
HIGHWAY RESEARCH BOARD 
Bulletin 123 

Bituminous Resurfucing 

N 0 V 2 0 i .o , 

National Academy of Sciences-

National Research Council 
publication 410 



H I G H W A Y R E S E A R C H B O A R D 

Officers and Members of the Executive Committee 
1955 

OFFICERS 

G . D O N A L D K E N N E D Y , Chairman K . B . W O O D S , Vice Chairman 

F R E D B U R G G R A F , Director E L M E R M . W A R D , Assistant Director 

Executive Committee 

C . D . CURTiss, Commissioner, Bureau of Public Roads 

A . E . JOHNSON, Executive Secretary, American Association of State Highway 
Officials 

L O U I S JORDAN, Executive Secretary, Division of Engineering and Industrial 
Research, National Research Council 

R . H . BALDOCK, State Highway Engineer, Oregon State Highway Commission 

P Y K E JOHNSON, Consultant, Automotive Safety Foundation 

G . DONALD K E N N E D Y , President, Portland Cement Association 

O. L . Kipp, Assistant Commissioner and Chief Engineer, Minnesota Department 
of Highways 

BURTON W . MARSH, Director, Safety and Traffic Engineering Department, Ameri­
can Automobile Association 

C . H . ScHOLER, Head, Applied Mechanics Department, Kansas State College 

R E X M . WHITTON, Chief Engineer, Missouri State Highway Department 

K. B . WOODS, Director, Joint Highway Research Project, Purdue University 

Editorial Staff 

F R E D B U R G G R A F E L M E R M . W A R D W A L T E R J . M I L L E R 

2101 Constitution Avenue Washington 25, D . C. 

The opinions and conclusions expressed in this publication are those of the authors 
and not necessarily those of the Highway Research Board. 



HIGHWAY R E S E A R C H BOARD 
Bulletin 123 

Bituminous Resurtueing 
PRESENTED AT THE 

Thirty-Fourth Annual Meeting 
January 11-14, 1955 

1956 
Washington, D. C. 



Department of Maintenance 

M. W. Fisher, Chairman 
Maintenance Engineer 

State Highway Commission of Wisconsin 

COMMITTEE ON SALVAGING OLD PAVEMENTS BY RESURFACING 

Vernon G. Gould, Chairman 
Bituminous Engineer 

Iowa State Highway Commission 

A. A. Anderson, Chief Highway Consultant, Portland Cement Association 
T. V. Fahnestock, Bituminous Engineer, North Carolina State Highway 

and Public Works Commission 
F. H. Green, Engineering Experiment Station, Purdue University 
Fred W. Kimble, Flexible Pavements Engineer, Ohio Department of 

Highways 
Henry J . Lichtefeld, 7408 B River Drive, Newport News, Virginia 
Bert Myers, Materials Engineer, Iowa State Highway Commission 
J. T. Pauls, Bureau of Public Roads 
John L . Stackhouse, Maintenance Engineer, Washington Department of 

Highways 
R. R. Thurston, The Texas Company, New York 
Robert H. Tittle, Engineer of Construction, Illinois Division of Highways 
D. D. Woodson, District Engineer, The Asphalt Institute, Atlanta 

11 



Contents 

REJUVENATING HIGHWAY PAVEMENT 
J. L . Stackhouse 1 

CONDITIONING AN EXISTING CONCRETE PAVEMENT FOR 
BITUMINOUS RESURFACING 

Fred W. Kimble 11 

CONDITION SURVEYS OF BITUMINOUS RESURFACINGS OVER 
CONCRETE PAVEMENTS 

Lewis W. Crump and Alexander J . Bone 19 
Appendix A: Field Procedure 29 
Appendix B: Description of the Pavement Data Sheet 30 
Appendix C: Description of Crack Analysis Sheet 31 
Appendix D: Crack Index Sheet, Descriptions and 

Formulas for the Indices 31 

CURRENT PRACTICES AND RESEARCH ON CONTROLLING 
REFLECTION CRACKING 

Alexander J . Bone and Lewis W. Crump 33 

iii 



Rejuvenating Highway Pavement 
J . L . STACKHOUSE, Maintenance Engineer 
Washington State Highway Commission 

The paper describes the resurfacing with a flexible pavement of the Roy Junc­
tion - Muck Creek section of Primary State Highway 5, located 6 miles south 
of Tacoma, Washington, on the route to Mount Rainier National Park that was 
or^inally paved in August 1914 with a 16-foot-wide portland-cement-concrete 
pavement. This section, 5.46 miles in length, was widened to 22 feet in 1940, 
using a 3-mch-depth asphaltic-concrete-base mixture as a widening medium 
and the widened roadway was resurfaced with an average thickness of in­
ches of asphaltic concrete material. 

A description of the type of soil underlying the pavement is given and the 
condition of the old pavement before resurfacing. Figures show typical sec­
tions before and after resurfacing and after 14 years of service. 

The typical grading of the base, leveling and wearing surface mixtures is 
outlined along with the type and character of the mineral aggregates used and 
the grade and source of asphalt cement. A brief description of the methods 
and types of equipment used in construction of the resurfacing is given, also 
the length of time and the cost to construct the project. 

A table indicating the cost to maintain this section of highway per year per 
mile is presented, also the average daily traffic for each year. Slides show­
ing the crack patterns that have developed during the 14 years of this pavement's 
life are shown with an analysis of the cause of each type. 

The paper is concluded with an attempted evaluation of this resurfacing 
work, pointing out the weaknesses that have developed and how possible cor­
rection can and has been made in this type of construction. 

• THE problem of providing adequate highway surfaces in the face of ever increasing 
traffic volumes and Inadequate funds is one the Washington State Highway Department 
has shared with the other 47 states of the union since the advent of the motorized vehicle. 

A part of Primary State Highway 5, located 6 miles south of Tacoma, Washington, 
and known as the Roy junction to Muck Creek section, was judged to be in critical need 
of widening and improvement of the riding surface when the biennial construction budget 
of 1939-40 was made. This was due to the increased traffic by reason of the expansion 
of population of the second largest city in Washington and spread of home building in all 
directions, increased use of trucks to haul logs and rough lumber to Tacoma mills from 
forests and small mills south of Tacoma, and growing popularity of Mount Rainier Na­
tional Park as a recreational center for motorists from Seattle-Tacoma vicinities. 

The glacial deposit of sand and gravel which underlies this section of highway, up to 
50 feet deep, provides an excellent free-draining foundation, and conditions would be 
ideal if it were not for a highly plastic, silty, black-colored soil that covers the gravel 
from 4 to 8 inches in depth. It is this soil that, due partly to ignorance and partly to 
carelessness on the part of the inspectors, was allowed to become mixed in some areas 
with the base aggregate for the widened areas and that later caused trouble, as will be 
shown in this paper. 

A flexible type of widening and resurfacing material over the rigid portland-cement-
concrete pavement was determined early in 1940 to be an adequate method of rejuvenat­
ing this section of 16-foot wide pavement, which is 5.46 miles long and was constructed 
in August 1914 on an existing gravel road. The old pavement had a slab thickness of 
5-7-5 inches and was not subsealed, due to the fact this technique was untried and un­
known in Washington in 1940. 

A typical cross-section of this project, as shown in Figure 1, consisted of 3 feet of 
widening on each side of the old pavement with a 2y2-inch asphalt-concrete base, after 
which a leveling course with a minimum thickness of % inch over high points, or an av­
erage thickness of 1 inch was placed over the old 16-foot roadway. The depth of level­
ing mix on the new base course varied from to % inch. A wearing surfacing of iVa-
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inch uniform thickness was constructed to complete the resurfaced roadway. In areas 
where depths of more than 2 inches of leveling course were required to produce a uni­
form grade line, leveling mix was spread by motor-patrol blade to prelevel the depres­
sions in the old cement concrete pavement. The shoulders on each side of the pavement 
were excavated to a width of 5 feet and depth of 6 inches below grade line of the finished 
subgrade. This area was then filled and compacted with selected gravel roadway borrow 
upon which to lay the asphalt concrete base mixture. One exception to the above cross-
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Figure 1. 

section was a %-mile area where, due to limited right of way, the widening was all con­
structed on the east side of the roadway. 

Figure 2 shows the old pavement as it appeared in March 1940, or nearly 26 years 
after it was constructed. Note the transverse cracks and the indications of pumping 
movement of the slabs at the expansion joints by the light patches near the center line. 
Figure 3, taken in September 1940, illustrates the resurfaced pavement at the same lo­
cation as Figure 2, while Figure 4 was taken in October 1954, showing the conditions of 
this pavement 14 years later. These three views were taken at the north end of the proj­
ect at the same location. 

Figure 5 reveals the condition of the old pavement at approximately the center of the 
project and although some of the corners of the slabs are broken and the expansion joints 
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Figure 2. 



Figure 3. 

are chipped, the 26-year old pavement is in fair condition at this point. 
Figure 6 exhibits the completed resurfacing work in September 1940, showing the 

rather granular texture of the wearing surface. Figure 7 discloses this same area in 
October 1954, or 14 years later. 

The contract for the widening and resurfacing work on this section was awarded in 
April 1940 to two Tacoma contracting firms, Paine & Gallucci and Woodworth & Cornell, 
working as partners. Woodworth & Cornell constructed the asphalt-concrete portion of 
the work. The mixtures were produced by a standard four-bin batching type plant with 
a 2, 000-lb. capacity mixer, located along the waterfront in Tacoma. The mixtures were 
hauled by truck an average distance of 15 miles to the job. A Jaeger self-propelled, 
mechanical spreading machine was used to spread all mixtures, except the base and spot 

Figure 4. 
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Figure 5. 

Figure 6. 

leveling materials. These were placed with a heavy motor-patrol blade. The pavement 
was rolled with one 10-ton, three-wheel and one 8-ton tandem roller. Figure 8 shows 
the spreading machine working on leveling mix and the three-wheel roller can be seen 
in the background. 

Figure 9 demonstrates a straightedge equipped with an adjustable carpenter's level 
for obtaining the thickness of mat on the old pavement for correct crown. Marks indi­
cating the thickness of the mat were placed on the pavement each 25 feet of length for the 
information of the machine operator and inspector. 

Figure 10 discloses the base mix compacted in place on each edge of the old pave-



ment. Note the 3-by-8-inch wood form laid on edge at each side of the roadway. These 
forms were removed after the asphalt concrete was completed and before the shoulder 
material was placed. Present-day construction does not require forms of any type, since 
it has been found the mechanical self-propelled machines do not require side forms for 
grade or alignment. 

