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�.'2- Preface 

The investigation reported herein was sponsored by the Office, 

Chief of Engineers, U. S. Army, as a part of the Short -Range Airfield 

Pavement Program, Task 04, "Update Pavement Construction Methods," Work 

Unit 502. Responsibility for conducting the investigation was assigned 

to the Soils and Pavements Laboratory of the U. S. Army Engineer Water

ways Experiment Station (WES). The investigation was conducted from 

July 1972-June 1974. 

The investigation was performed under the general supervision of 

Messrs. James P. Sale and Richard G. Ahlvin, Chief and Assistant Chief, 

respectively, of the Soils and Pavements Laboratory. The investigation 

was conducted by Messrs. Kenneth D. Malison and Carlton L. Rone under 

the supervision of Mr. Alfred H. Joseph, Chief, Pavement Investigations 

Division, and Mr. Cecil D. Burns, Chief, Experimental Pavements Research 

Branch. This report was prepared by Mr. Rone. 

Directors of WES during the conduct of the investigation and prep

arat ion of this report were BG E. D. Peixotto, CE, and COL G. H. Hilt, 

CE. Technical Director was Mr. F. R. Brown. 
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Background 

REVIEW OF CONSTRUCTION EQUIPMENT AND 
METHODS FOR PAVEMENTS 

Introduction 

1. Present Corps of Engineers (CE) guide specifications for road 

and airfield pavements used for preparing construction project specifi

cations were prepared mainly during the 1950's, and no significant up

dating has occurred to make the specifications compatible with new de

velopments in highway and airfield construction equipment and methods. 

Since the guide specifications were prepared, there has been a rapid 

increase in construction costs which has resulted in equipment manu

facturers developing .new and more economical construction equipment and 

methods. In order to take advantage of these improvements, the perti

nent guide specifications should be revised to allow the use of the 

new equipment and methods that will produce satisfactory construction 

more economically. 

Objectives 

2. The primary objectives of this study were to determine new 

methods and equipment being used by industry and to compile performance 

data for comparison with known satisfactory construction practices. 

After the capabilities and limitations of new methods and equipment have 

been determined, recommendations for changes to the guide specifications 

can be made. 

Scope 

3. Literature reviews were conducted to determine new construc

tion practices being used by industry, and visits were made to manu

facturers of equipment. These visits were primarily intended to obtain 

manufacturers' specification data and to determine, if possible, future 

developments that might affect the pavement construction industry. Con

struction projects where ne� equipment and methods were being used were 

visited, and discussions were held with contractors, contracting agen

cies, and project personnel responsible for acceptance testing. Where 
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possible, test data were obtained for comparison with project specifi

cations and with data from projects on which satisfactory methods and 

equipment were used. Performance tests were conducted on portland ce

ment concrete and asphaltic concrete batch plants to determine required 

mixing times for specific mixing plants. 

Equipment Investigated 

Asphaltic concrete mixing plants 

4. Since the last revision of the guide specification for hot-mix 

asphaltic concrete mixtures, several major changes in mixing plants have 

occurred. These are (a) the introduction of fully automated plants, 

(b) the development of the dryer-drum process of mixing, (c) the elimina

tion of screening of aggregate a�er drying, and (d) the use of storage 

bins. All have proven successful in producing more economical asphaltic 

concrete mixtures without sacrificing the quality of the end product. 

5. Fully automated mixing plants.· Fully automated mixing plants 

as defined in this report have programmed controls on the cold feed, 

dryer and asphalt temperature controls, weighing devices, mixing times, 

and discharge of mixture. Automated plants have made it possible to 

produce large quantities of uniform asphaltic concrete mixtures in less 

time and of better quality than with manually operated plants: Fully 

automated mixing plants have been successfully operated since the early 

1960's. They require less manpower to operate, and there is less 

-Chance -0-f -human _err_or_. Bame mixj ng plant_g have automatic printout de

vices that record on paper the amount of mix and components that leave 

the plant. These records serve as an excellent quality control record 

and are of benefit to the contracting agency as well as the contractor. 

6. Dryer-drum mixing plants. Dryer-drum mixing plants began op

erating as large-capacity, production-type equipment in early 1972. 

This type plant proportions the aggregate at the cold feed, combines the 

aggregate and asphalt and mixes the materials as they pass through the 

drum, then discharges the final mixture at the lower end of the drum on

to a conveyer that carries the mixture to a storage bin where it is 
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discharged into hauling vehicles. This type mixing plant has been ap

proved for use by many state highway departments and has produced mix

tures within specification limits and without loss in quality. Mixtures 

are produced at a lower temperature ( about 240° F (116° C)) than in con

ventional plants; therefore, a savings in fuel cost is realized. This 

type plant emits very little particulate matter from the stack and can 

therefore relatively easily meet pollution requirements. These plants 

can be made fully automated and can be controlled from a central con

trol station, thereby reducing the number of personnel required for op

eration and possible human error. 

