28,29,32 35,36 48 64
Grand average 52 58

average yields a rating six units higher for the
2.5-in. fibers than for the 1-in. fiber.

Overlay Thickness

The thickness of the overlay was intended to be
either 2 or 3 in. except for transition sections.
This 2- or 3-in, thickness was to be a nominal
thickness and because of the irreqular surface of
the underlying original concrete, there was substan-
tial variation in the thickness. Some thicknesses of
only 1 in. were cited. There were five sets of sec-
tions in which the only intended major variable was
overlay thickness (see Table 7). In all five com-
parative sets, the 3-in. overlays provided substan-
tially better performance ratings than did those of
their comparative 2-in. sections. The grand average
is 69 for the 3~-in. sections versus 54 for the 2-in.
sections or a 15-point superiority for the 3-in.
overlays.

Type of Bonding

There are a few sections in which the type of in-
tended bonding is the only variable (see Table 8).
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TABLE 7 Performance Rating of
Overlay Sections Where Overlay
Thickness Was the Only Major Variable

Avg 10-Yr Perfor-
mance Rating by
Thickness (in.)

Comparative Overlay
Section Nos. by
Thickness (in.)

3-in. 2-in. 3-in. 2-in.
18,19 33 78 62
11,21 35,36 63 45
9,24 27,31 70 55
10,12 28,29,32 59 48
20 30,34 73 58
Grand average 69 54

TABLE 8 Performance Ratings of Fibrous Concrete Overlay
Sections Where the Only Intended Variable Was the Type of
Bonding

Comparative Overlay Section Nos. Avg 10-Yr Performance Rating

Partially Partially
Bonded Unbonded Bonded Bonded Unbonded Bonded
12 10 62 55
21 11 59 66
36 35 52 37
29 28,32 50 47

At the time of construction, no equipment for deter-
mining the degree of bond was readily available and
no testing of this aspect was conducted. During the
5 years following construction, a Delamtect testing
device was developed to identify delaminations in
bridge decks. This device was capable of indicating
relatively thin delaminated layers. In October 1978,
the entire length of the project was tested in the
outside wheel track of both lanes. The project was
almost completely delaminated except for the 4- and
5-in. sections. The bonded sections exhibited no
greater degree of bonding than the partial or un-
bonded sections. Experience has shown that overlays
are either bonded or unbonded as a partial bond
yields an unbonded overlay. Research has shown that
a cement grout "squeegeed" onto a properly prepared
dry concrete surface before placing the new concrete
results in a well-bonded overlay. For this reason,
the type of bonding was not considered as a major
variable in this evaluation. There are, however,
four sets of comparative sections where the type of
bonding is the only intended variable. Because of
the limited number and the variation among the rat-
ing numbers on those comparative sections, no con-
clusions can be reached.

Pavement on Grade

The two sections that were placed on grade contained
160 1b of fiber per yd® and were 3-in. thick.
These two sections had performed quite well through
5 years (ratings of 69 and 76) but have shown sub-
stantial deterioration in the period from 5 through
10 years and now exhibit ratings of 55 and 51.

CONCLUSIONS

Based on the results of the current survey using the
rating numbers of the panel as the relative perfor-
mance of the experimental overlay sections after 10
years of service, the following can be concluded:

1. The 4-in.-thick nonfibrous mesh CRCP provided
the best performance in this research project. A
nonfibrous 5-in.-thick concrete section with trans-
verse steel only performed almost as well.

2. The best performance of fiber-reinforced con-
crete was by those sections containing 160 1b of
fiber per yd?.

3. In general, the fibrous concrete overlays
have provided relatively good performance through 10
years.

4., The performance ratings of the fibrous con-
crete overlays containing 600 1lb of cement per yd?
were somewhat better than those of the overlays with
750 1lb of cement per yd®. In this project, in-
creasing the cement content from 600 to 750 1lb per
yd? did not significantly improve overlay perfor-
mance.

5. The performance of the overlays was directly
related to the fiber content of the concrete mix
with the mixes containing 160 1lb of fibers per yd4?®
providing the best performance followed by those
mixes containing 100 1lb of fiber per yd®, and the
poorest performance being exhibited by the mixes
containing only 60 1lb of fiber per yd®.

6. The 0.025-in. x 2.5-in. higher aspect ratio
fiber (aspect ratio of 100) produced a higher per-
formance rating than the 0.010-in. x 0.022-in. x
1.0-in. fiber (aspect ratio of about 63).

7. The 3-in.-thick fibrous concrete
yielded substantially better performance
2-in.~thick fibrous overlays.

8. Satisfactory bonding was not achieved on any
of the fibrous concrete overlay sections and, there-
fore, no conclusions can be reached with regard to
type of bonding.

9. The additional cost of the fibrous reinforce-
ment cannot be justified based on the 1l0-year com-

overlays
than the

parative performance of the fibrous and 4~ and
5-in.-thick nonfibrous sections.
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The Concrete Resurfacing of Existing Asphalt on
[-30 in Rockwall County, Texas

LONNY G. TRAWEEK

ABSTRACT

Interstate 30 is a controlled access freeway that has deteriorated to such an
extent that it has become a maintenance problem. Before this highway could be
restored to a first-class facility, however, there would be problems with the
design of the pavement structure, traffic control, and construction. The exist-
ing highway was built over expansive clays. After considering several designs
including bituminous pavement, the design was chosen of sealing the existing
asphalt, overlaying with a level-up asphalt, and resurfacing with 11 in. of
concrete pavement. The methods of offsetting the longitudinal contraction joint
2.5 ft onto the shoulder and using concrete shoulders were incorporated to
lower maintenance costs and better distribute heavy wheel loads near pavement
edges. Traffic control would be accomplished by reconstructing the south front-
age road, diverting eastbound traffic to it, and constructing an eastbound
freeway. The westbound traffic could then be diverted to the newly constructed
eastbound pavement and the westbound pavement could then be constructed. How-
ever, there were problems with the at-grade intersections of the frontage road,
the alignment and typical section of the frontage road, and the areas of the
frontage road that are prone to flooding. The 38-ft pavement is being con-
structed full-width in one pass. The production is controlled by the plant ca-
pacity and not the placing operation. The full width pass slows the speed of
concrete placement along the highway enough to cause problems with finishing

and texturing.

Interstate 30 (I-30) is a 4-lane, controlled access
freeway with l2-ft lanes, 4-ft inside shoulders, and
10-ft outside shoulders. Construction began in May
1982 and the estimated completion date is December
1985. This $27 million project is 10.8 mi long and
begins just east of the Dallas, Texas, metropolitan
area within the city limits of Rockwall (population
5,939) continuing northeast through a mostly rural
area. The existing highway was constructed between
1955 and 1958 and has deteriorated to such an extent
that it has become a maintenance problem. Before
this highway could be restored to a first-class fa-
cility, there would be problems with the design of
the pavement structure, traffic control, and con-
struction.