Representative composite screen gradings of the three classes of mixtures used on 
this project are shown in Table 1. Note the grading of material is expressed on a pass-
ing-and-retained basis rather than a total passing. The mixtures were within the limits 
of the 1935 standard specifications of the department. There was no difficulty experi­
enced in adjusting the feed of the aggregates at the plant to meet the specif ication in grading. 

Figure 7. 

Figure 8. 
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Figure 9. 

The aggregate was an excellent 100-percent crushed gravel shipped to the asphalt 
plant in barges from a gravel plant located at Steilacoom, Washington, that primarily 
produced aggregates for cement concrete use. The large, oversize gravel pieces were 
crushed to produce the asphalt concrete. This gravel is considered as a high-quality 
aggregate and is used as a standard material in the department's material testing labo­
ratory. The blending or muck sand used to mix with the pass No. 10 mesh sieve of the 
crushed, %-inch-to-O gravel was obtained from the Hylebos Hill pit owned by the con­
tractor and located 3 miles from the asphalt plant. This material is composed of sharp, 
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Size of Round 
Opening Screens 

Weaving Leveling Base 
Surface Mix Mix Mix 

Class C Class F Class E 

Pass 2" ret. 1%" 8.0 
Pass 1%" ret. 1" 8.0 
Pass 1" ret. %" 
Pass y," ret. %" 
Pass 'A" ret. Va" 
Pass ya" ret. %" 
Pass yi" ret. No. 10 sieve 

10.0 Pass 1" ret. %" 
Pass y," ret. %" 
Pass 'A" ret. Va" 
Pass ya" ret. %" 
Pass yi" ret. No. 10 sieve 

14.0 
Pass 1" ret. %" 
Pass y," ret. %" 
Pass 'A" ret. Va" 
Pass ya" ret. %" 
Pass yi" ret. No. 10 sieve 

6. 0 5.5 -

Pass 1" ret. %" 
Pass y," ret. %" 
Pass 'A" ret. Va" 
Pass ya" ret. %" 
Pass yi" ret. No. 10 sieve 

46. 0 41.0 19.0 

Pass 1" ret. %" 
Pass y," ret. %" 
Pass 'A" ret. Va" 
Pass ya" ret. %" 
Pass yi" ret. No. 10 sieve 27. 0 20.0 14.0 
Pass No. 10 sieve ret. 

No. 40 sieve 4. 0 6.5 7.0 
Pass No. 40 sieve ret. 

No. 80 sieve 7. 5 13.0 10.0 
Pass No. 80 sieve ret. 

No. 200 sieve 6. 0 10.0 8.0 
Pass No. 200 sieve 3.5 4.0 2.0 

Total 100. 0 100.0 100.0 
Percent asphalt cement 4. 9-5.0 4. 5-5. 0 4.6-5.0 

clean particles and has a good grading for TABLE i 
a blending sand. The limestone dust used 
only in the wearing-surface mix at the rate 
of 2 percent was obtained from commercial 
sources in Seattle. The asphalt cement 
was supplied by the Standard Oil Company 
and was 61-70 penetration grade, meeting 
the department's specification in all re­
spects. 

A total of 13, 845 tons of asphaltic con­
crete was used in the project, of which 
6, 650 tons was wearing surface, 3, 895 tons 
was leveling mix, and 3,300 tons base mix­
ture. The unit cost of the asphalt concrete 
was $6 per ton for all classes of mixture, 
or a total cost of $83, 070. There was a 
total of 69,595 sq. yd., including intersections, in the contract. The unit cost per square 
yard was $1.19 for the asphalt concrete resurfacing. The total cost of the contract paid 
the contractor on the final estimate for all items of work was $106, 989. 45. 

The resurfacing portion of the project was started on April 22, 1940, and completed 
on June 24, or an elapsed time of 64 calendar days. The contractor required 37 working 
days to complete the work. Much of the delay was due to unfavorable weather conditions 
during April and May. 

The cost per mile per year to maintain the traveled or paved area of the section and 
the average daily traffic since 1940 are shown in Table 2. During the last two years of 
World War II and the two years following, the cost to maintain the pavement surface only 
was not segregated from the costs to maintain shoulders, ditches, and other items of 
maintenance work. The maintenance costs are shown for the fiscal year ending March 
31, while the ADT shown is computed on a calendar year basis. It is to be noted that 
traffic counts on this section were not recorded during the war years and not until 1947. 
It is estimated that 10 to 15 percent of the traffic using the northbound lane was logging 
trucks with maximum loads of 40. 5 tons or more. 

The cracks that have developed in the wearing surface of the pavement fall into two 

Figure 11. 



Cost to maintain pavement Average 
surface only per mile daily 

Year computed to closest dollar traffic 
1941 1 2940 
1942 19 -
1943 6 -
1947 - 3206 
1948 96 3391 
1949 36 2671 
1950 63 2890 
1951 43 3414 
1952 68 3109 
1953 122 3209 
1954 90 -

TABLE 2 general classes that are common in this 
type of construction. The first class is 
where a relatively thin flexible pavement 
is placed over a rigid pavement or base 
and the expansion joint pattern in the rigid 
base reflects through to the new surface 
after a few years. The second class of 
crack pattern is where the nonrigid base 
under the widened area is lacking in thick­
ness or contains plastic material which 
causes the pavement to yield under traffic 
during wet weather or during the early 
spring thawing period. 

Figures 11 and 12 illustrate the first 
type of crack pattern that developed in this 
pavement to a minor extent the second 
year after it was laid. The second type of 

crack pattern in Figures 13 and 14 indicates the foundation under the asphalt concrete 
pavement has yielded and caused the surface to form an irregular crack pattern, some­
times called alligator cracks. There are cases where this type crack will form due to 
lack of compaction of the widened area, and the area, under traffic, will compact and 
subside causing the cracks to form. However, cracks caused from lack of compaction 
will usually heal up in following years and will not recur when the base material is un­
yielding. The cracks over the old concrete pavement are less noticeable during the sum­
mer and early fall months before cool weather causes the old pavement to contract. To 
date little patching has been done on this asphalt-concrete resurfacing, and the cracks 
have never been poured with a crack-filling material. However, such areas as shown 
in Figures 13 and 14 will need attention in the next year, since they are becoming pro­
gressively wider and allowing more water to reach the base or foundation. 

From experience gained by study and observation of the wearing ability and value to 
the tax-paying highway user of the Roy junction to Muck Creek project and many other 
sections resurfaced before and after this work, certain criteria have been established 
and must be satisfied before such work is budgeted. The tests are as follows: 

1. Does the old rigid-type pavement to be resurfaced have fair to good alignment. 

Figure 12. 



Figure 13. 

so that if it were resurfaced with or without widening of the traveled surface and shoul­
ders, the resurfaced pavement will have capacity to carry the anticipated traffic durii^ 
the next 10 to 15 years? It is apparent that if the horizontal and vertical curves existing 
in the old roadway are so' sharp that the section will have to be reconstructed to present 
day standard within a few years in order to carry traffic, the mere act of smoothing and 
widening the highway would be a wasteful e3q)enditure of funds. 

2. Does the old pavement have sufficient foundation as observed by an inspection? 
If the old pavement has many areas that are unstable, causing excessive patching, it is 
obvious that a flexible resurfacing would have a short useful life and should be reballasted 

Figure 14. 
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or an unyielding foundation constructed before any type resurfacing is attempted. How­
ever, if the old pavement is rough from settlement and has only minor foundation defi­
ciencies, the logical procedure is to correct these areas by removal and replacing with 
suitable base material and the whole section resurfaced with a two-course asphalt-con­
crete mat. 

3. The present or anticipated traffic on any section must be such that the expenditure 
of funds is warranted. 

It has been observed from the inspection of many sections resurfaced with a flexible 
pavement that pavements with overlay thickness of a minimum of 2/̂ 2 to 3 Inches suffer 
less from e^ansion-jolnt cracks eventually showing through than do pavements having 
thinner overlays. Also, where an old pavement is to be widened and resurfaced with 
asphalt concrete, it is mandatory to get the most-thorough compaction possible of the 
base material under the widened asphaltic concrete. Other observations are that when 
an old pavement is resurfaced, it is profitable to remove the old shoulder material to an 
elevation slightly below the bottom of the old pavement, so that all impounded water un­
der the pavement will be drained. 

The engineers of this department have been surprised to find large quantities of water 
under old pavements, even when the underlying soil has been sandy in character. The 
excavated shoulder area should then be replaced with a granular, free-drainmg aggre­
gate. It has been found that when old rigid pavements are found to have slabs rocking or 
moving under traffic, it is good insurance from future maintenance to subseal these 
pavements with a low-penetration, air-blown asphalt to seal the joints from beneath and 
fill in depressions under the slabs. The rule observed by the Washington highway de­
partment on whether or not a rigid pavement needs undersealing before resurfacing de­
pends on the observed pumping action of the slabs. Where no action is noted, subsealing 
Is usually omitted. 

In conclusion, it is the opinion of the author that the scope and evaluations of Highway 
Research Board Project Committee on SalvagingOldPavements by Resurfacingwilldevelop 
methods and techniques that will be invaluable to all highway organizations. The evalua­
tion of the work completed to date in Washington descloses that this type of work on old 
pavements, when and if the section satisfies the criteria noted above: (1) receives favor­
able comment from the tax-paying public, especially the truckers; (2) reduces mainte­
nance costs from 50 to 75 percent; and (3) speeds up traffic on sections of highway that 
formerly were bottlenecks. To evaluate this saving in dollars would be difficult and 
subject to controversy, but the conserving in tire wear, mechanical repair to springs, 
etc., and the reduction in vibration resulting from the resurfacing of a rough pavement 
with a nonskld, smooth-riding surface must play an important part in making this type 
of work popular with the traveling public. 



Conditioning an Existing Concrete Pavement 
For Bituminous Resurfacing 
FRED W. KIMBLE, Flexible Pavements Engineer 
Ohio Department of Highways 
#FOR more than a decade Ohio has found it necessary to salvage many existing pave­
ments by resurfacing or by widening and resurfacing with hot-mix asphaltic-concrete in 
order that its highway system be kept open to accommodate the ever-increasing volume 
of traffic. Pavements that have been so salvaged are of many types, being principally 
bituminous surface treated, brick wearing course with either flexible or rigid base, and 
portland-cement concrete. 

In this type of work varying degrees of preparation of the existing pavement have been 
practiced. Such preparation as has been practiced, being influenced by either the think­
ing of the designer or the length of time between the decision to salvage and the complet­
ed work is desired. However, considerable thought has been given to the best way to re­
surface old portland-cement-concrete pavements to prevent the reflection of transverse 
and longitudinal joints and cracks, stop pumping, and stabilize moving slabs. 