7. One plant was observed in operation, and discussions were held 

with representatives of the plant manufacturer and with personnel of the 

contracting agency. Representatives of the contracting agency provided 

data from construction control tests which verified that the mixing 

plant produced mixes within specification limits. This plant had a 

capacity of about 700 tons (635 metric tons ) per hour and was provided 

with controls which required only a crew of three to operate. The plant 

was operating at 360 tons (326 metric tons ) per hour, and no visible 

signs of dust could be seen coming from the drum-mixer. 

8. Screenless mixing plants. Guide Specification CE 807. 221 re

quires that mixing plants have screens for screening aggregate after it 

has been dried. Several state highway departments have been success

fully controlling the aggregate proportions at the cold feed with 

conventional plants and are not using screens after the aggregate is 

dried.. The dr"'.f-drum proces-s- of mixing- ��ha.ltic- concrete- also con-trols -

the aggregate proportions at the cold feed. Eliminating the screens 

after drying requires close control on the gradation of aggregate at the 

stockpile but has not presented any serious problems. The process also 

eliminates one step and thus contributes to overall economy. 

Storage bins for asphaltic concrete 

9. Two types of storage bins were investigated: 

a. Short-term ( surge ) storage bins as defined in this report 
are used to store asphaltic concrete for short periods 
of time ( up to 4 hours ) , to even out plant production, 
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and to provide a means of loading hauling equipment 
rapidly. 

b. Long-term storage bins are used for storage of asphaltic 
concrete for up to 4 days. 

10. Short-term (surge) storage. This type storage has proven 

very satisfactory when used properly. Particular attention should be 

paid to insuring that the mixture discharged from the bin is the same 

quality in terms of gradation, temperature, and asphalt content as that 

which exists when the mixture leaves the mixing unit. 

11. Long-term storage. Many state highway departments allow this 

type storage to be used. Some of the states give blanket approval for 

use on any project, and some approve the use of storage bins on an in

dividual project basis. The period of time that asphaltic concrete 

mixtures may be retained in storage without detrimentally·affecting 

the quality of the mixture depends on the type of storage bin, type mix, 

asphalt source and grade, and additives used. These types of bins fall 

into three general classes and are discussed by Foster:2 (a) bins that 

are not insulated, (b) insulated and heated bins, and (c) insulated, 

heated, and purged bins. Only short retention times are permissible in 

the uninsulated bins; longer times in insulated and heated bins; and the 

longest times in insulated, heated, and purged bins. As in short-term 

storage bins, particular attention should be paid to the material coming 

from the bin to determine if it is qualitatively the same as that dis

charged from the mixing plant. 

-P-avement l-aydown-equipment 

12. Asphaltic concrete pavers. Developments in recent years in 

the area of asphaltic concrete laydown equipment include full-width and 

fully automated pavers. The full-width pavers make it possible to place 

asphaltic concrete mixtures in widths up to 40 ft (12.1920 m), which 

eliminate the need for longitudinal construction joints in highway con

struction and some of the joints in airfield pavement construction. The 

wider lanes have not lowered the quality of the pavement and have pro

vided some economic advantages in that one laydown crew can place the 

'wider lanes, whereas at least two crews were required to accomplish the 
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same width of laydown with narrower equipment. The use of automatic 

screen control devices on both conventional and full-width pavers has 

resulted in better riding pavements and has reduced the number of 

workmen required to place pavements. 

13. Portland cement concrete slip-form pavers. Slip-form pavers 

have been used for highway construction since 1949 and for airfield con

struction since about 1960. This type of paver when used properly will 

produce satisfactory pavements for both types of construction. A survey 

of pavements constructed with slip-form pavers was made during fiscal 

year 1973 to evaluate the effectiveness of the pavers. The results of 

this stuay3 indicate that pavements that are both structurally and 

functionally adequate for aircraft operations can be constructed with 

slip-form pavers. 

Vibratory rollers 

14. Soil compaction. Vibratory rollers have been successfully 

used for the compaction of soils, including crushed stone, for many 

years. There are a large number of manufacturers of vibratory rollers, 

and types range from sheepsfoot rollers to smooth steel drums and plates. 

In order to select the type vibratory roller to effectively compact a 

given soil, the type soil, moisture content, and thickness of layers to 

be compacted must be known. Given these factors, the type, weight, 

frequency, and amplitude of the roller can be selected. Once the proper 

roller is selected for a given soil condition, required densities can be 

obtained using a lesser number of passes, thus resulting in a more 

economical operation. 