GENERAL PAVEMENT DESIGN

The original roadway section was 11 in. of sandstone
base, 9 in. of limestone base, and 2 in. of as-
phaltic concrete pavement built over a subgrade of
Taylor Marl and Houston Black clays. These clays
have high plasticity indexes (one sample of the
Taylor Marl was B82) and are poor subgrades. The base
is primarily in good condition but the top 2 in.
contain cracks. The addition of subsequent asphalt
overlays and seal coats have increased the asphalt
thickness to approximately 8 in. The asphalt is soft
and cracked and deflects considerably when loaded.
There is transverse and diagonal cracking of the
pavement throughout the entire project, and portions
of the roadway as deep as 24 in. have had to be re-
moved and repaired by maintenance crews.

An asphaltic pavement design was considered; how-
ever, the cracked, deteriorated surface with the
cracks in the base underneath would cause reflective

cracking through the flexible overlay and would only
be a short-term solution. The proposed design was to
first cover the existing highway with a seal coat,
then level-up the pavement with an asphaltic con-
crete overlay and, finally, to place 11 in. of port-
land cement concrete pavement over the asphalt to
provide two lanes of traffic in each direction with
concrete shoulders (Figure 1l). Although the initial
cost is higher, this design would best utilize the
existing base and pavement structure. The final base
and pavement structure would thus be deeper, result-
ing in a higher safety factor and lower maintenance.
This project has three overpasses, two under-
passes, and two sets of bridges (eastbound and west-
bound) across major streams. The three overpasses,
being of steel beam design, were reconstructed and
raised approximately 2 ft to accommodate the higher
pavement and to provide additional clearance under-
neath. The stream crossing bridges, however, being
similar to a rigid concrete design, could not be

readily raised, and therefore the approaches were
designed to be lowered, thus undercut, as were the

freeway lanes under the two underpasses (Figure 2).
The concrete pavement is of the contraction de-
sign. It has load transmission devices at contrac-
tion joints, but does not have reinforcing steel.
The load transmission devices are 1.375-in. dowels
at the transverse joints and tiebars at the longitu-
dinal joints (Figure 3). (This design was chosen
over reinforced concrete because of its normally
lower price and better past performance in the
Dallas area.) The inclusion of concrete shoulders is
essential to the overall design. For virtually the
same cost as flexible shoulders, the concrete shoul-
ders would not only provide lower maintenance and
better distribution of heavy wheel loads near pave-
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ment edges, but also would be conducive to future
expansion.

Another design feature incorporated to better
distribute the wheel load was that of offsetting the
sawed longitudinal joint between the outside lane
and the shoulder (Figure 3). It was offset 2.5 ft
onto the shoulder, but the striping for the edge
line is at the normal lane line. This offset removes
the joint and possibly a water source from the wheel
load thereby reducing pavement deflection and the
possibility of a pumping problem.

One of the questions that arose from the idea of
using concrete shoulders was "What should be used to
backfill the vertical edge of the concrete shoul-
ders?" If earth embankment is used adjacent to the
shoulder and any erosion occurs, a vertical face
would remain and be a hazard for traffic. If mate-
rial other than earth is used, how far out should it
be taken--partial extension or the full extension of
the slope (Figure 4)? On this project, it was de-
cided to use asphalt on a 6:1 cross-slope for a
distance of 3 ft on a typical overlay section (Fig-
ure 1) and 3 ft-6 in. on a typical undercut section
(Figure 2). The full extension would have allowed
the use of conventional rollers, but the cost would
be considerable. The 3-ft dimension was a compromise
that would not only produce a 6:1 slope, but the
first couple of 1lifts would serve as a platform for
the paver.

The basic problem with the 3-ft asphalt extension
is compaction. The narrow width and the 6:1 cross-
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slope will not allow normal rollers to be used. A
small vibratory roller and a modified tractor (Fig-
ures 5 and 6, respectively) were used on the lower
lifts with the addition of a pneumatic roller fin-
ishing the top 1lift. The speed of the small roller
was slow because the steep cross-slope required lat-
eral support. Normally, two workmen were required to
maintain its position on the asphalt.

One interesting note is that all the asphaltic
pavement used on the freeway is a recycled mix con-
taining 40 percent reclaimed bituminous pavement and
60 percent virgin materials. Most of the reclaimed
material was recovered from various asphaltic over-
lays that had been previously placed in thin mats
throughout the Dallas area. The mats had been placed
over concrete pavement and were removed by coldmill-
ing and then stockpiled. By blending AC-5 asphalt
with the existing reclaimed asphalt, a suitable as-
phaltic pavement design was produced. Future highway
contracts in the Dallas area are proposing both the
full asphalt extension and the use of earth embank-
ment so, hopefully, the solution to these problems
will be obtained in the near future.

TRAFFIC

The average daily traffic for 1983 was 22,000 vehi-
cles per day and projected traffic for 1997 is
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FIGURE 4 Shoulder edge.
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FIGURE 5 Small roller.

FIGURE 6 Modified tractor.

47,000 vehicles per day. A traffic analysis by state
forces revealed that a large percentage of trucks
(20.3 percent) used the roadway.

TRAFFIC CONTROL

There were two primary methods of traffic control
considered for this project. One was to leave free-
way traffic on the freeway at all times and the
other was to detour freeway traffic to the frontage
road while constructing the freeway.

To leave the freeway traffic on the freeway, the
lanes would have to be reduced from two to one, day
and night, for long periods of time. The 1983 aver-
age daily traffic was 22,000 vehicles per day re-
sulting in a design hourly volume of 1,975 vehicles
per hour, which is almost capacity for one lane.
This means that l-lane-traffic operating speeds will
be low during the peak traffic periods and could be
hazardous at night unless barricades, 1lights, and
signs are placed and maintained properly. Because of
the inconvenience to traffic and the dangerous situ-—
ation that would result by restricting traffic to
one lane, the freeway traffic was detoured to the
frontage road.

The basic sequence of proposed construction is as
follows:

1. Reconstruct the south frontage road on exist-
ing alignment.
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2. Divert eastbound freeway traffic to the south
frontage road and reconstruct the eastbound freeway
including the eastbound half of overpasses.

3. Divert westbound traffic to the completed
eastbound freeway and then construct a westbound

freeway.

The existing south frontage road has operated as
two-way traffic and had to be reconstructed (Figure
7) and changed to one-way to accommodate the east-
bound freeway traffic. Because the frontage road has
no area for stalled vehicles to park due to the lack
of shoulders, and it was not known whether the pave-
ment would hold up to traffic, the detoured traffic
was limited to approximately 2-mi sections. There
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FIGURE 7 Frontage road typical section.

was, however, a provision to enable the engineer to
combine two particular sections due to their rural
nature if the pavement in the previous sections had
withstood the traffic. Consequently, because the
frontage road has held up well under the traffic,
the two sections were combined.

The length of time the traffic was detoured to
the frontage road was also a primary consideration.
In this contract, each of the 2-mi sections had a
maximum number of working days allowed to construct
the highway and return traffic to its normal oper-
ation. This maximum varied between 52 and 104 days.
To insure expediency, the contractor would be
charged $1,000 in liquidated damages for each day
the traffic remained detoured to the frontage road
past the allotted time,

ACCIDENTS

There have been primarily two causes of major acci-
dents attributed to the use of the frontage road as
a detour. The first was the addition of traffic sig-
nals and the second was the alignment of the front-
age road.

The problem with the addition of traffic signals
is that they are located where none previously ex-
isted and the frontage road was changed from two=-way
to one-way. Even though the one-way operation had
been in effect for a month before the signal was in-
stalled, several accidents a day would occur when
traffic in the right lane would attempt left turns
and collide with through traffic in the left lane.
This type of accident occurred for a couple of
months after the installation of the signal.

