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ABSTRACT

This demonstration project consisted of three adjacent highway resurfac

ing projects using asphalt cement concrete removed from an Interstate

highway which had become severely rutted.

The salvaged asphaltic concrete was later crushed and hauled to a plant

site where it was combined with virgin materials to resurface the three

projects. Only two of the projects were used for performance evaluation

as the third project was in an interchange area including ramps and was

otherwise too short.

It was concluded that recycling was cost effective and a high quality

surface can be constructed using recycled asphalt cement concrete.
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Recycling Asphalt Pavements
US 34 & US 71 - Cass and Montgomery Counties

FHWA Demonstration Project No. 39

INTRODUCTION

As the result of the increase in costs of paving materials, energy short-

age, and our dwindling aggregate supplies, the concept of pavement recy-

cling is being considered by the Highway community for the rehabilitation

or reconstruction of bituminous pavements. In the future, as petroleum

products become scarce and higher in price, the ability to build new as-

phalt roads will be reduced. A shortage of quality aggregates for road

construction in selected areas has become a problem in some parts of the

country. Even in Iowa we must at times haul aggregates 30 to 50 miles,

which at todays fuel prices can be a very costly item. Recycling has a

great potential, not only for preserving valuable resources, but also for

controlling escalating costs.

There are three basic types of asphalt pavement recycling; hot mix recy-

cling, cold mix recycling, and surface recycling. Hot mix recycling, the

subject of this report, is a process where the major portion of an exist-

ing pavement structure, including in some cases the underlying treated

base material, is removed and sized, then mixed hot with added asphalt

cement and aggregate in a central plant. The finished product is termed

recycled hot mix and has been used in Iowa for base, binder, and surface

courses.

Iowa was involved in some of the first successful hot mix recycling

projects in the country with work in Kossuth County, Iowa. In 1976
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Kossuth County constructed the largest single recycling project in the

United States using 80,000 tons of asphalt materials. To date, Kossuth

County has recycled over 300,000 tons of asphaltic concrete material.

The Kossuth County projects were designed to rip up the old asphaltic

concrete pavement, haul it to the plant site for crushing and then lower

ing and widening the road bed prior to reconstruction of the pavement.

Material was crushed to a maximum size of 2 inches. The new mix con

tained 50% salvaged and 50% new aggregate in 1976 and 1977 and then a

40-60 combination in 1978, and approximately 4% A.C. was added to the

total mix. The mix was produced in a drum dryer operation, referred to

as a drum within a drum. This material was hauled to the project and

placed and compacted in a 4 and 2 inch lift in the conventional manner.

The Iowa Dept. of Transportation completed its first major hot mix recy

cling project in 1980. This project was on Iowa 44 in Guthrie County

from Panora east, 15 miles. This 60,000 ton project used approximately

25,000 tons of salvaged material from Interstate I-80 in Adair County.

These initial efforts have prompted the State to continue with hot mix

recycling and in 1981 approximately 30 miles of recycling work in Cass

and Montgomery Counties were let and completed and are the subject of

this report.

Purpose and Scope:

The fundamental objective of this study is to evaluate the hot mix recy

cling process by collecting information pertaining to the following:
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1. Pavement history and design criteria

2. Construction criteria

3. Recycling equipment

4. Mixture properties

5. Cost of alternative methods

6. Energy consumption

7. Environmental considerations

8. Post construction performance

Project Location and History:

This work consists of three projects in Cass and Montgomery Counties.

Project No. FR-71-3(26)--2G-15 is on Iowa US 71 in Cass County from the

Montgomery County line, north approximately 16 miles to just south of the

City of Atlantic, project FR-71-2(17)--2G-69 in Montgomery County from

the junction of US 34 northerly 12.5 miles to the Cass County line, and

project FR-34-2(22)--2G-69 which is an interchange area.

A review of the old records and history of US 71 showed that the present

pavement was constructed in 1971. It consisted of 6 inches of soil lime

subbase and 9* inches of asphaltic concrete. The original pavement de

termination called for a future 3/4" surface course, but that lift had

not been constructed. The pavement contained numerous transverse cracks

which had dipped, areas of alligator cracking, and minor surface dis

tortion.

The US 34 eastbound lane was a portland cement concrete pavement placed

in 1965 and the westbound lane along with the interchange loops and ramps
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consisted of the 6 inch soil lime subbase with 9~ inches of asphaltic

concrete placed in 1971. The original full depth asphalt section had not

received an overlay since construction, although the original design con

cept called for 3/4" in the future.

Cracks developed every 40 to 60 ft and deteriorated and dipped causing

substantial loss of ride quality of the pavement. Investigation revealed

significant asphalt stripping from the aggregate and debonding of lift

courses at the cracks. For these reasons the project was implemented.

Through the years the Montgomery County section which was in another

maintenance area had received some sealing of cracks using a cut-back ma

terial. The Cass County project had not been crack sealed. Therefore,

the cracks were more deteriorated and depressed (dipped). On both US 71

projects extensive crack sealing was done in the Spring of 1980. This

work involved pumping an ag-lime emulsion slurry into the wider cracks.

These cracks were then leveled with the same ag-lime slurry. In the win

ter of 1980 the depression over each crack was leveled, using a coarser

limestone emulsion slurry in two applications. At the time of con

struction the cracks were nearly 100% filled and for the most part level

with the adjacent section. The pavement had areas of alligator or map

cracking in the outside 6 ft. These areas had structural problems and

required special treatment with reinforcing fabric.
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PRELIMINARY INVESTIGATION

Traffic Volume:

The Montgomery section had an average daily traffic in 1978 of 1220 vehi

cles per day and a projected 1998 ADT of 1690. The Cass County section

had 1978 ADT of 1684 vehicles per day with the 1998 ADT projection of

2331 vehicles per day. Trucks were 12% and 17% respectively.

Sufficiency Rating:

The Iowa Department of Transportation developed a sufficiency rating sys

tem based on "the tolerable standard approach". A tolerable standard is

defined as the minimum prudent condition, geometric or structural, which

can exist without being in need of upgrading.

There are three major categories which are broken down into specific rat

ing items. The three major categories and maximum points are Structural

Adequacy, 25 points; Safety, 40 points; Service, 35 points, giving a Max

imum SUfficiency Rating of 100 points.

All rating items used are assigned approximately 1/2 the maximum points

whenever a rating item equals the tolerable standard. Each rating item

is assigned a maximum number of points, thus, using 100 points as a total

for all rating items, a road section having a total rating below 50

points is considered to be in need of upgrading to eliminate the intoler

able conditions (1).
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The sufficiency ratings in 1980 for US 71 in Montgomery County between US

34 and the town of Grant was 89 and from Grant to the Cass County line

was 92. The ratings in Cass County were 78 from Grant to the south junc

tion of IA 92 and 82 from there to the north end of the project.

Present Serviceability Index Values:

The preliminary present serviceability index values were determined by

using the IJK roadmeter. Results of these tests indicated ratings of

3.00 and 2.73 for two sections in Montgomery County and ratings of 3.08

and 2.80 on two sections in Cass County.