Such approaches as bituminous surface treatments, compacted granular courses, 
thickened resurfacings and subsealing with both heavy tars and low-penetration asphaltic 
cement, have been tried with varying degrees of success. A compacted granular course 
over the existing pavement or subsealing, or a combination of both, have probably given 
the best results where no removal and replacement have been done. 

As more experience was gained, it was found that the piling on of thickened courses 
of resurfacing would not correct conditions of bad or weakened pavements. This has 
been demonstrated where existing pavements with cracked, broken, and pumping slabs 
were resurfaced with as much as 5 inches of compacted, hot-mixed asphaltic concrete. 
In some cases, in less than a year, the cracks and joints reflected through and the rock­
ing slabs continued to pump. These pavements being salvaged had been laid on earth 
subgrade and the subgrade soils were clay or clayey materials. 

Money for rebuilding highways has not been available to meet the demands of increas­
ing traffic volume. This lack of money has also influenced salvage programs, and pave­
ments have not always been salvaged at the point just before rapid disintegration sets in. 
Consequently, those pavements being salvaged show marked or extreme distress before 
those persons responsible feel that such salvage work can justifiably be programmed. 

Under such conditions of operation, it becomes apparent that preparation of the pave­
ments being salvaged for resurfacing is necessary to assure a reasonable service life of 
the resurfacings. In locations where there is a large volume of heavy truck traffic, some 
preparation is necessary, or the seriously distressed areas soon reflect through the re­
surfacing. Regardless of the location of the pavement and the character of the traffic, 
where an old portland-cement-concrete pavement reaches a certain stage of disintegra­
tion, preparation for resurfacing appears to be a justifiable and economic procedure. 

During the years of 1942-43, the Ohio Department of Highways constructed a new 
portland-cement-concrete pavement on US 42, between the towns of Ashland and West 
Salem. This new pavement was built parallel to the existing pavement, forming the 
north-bound lane^ of a divided highway. The plans provided that the new lanes be built 
24 feet wide with a 9-7-7-9 section, transverse joints be spaced at 60 feet, alternate 
joints being e:^ansion and contraction. Reinforcing was included, with dowels at trans­
verse joints and tie bars along the longitudinal joint. 

Due to conditions then existing, resulting from a state of war, the contractor was un­
able to obtain reinforcing mesh as required by the plan under the priority rating assigned 
to the project. Because of this reason, the pavement was built without reinforcing mesh 
and the section was deepened to 9-8-8-9. The transverse-joint spacing was rearranged 
to intervals of 20 feet, with expansion joints at intervals of 120 feet. Of the resulting 
five contraction joints between expansion joints, four were built without dowels and one 
with dowels. Dowels were used m this manner because they had been supplied for the 
original joint spacing and none further could be obtained. The longitudinal jomt re­
mained as originally planned. The holding devices on hand placed the dowels inch 
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below the horizontal transverse centerline of the slab, but this was not considered to be 
critical or detrimental to the slab. Side forms 8 inches deep were used with 1-inch 
hardwood lifts. 

This pavement was placed on earth subgrade, which was built under a specification 
requiring a minimum of 95 percent of standard Proctor density for soils having a maxi-

Figure 1. Condition 'of old pavement pr ior to resurfacing. Fore­
ground i s passing lane. 

;= Figure 2. Condition of old pavement prior to resurfacing. Fore­
ground example of extensive bituminous patching. Background ex­

ample of numerous corner breaks. 

mum dry weight of 95 to 120 pcf. and 90 percent for soils having a maximum dry weight 
in excess of 120 pcf. 

By the fall of 1949, this pavement was requiring more than ordinary maintenance, and 
it was programmed for resurfacing in 1950. A plan was prepared and a contract was let 
early in 1950 for the work. The resurfacing was for a minimum of i f t inches of leveling 
course and 1% inches of surface course. Both courses were of the same mix and in-
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volved a y4-inch aggregate maximum. The plan provided for the removal and replace­
ment of 600 sq. yd. of the existing pavement and the installation of 300 linear feet of 
porous backfilled underdrains. The total project was 4. 521 miles long. 

Before the resurfacing work could start in the spring of 1950, the condition of the 
pavement became steadily worse, because of alternate periods of frost and extremely 

Figure 3. Condition of old pavement pr ior to resurfac ing . View 
shows faulted and pumping slabs and extensive bituminous patching. 

Figure 4. Condition of old pavement pr ior to resurfac ing . View 
shows a pumping jo in t that has broken through an extensive bitumi­

nous patch. 

wet weather. When the spring finally came, with settled weather, a survey of the pave­
ment indicated that the pavement corrective measures set up by the plan were not ade­
quate to take care of the condition. Negotiations were started with the contractor to per­
form the additional corrective work necessary to bring the old pavement to a satisfactory 
condition for resurfacing under an extra-work contract. The contractor was unwilling, 
at the unit prices bid under his contract, to perform the additional corrective work. 
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Since the unit prices he was asking for the additional work were so high, the department 
decided to do the additional corrective work with maintenance forces. 

This project was an excellent opportunity to determine the value of old pavement prep­
aration before resurfacing. The preparation work consisted of removing the badly bro­
ken areas of pavement, excavating the wet subgrade, and replacing with granular subbase 

Figure 5. View showing old concrete removed preparatory to patch­
ing. This i s a minimum width removal of 4 feet. 

Figure 6. View showing a large size plain concrere patch on l e f t . 
Right side p a r t i a l l y patched. Surface of patches were f loat f i n ­

ished and were not edged. 

material, installing drains, and then placing pavement patches of either plain portland-
cement concrete or of the flexible type. Before any work started, an accurate condition 
survey of the pavement was made and recorded on a condition survey form (see Figure 
9 for an example). The survey noted all faulted joints and extent of the faulting, patches, 
cracks and breaks in the slabs, pumping joints, and other conditions considered to have 
an influence on the resurfacing. Figures 1 through 4 illustrate the condition of removal 



16 

areas at the time of the condition survey. 
Pavement marked for removal was broken into small pieces with a gravity hammer. 

The edges of the removal areas were trimmed, where necessary, with pneumatic drills 
and chisels. The minimum size of removal area was 4 feet by 4 feet. The ec^es of all 
patches were parallel and at right angles to the centerline of the pavement. This prac-

Figure 7. Typical condition of the resurfaced pavement December 1, 
1954. 

Figure 8. Typical condition of the resurfaced pavement December 1, 
1954. 

tice necessitated the removal of some sound pavement in areas of triangular corner 
breaks. It was felt that If small triangular patches were placed, however, they would 
soon be rocking under the traffic load. Figure 5 illustrates a minimum width of removal. 

Wet subgrade soil, under the removal areas, was removed to the affected depth. The 
subgrade in the areas was then shaped and compacted. Where the areas of removal 
would allow, rollers were used, and small areas and the subgrade around the edges of 
all patches were compacted with pneumatic tamps, which were heavy pneumatic pave-
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ment b r e a k e r s equipped w i t h 1 0 - b y - 1 0 - i n c h t a m p i n g heads. 
G r a n u l a r subbase m a t e r i a l , a l o c a l b a n k - r u n g r a v e l , was p laced on the p r e p a r e d sub-

grade . Compac t ion was accompl i shed i n the same manner as f o r the subgrade. The 
subbase m a t e r i a l had enough f i n e s f o r compac t ion , ye t was f r e e d r a i n i n g . The porous 
b a c k f i l l e d underd ra ins w e r e next i n s t a l l e d f r o m subgrade e l eva t ion , w i t h enough f a l l to 

O H I O D C P A R T K N T O F H I G M A V S C O N C R E T E ROM) 8UIIVEV 
ritlD aiETCH.9«fT 

/»T*ff-\ 

/MA 

Figure 9. 

d r a i n t h rough the b e r m to e i the r the side d i t c h o r t h rough the slope of the f i l l . Some of 
the d r a in s w e r e i n s t a l l e d w i thou t t i l e , however , the same s ize of f i l t e r m a t e r i a l (Ohio 
No . 6 s ize % to Va inch) was used i n both cases. 

The p l a i n - c e m e n t - c o n c r e t e patches w e r e a l l p l aced 9,inches t h i c k , except i n the m i n ­
i m u m - s i z e d areas . The th ickness i n the 4 - b y - 4 - f o o t areas was inc reased to 12 inches . 
The ec^es of t h i s s ize pa tch w e r e undercut about 3 mches. I t was be l i eved tha t t h i s 
t r e a t m e n t of the s m a l l patches w o u l d be t t e r enable t h e m to r e s i s t mov ing under the t r a f ­
f i c l oad . F i g u r e 6 i l l u s t r a t e s some of these patches. The s u r f a c e of the patches was 
g iven a f l o a t f i n i s h and no edging was done. 

The f l e x i b l e patches w e r e made up of a 5 - inch course of d r y - b o u n d macadam and a 
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3 - inch course of b i t u m i n i z e d macadam. The d r y - b o u n d macadam was made f r o m Ohio 
No. 12 s ize l imes tone {3% t o I'/a inches) and f i l l e d w i t h l imes tone sc reen ings . The b i ­
t u m i n i z e d macadam was p lan t m i x e d us ing M C - 5 and Ohio No. 46 s ize l imes tone (% to 

T A B L E 1 
cosDrrzQN SURVEY 

MAY 23, 1951 
ASHLAHD Ik.3k to 18.1»0 WACTE 0.00 to 0.38 
T-33 RESQRFACnC OF CONCRETE PAVBIERF 

Station 

F r c o i To 

Rie^ t 
of 

Left 

Type 
of 

Patch 
Remarks 

106/52 

106/83 
108/58 
109/06 
109/80 

UO/65 
111/58 
114/87 
115/35 
127/70 

106/72 

106/93 
108/71 
109/09 

R 
R 
L 
R 

Flex. 

Coiv:. 
Flex. 

110/78 
m/63 
115/38 

' I I 

Slight depression that enables one to locate 
patch area. Sane cracks I n patch area. 
HO surface evidence of patch. 
Slight opening at centerline over patch. 
No surface evidence of patch. 
h to 3 area depressed as much as 1/2" over 
old crack. 

R 
R 
R 
I . 
L 

Flex. 
ti 

Flex. 

No surface evldextce of patch. 
•• Drain running. 

No surface evidence of loose area of concrete. 
" patch. 

129/00 
130/10 
131/50 
132/00 

i29y 
130/30 
131/70 
132/17 
132ig2 

133/50 

13U/00 
136/J8 

L 
L 
L 
L 
R Drain running. 