The alignment of the south frontage road con-
sisted of several reverse curves that were of ade-
quate radii to accommodate the posted speed limit of
40 mi per hr but not much faster. Because of the
rural nature of some stretches of this highway, the
average traffic speed tended to be much faster than
this despite efforts of law enforcement agencies.
The lack of shoulders, higher speed, and alignment
combined to cause many accidents. Because of the
higher speed, the cars would begin to "cut the cor-
ner" of the curvature causing a tire to roll just
off the edge of the pavement. When the tire regained
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traction, the driver usually had oversteered. This
caused the car to dart to the opposite side of the
frontage road and the driver to lose control. Some
of these accidents were fatal. In addition, there
have been several instances where the lack of shoul-
ders has resulted in stalled vehicles remaining
parked in the right lane instead of pulling off onto
the earthen side slope. Thus far, this has not
caused any major accidents.

Two sections of the proposed frontage road detour
are through areas prone to flooding. One such area
inundated the frontage roads nine times in 1983 with
an average duration of almost a half-day. Although
construction has not yet reached these areas, an
emergency plan has been prepared to maintain traffic
flow during these periods. The plan is to close the
inside lane of the westbound traffic and divert the
eastbound, detour traffic to the closed lane, creat-
ing one lane in each direction. To accomplish this,
emergency ramps connecting the south frontage road
and the westbound traffic would have to be con-
structed prior to detouring traffic and barricaded
until needed.

It should be noted that the contractor is re-
quired to select an early warning system to enable
him to complete all traffic changes prior to the
flooding of the detour. As of this writing, the sys-
tem has not been proposed.

GENERAL CONSTRUCTION METHODS

The H.B. Zachry Company constructed a central-mix
concrete plant within the project limits. A paving
train with a 50-ft Gunter-Zimmerman slipform paver
was brought in and modified to handle the cross-
slope break at each shoulder edge. This modification
would enable it to place the concrete pavement the
full 38-ft width in one pass. The placing operation
began by leaving out the center section of the dowel
baskets to leave room for the dump trucks to back up
and discharge (Figure 8). The final dowel basket was
placed after sufficient concrete was ahead of the
paver to pass that particular transverse joint (Fig-
ure 9).

By using this technique, many people would think
that the placing operation would control the speed
of operation. However, this was not the case. The
batching time at the ready-mix plant controls the
operation speed. The specifications for this project
require a minimum of 50 sec of actual mixing and a
mixing time of 55 sec was actually used. By the time
all the material is conveyed to the drum, the total
time between batches is almost 2 min. The paving

FIGURE 8 Placing operation.
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FIGURE 9 Placing dowel basket.

operation has been averaging between 25 and 30
batches an hour with a good day's production of ap-
proximately 2,000 yd’. The batch size is limited
to 6.5 yd® by the legal load limits on this proj-
ect because the trucks have to haul over existing
highways. With the plant capacity at 9 yd*® and the
trucks limited to 6.5 yd®, there is a loss of pro-
duction of more than 35 percent--a major disadvan-
tage in resurfacing existing highways.

The main advantages to paving full width are that
it is quicker and usually cheaper. It is quicker be-
cause of the deletion of the curing time between
adjacent slabs and the larger volume of concrete
that can be placed per man-hour worked. It is usu-
ally cheaper because of (a) the same reasons, (b) no
delays in equipment use, and (c) a higher volume per
man-hour. The cleaning and straightening of tiebars
between adjacent slabs are also eliminated, and al-
though there is no difference by the specifications,
the slumping edge of a slipform paver is not as
critical on the outside of the shoulders as it would
be between adjacent slabs. One of the disadvantages,
however, is that the paver would have to be modified
to the particular typical section designed for each
project. This modification cost $20,000 on this
project.

Because of the higher volume of concrete, the
speed of the operation along the roadway is much
slower. On I-30, the speed needed to maintain a pace
of approximately 100 ft per hr during warm weather
(to assure proper finishing and texturing) would

create problems with the texturing, as would delays.

The type of texture used on the surface was pro-
duced by dragging .125-in metal tines spaced every
.5-in. transversely across the pavement (Figure 10).

FIGURE 10 Texture operation.



FIGURE 11 Finished texture.

This type of texturing would increase skid resis-
tance and reduce hydroplaning by allowing the water
to drain across the pavement inside the grooves. To
produce the desired texture required by the specifi-
cations, the average depth of the grooves would have
to be nearly .250-in. deep with a minimum depth of
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approximately .188 in. When these depths were
reached, a harsh surface developed because of pulled
aggregate. Statewide research was ordered. After the
result of this research was analyzed, the texture
depth was lowered by field change to produce a tex-
ture similar to Figure 11.

This project was the first concrete resurfacing
project in the Dallas area. Because several similar
projects have been proposed, it is hoped that the
information gained from the work on I-30 will bene-
fit those projects.
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Portland Cement Concrete Pavement Overlay

Over a Bituminous Pavement

ANDREW J. GISI

The

interstate pavement structure in Kansas was

ABSTRACT

The initial stage construction completed in 1970 on Interstate 70 in western
Kansas consisted of a 10=-in. asphaltic concrete pavement. At the time of the
second stage, 10 years later, the pavement exhibited signs of load and nonload
associated cracking. A 3-in. second stage overlay had been planned during the
initial design. Based on current conditions, traffic, and distress, a struc-
tural design called for a 5-in. asphaltic concrete overlay. Overlays generally
do not control reflective cracking for appreciable periods of time. Therefore,
additional rehabilitation strategies were proposed. Based on life cycle costs,
a Value Engineering Committee selected an 8-in. portland cement concrete pave-
ment to be placed over the existing asphaltic concrete base. That 10-mi overlay
was constructed in 1983 and an additional 17 mi were let to contract in 1984.

the east and sand, gravel, and oil in the west). The

built using bituminous pavement in the western half
of the state and portland cement concrete pavement
(PCCP) in the eastern half of the state. The primary
reason for those choices was close proximity to
available resources (i.e., limestone and cement in

initial design term for the pavement structure for
the Interstate Highway System was set at 20 years.
Minor imperfections such as raveling, rutting, pol-
ishing, and flushing of asphaltic concrete pavement,
however, usually required that an overlay be placed
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at approximately 10 years into the design term to
cover those imperfections. As a consequence, as-
phaltic concrete pavements on the Interstate System
were generally stage-constructed. It was normal
practice to construct the first stage of the pave-
ment 1.5 or 3 in. less than the ultimate design
thickness. The remaining 1.5 or 3 in. was then ap-
plied as a second stage of construction approxi-
mately 10 years later. The project in question is
located 17 mi east of the Kansas State line that
borders Colorado and extends east 10 mi. It was
originally constructed in 1970. In 1979, plans were
initiated for the second stage resurfacing project.
An evaluation of the condition and the expected per-
formance of several rehabilitation strategies re-
sulted in the Kansas Department of Transportation
(KsDOT) constructing its first PCCP overlay on an
asphaltic concrete surface.