Friction Numbers:

US 71 was divided into four sections for test purposes. Preliminary

friction tests were made at 40 mph in accordance with ASTM E-274. Tests

were run at ~ mile intervals in both lanes in the inside wheel path. Av

erage friction numbers at 40 mph with an ASTM E-501 ribbed tire ranged

from 42 on one section in Montgomery County to 38 on one section in Cass

County.

Cracking:

Crack surveys were made in December 1979 and February 1980. The cracks

were classified as to Class 1, 2, 3, and 4 depending on depth of de

pression across the crack and method recommended for repair (Appendix A).
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Table I shows the number of cracks by class from the two surveys.

TABLE I
CRACK SURVEY

Class

1
2
3
4

Map Cracking

Dec. 79

1896
742
142

30
3549 ft. 2

Feb. 80

2182
643
486
198

8248 ft. 2

There was some crack maintenance performed during the winter, causing

some cracks to change in classification.

Reclaimed Material:

Approximately 40,000 tons of asphaltic concrete were removed from 1-80 in

Cass County between US 71 and the Adair County Interchange during the

1977 construction season. Some of the material had been heater planed

and some had been resurfaced with a thin layer of hot sand surface

course. No attempt was made to separate the salvaged material during the

removal and stockpiling operations.

The salvaged It" thick binder course was produced and placed in 1973 and

1974. It was Type "A" 3/4" asphaltic concrete composed of 65% crushed

limestone produced from the Argentine Geologic Formation; 35% locally

produced sand and 5;% 85-100 penetration A.C. The salvaged H" thick

surface course was also produced and placed in 1973 and 1974. It was

Type "A" t" asphaltic concrete composed of 65% crushed gravel produced

from a glacial deposit near Auburn, 35% locally produced sand, and 5.25%

85-100 penetration A.C.
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A combination of material characteristics, traffic volume and environ

mental conditions during the summer of 1974 resulted in severe ruts and

corrugations. Following removal of this mix, tests were run on the mate

rial in conjunction with research project HR-lOll, "Recycling of Asphalt

Concrete From I-80 in Cass County" to determine the condition of the re

claimed material and to establish a job mix formula for a small test

project to be constructed.

The original A.C. exhibited penetrations in the 85 to 100 range; the ori

ginal absolute viscosity tests were in the 650 to 700 poise range. With

the exception of one sample, the recovery tests indicated that little

hardening occurred during the two to three years of service life. The

low absolute viscosity and temperature susceptibility of the asphalt ce

ment have been considered factors in the poor performance of the original

resurfacing.

Approximately 40,000 tons of material had been removed from I-80 by mill

ing and hauled to a sand production site about 3 miles north of the junc

tion of US 71 and I-80. In January of 1979, a contract was let for

crushing, hauling and stockpiling of the salvaged asphaltic concrete ma

terial from I-80. The removed material was crushed to pass a 1" sieve

and stockpiled as a single product. No other gradation limits were spec

ified. The contractor elected to crush at the original stockpile lo

cation and haul to the new site some 12 miles away.
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The crushed material was to be stockpiled in such a manner as to minimize

both consolidation and segregation of the stockpiled material and waste.

Wheel and track equipment were prohibited from operating on the stockpile

to minimize conglomeration of the salvaged material.

MIX DESIGN

The design of recycled asphalt mixtures consists of blending salvaged and

crushed asphaltic concrete material with new aggregate to produce asphalt

cement concrete. In this case it was a Type B recycled !" mix

(Appendix B).

Gradation tests were made on the salvaged asphaltic concrete as it was

processed. Information on the average gradation of the reclaimed aggre

gate was given to the contractor. This gradation was to be used as a ba

sis for determining the combined gradation of the aggregates for the new

mix. Based on this gradation information and on previous experience, a

blending ratio of equal parts of crushed, salvaged asphaltic concrete and

new aggregate was selected. Since stripping was evident in the material

salvaged from the I-80 project, hydrated lime was to be added to the sal

vaged material prior to heating. The hydrated lime content of the com

bined material was intended to be 1% by weight. The new aggregate was to

be a combination of coarse and fine aggregates with the applicable qual

ity requirements of Iowa DOT Specification 4126 (2), Aggregate for Type

B, A.C.C.(Appendix C). The crushed particle needs of the mixture were

satisfied by the use of the recycled asphaltic concrete. The gradation

of the virgin aggregate was such that when combined with the recycled ag-
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gregate the composite aggregate mixture met requirements of Iowa DOT

Specification 4109 (1), Aggregate Gradations (Appendix D).

Asphalt cement selected for this project was the grade AC 2.5 - ASHTO

M-226 Table 2. Basic additional A.C. content of the prescribed 50-50

mixture expressed by percent in the total mixture was 2.75%.

BID LETTING

The projects were let January 20, 1981. The bid range for

FR-71-3(26)--2G-15 was $767,261.00 to $933,255.98; for FR-71-2(17)--2G-69

was $562,216.44 to $696,631.00; for FR-34-2(22)--2G-69 was $219,343.26 to

$261,335.05. The bid sheets for each project are in Appendix E. The

three projects were tied for bid letting.

Western Engineering Co., Inc. of Harlan, Iowa, was the low bidder and was

awarded the contracts.
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CONSTRUCTION

Base Preparation

The thermal cracks in the base had been filled by injection of a lime

slurry the winter prior to resurfacing. The crack depressions had been

leveled with a slurry.

There was some alligator cracking in the outside six feet of the pave

ment. These areas were covered with an engineering fabric before resur

facing. Areas reported as base failures were leveled with hot mix before

the fabric was placed.

Project FR-71-2(17)--2G-69 had 386.6 square yards of fabric placed and

tack coated with 0.26 gallon of A.C. per square yard and project

FR-71-3(26)--2G-15 had 5,542.64 square yards of fabric placed with 0.24

gallon of tack coat per square yard (Appendix F) .

Surface preparation generally consisted of cleaning with a rotary broom

and cleaning any open cracks with compressed air.

Plant Operation

The asphalt plant was a CMI Drum Mix Plant modified to mix recycled

asphaltic concrete. The virgin aggregates were fed into the burner end

of the drum and the recycled asphaltic concrete was fed into the drum

through a collar at the center of the drum.
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The virgin material was super heated and then combined with the recycled

material at the center of the drum preventing the burning of the asphalt

cement from the recycled asphalt cement concrete. Hydrated lime used as

an anti-stripping agent (1% by weight) was pneumatically fed into the

outlet end of the drum when the asphalt cement was added.

After some production, an auxiliary dryer was installed to pre-dry the

recycled asphaltic concrete. The moisture content of the recycled mate

rial was reduced from 5.6% to 1.5%. Production could be increased by 60

tons per hour to about 275 tons per hour by pre-drying 50% of the recy

cled material going into the mix and combining it with the other 50% as

taken from the stockpile before being fed into the drum mixer-drier.

Pollution Control

A baghouse was used initially for dust collection, but after two baghouse

fires it was replaced with a wet scrubber.