1 3 5 ; ^ 
133/23 
133/57 
3̂3Ĵ 90 

136/58 
•i35?l. 
137/97 
138/37 
138/53 
^1 

i 3 5 3 S r 
138/09 
138/57 
138/62 

m -
l'*3/70 

L 
R 
R 
L 
R 

Flex. 
Drain running. 
No surface evidence of patch. 

- i T O -
1^3/50 
l lMf/66 
1U5/62 

L 
R 
R 
L 
R 
R 
R 
R 
R 

Cone. 
Flex. 

150/70 
15l»A9 
15^/81 

•' Drain dry. 
Drain numlng. 
Pugplng Joint. Faulting at centerline. 

1507. 
15^/35 

i f t / 3 6 
164/70 
164/81 

R 
R 
R 
B 
L 

Flex. 

Flex. 

No surface evidence of patch. Drain running. 

Drain dry. 
No surface evidence of patch. 

161/70 
164/50 

164^3 
165 A i 

R 
R 
L 
L 
R 

Cone. 

Flex. 
Drain missing. 
No surface evidence of patch. 

% inch) . The compac t ion of these courses was accompl i shed the same as f o r the sub-
grade and subbase m a t e r i a l . 

The t o t a l a rea of the pavement r e m o v e d was 3,342 sq. yd . Of t h i s amount , 666 sq. 
y d . was r e m o v e d and rep laced under the con t r ac t us ing p l a i n p o r t l a n d - c e m e n t - c o n c r e t e 
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patches. The r e m a i n d e r was r e m o v e d and r ep laced w i t h maintenance f o r c e s and was 
d i v i d e d in to 1,073 sq. y d . of f l e x i b l e patches and 1,603 sq. y d . of p l a i n p o r t l a n d - c e m e n t -
concre te patches. The t o t a l a rea of a l l the patches was 5 percen t of the t o t a l a rea of 
the pavement . 

A f t e r the c o r r e c t i v e w o r k was accompl i shed , the r e s u r f a c i n g was p laced at the r a t e 
of about 90 tons p e r hour . Th ree r o l l e r s , one th ree -whee led , 10- ton f i n i s h i n g and two 
8- to-12 t on tandem r o l l e r s , w e r e necessary to get s a t i s f a c t o r y densi ty i n the r e s u r f a c ­
i n g courses . The p r o j e c t was comple ted i n the l a t t e r p a r t of June 1950. 

A n n u a l cond i t ion su rveys have been made each M a y since the p r o j e c t was comple ted . 
The pavement and d r a i n s w e r e c a r e f u l l y checked and a r e c o r d made (see Tab le 1). The 
pavement was las t examined on December 1, 1954. F i g u r e s 7 and 8 i l l u s t r a t e the p r e s ­
ent gene ra l cond i t ion of the pavement . 

F r o m the e:q)erience gained w i t h t h i s p r o j e c t , i t i s be l i eved that the impor t ance of 
cond i t ion ing an o l d po r t l and -cemen t - conc re t e pavement b e f o r e r e s u r f a c i n g has been 
w e l l demons t ra ted . The r e s u r f a c i n g i s now 4 % y e a r s o l d and i s i n good cond i t ion . T h i s 
length o f s e r v i c e i s a lmos t two t h i r d s of the l i f e of the o r i g i n a l pavement . T r a f f i c d u r ­
i n g t h i s t i m e has s t ead i ly inc reased and i s now probab ly 25 pe rcen t g r ea t e r than when 
the pavement was o r i g i n a l l y b u i l t . W i t h a modera te amount o f maintenance, t h i s r e ­
s u r f a c i n g should l a s t at least ^ % y e a r s m o r e . By the end of tha t t i m e the economic 
w o r t h of such pavement p r e p a r a t i o n be fo re r e s u r f a c i n g can be de t e rmined w i t h accuracy . 
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T h i s paper desc r ibes a technique f o r m a k i n g and ana lyz ing cond i t ion su rveys 
of b i tuminous r e s u r f a c i n g s ove r concre te pavements . Successive su rveys 
p r o v i d e a bas is f o r eva lua t ing the p e r f o r m a n c e of d i f f e r e n t r e s u r f a c i n g types. 

Survey sect ions inc lude about 1,000 f ee t of t y p i c a l pavement . The l o c a ­
t i o n and extent of a l l defec ts a r e measured i n the f i e l d and r e c o r d e d d i r e c t l y 
on f o r m s p r e p a r e d f o r that purpose . A l l c r a c k s a r e c l a s s i f i e d by w i d t h and 
by t h e i r mos t l i k e l y cause, w h i c h can usua l ly be d e t e r m i n e d qui te accura te ly 
by obse rva t ion o r by inspec t ion of cons t ruc t i on and maintenance r e c o r d s . 

Indices a r e computed f r o m the f i e l d data and a re used to compare the p e r ­
f o r m a n c e of the d i f f e r e n t r e s u r f a c i n g s . They a re conq>uted f o r the incidence 
of c r a c k i n g o v e r t r a n s v e r s e and long i tud ina l j o i n t s , ove r j o i n t s between c o n ­
c r e t e and adjacent b i tuminous shou lders , a t cons t ruc t i on jo in t s i n the r e s u r ­
f a c i n g , and o v e r c r a c k s and o ther defec ts i n the u n d e r l y i n g concre te . 

The su rvey method d i f f e r s f r o m those appl icab le to concre te pavements o r 
to b i t uminous su r f aces on f l e x i b l e bases. Defec t s may be caused by d e t e r i ­
o r a t i o n of e i the r the concre te o r the b i tuminous r e s u r f a c i n g , o r by the d i s ­
s i m i l a r p r o p e r t i e s of the two m a t e r i a l s . The method has been developed and 
r e f i n e d th rough 2 y e a r s of data c o l l e c t i n g and has been succes s fu l l y used on 
repeated su rveys of 25 tes t sect ions t o t a l i n g ove r 6 m i l e s i n length . 

# T H E cond i t ion su rvey has long been recogn ized as a u s e f u l t o o l f o r evaluat ing pave­
ment p e r f o r m a n c e i n the f i e l d . I t may be used to de t e rmine the p resen t cond i t i on of a 
pavement , as i s o f t e n done f o r s u f f i c i e n c y - r a t i n g purposes , o r to de t e rmine the r a t e and 
na ture of d e t e r i o r a t i o n . The l a t t e r r e q u i r e s repea t ing su rveys at r e g u l a r i n t e r v a l s . 

I n m a k i n g s tudies of b i t uminous r e s u r f a c i n g s ove r concre te pavements , the need f o r 
cond i t ion su rveys soon became obvious . W h i l e the occu r rence of r e f l e c t i o n c r a c k i n g 
( c r a c k i n g of the r e s u r f a c i n g i m m e d i a t e l y o v e r j o i n t s , edges, and c r a c k s i n the unde r ­
l y i n g pavement) was r e a d i l y recognized , l i t t l e was genera l ly known r e g a r d i n g i t s extent , 
cause, and ra te of g r o w t h . The condi t ion su rvey desc r ibed i n t h i s paper has been de ­
s igned to co l l e c t quant i ta t ive data on these f a c t o r s . I n add i t i on , i t i s used to compare 
v a r i o u s types of r e s u r f a c i n g s . 

C O N D I T I O N C H A R A C T E R I S T I C S T O B E M E A S U R E D 

The f i r s t step i n se t t ing up a su rvey i s to de t e rmine what i s to be measured . I n e v a l ­
ua t ing r e s u r f a c i n g s , the f o l l o w i n g cond i t i on c h a r a c t e r i s t i c s a r e impor t an t : 

C r a c k i n g 

C r a c k i n g i s the f i r s t s e r ious defec t that develops i n r e s u r f a c i n g s . M o s t of i t i s r e ­
f l e c t i o n c r a c k i n g caused by the j o in t s i n the u n d e r l y i n g concre te . Since r e f l e c t i o n c r a c k ­
i n g i s the p r i m a r y ob jec t ive of the s tudy, i t i s des i rab le t o have as m u c h d e t a i l as p o s ­
s ible about c r a c k s . L o c a t i o n , s i ze , and shape should be de t e rmined . C r a c k s a lso v a r y 
i n appearance. Some tend to s p a l l a long the edges. Others tend to hea l due to the knead­
i n g ac t ion of t r a f f i c . I t i s necessary to know whether the c r acks have been sealed, and 
to note the presence of any excess sea l ing m a t e r i a l on the adjacent s u r f a c e . I n f o r m a t i o n 
should a lso be r e c o r d e d as to whether c r a c k s a r e f i l l e d w i t h d i r t and sand. 

T e x t u r e of Surface 

Surface t ex tu re i s an i m p o r t a n t c lue to p e r f o r m a n c e of the pavement . Uneven o r wavy 
su r f aces a re ind ica t ions of i n s t a b i l i t y . The extent of any wavy su r face should be noted, 
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along w i t h some quant i ta t ive i nd i ca t i on of the a x i s , amp l i t ude , and p e r i o d of the waves . 
I t should be noted whether the su r f ace i s open o r dense, rough o r smooth . Surface 

t e x t u r e w i l l v a r y w i t h the aggregate g rada t ion and asphalt content of the m i x e s , as w e l l 
as w i t h cons t ruc t ion p rocedure s such as f i n i s h i n g and r o l l i n g . Surface t e x t u r e o f t en 
changes w i t h age and may be a c lue to dens i f i c a t i on by t r a f f i c o r to sca l ing . Nonun i -
f o r m i t i e s should be espec ia l ly noted. 

L o c a l Defec t s 

L o c a l defec ts should be desc r ibed f u l l y to f a c i l i t a t e explanat ion of t h e i r occu r r ence 
and an a p p r a i s a l of t h e i r in f luence on pavement p e r f o r m a n c e . They inc lude such i t e m s 
as l o c a l i z e d a reas of w e a r , r a v e l l i n g , patches, shoving o r unevenness, and f a t spots 
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Figure 1. Data f low diagram for survey data of one section. 

caused e i t he r by an excess o f b i t u m e n i n the pavement o r by o i l d r i p p i n g s . C r a w l e r 
t r a c k s , accident s ca r s , and o ther evidences of v e h i c l e damage should also be r e c o r d e d . 

Special Condi t ions 

A n y spec i a l condi t ions tha t m i g h t a f f e c t p e r f o r m a n c e should be r epo r t ed . T h r e e t j rpes 
w h i c h should be looked f o r a r e unusual subgrade condi t ions , dra inage cond i t ions , and 
t r a f f i c pa t t e rns . The l a t t e r m i g h t inc lude l a t e r a l p lacement of v e h i c l e s , unusual speeds, 
heavy t r u c k t r a f f i c , presence of bus s tops , stop s igns , t r a f f i c s igna l s , o r t r u c k t u r n i n g 
a reas . T r a f f i c pa t t e rns a t i n t e r s ec t i ons should be noted i f they a r e unusual . 