PAVEMENT DISTRESS

A condition survey conducted in late 1979 showed
that the primary distress was transverse cracks. The
secondary distress was longitudinal wheelpath
cracks, and represented the beginning of fatique
cracks. The transverse cracks were up to 2 in. wide
and extended through the 10-in. asphaltic concrete.
An investigation showed that the transverse cracks
were tapered with the dimension being widest at the
top. In addition, the material adjacent to the crack
was stripped in the shape of a triangle (Figure 1).
Bacteria capable of utilizing asphalt (1) was found
associated with the stripped material. These wide
cracks were usually depressed, which caused consid-
erable roughness. The distress survey showed that,

l—VOlD

STRIPPED MATERIAL

FIGURE 1 Typical cross section at
transverse crack.

on the average, there existed 35 lineal ft of trans-
verse cracks and 36 ft of longitudinal cracks per

lane per station.

ORIGINAL DESIGN AND CONSTRUCTION

The original design was based on the Kansas Triaxial
Method (2). For the Interstate System, adjustments
were made to the design procedure. In anticipation
that heavier truck traffic would be expected on the
Interstate than was recorded on the Federal and
State System, the traffic coefficient was increased
and the strength values of the materials used were
decreased. Both of these adjustments resulted in a
thicker pavement section. A 20-year analysis period
was used to determine the ultimate pavement thick-
ness. The procedure resulted in selecting a 7-in.
asphaltic concrete surface and a 6-in. asphaltic
concrete base course.

As mentioned previously, the bituminous pavement
generally required an overlay during the analysis
period to cover minor imperfections. Consequently,
the first stage was constructed of a 4-in. surface
and a 6-in. base course (Figure 2) over a loess sub-
grade soil classified according to the Kansas system
as a silty clay loam and a CL according to the Uni-
fied Classification System. A 3-in. overlay was to
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FIGURE 2 Cross section of original
pavement,

be constructed during the second stage after 10
years.

The base course material consisted of 90 percent
sand, 8 percent volcanic ash, and 2 percent sand/
gravel. It was a dense, graded mix with 5 percent
retained on the .375-in. sieve and 88 percent re-
tained on the #200 sieve (Figure 3). The surface
course material consisted of 20 percent crushed
sand/gravel, 71 percent sand, 8 percent volcanic
ash, and 1 percent hydrated lime. The aggregate size
ranged from 100 percent passing the .75-in., 15 per-
cent retained on the .375-in. and 91 percent re-
tained on the #200 sieve (Figure 4). The average as-
phalt content was 5.6 percent and 5.9 percent for
the surface and base course, respectively.
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FIGURE 3 Typical gradation of surface course
material.
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FIGURE 4 Typical gradation of base course
material.

DESIGN ANALYSIS FOR OVERLAY

Even though a 3-in. overlay was planned for the sec-
ond stage, an evaluation and analysis of the exist-
ing pavement condition was made to determine the
structural thickness required for the second stage
overlay. As previously stated, considerable distress
was evident. In addition, truck traffic had become
heavier than had initially been projected. AASHTO
guidelines were used to analyze the structure re-
quired under current conditions (3). An estimate of
the soil support was made by expressing the triaxial
modulus and the soil support number of the design
soil and the AASHTO Road Test soil as the following
ratios.
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Triaxial Modulus
Design Soil -

Triaxial Modulus
Road Test Soil

Soil Support
Design Soil

Soil Support
Road Test Soil

The result was a soil support number of 3.1 for the
design soil.

The flexible design analysis resulted in a struc-
tural number (SN) of 5.0 for the soil and traffic
conditions. The SN of the overlay (SNol) was deter-
mined from the difference between the SN required
(SNr) for a new pavement and the SN of the existing
(SNe) pavement (that is, SNol = SNr - SNe). The SN
of the existing pavement structure was determined by
using a component analysis of the layers. This re-
qguired data on both the layer thickness and current
conditions of the existing materials. If the mate-
rials showed no distress, then the coefficients
would be the same as those that would be used in the
initial design. However, this was not the case. As
stated previously, visible distress was noted; con-
sequently, the distress was considered in selecting
the existing structural coefficients. Literature
references such as the AASHTO Design Guide (3) along
with engineering judgment were used in selecting the
structural layer coefficients. The SN for the exist-
ing pavement was determined to be 2.8. (Note that
the SN is the summation of the product of layer co-
efficient, a, and the layer thickness, D.) The fol-
lowing are the values used to arrive at the SN of
the existing pavement structure:

SN = ajDy + apDy + a3D3 (1)
Thickness
Material Type (in.) Coefficient SN
0ld asphalt concrete
surface 4 X .34 = 1.36
0ld bituminous base _6 X .24 = 1.44
Total 10 SN, = 2.80

The SN for an all new pavement structure trans-
lates into a 12.5-in. asphaltic concrete pavement.
The following are the values used to satisfy the SN
requirements;

Thickness
Material Type (in.) Coefficient SN
Asphalt concrete
surface 4 X .44 =1.76
Asphalt concrete
base B.5 X .38 = 3.23
Total 12,5 SN, = 4.99

The SN for the overlay translates into a 5-in,
asphaltic concrete layer. The following is an ex-
ample of the calculations:

SNg1 = SNy - SNg (2)
SNoy = 2.19

SNo1 = @] * Doy (3)
Do1 = 2.19 + 0.44

Do1 = 4.98 in. =+ 5 in.

An analysis for a rigid pavement was also made
because of the heavy overlay required. The analysis
for the rigid pavement resulted in a thickness of
8.8 in. The results from a Portland Cement Associ-
ation study (4) of Minnesota rigid pavements that
had widened lanes or tied concrete shoulders showed
that deflections and stresses were reduced signifi-
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cantly with as little as 18 in. of additional pave-
ment width. The reduced deflection and stresses of a
widened pavement could be offset by reducing the
pavement thickness. That is, if the deflection or
stress were the criteria used to compare the struc-
tural sections, then a wider but thinner pavement
would be equivalent to a narrower but thicker pave-
ment. The 8.8-in. thickness required was reduced to
an 8-in. x 26-ft pavement.

The problem was not just to find the structural
thickness required to carry the proposed traffic,
but to also find a strategy that not only would
carry the traffic but that would also result in low
long-term maintenance costs and provide the highest
level of serviceability. The KsDOT has abundant ex-
perience with overlaying transversely cracked pave-
ments. Generally, overlays in Kansas are designed
for a l0-year traffic period. However, 3-in. over-
lays on pavements with the type of distress recorded
on this project usually exhibit reflective cracking
in less than 3 years with a resulting loss in ser-
viceability and an increase in maintenance costs.
Considering that the overlays were anticipated to
last 10 years, a 3- to 4-year service life is disap-
pointing.

Strategies to reduce or retard reflective crack-
ing were developed. The KsDOT had tried repairing
transverse cracks by partial depth routing or mill-
ing and backfilling with rubber asphalt and as-
phaltic concrete, but experienced limited success.
Generally, 1-2 cracks redeveloped along the edges of
the routed or milled slot. Another strategy would be
to remove the dry surface, repair the cracks in the
base (thereby restoring continuity), and then over-
lay with the appropriate thickness. The ultimate
strategy would be to remove the existing pavement
structure and replace with a new pavement structure.
This would certainly eliminate reflective cracking
caused by asphalt oxidation.