Pollution testing for the auxiliary dryer and the baghouse system was

conducted by a private testing firm. The summaries of the test results

are in Tables II and III.
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TABLE II
SUMMARY OF RESULTS
WESTERN ENGINEERING

PARTICULATE EMISSIONS - CMI PILOT
(Auxiliary Dryer)

Test Number 5 6 7
Test Date 9-16-81 9-17-81 9-17-81

Production TPH 100 75 83

Gas Data

TempoF 777 676 709

CO 2 Vol % 5.0 5.8 7.0

°2 Vol % 15.0 15.0 12.5

Excess Air 245 254 143

H
2

0 Vol % 22.6 19.7 22.1

ACFM 28,142 21,456 28,903

DSCFM 9,061 7,845 9,997

Particulate Emissions

gr/ACF 0.14 0.12 0.15

gr/DSCF 0.43 0.33 0.43

lb/hr 33.4 22.0 37.0

Isokinetic 114.0 99.4 99.2
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TABLE III
WESTERN ENGINEERING

ATLANTIC, IOWA
SUMMARY OF PARTICULATE EMISSIONS

(Baghouse)
68°F STANDARD TEMPERATURE

Test II 1 2 3
Test Date 8-3-81 8-3-81 8-3-81

Stack Gas

Temperature of 362 339 346

ACFM 50,752 46,907 47,156

DSCFM 21,752 20,723 20,158

CO
2 Vol % 6.0 6.3 6.5

°2 Vol % 13.5 13.0 12.7

H
2O

Vol % 30.0 30.4 32.3

Excess Air 157.5 156.5 147.1

Emissions

gr/DSCF 0.027 0.015 0.018

gr/ACF 0.012 0.006 0.008

Ib/hr 5.1 2.6 3.1

Isokinetics 99.0 100.0 102.3
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Placement

The asphaltic concrete was placed 2 inches thick by a B1aw Knox paver.

Initial compaction was with a Hyster C615 single drum vibratory roller

weighing 23,500 lbs including 2,500 lbs of water. Finish rolling was

with a Cedar Rapids CR2-88 vibratory roller in the static mode weighing

32,500 lbs including 2,500 lbs of water. A Bros pneumatic roller weigh

ing 31,000 lbs with 22 ply tires at 125 psi was on the project site but

was not always used. Sprinkle treatment aggregate was applied with a

Bristowes spreader.

During rolling operations, bumps appeared at crack locations in the

underlying pavement. The bumps were from slippage over cracks which had

been sealed and leveled with an asphalt emulsion slurry. The problem was

remedied by placing loose mix over the area ahead of the paver and by

modifying the rolling pattern.

COST COMPARISON

The average cost of in Type B surface course asphalt cement concrete in

Iowa in 1981 was $13.10 per ton plus the asphalt cement which averaged

$212 per ton. A in Type B surface course with 5.25% a.c. would cost

$24.23 per ton.

This demonstration project included three construction projects. The

asphaltic concrete tonnage and cost per ton for each project are listed

in Table IV. The cost is based on the bid prices and pay quantities for

asphalt cement concrete, new aggregate, asphalt cement, and crushing and

stockpiling of the recycled asphaltic concrete.
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TABLE IV
RECYCLED ASPHALTIC CONCRETE

Project
1/2" Type "B" Surface
Tons A.C.C. $ Ton

Leveling Course
Tons A.C.C. $ Ton

FR-7l-3(26)--2G-15

FR-71-2(17)--2G-69

FR-34-2(22)--2G-69

28,848.42

22,181.32

6,105.00

20.30

22.00

24.22

2,406.32

301.93

61.83

22.95

26.01

33.30

The cost does not include the cost of removal of the recycled asphaltic

concrete, as it would have been wasted if not recycled, or any savings

which may be realized from not having to dispose of the material in a

landfill.

It is impossible to determine cost benefits for the leveling course be-

cause of the small quantities involved. The savings based on the surface

course for FR-71-3(26)--2G-15 were $113,374.29 ($3.93/ton), for

FR-7l-2(17)--2G-69 were $49,464.34 ($2.23/ton), and $61.05 ($O.Ol/ton)

for FR-34-2(22)--2G-69 for a total savings of $162,899.68 for the three

projects.

The plant site was located on the first project listed above and the last

project listed was the farthest from the plant site. The first project

also had the greatest tonnage with the last project being only 1.9 miles

long and having the least tonnage of asphalt cement concrete.
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ENERGY CONSERVATION

The three projects used 43,299.17 tons of recycled asphalt cement con

crete. Assuming that the useable a.c. content was 2%, there would be

865.98 tons less of a.c., at 587,500 BTU/Ton, (3) manufactured conserving

an equivalent 6.00 gal. of gas per ton. The total gasoline equivalent

required to manufacture 865.98 tons of asphalt cement would be 5,195.35

gallons.

The recycled mix would contain 42,433.19 tons of aggregate. The crushed

stone would require 56,000 BTU/Ton (2) to manufacture. This would be an

equivalent 19,010.07 gallons of gasoline or 0.45 gallons of gasoline per

ton of aggregate. A summary of energy consumption is in Appendix G.

CONSERVATION OF NATURAL RESOURCES

Iowa has no crude oil from which to obtain asphalt cement and sources of

aggregate are becoming limited, therefore, natural resource conservation

as well as energy conservation is very important. The conservation of

865 tons of asphalt cement and 42,433 tons of aggregate is especially im

portant in southwest Iowa where aggregate is very scarce.

PERFORMANCE EVALUATION

The present serviceability index (PSI) has been determined biennially.

Table V shows the crack and patch surveys, rut depth, friction numbers,

and the PSI for half-mile test sections of US 71 in Montgomery and Cass

Counties. Each half-mile test section is representative of the area

listed by milepost for each section.
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TABLE V
US 71 MONTGOMERY - CASS - RECYCLED A.C.

1/2 Mile Test Section
No. of cracks

Patch Mean Average Friction
Date Transverse Longitudinal (Sq.ft.) Rut Depth Fault No. PSI

Milepost 29.56 to 37.13

1980 42 3.00

81-82 3.75 0 0 0.065 0.145 46 3.67

83-84 6 1 0 0.09 0.20 3.52

85-86 7 0 0 0.14 0.30 40 3.33

Milepost 37.13 to 42.13

1980 43 2.73

81-82 4.25 0 0 0.075 0.195 45 3.67

83-84 7 0 6 0.08 0.17 3.52

85-86 6 0 0 0.13 0.22 40 3.27

Milepost 42.13 to 46.13

1980 41 3.08

81-82 4.75 0 0 0.08 0.10 47 3.69

83-84 8 1 0 0.12 0.17 3.41

Milepost 46.13 to 58.48

79-80 38 2.80

81-82 4. 08 0 0 0.10 0.13 45 3.69

83-84 3 0 0 0.12 0.12 3.41

85-86 5 0 0 0.15 0.12 49 3.37
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Cores were drilled from three locations in March 1986. Some cores were

tested for density and voids and others from the same locations were ex-

tracted for aggregate gradation and asphalt cement properties. The re-

suIts of the tests are in Table VI.