Misce l l aneous 

Other f a c t o r s tha t have a bea r i ng on pavement p e r f o r m a n c e should a lso be noted. I t 
i s be t t e r to have too much d e t a i l than too l i t t l e . Ext raneous data can be e l i m i n a t e d i n 
the ana lys i s , but m i s s i n g data i s se ldom ava i l ab le at a l a t e r date. 

O B T A I N I N G A N D RECORDING SURVEY D A T A 

B e f o r e l a y i n g out the su rvey p rocedure f o r r e s u r f a c i n g s , a r e v i e w was made of s u r ­
vey techniques developed f o r concre te pavements and f o r b i tuminous pavements on f l e x ­
ib l e bases. M o s t of these measure the s ize and ser iousness of defects . I n evaluat ing 
the defects i n r e s u r f a c i n g s , i t i s necessary to r e l a t e t h e m to f e a t u r e s i n the u n d e r l y i n g 
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concre te . F o r t h i s reason , a f u r t h e r c l a s s i f i c a t i o n , " cause , " was es tabl i shed. The 
cause re la tes the defects to the j o i n t s , edges, and c r acks i n the concre te w h i c h a re r e ­
sponsible f o r t h e m . 

JOINT HIGHWAY RESEARCH PROJECT 

SECTIONAL SHEET 
CONDITION SURVEY OF PAVEMENT SURFACE 
Roule 2; Municipality: J = E X 1 N S T 0 V J _ 
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Figure 2. Typical sectional sheet for condition survey of faituninous 
resurfacing. 

Poss ib le Techniques 

Fou r poss ib le techniques of mak ing the su rvey w e r e cons idered . Each was evaluated 
as to r e l i a b i l i t y i n measu r ing the condi t ion c h a r a c t e r i s t i c s d e s i r e d and as to ease and 
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economy of ope ra t ion . The f o u r methods w e r e a e r i a l photography, g round photography, 
v i s u a l observa t ion w i t h r e s u l t s p lo t t ed to scale on p l a n sheets, and v i s u a l observa t ion 
w i t h data r e c o r d e d as f i e l d notes. Ne i the r type of photography w i l l show up c r a c k s i n 
b i tuminous pavement i n t h e i r n a t u r a l s tate. Pa in t ing the c r a c k s to emphasize t h e m i s 
f ea s ib l e only w h e r e the r o a d can be c losed to t r a f f i c , f o r any t r a c k i n g of the f r e s h pa in t 
by veh ic l e t i r e s w o u l d r e s u l t i n hopeless confus ion . Since v i s u a l inspec t ion of s u r r o u n d ­
i n g condi t ions i s necessary to adequately desc r ibe many of the defec ts , t he r e appeared 
to be no advantage i n c o l l e c t i n g p a r t of the data by photographic means. 

Having decided upon v i s u a l observa t ion as the su rvey technique, cons ide ra t ion was 
g iven to the best way of r e c o r d i n g the data i n the f i e l d s i m p l y , ye t i n the d e s i r e d de t a i l . 
The method adopted i s to p l o t the defec ts to scale on g r i d - p l a n r e c o r d sheets. The data 
i s subsequently analyzed s y s t e m a t i c a l l y to de t e rmine o v e r a l l t r ends . F i g u r e 1 shows 
the r e l a t i o n of the v a r i o u s sheets used i n the f i e l d w o r k and i n the ana lys i s . F i g u r e s 2 
to 6 show the ac tua l f o r m s used. 

Select ion of Survey Sections 

I n d e t e r m i n i n g the length of highway w h i c h may be p r o p e r l y represen ted by a sample 
sec t ion , the f o l l o w i n g f a c t o r s mus t be considered: (1) type of o r i g i n a l pavement and 
cond i t ion at t i m e of r e s u r f a c i n g ; (2) type of r e s u r f a c i n g , date l a i d , and cons t ruc t i on 
cond i t ions ; (3) subgrade and dra inage cond i t ions ; and (4) g e o m e t r i c des ign, t r a f f i c v o l ­
umes , whee l loads , etc. 

The en t i r e roadway should be inspected to de t e rmine the l i m i t s of areas w i t h i n w h i c h 
the above f a c t o r s a r e consis tent . Once these areas a r e es tabl i shed, saDq)le sect ions 
can be se lec ted i n each at a loca t ion w h i c h appears to be represen ta t ive and w h i c h i s 
convenient f o r the f i e l d w o r k . 

The sample of highway adopted as a survey sec t ion i s usua l ly 1,000 f ee t long. T h i s 
has been found to be an adequate sample s ize f r o m w h i c h to evaluate r e f l e c t i o n c r a c k i n g . 

C o l l e c t i n g Bas ic Data on the Section 

B e f o r e m a k i n g the s u r v e y s , a l l ava i lab le cons t ruc t ion r e c o r d s should be r e v i e w e d to 
secure basic pavement data. T h i s i n f o r m a t i o n i s r e co rded on the sec t iona l sheet ( F i g ­
u r e 2) and p r o v i d e s a bas i s f o r c l a s s i f y i n g and evaluat ing the data co l l ec t ed i n the f i e l d 
su rvey . Bas ic data inc lude the sec t ion loca t ion , dates of cons t ruc t i on and r e s u r f a c i n g , 
subgrade and dra inage c h a r a c t e r i s t i c s , t r a f f i c data, and a l l de ta i l s of pavement design. 

F i e l d P rocedure 

The f i e l d p rocedure cons is t s of s y s t e m a t i c a l l y loca t ing and r e c o r d i n g the defec ts . A 
t e m p o r a r y g r i d , co r respond ing to the g r i d on the r e c o r d sheets ( F i g u r e 3) , i s es tab l i shed 
on the pavement w i t h two i n t e r s e c t i n g tapes. Defec t s a re p lo t t ed to scale and i d e n t i f i e d 
by appropr i a t e symbols shown on the r e c o r d sheets. The w i d t h of c r a c k s i s measured 
v i s u a l l y i n un i t s of 0. 01 f o o t and r e c o r d e d on the sheets w i t h a l e t t e r c o d e . ' Whi l e t h i s 
i s only a p p r o x i m a t e , the meander ing a l inement of the c r a c k s makes m o r e p r e c i s e de­
t e r m i n a t i o n s i m p o s s i b l e . The s tep-by-s tep p r o c e d u r e , together w i t h de ta i l s of the p e r ­
sonnel and equipment r e q u i r e d , i s g iven i n Appendix A . 

D e s c r i p t i o n of the R e c o r d Sheet 

On the r e c o r d sheet t he re a r e th ree i d e n t i c a l g r i d s , w h i c h a r e used f o r successive 
su rveys of the same area . T h i s t jrpe of sheet has p r o v e d m o r e s a t i s f a c t o r y than one 
having a s ingle g r i d on w h i c h the v a r i o u s su rveys a r e super imposed . On the sheets 
shown, each g r i d co r responds to 200 f ee t of highway. Thus , s e v e r a l sheets a r e needed 
f o r each sec t ion . The scale i s 25 fee t to the i nch , w h i c h i s s a t i s f a c t o r y f o r modera te amounts 
of d e t e r i o r a t i o n . L a r g e r - s c a l e sheets should be u s e d f o r badly d e t e r i o r a t e d pavements . 

^The c r a c k w i d t h code desc r ibed has been used f o r s e v e r a l y e a r s by the au thors . Con­
venience j u s t i f i e s i t s continuance i n t h e i r o rgan iza t ion , but they r e c o m m e n d tha t any 
f u t u r e c l a s s i f i c a t i o n s be based on tenths of inches , not hundredths of f ee t . 
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D i f f e r e n t c o l o r s can be used to advantage. The f o r m has l e t t e r i n g and b o r d e r i n b lack 
and the g r i d s i n l i g h t blue. The f i e l d data a re r e c o r d e d i n b lack p e n c i l l ines over the 
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Figure 3. Typical record plan sheet for condition survey of bitumi­
nous resurfacing. 

blue g r i d , thus , avo id ing confus ion between g r i d l ines and c r acks . A s an a i d i n c l a s s i -
f y m g and ana lyz ing c r a c k s , a t h i r d c o l o r may be used to delineate the out l ines of the un­
d e r l y i n g concre te s labs. 
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JOINT HIGHWAY RESEARCH PROJECT 
M. I.T.-Mass.O.RW. 

CONDITION S U R V E Y OF BITUMINOUS 
PAVEMENT SURFACE 

PAVEMENT DATA SHEET 
P - . . . a T — L<txmiif„n 
Sto *'>'> 81 * Of 

MEASUREMENTS OF THE SECTION 
1. Length of section at in ft _l^OO 

// 
Section 

4-^ 

2. Width of reiurfocing, in ft "f & 
3. Area of total resurfacing, in sq. ft. 

length x width J * ? . 6 0 0 
other areas 

Total ar.a (.,. ft.) ^ 7 . <.00 
Ar.o of resurfaced concrete, in sq. ft, 

length x width O^'O 
other areas 

Total concrete area (sq. ft.) ^ ^ o ^ a 
5. Number of standard slobs*. Line No^4 Tc-ol t t Z 

NUMBER AND LENGTH OF TRANSVERSE JOINTS 
6. Number of transverse |Olnts, 10 ft. wide — 
7. Number of |Oint ends ad|acent to bituminous shoulder (or lane) 
8. Total length of transverse joint, m ft s s ^ ^ t & a a a 
LENGTH OF LONGITUDINAL JOINT, IN F T . , BETWEEN 
7 odiocent slabs S,t,00 
10. slab ond bituminous shoulder ^ O O — 
11 slob and bituminous center lane. 
12. Totol length of longitudinal |oint, in ft < OOP 
• Standard slabs are 10 ft. by 57 ft. E T. Il/5i 

Figure 4. Typical pavement data sheet. 