Even though the initial concept was to complete
the stage construction, it was evident that a long-
term solution would be beneficial to the KsDOT and
the citizens of Kansas. Based on the structural
needs and the goal to reduce or stop reflective
cracking, several flexible and rigid pavement gtrat-
egies were developed. The alternates considered were
as follows:

1. Mill out cracks, backfill, and overlay with 5
in. of A.C.;

2. Mill top 4 in. and replace with 9 in. of A.C.;

3. Remove the existing pavement and replace with
12.5 in. of A.C.;

4. Mill top 4 in.
PCCP; and

5. Remove existing pavement and replace with 8
in. of PCCP over a 4-in. treated base.

and replace with 8 in. of

(The alternates are illustrated in Figures 5-9.)

ALTERNATE 1

5" ovanuw—7 k__l__,|
-

v

\ =1t

o [ ML & RepLaCE
EXISTING WITH HOT MIX

ROUTE & SEAL\
SMALL CRACKS

FIGURE 5 Repair cracks in surface, then overlay.



Gisi

ALTERNATE 2
< 9" BITUMINOUS OVERLAY
1

A

/

L MILL 4" SURFACE Z 6" EXISTING BASE

FIGURE 6 Mill top 4 in. and replace with 9-in.
overlay.

P
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ALTERNATE 3
REMOVE 10" EXISTING —

/ Iy
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REPLACE WITH 12 %" E
BITUMINOUS PAVEMENT

FIGURE 7 Reconstruct entire pavement section,

asphalt.
ALTERNATE 5
8" PCCP
ANE
A ‘
AN »
REMOVE 10"

/4" TREATED BASE

FIGURE 8 Mill top 4 in. and replace with 8-in.
PCCP.

EXISTING PAVEMENT

ALTERNATE 4
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BACKFILL ! i
OPEN CRACK 6" EXISTING BASE

FIGURE 9 Reconstruct entire pavement
section, concrete.

The alternates were submitted to a Value Engi-
neering (VE) Committee for final recommendations.
Additional rehabilitation strategies were considered
by the VE Committee. Initial construction costs for
the strategies were obtained. Consideration was
given to costs of additional work resulting from
grade changes such as shoulder work or flattening
slopes, guardrail, and so forth. The final proposals
considered by the VE Committee were as follows:

1. Remove the existing pavement and replace with
12.5 in. of new or recycled asphaltic concrete;
2, Remove the top 4 in. of the surface, repair
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transverse cracks in the base, and then overlay with
9 in. of new or recycled asphaltic concrete; and
3. Mill top 4 in. and overlay with 8 in. of PCCP.

All the proposals were designed for a 20-year traf-
fic analysis period. The assumed mode of failure
would be fatigue damage. However, there was a strong
feeling among engineers in the KsDOT that the mode
of failure or cause of unacceptable performance rel-
ative to bituminous pavements would be transverse
and/or block cracking, both of which are nonload as-
sociated. They further believed that the failure
would occur sooner than the 20-year analysis period.

The alternates were presented to engineers in the
construction, maintenance, materials, research, and
design fields who, based on their knowledge and ex-
perience, estimated the time to unsatisfactory per-
formance and, therefore, time to major rehabilita-
tion or resurfacing. The results of the survey
showed that the 12.5 in. of new bituminous pavement
would probably perform satisfactorily for 12 years,
as would the recycled bituminous pavement. An esti-
mate of 8 years was obtained for the mill top 4 in.
and overlay with 9 in. of recycled bituminous pave-
ment. An estimate of 18 years was obtained for the
mill top 4 in. and overlay with 8 in. of rigid pave-
ment. After the initial terms, a rehabilitation
cycle would begin. For the bituminous pavements, it
was estimated based on previous experience that
heavy maintenance (crack sealing and leveling over
the cracks) would be required on a yearly basis or
crack repair and thin overlays (less than 3 in.)
would be required every third year. On rigid pave-
ments, which are not plagued by D-cracking aggre-
gate, little maintenance is required or performed.
Figures 10-12 graphically show the 1life cycle of
each alternate.

The initial construction costs showed a wide dif=-
ference in the cost of alternates. However, once
rehabilitation costs were added to each alternate so

ALTERNATES 1A & 1B

SERVICEABILITY

[+ 12 20
YEARS TO TERMINAL SERVICEABILITY

FIGURE 10 Remove existing pavement and
replace with 12.5-in. new or recycled bituminous
pavement.

ALTERNATE 3A & 3B

—_— —_ —_

SERVICEABILITY

" "

o 8 20
YEARS TO TERMINAL SERVICEABILITY
FIGURE 11 Remove top 4 in. of existing surface
and replace with 9-in. new or recycled bituminous

pavement.
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ALTERNATE 4

SERVICEABILITY

0 8 20

YEARS TO TERMINAL SERVICEABILITY
FIGURE 12 Mill top 4 in. and overlay with 8-in.
PCCP.

that the service life would approach 20 years, the
cost differential changed dramatically. After ob-
taining these life cycle costs for the alternates
based on initial costs and subsequent expected main-
tenance and rehabilitation action costs, the VE Com-
mittee chose the alternate to mill 4 in. and overlay
with 8 in. of PCCP.

THE RECONSTRUCTION

The 10-mile reconstruction began by milling a nom-
inal 2 in. from the eastbound driving surface and
shoulder while carrying traffic through construc-
tion. Once the 2-in. milling had been completed,
two-way traffic was carried on the westbound lanas
and the final 2 in. were milled off. The 8-in. plain
PCCP was paved 26 ft wide in a single pass. The
pavement surface was transversely tined and contrac-
tion joints were sawed on a skew every 15 ft. The
joints were sealed with silicone sealant. After the
concrete had cured, traffic was switched over to the
new concrete pavement and the westbound lanes were
milled and paved with PCCP. After the PCCP was
placed, recycled bituminous shoulders were con-
structed to complete the project.

To minimize road user costs and shorten the acci-
dent exposure period, a $10,000-per-day incentive/
disincentive clause was included in the contract.
The contractor had 20 days in which to complete the
final milling, place and cure the concrete, complete
one bituminous shoulder, and return traffic to the
completed lane. One disincentive day was charged to
the contractor on the eastbound lane and one incen-
tive day was awarded to the contractor on the west-
bound lane paving. The net result was that the con-
tractor came out even.

TRAFFIC CONTROL

In the two-lane, two-way traffic control situation,
4-in. solid yellow lines were used to delineate the
centerline. Twenty-four-in. gravity base and fixed
base reflective tubular markers were spaced every
100 ft along the centerline. Ceramic raised reflec-
tive road markers were spaced at 100-ft intervals
between the tubular markers. Epoxy was used to at-
tach the fixed base markers to the old asphalt pave-
ment. A double-stick adhesive pad was used to attach
the fixed base markers to the new concrete pavement.
Both adhesive systems worked well. The exposure time
to traffic for the workers was greater when replac-
ing the fixed base markers than it was for the grav-
ity base markers. However, when the gravity base
markers were struck, they moved--generally into the
traffic lane thereby becoming a traffic hazard.
Special "TWO-WAY TRAFFIC NEXT _ X MILES" signs at
2-mi spacings were used to serve as periodic re-
minders to the motorists that opposing traffic was
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being carried on one roadway. Only two accidents,
both noninjury, were recorded during the two-lane,
two-way traffic conditions. Both were rear-end col-
lisions.