TABLE VI
US 71 CASS - MONTGOMERY COUNTIES

RECYCLED ASPHALT CONCRETE MIX

Sieve Analysis - % Passing
1/2 3/8 4 8 16 30 50 100 200

Montgomery Co. - Sta. 80

Plant Report 96 86 71 59 48 32 13 6.1 4.2

Extracted
March 1986 97 87 71 59 48 35 19 12 9.3

A.C. 5.69%; Pen. 58; Abs. Vise. 1480; Density 2.36; Voids 2.3%

Cass Co. - Sta. 840

Plant Report Lt 95 86 71 57 46 30 13 6.5 4.8

Extracted
March 1986 98 90 73 60 48 35 20 13 11

A.C. 5.52%; Pen. 63; Abs. Vise. 1210; Density 2.36; Voids 2.7%

Cass Co. - Sta. 519

Plant Report 95 84 67 54 43 28 14 6.6 4.8

Extracted
March 1986 96 90 77 62 49 35 20 12 9.8

A.C. 5.39%; Pen. 43; ABs. Vise. 2190; Density 2.36; Voids 2.2%
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The highway has been visually inspected periodically. As indicated in

Table V, there is slight rutting, which is no worse than if the asphaltic

concrete were made using all new materials. The surface is in excellent

condition, as there is no raveling or excessive asphalt cement.

The cracks that have reflected through the surface began to dip and have

been sealed and any loss of ride quality has been restored. Any dipping

of cracks was not related to the recycled asphalt cement concrete.

ENVIRONMENTAL CONSIDERATIONS

The recycling of the asphaltic concrete caused no environmental problems.

On the other hand, environmental damage may have been prevented as the

asphaltic concrete was placed back into a highway rather than in a land

fill where water could possibly strip the asphalt cement from the aggre

gate polluting the ground water in the immediate area.

SUMMARY and CONCLUSIONS

This demonstration project consisted of three highway resurfacing

projects using asphalt cement concrete removed from an Interstate highway

which was resurfaced because of severe rutting. The removed asphaltic

concrete was hauled and stored at a sand production site for later use.

The stockpiled material was later crushed to a one inch maximum size and

hauled about 12 miles to a plant site where it was combined with virgin

aggregate and asphalt cement for resurfacing the three projects.
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The three projects were adjacent to each other, but the project on US 34

was a short project, including an interchange, so all of the post con

struction evaluation was conducted on the two adjacent projects on US 71.

From this demonstration project, it can be concluded that recycling as

phalt cement concrete into another highway is a cost effective nonpollut

ing method of disposal.

A high quality highway surface can be constructed using recycled asphalt

cement concrete.

Savings may be realized from the need for less asphalt cement and aggre

gate.

There is significant energy and natural resources conserved, especially

in an area lacking aggregate and where all asphalt cement has to be im

ported.

Cost effectiveness is dependent upon the distance involved in processing

and hauling the recycled asphaltic concrete.
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asp
h

alt
(C

R
S-2)

M
ETHOD

OF
REPA

IR:

-c'>'" enN0'>

1.
0.25"

to
0.50"

average
d

ep
ressio

n
.

1.
B

low
com

pressed
a
ir

to
rem

ove
loose

m
aterial

2.
Seal

crack
w

ith
em

u
lsified

asp
h

alt
(C

R
S-2)

3.
8"

w
ide

strip
seal

w
ith

3/8"
cover

aggregate



A.C.
PAVEMENT

SURFACE
CRACKS

CLASS
III

V
ISU

A
L

C
O

N
D

ITIO
N

S:

1.
0

.5
0

"
to

1
.0

"
av

erag
e

d
ep

ressio
n

2.
N

ear
stra

ig
h

t
lin

e
crack

3.
O

ccasio
n

al
seco

n
d

ary
crack

CLASS
IV

V
ISU

A
L

C
O

N
D

ITIO
N

S:

1.
0

.7
5

"
p

lu
s

d
ep

ressio
n

2.
V

lide
(3

/4
"+

)
crack

3.
S

eco
n

d
ary

crack
o

r
b

reak
u

p

M
ETHOD

OF
R

EPA
IR

:

1.
Saw

4"
w

ide
re

tra
c
in

g
crack

lin
e

2.
F

u
ll

d
ep

th
p

atch
-

(ta
c
k

,
p

re-m
ix

o
r

h
o

t-m
ix

&
sp

e
c
ia

l
co

m
p

actio
n

)

M
ETHOD

OF
R

EPA
IR

:

1.
12"

w
ide

rem
oval

2.
F

u
ll

d
ep

th
p

atch
(p

e
r

std
.

sp
e
c
s.)

"
0

»'" ,..,.,
N-
J
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JII

courses
shall

m
eet

the
F

ollow
ing

req
u

irem
en

ts
for

the
m

aterial
specified

in
the

co
n

tract
docum

ents.

4122.03
A

G
G

R
E

G
A

T
E

F
O

R
ST

A
IJIL

JZ
E

D
SH

O
U

L
D

E
R

S.
A

ggregate
for

stabilized
shoulders

shall
m

eet
requirem

ents
of

4
1

2
0

.0
4

or,
w

hen
specifically

designated,
4

1
2

0
.0

5
.

Since
com


paction

is
a

specification
req

u
irem

en
t,

th
e

p
ercen

t
passing

the
N

o.
2

0
0

sieve
shall

be
co

n
tro

lled
as

specified.

4122.02
M

A
C

A
D

A
M

ST
O

N
E

B
A

S
E

M
A

T
E

R
IA

L
.

T
his

aggre
gate

shall
be

the
p

ro
d

u
ct

of
crushing

lim
esto

n
e,

d
o

lo
m

ite,
or

q
u

artzite
an

d
shall

m
eet

th
e

follow
ing

req
u

irem
en

ts:
A

.
A

brasion
L

oss.
T

h
e

percentage
o

f
w

ear,
determ

ined
in

acco
rd

an
ce

w
ith

A
A

S
H

T
O

T
9

6
,

G
rading

A
or

B
,

shall
n

o
t

exceed
4

5
,

B
.

Soundness.
W

hen
su

b
jected

to
th

e
freezing-and-thaw

ing
test,

L
ab

o
rato

ry
T

est
M

ethod
211,

M
eth

o
d

C
,

the
percentage

loss
shall

n
o

t
exceed

10.
C.

G
radation.

T
he

aggregate
for

b
o

th
base

course
and

choke
sto

n
e

course
shall

be
p

ro
d

u
ced

from
th

e
sam

e
source

by
an

im
p

act
b

reak
er

p
rim

ary
crusher,

b
o

th
a

p
ro

d
u

ct
of

th
at

o
p

eratio
n

.
T

he
grates

or
b

reak
er

bars
shall

be
adjusted

to
produce

a
nom

inal
m

ax
im

u
m

size
of

4
inches,

and
the

p
ro

d
u

ct
of

the
prim

ary
crusher

shall
be

screen
ed

over
a

L
in

ch
screen.

T
he

aggregate
retain

ed
on

the
I-1J1ch

Screen
shall

be
furnished

as
the

M
acadarn

base
course

m
aterial.

T
he

aggregate
passing

th
e

L
in

ch
screen

shall
be

furnished
as

the
ch

o
k

e
sto

n
e

course
m

aterial;
h

o
w

ev
er,

additional
restric

tions
m

ay
be

placed
on

this
m

aterial.

4125.05
G

R
A

D
A

T
IO

N
.

C
over

aggregate
shall

m
eet

require
m

en
ts

o
f

S
ectio

n
4109

for
the

gradation
n

u
m

b
er

ap
p

ro
p

riate
for

th
e

size
designated

or
req

u
ired

and
the

aggregate
furnished.

.,;1 ,I:1I·1'!