A N A L Y S I S O F T H E SURVEY 

Computa t ion of C r a c k Indices 

N e a r l y a l l the defects d i scove red i n the pavements f o r w h i c h t h i s su rvey was designed 
a re c r acks of v a r i o u s types . T o insu re a u n i f o r m , sys temat ic g ro tq i ing s y s t e m f o r 
c r a c k s , a s tandard " C r a c k A n a l y s i s Sheet" has been designed. T h i s i s shown i n F i g u r e 
5 and each i t e m i s desc r ibed i n d e t a i l i n Appendix C. One sheet i s used f o r each survey 
of each sec t ion . The c r a c k s a r e c l a s s i f i e d by cause, and each cause group f u r t h e r sub­
d iv ided by w i d t h . The re a re nine cause c l a s s i f i c a t i o n s and s i x w i d t h c l a s s i f i c a t i o n s , 
g i v i n g a t o t a l of 54 groups . Usua l ly a l l of these do not apply to any one pavement sec­
t i o n . The ac tua l g roup ing process cons is t s of s y s t e m a t i c a l l y going th rough the r e c o r d 
sheets and s u m m i n g the lengths of c r a c k s i n each of the 54 groups . The sums a re de­
t e r m i n e d g r a p h i c a l l y by p l o t t i n g the lengths of the c r acks i n each group consecut ive ly 
a long the edge of a s t r i p of paper . 

The Pavement Data Sheet ( F i g u r e 4) l i s t s basic i n f o r m a t i o n about the r e s u r f a c i n g and 
the u n d e r l y i n g concrete pavement i n a survey sec t ion . A de ta i led d e s c r i p t i o n of t h i s 
sheet i s g iven i n Appendix B . Data a re obtained f r o m the sec t iona l sheet and f r o m r e c ­
o r d p l a n sheets as a p a r t of the f i r s t su rvey of each sec t ion . M u c h of i t can be i n f e r r e d 
f r o m the c r a c k pa t t e rns . 

The data on the ana lys i s sheets i s used i n con junc t ion w i t h that on the pavement data 
sheet to compute a s e r i e s of ind ices , w h i c h have been developed to f a c i l i t a t e c o m p a r i ­
sons of v a r i o u s su rveys . These indices a r e r e co rded on the s tandard C r a c k Index Sheet 
( F i g u r e 6) , one of w h i c h i s used to s u m m a r i z e each su rvey . D e t a i l e d de f in i t i ons of the 
indices a re g iven i n Appendix D . 
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CONDITION SURVEY OF BITUMINOUS 
PAVEMENT SURFACE 

CRACK ANALYSIS SHEET 

// 
Section 

3 
Survey Number 

Route. 
Sta 
Date of Survey. GENERAL CRACK DATA — T - y 

13. Number of transverse joints, 10 f t . wide, with some kind of crack over them. . 
14. Number of transverse crack extensions over bituminous shoulder (or lane) . . . 
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T 15 16 17 18 19 2 0 21 2 2 2 3 24 25 2 6 

A SZ 10 // 9Z 3/0 ( — 

B SJb — So z \ - /i 9 7 
C 2-/3 - - 2,/3 - x. - - Zl 3 
D fO - — - / 0 - - \ - - - / 0 

E — — - - — — - / — - - — 

F — - - - - - — \ — - - — 

Total 7 63 to 6 / Sg3 / 1 /toS- Zo 
E.T. 12/54 

to 
UI Figure 5. Typical crack analysis sheet. 
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Section 

CRACKS OVER INTERIOR OF S L A B S 
Linear feet per slab. 

(Transverse cracks o n l y ) . o.t 

CRACKS IN CONSTRUCTION JOINTS IN RESURFACING Survey Number 

Feet per 1000 sq. f t . 0.36, 
O 

JOINT HIGHWAY RESEARCH PROJECT 
M.I.T.-Mass. D.P.W. 

EXTENSIONS OVER BITUMINOUS SHOULDER (or LANE) CONDITION SURVEY OF BITUMINOUS 
PAVEMENT SURFACE LENGTH Average length of transverse 

a. I a. I 
FREQUENCY. 

Number of crock extensions 
0.7 FREQUENCY. 

to bituminous shoulder (or lane) 

0.7 CRACK INDEX SHEET 
_ Town _ : ^ £ £ i £ 2 f ^ ^ 2 _ 

CRACKS OVER JOINTS 

Route. 
Sto. . 
Date of Survey. 

69-t-oo to SI oo 

Width 

TRANSVERSE 
Percent of length 
of transverse 
|oint cracked 

LONGITUDINAL: Percent ot Length cracked 

Width 

TRANSVERSE 
Percent of length 
of transverse 
|oint cracked 

Of longitudinal 
joint between 
ad|acent slobs 

Of longitudinal 
joint between 
slob and ad|acent 
bituminous shoulder 

Of longitudinal |oint 
between slob and 
adjacent bituminous 
center lone 

Of total 
longitudinal 
joint 

A i> 9 7 / 
B 8 3C 
C Z6- — — 
D 1 - - ( — 

E — _ ( — 

F — - — ) — 

Total 9^ n t 2.7 
E.T 12/54 

Figure 6. Typical crack index sheet. 
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I n genera l , each index compares the amount of c r a c k i n g of a c e r t a i n type w i t h a meas­
u r e of the f ea tu re s of the u n d e r l y i n g pavement to w h i c h t h i s c r a c k i n g i s r e l a t ed . C r a c k ­
ing over j o in t s i s expressed by the percentage r a t i o between the length of c r a c k and the 
length of j o i n t , as f o r example , "pe rcen t of l eng th c r a c k e d of t r a n s v e r s e j o i n t . " C r a c k ­
ing ove r the concre te , but not at j o i n t s , i s expressed as the average length of c r a c k p e r 
un i t a rea of concre te . C r a c k i n g of the cons t ruc t i on j o i n t s i n the r e s u r f a c i n g i s expressed 
by the r a t i o of length of c r a c k to a rea of r e s u r f a c i n g . Such c r a c k i n g i s not r e l a t e d to the 
concre te but i s p u r e l y a phenomenon of the r e s u r f a c i n g i t s e l f . 

I t was found that many t r a n s v e r s e - r e f l e c t i o n c r a c k s extended in to the r e s u r f a c i n g over 
the b i tuminous shoulder adjacent to the o l d concrete pavement ins tead of ending at the 
edge of the concre te as m i g h t be expected. C r a c k extensions w e r e a lso found ove r b i ­
tuminous center lanes used i n " d u a l " type p a v e m e n t . ' Many of these c r ack extensions 
w e r e 2 o r 3 f e e t l ong , some as much as 6 f e e t , r unn ing to the edge of the r e s u r f a c i n g . 
Indices w e r e set up to measure t h e i r f r equency of occur rence and average length . 

I n the Massachuset ts pavements f o r w h i c h these su rveys w e r e designed, only expan­
s ion jo in t s a r e used i n the t r a n s v e r s e d i r e c t i o n . T h e r e a re no con t r ac t i on j o i n t s and no 
w a r p m g j o i n t s . I n pavements having m o r e than one type of t r an sve r se j o i n t , the c r a c k s 
over each type should be analyzed separa te ly . 

C o m p a r i s o n of P e r i o d i c Surveys 

Data f r o m p e r i o d i c su rveys of the same sec t ion can be compared by means of the i n ­
dices and, a l so , by a d i r e c t c o m p a r i s o n of defects p l o t t e d f r o m successive su rveys on 
the f i e l d r e c o r d sheets. The indices f o r v a r i o u s types of c r a c k i n g , be ing r a t i o s w i t h a 
f i x e d denommato r , can be tabula ted o r p lo t t ed f o r compara t ive purposes . 

The success ive r e c o r d of v a r i o u s sect ions taken thus f a r shows a de f in i t e p r o g r e s s i o n 
of r e f l e c t i o n c r a c k i i ^ i n the e a r l y yea r s . D i f f e r e n t types of c r a c k i n g develop at d i f f e r ­
ent r a tes , but a l l types tend to increase w i t h each add i t iona l c l i m a t i c c y c l e . F o r m -
stance, by the t h i r d y e a r many pavements have c r a c k s ove r m o r e than 75 percent of the 
length of t r a n s v e r s e j o i n t . A f e w reach 95 to 100 percen t i n 3 o r 4 y e a r s . Successive 
su rveys then show p r o g r e s s i v e g r o w t h of c r a c k w i d t h a f t e r each annual t empe ra tu r e c y ­
c l e , r a t h e r than an inc rease i n l eng th of c r a c k i n g . 

Surveys made i n d i f f e r e n t seasons show a c y c l i c a l change i n c r a c k w i d t h f o l l o w i n g the 
annual t e m p e r a t u r e cyc l e . C r a c k s a re wides t i n the w i n t e r and e a r l y s p r i n g . I n c e r t a i n 
sec t ions , they c lose d u r i n g the s u m m e r and n a r r o w c r acks tend to " h e a l , " espec ia l ly i n 
the whee l t r a c k s . The ind ices of t o t a l c r a c k i n g and the indices of w i d t h d i s t r i b u t i o n both 
show these t r ends . I n c o m p a r i n g the c r a c k w i d t h s , a l lowances must be made f o r unus­
u a l annual cyc les and f o r wide t empe ra tu r e v a r i a t i o n s between days on w h i c h su rveys 
w e r e made. 

The m o s t - s i g n i f i c a n t r e s u l t s shown by the su rveys made to date i s that r e s u r f a c i n g s 
l a i d i n the f a l l u sua l ly do not c r a c k u n t i l t h e i r second w i n t e r . Those l a i d i n the s p r i n g 
and s u m m e r a lmos t a lways begin to c r a c k d u r i n g the f i r s t w i n t e r . The amount of c r a c k ­
ing presen t i n la te-season r e s u r f a c i n g s a f t e r 2 y e a r s i s about the same as that p resen t 
i n ea r ly - season r e s u r f a c i n g s a f t e r only a yea r . T h i s conc lus ion i s d e r i v e d p r i m a r i l y 
f r o m surveys of e x p e r i m e n t a l pavements but i s f u r t h e r borne out by l e s s - f o r m a l obse r ­
v a t i o n of many o ther r e s u r f a c i n g p r o j e c t s . 

C o m p a r i s o n of D i f f e r e n t Surface Types 

The p e r f o r m a n c e of d i f f e r e n t types of r e s u r f a c i n g m a t e r i a l s can be compared by t h e i r 
ind ices . Compar i sons of p resen t cond i t ion can be made d i r e c t l y . These w o u l d show the 
r e l a t i v e su scep t ib i l i t y of the v a r i o u s m a t e r i a l s to d i f f e r e n t types of c r a c k i n g . The c r a c k 
w i d t h compar i sons a re espec ia l ly valuable i n t h i s respect . C r a c k s i n some m i x e s tend 
to r a v e l f a s t e r than m o the r s , and t h i s i s r e f l e c t e d m the apparent w i d t h at the su r f ace . 