PROBLEMS

One of the problems encountered during construction
was the breakup of the existing milled bituminous
pavement in isolated areas under construction traf-
fic. These areas were associated with abnormal
amounts of moisture in the subgrade. The contractor
was required to patch these at his expense if the
breakup was less than 100 ft?. Patches larger than
this were paid by force account.

During the joint sealing operation, it became ap-
parent that the transverse tining and the skewed
contraction joints were not compatible. During the
sawing, cleaning, or sealing, a wedge of concrete
made by the tine and the saw cut broke off making it
difficult to draw a good bead of sealant and re-
sulted in contaminating the surface of the sealant
with chips of concrete. On the westbound lanes, the
method of tining at the contraction joint was
changed. A strip of cotton webbing approximately
4-in. wide was laid on a skew across the pavement at
the contraction joint location before the tines were
pulled across the plastic concrete. This left a
smooth surface into which the contraction joint
could be sawed.

After just over 1 year's service, some minor dis-
tress has been recorded. A longitudinal crack ap-
proximately 1 ft from the centerline was recorded.
The crack was found occasionally throughout the
project. The total length of all longitudinal crack-
ing is approximately 200 ft. The location of the
crack coincides with the terminus of the centerline
tie bars. Three locations less than 100 ft in length
each have transverse, diagonal, and longitudinal
cracks. One area is located over a drainage struc-~
ture. The other two appear to be associated with
areas where the underlying bituminous pavement broke
up under construction traffic.

SUMMARY /CONCLUSION

Several resurfacing and reconstruction alternates
resulted from an analysis of the existing pavement
conditions and the expected needs of the system.
Each alternate was determined to have a life cycle
based on past performance. The initial and subse-
quent resurfacing or restoration costs were deter-
mined for those life cycles. It has been shown that
life cycle costs can be used to select the most eco-
nomical solution.

In addition to this project, another contract to
overlay an additional 17 mi immediately west of this
project was let and completed in 1984. The bitumi-
nous pavement was milled to a depth of 2.75 in. and
then an 8-in. PCCP was placed. The depth of removal
was selected to balance the amount of reclaimed bi-
tuminous material that was required for the recycled
bituminous shoulders.
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Recycled D-Cracked Portland Cement Concrete

Pavements in North Dakota

STANLEY HAAS

ABSTRACT

This paper presents the North Dakota approach to recycling portland cement con-
crete pavements (PCCP) on the Interstate system. The first PCCP placed on the
system was in 1958 and it was recycled in 1984. A committee was appointed to
develop a rehabilitation philosophy and a program that would get a fast start on
project lettings. The philosophy recognizes the need for recycling and the need
for an interim repair strategy to keep the system in reasonably good driving con-
dition. The program that came out of the committee started the recycling process
and also developed concrete pavement restoration (CPR) projects consisting of
joint repair, grinding to improve ride, asphaltic concrete shoulder recycling,
and interchange overlays. The committee started its work by inspecting the entire
Interstate system in February 1983 followed by a second inspection in April 1984.
The 1984 inspection revealed a rate of deterioration greater than had originally
been anticipated and this caused some rethinking concerning the cost effective-
ness of scheduled CPR projects. The amount of joint repair, especially on the
pavements with 20-ft joint spacing, will drive the cost up substantially. Origi-
nally, the CPR treatment was expected to extend pavement life from 10 to 15 years,
but if joint deterioration keeps accelerating, 7 to 10 years may be a more rea-
listic estimate.

With the passage of the 1982 Surface Transportation
Assistance Act and the good possibility that the
North Dakota 1legislature would provide additional
funding for the state highway department, the devel=~
opment of an Interstate rehabilitation program became
a priority item. The assignment was turned over to a
committee consisting of: the five Interstate dis-
trict engineers, a design engineer, a maintenance
engineer, and an FHWA representative. The committee
started its work by making an inspection of the en-
tire Interstate system in February 1983 and submitted
a program to the chief engineer on March 30, 1983.
The system consisted of plain concrete pavements with
20-ft joint spacing, reinforced pavements with 39.5
and 61.5 joints and continuously reinforced. The
initial program that was submitted contained a suf-

ficient number of projects to cover Fiscal Year (FY)
1983 4-R (reconstruction/rehabilitation/rebuilding/
resurfacing) funding. The first recycled PCCP proj-
ect was let to contract in July 1983. During May
1983, the committee completed a program that would
carry through FY 1988.

The 1983 field inspection identified D-cracking
as the major problem with most jointed pavements and
some continuously reinforced sections. A lack of
joint maintenance has accelerated the deterioration
to the point where some pavements may be recycled
before they are 20 years old. Corroded steel in some
sections of continuously reinforced pavement is re-
ducing the life of these pavements. The first joint
pavement to be recycled has been in service for 25
years. During the 1984 inspection, it was evident
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that the D-cracking phenomenon was accelerating
pavement deterioration at an alarming rate in some
cases. There was a noticeable change in one particu-
lar section that was originally scheduled for repair
that now will have to be recycled.

The committee adopted a rehabilitation philosophy
that PCCP should be recycled in kind, and an interim
repair strategy should be used to keep pavements in
service until recycled. Asphaltic concrete overlays
have been ruled out for the present because of a
rutting problem. The department has been unable to
develop an asphalt pavement using local aggregates
that will not rut under traffic volumes carried by
the Interstate. Eventually, some overlay system will
be needed to keep in service those continuously re-
inforced pavements that are structurally sound but
that have a poor ride.

Concrete pavement repairs would include joint re-
pair, broken slab repair, grinding to improve ride
(when necessary), and selected recycling of asphaltic
concrete shoulders and interchange overlays. The
original thought was that pavements could be kept in
service from 10 to 15 years with one repair-type
project. The controlling factor in deciding whether
a pavement should be repaired or recycled is gen-
erally the amount of joint repair that is necessary.
Initial planning was based on the assumption that
repaired pavements could serve for 10 years and re-
cycled pavements could serve for 30 years. When the
cost of repairs (joint repair, broken slab repair,
grinding, and asphaltic shoulder recycling) ap-
proaches one-third the cost of recycled pavements
then recycling is considered. Availability of funding
and scheduling then become the controlling factors.

Recycling is the better of the two options, if
cost effective, because by this process, a new sys-
tem would exist rather than a patched-up model. The
only further construction activity that should be
necessary, which would occur in 15-20 years, would
be grinding for ride improvement, along with an
asphaltic concrete overlay of interchanges.

_______ that had to be answered before a
program could be developed was whether the existing
pavements should be kept in service with asphaltic
concrete overlays or the recycling process should be
started. There were two major factors that dictated
recycling. The inability to design an asphaltic con-
crete overlay that would not require frequent milling
and recycling because of rutting, and the fact that
it looked like PCCP should last at least 25 years.
The first recycled pavement has been in service for
25 years with no joint maintenance, so with adequate
maintenance, recycled pavements should provide equal
or better performance. In fact, 30 years looks rea-
sonable barring any unforeseen problems with the re-
cycled concrete. Life-cycle costs also support the
recycled options. There are other advantages to re-
cycling as follows:

* Clearance under structures may be increased.