4
1

2
5

.0
1

G
rad

atio
n

N
u

m
b

er

C
O

V
E

R
A

G
G

R
E

G
A

T
E

S
ize

5
3

84125.02
A

B
R

A
S

IO
N

L
O

SS.
T

he
percentage

o
f

w
ear

as
d

eterm
in

ed
by

A
A

S
H

T
O

T
9

6
,

M
ethod

C
,shall

n
o

t
exceed

4
0

.

4125.03
SO

U
N

D
N

E
SS.

W
hen

the
particles

retained
on

th
eN

o
.

4
sieve

in
all

sizes,
ex

cep
t

san
d

,
are

subjected
to

the
Ireeeing-and-thaw

tng
test,

L
ab

o
rato

ry
T

est
M

ethod
211,

M
eth

o
d

C
,

the
loss

shall
n

o
t

ex
ceed

10
percent.

4125.04
SH

A
L

E
.

F
o

r
112·

and
318-inch

sizes,
shale

particles
In

the
p

o
rtio

n
retain

ed
on

the
N

o
.4

sieve
shall

n
o

t
exceed

5.0
p

ercen
t

o
f

th
e

particles
retained

on
th

at
sieve.

S
and

co
v

er'
aggregate

shall
n

o
t

co
n

tain
m

ore
th

an
2.0

percent
shale

particles.
retain

ed
on

the
N

o.
16

sieve.

S
ectio

n
4

1
2

5
.

C
over

A
ggregate

4125.01
D

E
SC

R
IP

T
IO

N
.

A
ggregate

for
b

itu
m

in
o

u
s

seal
co

at,
S

ectio
n

2
3

0
7

,
shall

be
co

m
p

o
sed

of.h
ard

,
durable

ro
ck

,
sand,

or
com

binations
thereof,

w
ashed

and
free

from
objectionable

clay
coatings,

an
d

shall
m

eet
th

e
follow

ing
requirem

ents
for

th
e

size
designated

in
th

e
co

n
tract

d
o

cu
m

en
ts.

U
nless

o
th

erw
ise

specified,
the

1/2-inch
size

shall
be

used.
T

he
1{2-

and
3

/8
-in

ch
sizes

m
ay

be
'cru

sh
ed

sto
n

e,
or

gravel,
or

a
m

ixture
of

these
m

aterials
w

ith
sand.

537
G

R
A

N
U

L
A

R
M

A
T

E
R

IA
L

F
O

R
S

A
S

4
1

2
4

.0
1

"T
h

e
liZ

-in
c
h

size
m

ay
be

u
sed

w
h

en
th

e
3

/8
+

in
ch

size
is

sp
ecified

if
th

e
p

ercen
t

p
assin

g
th

e
N

o
.

2
0

0
siev

e
d

o
es

n
o

t
ex

ceed
1

.5
p

ercen
t.

tF
in

e
ag

g
reg

ate
for

co
n

crete
m

eetin
g

th
e

re
q

u
ire

m
e
n

ts
o

f
S

ectio
n

4
1

1
0

m
ay

be
u

sed
fo

r
san

d
co

v
er.

S
ection

4
1

2
6

.
A

ggregate
for

C
old-L

aid
B

itum
inous

C
oncrete

an
d

T
y

p
e

B
A

sphalt
C

em
ent

C
oncrete

4126.01
D

E
SC

R
IP

T
IO

N
.

T
he

aggregate
shall

consist
of

gravel
or

cru
sh

ed
sto

n
e,

or
b

o
th

,
co

m
b

in
ed

w
ith

sand
and

filler,
an

d
shall

m
eet

th
e

follow
ing

req
u

irem
en

ts.

4126.02
A

G
G

R
E

G
A

T
E

.
A

ggregate
shall

consist
of

h
ard

,
durable

ro
ck

o
r

gravel
an

d
sand

particles
m

eeting
the

follow
ing

ad
d

itio
n

al
req

u
irem

en
ts:

S
ection

4
1

2
4

.
G

ranular
M

aterial
for

S
oil-A

ggregate
S

ubbase

4124.01
G

E
N

E
R

A
L

.
G

ranular
m

aterial
to

be
added

to
the

ro
ad

b
ed

fo
r

co
n

stru
ctio

n
o

f
soil-aggregate

subbase
m

ay
be

any
m

ineral
aggregate

m
eeting

these
req

u
irem

en
ts.

T
he

aggregate
shall

m
eet

req
u

irem
en

ts
o

f
S

ection
4109

for
gradation

n
u

m
b

er
13.

T
he

plasticity
in

d
ex

shall
n

o
t

ex
ceed

4
fo

r
gravels

and
6

for
crushed

sto
n

e.
W

hen
th

e
granular

m
aterial

is
cru

sh
ed

lim
esto

n
e

O
r

d
o

lo
m

ite,
the

p
o

rtio
n

o
f

particles
retain

ed
on

the
N

o
.4

sieve
shall

n
o

t
have

a
percentage

loss
exceeding

15
w

h
en

su
b

jected
to

the
freezing-and-thaw

ing
test,

L
ab

o
rato

ry
T

est
M

eth
o

d
211,

M
ethod

C
.W

hen
th

e
co

n
tract

includes
w

o
rk

described
in

S
ections

2
2

0
2

,
2203,

2
2

0
4

,
or

2
2

0
5

,
aggregate

m
ix

tu
res

p
erm

itted
for

these
iterns

w
ill

be
considere

d
accep

ta
ble.

1
/2

in
c
h

C
ru

sh
ed

sto
n

e
G

rav
el

3
/8

in
ch

C
ru

sh
ed

sto
n

e
or

gravel
S

an
d

141516""
1

7
t

-
0

»G
>

rrt

w~



4126.04
A

G
G

R
E

G
A

T
E

F
O

R
T

Y
P

E
B

A
c
e

539
5

4
0

A
G

G
R

E
G

A
T

E
F

O
R

T
Y

P
E

A
A

c
e

4127.01

C.
C

rushed
P

articles.
A

ll
m

ixtures
required

by
S

ection
2

3
0

4
,

and
all

C
lass

1
m

ixtures,
shall

have
30

percent
crushed

particles
in

the
aggregate.

T
he

percentage
o

f
crushed

particles
shall

be
adjusted

or
controlled

to
m

eet
requirem

ents
of

the
m

ix
design.

A
.

A
brasion

L
oss.

A
ggregate

retained
on

the
N

o
.4

sieve
and

crushed
aggregate

passing
the

N
o.

4
sieve

shall
be

produced
from

sources
w

hich
norm

ally
show

an
abrasion

loss
n

o
t

exceeding
45,

as
determ

ined
in

accordance
w

ith
A

A
S

H
T

O
T

.
96.
B

.
F

reezing-and-T
haw

ing
T

est.
A

ggregate
retained

on
the

N
o

.4
sieve

and
crushed

aggregate
passing

the
N

o
.4

sieve
shall

be
p

ro
d

u
ced

fro
m

S
o

u
rces

w
h

ich
norm

ally
show

a
freezing-and-thaw

ing
loss

n
o

t
exceeding

10
for

M
ethod

C
and

45
for

M
ethod

A
,

w
hen

tested
in

accordance
w

ith
L

aboratory
T

est
M

ethod
211

using
aggregate

cru
sh

ed
or

screened
to

3
/
4
~
j
n
c
h

m
axim

um
size.