The best c o m p a r i s o n of p e r f o r m a n c e is made by r e l a t i n g the c r a c k indices f o r the 
pavements at the same age. Since the c l i m a t i c cyc le tends to be f a i r l y r e p e t i t i v e each 

^D ua l type pavements have two lanes of concrete separated by one o r two lanes of b i t u ­
minous macadam. Many of these a r e used i n Massachuset ts . 
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y e a r , val id comparisons can be made a m o i ^ pavements laid in different years . Unusual 
extremes in the annual c l imatic cycle and wide variations in temperature on the day of 
survey must of course be considered in making the comparisons. Different types of r e ­
surfacing mixes have been found to show somewhat different rates of c r a c k development. 

E V A L U A T I O N O F T H E S U R V E Y T E C H N I Q U E 

Sample Size 

The 1,000-foot survey section adopted as a sample of pavement has been found ade­
quate. Comfiarisons were made between two such samples of each of s evera l different 
pavements. The indices derived for each of the two samples agreed closely, indicating 
that one sam])le adequately represents a given pavement. 

P r e c i s i o n of Data 

T h e r e a r e sources of e r r o r inherent in any process of measuring and computing. In 
the survey technique described in this paper, the two-most-important sources are the 
f ie ld measurement and recording and the process of graphical addition. 

The locations and lengths of defects are recorded to the nearest foot. T h i s i s suf f i ­
cient to give reasonable prec i s ion to the computed indices, and yet i s consistent with 
reasonable f ie ld progress . Smal l e r r o r s in the alinement of the transverse tape a r e 
negligible. F a c t o r s such as uphill taping, ver t i ca l i rregular i t i e s , and determination of 
the exact end of fine c r a c k s can be ignored. Smal l i rregular i t ies in the alinement of 
c r a c k s also disappear. It must be pointed out, however, that very - shor t c r a c k s tend to 
be plotted too long. 

F o r the indices which are expressed as percentages, the following rules for prec is ior 
are recommended: (1) Indices greater than one percent sha l l be expressed to the nearesi 
whole percent. (2) Indices l e s s than one percent sha l l be expressed to one significant 
f igure. T h i s prec is ion i s consistent with that of the original data. 

The data-recording process in the f ie ld and the graphical addition in the analysis are 
both susceptible to personal e r r o r s . In the f i r s t of these, the chance of e r r o r is m m i -
mized by pre l iminary marking of the defects followed by subsequent recording of the 
data, which provides double coverage. In the second, e r r o r is minimized by careful 
duplicate checking until the computers become f a m i l i a r with the process . The c o r r e l a ­
tion between independent totals i s usually quite close with experienced personnel. 

The Need for Engineering Judgment 

The survey and its resulting indices alone show certain factual quantitative data r e l a ­
tive to the deterioration of resurfacings . Considerable judgment i s needed to interpret 
some of the resul ts . The width indications a r e one example of this. The experienced 
engineer can evaluate the ser iousness of various width c r a c k s by their surface appear­
ance. But to base conclusions on the coded indices, he must be fami l iar with what a " B ' 
crack looks l ike. A s another example, the edges of the white l ines used to delineate 
traf f ic lanes show a coarseness which closely resembles the ravel led edges of c r a c k s . 
Often it i s impossible to distinguish a c r a c k located adjacent to the painted l ines. F o r 
this reason, much care must be used in interpreting the "percent of length cracked of 
longitudinal joint between adjacent s l a b s , " since the centerline marking often occurs 
directly over the center jomt between s labs . 

C O N C L U S I O N 

The condition survey outlined in this paper can be a useful r e s e a r c h tool if used with 
reasonable c a r e and s k i l l . The sample s ize adopted i s adequate to give a reasonable 
prec is ion to the data. The individual defects have been grouped and arranged in such 
f o r m that they can be analyzed in any degree of detail desired. While judgment i s r e ­
quired in interpreting any such collection of information, the method described for ana­
lyzing the data faci l i tates the c loser examination of certain parts of it. It records con­
ditions as they appear at the time of survey and reduces the otherwise incomprehensible 
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mass of data to s imple f igures which can be interpreted meaningfully. 

A C K N O W L E D G E M E N T S 

The condition surveys are part of a study of reflection cracking being conducted by 
the Joint Highway R e s e a r c h Projec t , established at the Massachusetts Institute of T e c h ­
nology by a grant f r o m the Massachusetts Department of Public Works for r e s e a r c h in 
the f ie ld of highway engineering. The maintenance and survey divisions of the Depart­
ment of Publ ic Works are cooperating in making the surveys . 

The authors wish to express their s incere appreciation to R . E . Pyne and J . McCarthy , 
ass istant maintenance engineers; the distr ict survey superv i sors ; and others who have 
helped to set up and c a r r y out these surveys . V . J . Roggeveen, professor; S. M . Breuning, 
r e s e a r c h assistant; E . Tons , r e s e a r c h engineer, a l l of the Joint Highway R e s e a r c h P r o j ­
ect staff, have contributed many helpful suggestions. 

Appendix A 
F I E L D P R O C E D U R E 

Personnel 

The f ield survey requires four men, one of whom should be an engineer. The organ­
ization used by the Joint Highway R e s e a r c h Projec t includes one of their engineers and 
a regular survey party of the Massachusetts Department of Public Works. The engineer 
directs the operation and takes notes. Two men handle the t ransverse tape. The r e ­
maining man m a r k s defects with lumber crayon to facil i tate recording. He a lso directs 
traf f ic . 

Equipment 

The following equipment i s used in the field: one 100-foot cloth tape; s e v e r a l 50-foot 
cloth tapes; two pins or weights for securing the 100-foot tape; portable "Men Working" 
signs, or other suitable protection devices; s tr ips of cloth to be used as tape handles; 
light truck o r other conveyance; cl ipboard, data sheets, lumber crayon, etc. 

Cloth tapes a r e used in preference to metall ic or steel tapes so that they w i l l break 
if cai^ht on vehic les , thus avoiding the danger of the user ' s being dragged into the path 
of traf f ic . 

P r e l i m i n a r y Preparat ion of Survey F o r m s 

When a section of pavement i s being surveyed for the f i r s t t ime, the only pre l iminary 
preparation necessary i s to establish the l imits of the section and to tie them in to an 
established system of stationing, if there is one. F o r succeeding surveys the road edge 
and permanent features , such as intersections, curbs , manholes, catchbasins, dr ive ­
ways , cu lverts , and highway boundary monuments, should be drawn on the sheets before 
the f ie ld survey begins. Enough information should be mcluded so that locations on the 
road can be established easi ly . E a c h sheet should have at least one distance reference , 
s ince taping with cloth tapes can accumulate considerable e r r o r unless checked frequently. 

Detailed Procedure 

The f i r s t step in the f ie ld procedure i s to locate the point of beginning and to reestab­
l i sh the stationing f rom the references . The next step is to locate defects on the pave­
ment by systematic v i sua l inspection. Convenient areas are panels 100 feet long by one-
half the width of the roadway, bounded by even station marks and the centerline and edge 
of the pavement. Inconspicuous defects and the boundaries of defective areas should be 
emphasized with lumber crayon. 

A temporary gr id i s established on the panel by using the two tapes at right angles to 
each other. The 100-foot tape i s stretched along the centerline (along the median curb 
on divided highways), between even station m a r k s , the zero end being placed at the low­
e r numbered station. The 50-foot tape i s stretched a c r o s s half of the roadway, with the 
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zero end at the centerline. Defects a r e thus located by station-plus and offset f rom the 1 
centerhne. On two-lane roads the 100-foot tape is placed on one side and the entire 
width of the pavement i s surveyed in one pass . 

The 100-foot tape remains in place for some time, and it has been found expedient to 
secure it with nai l s , pins, or weights. The 50-foot tape i s moved along as the data are 
recorded. It i s held by two men and runs f rom one man's hand, under his instep, across 
the road, under the other man's instep, and up to his hand. Strips of cloth a r e attached 
to the ends for handles. These must be weak enough so that they w i l l break if the tape 
should be suddenly c a r r i e d away by the traf f i c , which is free ly passing over it. 

The defects are plotted to scale on the record sheets as the recorder comes to them. 
T h i s i s the slowest function, and necessar i ly sets the pace for the entire procedure. 
The chainmen can be of great ass istance by cal l ing out locations to the recorder . E x ­
perienced chainmen can also determine the width of c r a c k s and the descriptions of the 
various other defects. With a trained, cooperative four- or f ive -man crew, a l l func­
tions proceed simultaneously and continuously, interrupted only by an unusually heavy 
barrage of traf f ic . 

Appendix B 
D E S C R I P T I O N O F T H E P A V E M E N T D A T A S H E E T 

Numbers re fer to item numbers on the form. 

Measurements of the Section 

1. Length of the section at centerline, in feet. 
2. Width of resurfac ing , in feet. Any variations in width should be noted. 
3. A r e a of total resurfacing, in square feet. Other a r e a s include a l l areas not en­

closed in the rectangle bounded by the length and width. The boundaries of the section 
should be rigidly defined. 

4. A r e a of resurfaced concrete, in square feet. T h i s area includes only that part 
of the resurfac ing which i s actually underlain by the original concrete s labs . 

5. Number of standard s labs. A standard s lab, in Massachusetts , i s 10 feet wide 
and 57 feet long. The number of standard s labs is equal to the area of resurfaced con­
crete divided by 570 sq. ft. 

Number and Length of T r a n s v e r s e Joints 

6. Number of t ransverse joints 10 feet wide. The usual width of the s labs encount­
ered in old concrete pavements in Massachusetts i s 10 feet. Equivalent 10-foot joints 
should be used if s labs of odd width are encountered. 

7. Number of joint ends adjacent to bituminous shoulder (or lane). T h i s includes 
joint ends adjacent to either shoulders or bituminous center lanes of "dual" type pave­
ments. T h i s f igure represents the number of potential locations of t ransverse crack 
extensions over bituminous materia l . 

8. Total length of t ransverse joint, in feet. 

Length of Longitudinal Joint in Feet 

9. Length of longitudinal joint between adjacent s labs. 
10. Length of longitudinal joint between slab and bituminous shoulder. 
11. Length of longitudinal joint between slab and adjacent bituminous center lane. 

Many pavements in Massachusetts are of the "dual" type, having two lanes of concrete 
pavements separated by one or two center lanes of bituminous macadam. 

12. Total length of longitudinal joint. The sum of Items 9, 10, and 11. 
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Appendix C 
D E S C R I P T I O N O F C R A C K A N A L Y S I S S H E E T 

Numbers refer to item number on the form. 

General C r a c k Data 

13. Number of t ransverse joints 10 feet wide having some kind of crack over them. 
T h i s i s a very rough index of transverse reflection cracking which can be determined 
from a quick inspection of the record sheets. It can be found without the usual process 
of graphical addition. 