15. Asphaltic concrete compaction. Vibratory rollers have been 

successfully used to compact thick-lift asphaltic concrete mixtures by 

most state highway departments and have been used to a more limited ex

tent on thinner surface courses. Although required densities are ob

tainable with fewer passes with a vibratory roller, care must be taken 

in starting and stopping the roller to avoid irregularities in the sur

face in order to meet the surface smoothness requirements. 

7 



Methods Investigated 

Modifications of mixing times 

16. Portland cement concrete. The guide specification for port

land cement concrete for use in military construction, CE 806.01,
4 

re

quires a fixed mixing time depending on the volume of material being 

mixed and does not allow the time to be reduced if uniformity tests show 

the required quality of the mixture can be met in less time. Since the 

purpose of mixing is to uniformly combine the materials and each mixing 

plant and combination of materials have different characteristics, a 

study was made at two mixing plants to evaluate the quality of the mix

ture when tested in accordance with CRD-C 555 and American Society for 

Testing and Materials ( ASTM ) Designation: C 94-726 at reduced mixing 

times. These tests along with tests on civil works construction showed 

that in many cases the final time required by the specification can be 

reduced without reducing the quality of the mixture being produced. The 

reduction in mixing time also results in a more economical operation. 

17. Asphaltic concrete. Guide Specification 807.22 requires a 

fixed minimum mixing time for asphaltic concrete without provision for 

analytically determining the extent of mixing. Many state highway de

partments have used what is known as the "Ross Count Method" for deter

mining the percentage of coarse aggregate coated with asphalt. Identical 

test procedures fo� this method are listed in both the ASTM and the 

American Association of State Highway Officials Standards. The Ross 

Count Methoa-has proven to be a reliable method for determining the ex

tent of mixing for establishing a minimum mixing time for bituminous 

concrete mixing plants and various aggregate configurations. 

Cessation requirements 

18. Guide Specification CE 807. 22 bases cessation requirements 

on the temperature of the base course material on which the bituminous 

material is being placed. The primary purpose of establishing cessation 

requirements is to avoid placing mixtures at a time when the mixture 

will cool below the temperature necessary for obtaining adequate compac

tion before specified densities are reached. Factors other than the 
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temperatures of the base govern the rate at which the mixture cools, 

such as thickness of lift, cloud cover, angle of sun, wind velocity, 

etc. Several papers have been prepared in recent years on this subject 

with recommendations on cessation requirements, but very little actual 

experimentation has been done. Modification of cessation requirements 

would possibly allow placing of bituminous material over a longer period 

of time and result in a more economical operation. 

Deep-lift bituminous laydown 

19. Deep-lift (up to 8-in. (20. 32-cm)) bituminous base courses 

have been successfully placed by state highway departments for several 

years. The deep lifts retain heat longer than thinner lifts, increasing 

the length of time for compacting the material; therefore, required den

sities can be obtained with conventional type equipment and methods. 

Deep lifts require greater plant production and more hauling equipment 

in order to keep the laydown equipment moving. These requirements are 

directly related to the developments of new equipment discussed earlier. 

Deleterious material limits 

20. Specification limits given in Guide Specification CE 806. 01 

were revised and compared with limits used in production of concrete in 

various geographical areas under varying weather conditions. In this 

investigation, it was found that structurally sound concrete could be 

produced with less restrictive limits on deleterious material�·. Guide 

specifications were therefore revised to make the limits more compatible 

with local geographical and weather conditions. 

Recommendations 

21. The primary objective when constructing any pavement is t� 

obtain a finished product that will meet specific design requirements. 

Therefore, specifications should be prepared that describe the design 

requirements and methods or tests that will be used to determine if 

the finished product meets these requirements. Present guide specifi

cations describe materials and equipment to be used, methods to follow 

while performing the work, and the requirements of the finished product. 

9 



There is very little latitude for contractors to use the latest develop

ments in equipment and methods, altho.ugh they may be more economical and 

produce structurally and functionally satisfactory facilities. Guide 

specifications are being revised to eliminate parts of the specifica

tions that specify types of equipment to be used, leaving this option 

to the contractor, so long as satisfactory end results are obtained. 

Methods of performing work are being limited only in those areas in 

which the method will detrimentally affect the finished product and test 

methods are not available to determine the quality of the finished prod

uct for acceptance. The general trend should be for the CE to adopt 

contractor quality control for road and airfield construction. Methods 

of instituting contractor quality control are presently being developed 

and the guide specifications will be revised accordingly. 
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