T
he

engineer
m

ay
w

aive
these

req
u

irem
en

ts
for

sand
and

gravel
w

hen
the

am
o

u
n

t
retained

on
the

N
o.

4
sieve

is
Jess

than
5

percent
of

the
m

aterial.

4
1

2
6

.0
3

F
IL

L
E

R
.

Fine
m

aterial
ad

d
ed

to
the

m
ixture

w
ith

o
u

t
heating

shall
m

eet
requirem

ents
for

m
ineral

filler
in

A
A

SH
T

O
M

17
except

the
gradation

shall
be

d
eterm

in
ed

in
accordance

w
ith

A
A

S
H

T
O

T
11.

4
1

2
6

.0
4

C
O

M
P

O
SIT

E
A

G
G

R
E

G
A

T
E

.
T

he
com

posite
aggre

gate
shall

be
free

from
vegetable

m
atter

and
from

ad
h

eren
t

film
s

o
f

clay
or

o
th

er
m

atter
w

hich
w

ill
p

rev
en

t
coating

o
f

particles
w

ith
bitum

en.
Silt

and
clay

naturally
occurring

in
aggregate

n
o

t
be

considered
objectionable

provided
they

rem
ain

finely
divided

and
uniform

ly
distributed.

A
ll

m
ixtures

shall
have

at
least

20
percent

natural
sand

in
the

p
o

rtio
n

passing
the

N
O

.4
sieve.

N
atural

sand
required

for
w

earing
course

m
ixtures

shall
be

graded
such

that
w

hen
sieved

through
the

follow
ing

num
bered

sieves-i-S,
16,

30,
50,

and
1

0
0

-n
o

t
m

ore
th

an
50

p
ercen

t
shall

pass
o

n
e

sieve
and

be
retained

on
the

n
ex

t
higher

n
u

m
b

ered
sieve.

T
he

com
posite

aggregate
shall

m
eet

the
follow

ing
requirem

ents
for

the
class

and
m

ixture
size

specified.
A

.
P

lasticity
Index.

T
he

com
posite

aggregate
shall

have
a

plasticity
index

n
o

t
exceeding

4.
B

.
G

radation
T

he
com

posite
aggregate

m
ixture

for
the

job-m
ix

form
ula

aggregate
shall

m
eet

requirem
ents

of
S

ection
4109

for
the

gradation
n

u
m

b
er

ap
p

ro
p

riate
for

the
class

and
m

ixture
size

specified.
C

lass
an

d
M

ix
tu

re
S

ize

C
lass

1,
1

in
ch

C
lass

1
an

d
2,

3{4
in

ch
C

lass
1,

1
{

2
in

ch
C

lass
1,

3{8
in

ch

G
rad

atio
n

N
u

m
b

er18192021

C
rushed

particles
m

ay
be

o
b

tain
ed

from
crushed

sto
n

e,
m

ineral
filler,

o
r

crushed
sand

o
r

gravel.
W

hen
crushed

sand
or

gravel
is

furnished,
it

shall
be

p
ro

d
u

ced
as

a
separate

operation
by

crushing
sand

o
r

gravel
particles

to
the

ex
ten

t
th

at
90

p
ercen

t
or

m
ore

w
ill

pass
the

sieve
on

w
hich

90
percent

or
m

ore
w

as
retain

ed
before

crushing.
D

.
P

roduction
L

im
its.

P
ro

d
u

ctio
n

gradation
lim

its
[or

the
various

aggregates
w

ill
be

furnished
as

a
guide

to
the

co
n

tracto
r

so
th

at
the

co
m

b
in

atio
n

o
f

these
aggregates

in
designated

p
ro

p
o

rtio
n

s
should

result
in

a
gradation

w
ithin

the
job-m

ix
tolerances.

S
ection

4
1

2
7

.
A

ggregate
fo

r
T

ype
A

A
sphalt

C
em

en
t

C
oncrete

4
1

2
7

.0
1

D
E

S
C

R
IP

T
IO

N
.

A
ggregate

for
T

ype
A

asphalt
cem

en
t

co
n

crete
shall

consist
o

f
a

m
ix

tu
re

o
f

crushed
stone,

or
gravel,

com
bined

w
ith

sand
and

filler.
Par-ticles

retained
on

the
N

o
.4

sieve
shall

be
considered

coarse
aggregate,

and
particles

passing
the

N
o

.4
sieve

shall
be

considered
fine

aggregate.
A

ggregates
shall

co
m

p
ly

w
ith

the
follow

ing.

4
1

2
7

.0
2

M
IN

E
R

A
L

F
IL

L
E

R
.

Fine
m

aterial
added

to
the

m
ix

tu
re

w
ith

o
u

t
heating

to
secure

the
desired

percentage
passing

the
N

o.
200

sieve
shall

m
eet

requirem
ents

of
A

A
SH

T
O

M
17

ex
cep

t
the

gradation
shall

be
d

eterm
in

ed
in

accordance
w

ith
A

A
S

H
T

O
T

11.

4
1

2
7

.0
3

F
IN

E
A

G
G

R
E

G
A

T
E

.
Fine

aggregate
shall

consist
of

hard,
durable

grains
o

f
natural

san
d

,
crushed

sto
n

e,
or

crushed
gravel,

free
from

injurious
substances,

including
shale

particles,
in

th
e

p
o

rtio
n

retained
on

the
N

o.
16

sieve,
in

excess
of

2.0
percent.

M
aterial

from
each

separate
source

to
be

used
as

fine
aggregate,

before
being

delivered
to

the
.stockpile

from
.

w
hich

the
m

ixing
p

lan
t

w
ill

be
supplied,

shall
be

screened
and

processed
to

the
ex

ten
t

th
at

it
w

ill
co

n
tain

no
lum

ps,
balls

of
clay,

foreign
m

aterial,
or

pebbles
w

hich
w

ill
be

retained
on

a
1

1
/2

·in
ch

sieve.

4
1

2
7

.0
4

C
O

A
R

S
E

A
G

G
R

E
G

A
T

E
.

C
oarse

aggregate
shall

con
sist

o
f

crushed
sto

n
e,

gravel,
or

m
ixtures

of
crushed

stone
and

gravel.
W

hen
crushed

gravel
is

used,
it

shall
be

produced
as

a
separate

operation
by

crushing
gravel

particles
to

the
ex

ten
t

th
at

90
p

ercen
t

or
m

ore
w

ill
pass

the
sieve

on
w

hich
90

percent
or

m
ore

w
as

retained
before

crushing.
T

he
screen

size
used

to
separate

m
aterial

prior
to

crushing
shall

be
increased

as
necessary

to
com

pensate
for

screening
efficiency

and
m

aterial
variability.

C
oarse

aggregate
shall

be
p

ro
d

u
ced

from
sources

w
hich

norm
ally

show
an

abrasion
Joss

n
o

t
exceeding

40,
determ

ined
in

accordance
w

ith
A

A
SH

T
O

T
9

6
,

an
d

a
freezing-and-thaw

ing
loss

n
o

t
greater

than
10

or
w

hen
specifically

required,
not

greater

-
0

»G
:l

en

wN
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4106.01
P

A
P

E
R

A
N

D
P

L
A

S
T

IC
F

IL
M

527
528

P
,\P

E
R

A
N

D
P

L
A

S
T

IC
F1L

lvf
4106.02

o
f

n
o

t
m

o
re

than
75

seconds
and

shall
be

of
su

ch
consistency

th
at

they
can

be
readily

sprayed
to

a
uniform

coating
at

tem
peratures

above
40

degrees
F.