¢ Substandard ramps and tapers can be upgraded
at the same time.

* No rutting problem would exist.

* Few traffic interruptions would exist.

¢ Subgrade problems can be corrected.

* No widening is necessary.

* Less aggregate is required.

* Portland cement concrete shoulders are an op-
tion,

A typical life-cycle cost analysis of one project
that has been let to contract is as follows for re-
cycled PCCP:

First cost pavement overlay = $386,129 per mi,
Service life = 25 years,
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Salvaged value = assumed equal for all alternatives,

Annual maintenance = $1,000 per mi,

Interest rate = 10 percent,

Inflation rate = 6 percent,

Value of salvaged bituminous shoulder material =
$73,000 per mile.

The cash flow diagram (cost per mile) is as follows:

Maintenance = $1,000 per year per mi,

$386,129 ~ $73,000 (salvaged bituminous shoulder) =
$313,129,

Present worth = present cost + future cost x
[(1L + inflation)/(l + interest)]" =
$313,129 + USPWF x [(L + .06)/(L + .1)11 =
$331,129 + [$1,000 x (8.883) x (0.963664)] =
$313,129 + $8,560 = $321,689,

where USPWF is the uniform series present worth
factor.

Annual cost per mi = present worth (capital recovery
factor at 10% - 25 yr) = $321,689 x (.11017) =
$35,440.

A typical life-cycle cost analysis of one project
that has been let to contract is as follows for hot
bituminous pavement overlay:

First cost pavement overlay $202,975 per mi,

First cost recycled overlay = $73,626 per mi,
Service life = 7 years,

Salvaged value = assumed equal for all alternatives,
Annual maintenance = $1,000 per mi,

Interest rate = 10 percent,

Inflation rate = 6 percent.

The cash flow diagram for 21 years is as follows:

0 (year) 7 14 21
$1,000 $1,000 $1,000
(Maintenance) (Maintenance) (Maintenance)
$202,975 $73,626 $73,626

Present worth = annual cost of the USPWF at 10 per-
cent - 6 years = $1,000 (4.355) = $4.355.

The equivalent cash flow diagram for 21 years is as
follows:

0 (year) 7 14 21
$202,975 $73,626 $73,626
+ + +
$4,355 $ 4,355 $ 4,355

Present worth = present cost + future cost x
[(1 + inflation)™/(1 + interest)]™ =
$207,330 + 77,981 x [(1L + .06)/(1 + .1)17 +
[(1 + .06)/(1 + 114 = 212,330 + 60,170 =
46,427 = $313,927 per mi.

Annual cost per mile = present worth (capital
recovery factor - 10 percent - 21 years) =
$313,927 x (.11562) = $36,296.

Three projects were let to contract in 1983 and
were completed in 1984. The first project on Inter-
state 94 (I-94) was let to contract in July 1983
with the stipulation that a part of the project had
to be completed in 1983. The reason for this was to
have time over the winter to deal with any problems
that developed in the process. Table 1 gives data
from the three projects.

DESIGN DETAILS

Design specifications for Projects 1-3 are given in
Table 2. Further design details are as follows:
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TABLE 1 Project Costs
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Project Length  Year Total Cost Cost per 9-in PCC? 8-in, VRPC® Placing Recycled Placing Recycled
No. Location (ft) Constructed Cost ($) Mile (3) Removal (§) Removal(§) 10-in. PCC (§) 9-in PCC ($)
1 I-94-Route N.D. 30 to Cleveland ~ 12.2 1983-1984 4,732,565 387,915 2.10/yd?® - 10.15/yd? — R
2 1-29 Hillsboro north and south 10.7 1984 4,520,159 442,444 — 4:.37/yd2 - 7.90/yd
3 1-94 Eckelson to Route N.D. 1 13.2 1984 5,193,014 393,410 4.00/yd2 - 10.56/yd2 -
2portland cement concrete.
Virgin recycled cement pavement.
TABLE 2 Design Specifications profilograph was used to check riding quality of the
mainline pavements where the posted speed limit is
Project Project Project 40 mph or greater. The specification requires a
No. 1 No. 2 No. 3 pavement surface with a profile having 0.7 in. or
- ; less of roughness per 0.1 mi to quality for full
ypical sections : 5 3 2 il
Taside shonider width (t 4 4 4 ?ontract unit bid pflce per yd?. ?or pavement hav
Total lane width (ft) 24 24 24 ing less than 0.5 in. per 0.1 m1! the contractor
Outside shoulder width (ft) 10 10 10 earns a bonus and for pavement having over 0.7 in.
Inside shoulder width (in.) 10 9 10 per mi, a penalty is applied. For pavement having
Slab thickness (in.) ) 10 9 10 over 0.9 in. per 0.1 mi, corrective action such as
Outside shoulder thickness (in.) 10 9 7 S P < < g <
Surface finish Tined Tined Tined gr}ndlng or replacement is required. Unit bid price
Transverse joint dowels No No No adjustments are as follows:
Rumble strips outside shoulder
100 ft c-c ) Yes Yes Yes Less than 0.5 in. per 0.1 mi = $0.50 per yd? bonus
GRS bR 4 5 4 0.5 to 0.9 in. per 0.1 mi = bid price
Recycled hot bituminous hase (in.) - - 0.9 to 1.0 per 0.1 mi = $2.00 per yd? deduction
Longitudinal joints 1.0 to 1.1 0.1 mi = $3.00 d? deducti
Saw depth (in.) 2.15 25 2.75 w Lol ek Uil ml = pawly per ¥ eduecion
Joint width (in.) .125-375 .125-375 .125-375 Over 1.1 per 0.1 mi = corrective work
Tie bars (Number 5 x 2 ft x 6 in at 4 ft
0 in. c-¢) Yes Yes Yes
Hot pour joint sealer Yes Yes Yes Construction Procedures
Transverse joints
Performed or sawed Yes Yes Yes . .
Spacing staggered (ft) 14-18 12-16 14-16 Project 1 was started in Augqust 1983 and completed
Skew 1 to 6 Yes Yes Yes in 1984. All construction procedures used were those
N%te““:eq“”iﬁgiwlin ety Vs ea Vo that are considered normal in North Dakota except
oncrete crus. O 1-1in. a S s .
60 percent crushed PCC retained No. 4 for the bFeaklng and removing of old concrete, and
sieve Yes Yes Yes the crushing of old concrete to produce concrete ag-
Coarse and fine aggregate must meet gregate.
standard material specifications Yes Yes Yes
Recycled concrete mix proportions
45 percent recycled coarse aggregate Yes Yes Yes ¢
15 percent recycled fine aggregate Yes - - Pavement Breaking
15 percent virgin fine aggregate Yes - - . . .
30 percent virgin fine aggregate - Yes Yes The first operation after the contract signing was
517 Ib cement per yd3 : Yes Yes Yes pavement breaking. Three types of pavement breakers
31.6 gal maximum water content per yd”~ Yes Yes Yes were tried and the unit that did the best job of

Special Provisions for Material

1. All salvaged material is the property of the
state.

2. Recycled concrete aggregate must meet the
regular concrete aggregate specifications of the
North Dakota State Highway Department.