4105.03
M

O
IST

U
R

E
R

E
T

E
N

T
IO

N
.

W
hen

tested
in

accordance
w

ith
L

ab
o

rato
ry

T
est

M
ethod

9
0

1
,

the
efficiency

in
d

ex
of

the
m

aterial
shall

not
be

less
than

95.0
percent,

except
that

m
aterial

show
ing

m
oisture

Joss
o

f
less

than
1

.0
p

ercen
t

o
f

th
e

q
u

an
tity

o
f

w
ater

rem
aining

in
the

test
specim

en
at

the
tim

e
the

curing
m

aterial
is

applied
w

ill
be

accep
tab

le.

4105.04
SE

T
T

IN
G

.
L

iquid
curing

co
m

p
o

u
n

d
s

shall
set

w
ithin

2
hours

after
application,

to
form

a
firm

,
w

ater-im
perm

eable
film

,
adhering

strongly
to

the
concrete.

4
1

0
5

.0
5

W
H

1T
E

-P
IG

M
E

N
"rE

D
C

O
M

P
O

U
N

D
S

W
hite

pigm
ented

com
pounds

shall
consist

of
finely

ground,
w

hite
pigm

ent
and

vehicle,
ready-m

ixed
for

use
w

ith
o

u
t

alteration.
T

he
pigm

ent
shall

not
settle

badly
or

cake
in

the
container,

and
the

com
pound

shall
n

o
t

thicken
in

storage
so

as
to

cause
change

in
consistency

w
hich

m
ay

result
in

a
nonuniform

spray.
A

fter
the

com
pound

sprayed
on

a
sm

ooth
surface

has
dried,

it
shall

have
an

apparent
daylight

reflectance
not

less
than

70.0
percent-relative

to
m

agnesium
oxide.

T
he

rate
of

application
shall

be
n

o
t

less
than

0.067
gallon

per
square

yard
(15

square
yards

per
gallon).

T
he

com
pound

shall
be

stirred-continuously
during

the
tim

e
it

is
being

applied.

4105.06
D

A
R

K
-C

O
L

O
R

E
D

C
O

M
P

O
U

N
D

S.
D

ark-colored
corn

pounds
shall

consist
of

asphalt
em

ulsified
or

cut-back
w

ith
a

volatile
solvent

and
shall

contain
n

o
t

less
than

50.0
percent

asphalt.
T

hey
shall

set
sufficiently

2
hours

after
application

so
that

a
w

hitew
ash

coating
w

ill
n

o
t

be
discolored.

T
he

rate
of

application
shall

be
n

o
t

less
than

0.08
gallon

per
square

yard
(12.5

square
yards

per
gailon).

4105.07
L

IN
SE

E
D

O
IL

E
M

U
L

SIO
N

.
W

hen
linseed

oil
em

ulsion
curing

com
pound

is
specified,

the
follow

ing
shall

apply
in

lieu
of

o
th

er
requirem

ents
of

this
section.

L
inseed

oil
em

ulsion
curing

co
m

p
o

u
n

d
shall

be
a

nonplg
m

ented
m

aterial
th

at
has

been
hom

ogenized
to

produce
a

uniform
m

ixture
as

set
forth

in
U

nited
S

tates
D

epartm
ent

of
A

gricuiture
patent

application
serial

n
u

m
b

er
365,900,

filed
June

1,
1973.

T
he

m
aterial

shail
m

eet
requirem

ents
o

f
A

ST
M

C
309

and
C

156.

S
ection

4106.
P

aper
and

P
lastic

Film
for

C
uring

C
oncrete

4106.01
C

U
R

IN
G

P
A

P
E

R
.

P
aper

to
be

used
for

curing

co
n

crete
shall

m
eet

req
u

irem
en

ts
o

f
AST~1"1

C
1

7
1

,
ex

cep
t

th
at,

in
lieu

of
the

m
oisture

Joss
lim

itation
prescribed,

the
follow

ing
shall

apply:
T

he
m

oisture
loss

shall
not

be
greater

than
5.0

percent
of

the
original

m
ixing

w
ater

used
w

hen
the

paper
is

tested
in

accordance
w

ith
L

aboratory
T

est
M

ethod
901,

w
ith

the
paper

rem
aining

in
place

for
24

hours.
T

he
paper

shall
be

prepared
in

sheets
of

sufficient
w

idth
to

cover
the

full
w

idth
of

concrete
surface

being
placed

w
ith

o
u

t
stretching

and
w

ith
norm

al
allow

ance
for

shrinkage.

4106.02
P

L
A

ST
IC

F
IL

M
.

Plastic
film

used
for

curing
concrete

shall
be

tough,
pliable,

m
oisture-proof,

and
sufficiently

durable
to

retain
its

m
oisture-proof

properties
during

the
tim

e'it
is

in
place

on
the

surface
of

the
concrete.

It
shall

m
eet

requirem
ents

of
4106.01

for
retention

of
m

oisture
in

concrete
and

for
size

of
sheets.

T
he

plastic
film

shall
be

w
hite-pigm

ented
m

aterial.
T

he
film

shall
be

not
less

than
0.00085

inch
thick,shall

have
n

o
t

less
than

70
percent

daylight
reflectance

relative
to

the
m

agnesium
oxide

w
hen

tested
in

accord
w

ith
AsrrvI

E
97,

and
shall

be
opaque.

If
the

thickness
of

plastic
film

is
less

than
0.0034

inch,
it

shall
not

be
used

m
ore

than
once

for
curing

concrete.

S
ection

4107.
P

lastic
Film

for
S

ubgrade
T

reatm
en

t

4107.01
G

E
N

E
R

A
L

.
Plastic

film
to

be
used

for
treating

subgrade
of

concrete
pavem

ent
shall

be
polyethylene

film
not

less
than

0.00085
inch

thick,
'either

clear
or

w
hite-pigm

ented
type.

T
he

w
idth

of
strips

used
shall

provide
a

iap
not

less
than

12
inches

betw
een

adjacent
strips.

Plastic
film

w
hich

has
been

used
no

m
ore

than
once

for
curing

concrete
pavem

ent
and

has
been

salvaged
in

usable
condition

m
ay

be
used

for
treatm

en
t

of
subgrade.

S
ection

4109.
A

ggregate
G

radations

4109.01
G

E
N

E
R

A
L

.
G

radations
for

various
aggregates

are
show

n
in

the
gradation

table
on

the
follow

ing.
page,.and

each
gradation

is
identified

by
num

ber.
W

hen
the

aggregate
is

tested
by

m
eans

of
laboratory

sieves,
the

·sieve
analysis

shall
show

a
gradation

w
ithin

the
range

perm
itted

for
the

gradation
num

ber
specified

for
th

at
aggregate,

S
ection

4
1

1
0

.
Fine

A
ggregate

for
C

oncrete

4JJO
.01

D
E

SC
R

IP
T

IO
N

.
Fine

aggregate
for

concrete
shall

consist
of

clean,
hard,

durable,
m

ineral
aggregate

particles
free

from
injurious

am
o

u
n

t
of

silt,
shale,

coal,
organic

m
atter,

or
other

-
0

)0
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.
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i
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.
c
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~
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ee
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.~
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~
E

•
o

'
C

~
5

~
.

c
~

0
0

.
~

~
.
o

~
.