Construction Reguirements

1. Bituminous shoulder material should be sal-
vaged before PCC removal.

2. Contractor shall be required to
operations so as not to contaminate materials.

3, All bituminous patching and bituminous joint
filler shall be removed prior to PCC pavement re-
moval.

4., PCC concrete shall be crushed and split on
Number 4 screen.

5. Crushing operation shall produce material
that has 65 percent retained on Number 4 sieve. All
foreign material and steel shall be removed.

6. All concrete shall be placed in accordance
with normal department specifications.

7. Pavement surface riding quality:

conduct

A California

breaking and crushing was a Resonant Pavement
Breaker, which became the production unit. The rate
of breakage is dependent on the stability of the
subgrade, and since the subgrade in this case was
very wet, production was considerably slower than
originally anticipated. Considerable downtime was
experienced because of machine failure, but con-
sidering this was a new machine, the mechanical
problems had to be solved. The results were very
good.

Cleaning Joints and Loading

Immediately following the breaking operation, labor
crews hand-picked approximately 90 percent of the
old joint filler material with the remaining 10 per-
cent removed at the crushing plant. (The front-end
loaders worked very well loading out the broken con-
crete, leaving little that needed to be hand-picked.)

Subgrade Preparation

The subgrade preparation was a normal operation
except that the depth had to be increased because of
the high moisture content. The plan called for 12
in. of scarification and recompaction, but it became
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necessary to work 24 in. in a number of areas and,
in a few areas, lime was added to provide the neces-
sary stability. The subgrade was disked to dry, laid
with motor grader, compacted with a vibratory
sheepsfoot roller, and trimmed to final section with
a subgrade finisher.

Crushing Broken Portland Cement Concrete

The crushing plant consisted of one primary crusher,
one cone crusher, and one screening plant to split
the material on the Number 4 sieve. Both fractions
met the department standard specifications for con-
crete aggregate except for the minus 200 material.
The coarse aggregate for the last project 1let to
contract in 1984 called for washing the recycled ag-
gregate to remove the 200 material.

Absorption was much higher than expected for the
recycled aggregate, running 4.5 percent for the
coarse fraction and 10.3 percent for the fine frac-
tion. Moisture contents were running 3.2 percent in
the coarse fraction and 7.2 percent in the fine
fraction. Apparently, the rate at which the aggregate
absorbed water varied considerably from batch to
batch making it difficult to control the water-cement
ratio. Prewetting the aggregate on the conveyor while
loading the mixer was tried, but was not helpful.

Mix Design

The plans specified that the concrete aggregate shall
consist of 60-percent recycled coarse aggregate, 20-
percent recycled fine aggregate, and 20-percent vir-
gin fine aggregate. Originally, 5.5 bags per yd?®
of laboratory mixes produced strengths of 4,200 psi,
but subsequent laboratory mix designs using all job
materials produced strengths of only 3,500 psi, which
is the pavement concrete design strength. Specifica-
tions allowed the contractor to replace 15 percent
of the portland cement with fly-ash, and fly-ash was
used 1in the laboratory mixes. Field data reveals
considerable variation in 28-day-plus strengths be-
tween cylinders and cores taken from the pavement.
Core samples taken in fall 1983 averaged approxi-
mately 2,900 psi, while samples taken from the same
locations in July 1984 showed a strength gain of ap-
proximately 700 psi. Apparently, strength gain is
slowed by the particular fly-ash used when tempera-
tures drop in fall.

Subsequent projects allow the use of fly-ash, but
at the state highway department's option. Fly-ash
will not be used if design strengths cannot be ob-
tained. In addition, all virgin fine aggregates will
be used in the future, which will make it easier to
obtain the design strengths in the field.

Mixing and Placing

Mixing was done in a conventional stationary plant
and placed by slipform paver. The recycled mix is
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harsh and along with the problem of controlling the
watercement ratio because of the high absorption rate
of the recycled material, finishing was difficult.
To improve the strength and finishing characteristics
for the 1984 work, the mix design was changed to use
55 percent coarse and 45 percent fine aggregate with
the fine fraction consisting of 20-percent recycled
and 25-percent virgin. Results in 1984 were much im-
proved over 1983,

Concrete Shoulders

The 4-ft inside shoulder was placed with the 24-ft
of driving lanes and the 10-ft outside shoulder was
placed in a separate operation. Conventional finish-
ing methods were used and rumble strips were in-
stalled at 100-ft intervals. Most recent designs
provide for 6-ft rumble strips spaced at 60-ft
intervals.

Longitudinal and Transverse Joints

All joints were sawed with the transverse skewed at
a ratio of 6 to 1 and randomly spaced between 14 and
18 ft. Longitudinal joints were filled with a rub-
berized hot pour sealing and preformed compression
seals for the transverse joints. More recent projects
are using skewed joints randomly spaced at 12, 13,
14, and 15 ft.

SUMMARY

In general, the recycling of PCC would appear to be
a viable option to present-day overlay systems be-
cause of the following advantages:

1l. It is a cost-effective procedure.

2. The procedure encourages material conserva-
tion.

3. The procedure provides an opportunity to cor-
rect design and structural deficiencies economically.

4. The number of construction cycles over the
life of the pavement can be reduced.

At the present time, the most critical factor is
the durability of the recycled concrete. There is no
data at this time that would lead one to expect less
durability than was developed by the original con-
crete with proper maintenance.

Publication of this paper sponsored by Committee on
Rigid Pavement Construction.



Transportation Research Record 1040

21

Recycling of Concrete Freeways by

Michigan Department of Transportation

GERALD J. McCARTHY

ABSTRACT

Presented in this paper are the design and construction history of four major
concrete recycling projects completed in Michigan in 1983 and 1984. These proj-
ects totaled approximately $27 million in construction costs and were completed
on I-94 in western Michigan and I-75 south of Detroit. The criteria for design,
the construction methods, the equipment used, and the utilization of materials
are discussed. Two areas are discussed in detail: (a) The type of equipment
used to break up the concrete and process the broken concrete, and (b) the mix
design (for utilization of the broken-up concrete aggregate) used for the fin-

ished portland cement concrete pavement.

The evidence is compelling that future highway con-
struction work will involve rebuilding old roads,
rather than building new. The volume of rebuilding
to be done makes it urgent that new economical
methods be found.

The benefits of recycling pavements have been
publicly discussed during the past few years and
have been readily accepted. Asphalt recycling has
evolved into a widely accepted technique, but con-
crete pavements, especially those with reinforce-
ment, seem to have been more intimidating and have
lagged behind in recycling potential. However, thou-
sands of miles of concrete roadway lie begging for
treatment and the traditional overlay is not always
the best response. This is especially true for urban
freeways where bridge clearances present problems
for thick overlays or where a long-term (35 years or
longer) rehabilitation is desired. In these cases,
some type of reconstruction is the best solution.

BACKGROUND

Some of the enthusiasm on the part of the Michigan
Department of Transportation (MDOT) arises as a re-
sult of success in recycling asphalt pavements. The
first asphalt recycling research projects were done
in-place in 1974 and hot-mix recycling was first
done in 1977. In 1982, 43 percent of all our hot-mix
contained some récycled materials and recycled hot-
mix now averages about $4.00 per ton less than vir-
gin mix. With the success of asphalt recycling being
so striking, it is easy to see why the MDOT research
engineers began planning a co<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>