~
-
"
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c
o

Co
:;:;::(i

s'<.O
~
3

0
,0

0
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APPENDIX

Engineering Fabric

Project FR-71-2(17)--2G-69

station to Station Station to Station

488+65 to 488+95 532+37 to 532+70
490+78 to 490+98 543+85 to 544+25
517+50 to 518+22 544+71 to 545+00
518+00 to 518+36 544+46 to 545+06
227+7 to 528+20 553+69 to 554+19

Project FR-71-3(26)--2G-15
Left Lane

Station to Station Station to Station

739+52 to 740+09 805+45 to 805+88
741+00 to 748+10 812+73 to 812+97
750+20 to 750+62 829+58 to 830+36
759+18 to' 760+80 832+73 to 833+00
762+00 to 765+85 834+35 to 836+77
767+22 to 768+00 840+39 to 841+34
768+55 to 768+75 860+,,1)7 to 860+97
770+85 to 781+80 866+65 to 867+25
783+00 to 783+25 869+90 to 870+11
785+15 to 785+60 871+23 to 871+68
803+07 to 803+57 874+20 to 877+37
804+64 to 805+00 879+08 to 880+05

Right Lane
885+98 to 886+17 829+61 to 830+33
885+27 to 885+51 826+22 to 826+39
882+20 to 882+02 825+35 to 825+50
877+13 to 877+31 802+00 to 802+20
874+38 to 876+32 785+15 to 785+60
872+50 to 872+77 784+00 to 784+25
871+65 to 871+80 783+35 to 783+60
866+03 to 866+20 778+74 to 782+42
855+63 to 860+29 759+18 to 765+50
850+54 to 854+44 753+74 to 753+94
846+80 to 847+76 752+60 to 752+84
840+48 to 841+76 749+06 to 749+34
834+55 to 835+33 750+23 to 750+53
831+50 to 831+11
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PAGE 52
IOWA DEPARTMENT OF TRANSPORTATION

To Office Construction Department Date December 14, 1981

Ref. No.

FR-71-3(26)--2G-15
Cass CO.
FR-71-2(17)--2G-69
FR-34-2(22)--2G-69
Montgomery County
ASph. Cone. Resurfacing

Don Jordison

Asphalt Concrete Pavement Recycling
Fuel Consumption.

Find listed below the summaries of energy consumption for projects
FR-71-3(26)--2G-15, FR-71-2(17)--2G-69 and FR-34-2(22)--2G-69.

John Tebrinke
for W. G. Burgan
Red Oak Construction

From

Attention

Office

'Subject

Gallons of fuel used is shown in equivalent gallons of gasoline
at 125,000 BTU./ga110n.

No. 2 diesel was used in the plant generator, secondary dryer and
trucks that hauled the hot mix, new aggregate and hydrated lime.
No. 5 fuel oil was used in the primary dryer.

The secondary dryer was used on eleven days and production was increased
approximately 45 tons per hour when it was in operation.

Moisture content of the salvaged asphaltic concrete prior to induction
into the secondary dryer was 4.6% to 6.2% as determined from samples
run by the District Materials lab. Moisture content of the salvaged
material sampled at the outlet end of the secondary dryer was approxi
mately 2.5%.

For comparison, the moisture content was 2.1% in the asphaltic concrete
that was milled on 1-80 from Stuart to Greenfield this past season.

Moisture content of the new aggregate was approximately 2.5% in the
coarse aggregate and 7.0% in the fine aggregate.

SUMMARY OF ENERGY CONSUMPTION - Project FR-71-3(26)--2G-15:
Tons mix used on road:
Surface course = 28,848.42 tons
Strengthening course = 2,406.32 tons
Full depth patches = 219.54 tons
Surface patch = 8.13 tons
Total tons used = 31,482.41

Equivalent gallons
Plant generator
Primary dryer
Secondary dryer
Hot mis haul
New aggregate haul
Hydrated lime haul

of gasoline used:= 2,582.1 gals.
= 72,323.9 gals.
= 982.8 gals.
= 7,276.5 gals.
= 3,699.0 gals
= 2,018.0 gals

page 1
(continued next page)
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Page 2

Equivalent gallons of gasoline per ton of mix used:

Plant generator

Primary dryer

Secondary dryer

Hot mix haul

New aggregate haul

Hydrated lime haul

= 2582.1
31482.41

= 72323.9
31482.41

= 982.8
31482.41

= 7276.5
31482.41

= 3699.0
31482.41

= 2018.0
31482.41

= 0.082

= 2.297

= 0.031

= 0.231

= 0.117

= 0.064

Total gals/ton = 2.822

SUMMARY OF ENERGY CONSUMPTION - Project Fr-34-2(22)--2G-69
Tons of mix used on road:
Surface course = 6105.00
leveling course = 61.83
Full depth patch = 223.09
Surface patch = 1.00
Total tons used = 6390.92

Equivalent gallons
Plant generator
Primary dryer
Secondary dryer
Hot mix haul
New aggregate haul
Hydrated lime haul

of gasoline used:
= 655.1 gals
= 14790.3 gals
= 827.9 gals
= 3732.7 gals
= 751.0 gals
= 404.0 gals

Equivalent gallons of gasoline used per ton of mix:

Pl ant genera tor = 655.1
6390. 92 = 0.102

Primary dryer = 14790.3 2.314=6390.92
Secondary dryer = 827.9

6390.92 = 0.130

Hot mix haul = 3732.7 0.584=
6390.92

New aggregate haul = 751. 0 0.1186390.92 =

Hydrated lime haul = 404.0 0.0636390.92
=

Total gals per ton = 3.311

(continued next page)
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Don Jordison
page 3 of 3

SUMMARY OF ENERGY CONSUMPTION - Project FR-71-2(17)--2G-69

Ton of mix used
Surface course
Leveling course
Surface patch
Total tons used

on road:
= 22181. 32
= 301.93
= 4.00
= 22487.25

tons
tons
tons

Equivalent gallons
Plant generator
Primary dryer
Secondary dryer
Hot mix haul
New aggregate haul
Hydrated. lime haul

of gasoline used:
= 1523.6 gals.
= 45487.3 gals.
= 12923.2 gals.
= 7176.5 gals.
= 2642.0 gals.
= 1346.0 gals.

Equivalent gallons of gasoline per ton of mix used:

= 3.162

Plant generator

Primary dryer

Secondary dryer

Hot mix haul

New aggregate haul

Hydrated lime haul

Total gals. per ton

=

=

=

=

=

=

1523.6
22487.25
45487.3
22487.25
12923.2
22487.25
7176.5

22487.25
2642.0

22487.25
1346.0

22487.25

=

=

=

=

=

0.068

2.023

0.575

0.319

0.117

0.060

~JGB :JDT: jg
cc: J. Lane, Dist. Materials Engr., D.O.T., Atlantic

RC fil e