14. Number of t ransverse crack extensions over bituminous shoulder (or lane). T h i s 
figure is a count of the number of crack extensions without regard to either length or 
width. See Item 17. 

Length of C r a c k s , in Feet 

15. Length of t ransverse c r a c k s over transverse joints. F o r each width c l a s s the 
length of crack is found by graphical addition. 

16. Length of t ransverse c r a c k s not over joints, but over concrete. T h i s includes 
a l l t ransverse c r a c k s lying over the original concrete. C r a c k s oriented 45 degrees or 
l e s s from the t ransverse direction are considered transverse . 

17. Length of t ransverse c r a c k extensions over bituminous shoulder (or lane). An 
"extension over bituminous shoulder (or lane)" occurs when a c r a c k extends a c r o s s the 
junction between a concrete slab and an adjacent bituminous s tr ip . The extension is 
only that part over the adjacent s tr ip , the part over concrete being included in a p r e ­
vious category. C r a c k s over bituminous bases which are not extensions of c r a c k s over 
concrete are not included. In this item, 'bituminous" includes any base which i s not 
cement concrete. 

18. Length of transverse c r a c k s in construction joint in resurfacing. T h i s includes 
only c r a c k s in construction joints where two runs of the paver butt together. Usually 
this jointing can only be identified in the top course of the resurfacing. 

19. Total l inear feet of transverse c r a c k s . T h i s i s the sum of Items 15, 16, 17, 
and 18. 

20. Length of longitudinal c r a c k s over joints between adjacent s labs . 
21. Length of longitudinal c r a c k s over joints between slab and shoulder. T h i s group 

includes a l l c r a c k s occurring over the outside edges of s labs. 
22. Length of longitudinal c r a c k s over joints between slab and bituminous center lane. 

T h i s group is used only for resurfacings of original pavements of the "dual" type. The 
condition represented by this item is s i m i l a r to that at slab edges adjacent to bituminous 
shoulders. 

23. Length of longitudinal c r a c k s in construction joint in resurfacing. T h i s group 
Includes a l l c r a c k s in construction joints between adjacent runs of the paver. Usually 
it i s necessar i ly l imited to construction jomts m the top course. 

24. Total length of longitudinal c r a c k s . T h i s i s the total of Items 20, 21, 22, and 23. 
25. Miscellaneous - A l l c r a c k s not l isted otherwise. T h i s group includes c r a c k s 

around manholes, over pipes, over settled a r e a s , c r a c k s over concrete that are oriented 
more than 45 degrees f rom the t ransverse direction, and any other c r a c k s not previously 
included. 

26. Total length of a l l c r a c k s . T h i s i s the sum of Items 19, 24, and 25. 

Appendix D 
C R A C K I N D E X S H E E T 

D E S C R I P T I O N S AND F O R M U L A S F O R T H E I N D I C E S 

Item numbers re fer to items on Pavement Data Sheet and on the C r a c k Analys i s Sheet. 
Crack ing Orer Interior of Slabs 

The index i s expressed as "l inear feet per slab. " It i s computed by dividing the total 
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of Item 16 by Item 5. Since ltem 16 includes only transverse c r a c k s , only these a r e 
iShown by the index. 

T h i s index is a measure of reflection cracking over transverse c r a c k s in the concrete, 
A direct correlat ion cannot be made by length since the l e i ^ h of c r a c k s in the underlying 
concrete is difficult to determine in resurfaced pavements. T h i s index i s highest where 
s labs a r e badly broken due to poor foundation conditions. 

C r a c k m g of Construction Joints in Resurfacing 

T h e r e a r e two indices, one for t ransverse construction joints and one for longitudinal 
joints. The f i r s t i s found by: 

Item 18 ^ 

and the second by: 
Item 23 
Item 3 

X 1000 

The cracking shown by these f igures i s p r i m a r i l y a function of the care used in laying 
the resurfacing mater ia l and the conditions prevai l ing when this was done. 

Extensions Over Bituminous Shoulder (or Lane) 

Two indices a r e used to measure the occurrence of this phenomenon. T h e f i r s t gives 
the average length of the extensions (Item 17 total divided Item 14), and the second 
the frequency of occurrence , expressed as the ratio of extended crack ends to the num­
ber of locations where crack extensions potentially could occur (Item 14 divided by Item 7 

Crack ing Over Joints 

E a c h of the indices below i s computed for each width of crack . The index for the to­
tal i s the sum of the indices for the various widths. 

Percent of length of t ransverse joint cracked. T h i s i s computed by dividing the 
f igure in each width c l a s s of Item 15 by Item 8 and converting to percent. 

Percent of length cracked of longitudinal joint between adjacent s labs . T h i s i s 
computed by dividing the f igures in Item 20 by Item 9 and converting to percent. 

Percent of length cracked of longitudinal joint between slab and adjacent bituminous 
shoulder. T h i s i s computed by dividmg the f igures in Item 21 by Item 10 and convert­
ing to percent. 

Percent of length cracked of longitudinal joint between slab and adjacent bituminous 
center lane. T h i s i s computed by dividing the f igures in Item 22 by Item 11 and convert­
ing to percent. 

Percent of length cracked of total longitudinal joint. T h i s i s computed by dividing 
the sum of the f igures in Items 20, 21, and 22 by Item 12 and converting to percent. It 
i s not the sum of the three previous indices. 



Current Practices and Research on Controlling 
Reflection Cracking 
A L E X A N D E R J . B O N E , Associate P r o f e s s o r , and 
L E W I S W. C R U M P , R e s e a r c h Engineer, Joint Highway R e s e a r c h Projec t 
Massachusetts Institute of Technology 

Reflection cracking has become an increasingly important problem as the mi l e ­
age of bituminous resurfacings over concrete pavements has grown. A s yet no 
wholly satisfactory technique of crack control has been developed. 

The methods proposed for controlling reflection cracking are reviewed and 
discussed. In general they f a l l into two broad categories: prevention and s e a l ­
ing. Prevention involves eliminating the forces which cause cracking or mod­
ifying the resurfac ing in the vicinity of ]Oints to enable it to withstand these 
forces . None of the proposed methods of elimination a r e in general use , but 
many have been incorporated in test roads both in this country and abroad. 
Some have proved to be unworkable; others a r e being tested but are s t i l l too 
new to provide defmite conclusions. Several proposed techniques have yet to 
be tr ied or need further development before their worth can be determined. 

The sealing of reflection c r a c k s i s difficult because of their narrow width 
and i rregu lar shape. They require techniques and materials differing f rom 
those developed for sealing joints m cement concrete pavements. Surveys of 
technical l i terature, correspondence, and questionnaires to highway agencies 
revea l that current pract ices are f a r f rom satisfactory. Most treatments are 
not effective in keeping out water and dirt and preventing further deterioration. 
Some r e s e a r c h on improved sealing techniques is underway, but much has yet 
to be learned and applied. 

• O N E of the most-widely used ways to prolong the useable life of concrete pavements 
i s to resurface them with a layer of bituminous concrete. T h i s restores the smoothness 
and improves the riding quality. It also improves the s tructural strength by adding sev­
e r a l inches to the thickness of the pavement. T h i s pract ice has grown in use since World 
War I I , as part of a general program to catch up with deferred maintenance, and to 
strengthen pavements to meet the current demands of more and heavier traf f ic . R e s u r ­
facing is also adaptable to widening of pavements and salvaging old pavement on recon­
struction projects . 

One of the character i s t i c s of these resurfacings which demands repeated maintenance 
i s i ts tendency to f o r m reflection c r a c k s . These c r a c k s develop directly over the joints 
and c r a c k s in the underlying s labs , reflecting their pattern into the new surface. T h e r e 
is obviously a connection between the c r a c k s and the underlying joints, and it has been 
found that cracking can result from either of two causes , differential ver t i ca l movements 
between adjacent s labs or the repeated opeining and closing of the joints due to the ther­
mal expansion and contraction of the concrete (5). While both causes are often present, 
the horizontal opening and closing i s the more difficult to control. Subsealing and mud-
jacking have been successful ly used to restore the support needed to prevent c r i t i c a l 
differential ver t i ca l movements. The techniques for controlling horizontal movements, 
however, are not so we l l known and many of them are s t i l l experimental. T h i s paper 
deals p r i m a r i l y with methods of reducing the effects of horizontal movements. 

The subject matter for this paper i s drawn f r o m published and unpublished reports , 
f rom the authors' experience, and f r o m replies received to a questionnaire on sealing 
methods sent to state highway departments. Where applicable, references a r e made to 
the bibliography at the end of the paper. 

M E T H O D S O F C R A C K C O N T R O L 

T h e r e a r e two approaches to the control of reflection c r a c k i i ^ . T h e f i r s t i s to at ­
tempt to prevent the formation of these c r a c k s by some modification of the current r e ­
surfacing pract ice , and the second is to minimize the harmful effects of the c r a c k s by 
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effectively sealing them after they have formed. E a c h of these phases w i l l be presented 
separately. 

In discussing c r a c k control methods it should be kept in mind that any method to be 
of prac t i ca l application must not only successful ly eliminate the undesirable features of 
c r a c k s , but it also should not: (1) lessen the strength, stability or serv ice life of the r e ­
surfacing, (2) add excessively to the cost, (3) unduly delay construction progress , or (4) 
require special sk i l l s or techniques which cannot be handled by the usual labor force . 

Reduction of Slab Movement at Joints 

One method of reducing cracking is to f i l l the expansion joints in the concrete with 
incompressible mater ia l so that the movement of the s labs i s reduced to an amount which 
the resurfacing can absorb without cracking. Such a process el iminates the expansion 
space which was provided in the original design and w i l l cause compression in the s labs 
when they expand with temperature r i s e . While some compression can be taken by the 
s labs , not a l l of the movement can be eliminated without danger of blow-ups or com­
press ion fa i lures . F o r this reason, it would not be advisable to f i l l too many consecu­
tive joints. In one state where joints 60 feet apart were plugged with grout blow-ups 
occurred at about every fifth joint. 

In pract ice , it i s difficult to thoroughly clean out the old f i l l e r mater ia l and to com­
pletely plug the joints. The presence of dowel b a r s in the joints r e s t r i c t s the depth to 
which they can be cleaned out by mechanical means. Hand methods, used on the Revere 
T e s t Road in Massachusetts , proved very inefficient (6). 

The experimental joints plugged with cement grout and with so i l mix on the Revere 
T e s t Road proved ineffective in eliminating very much of the movement and in preventing 
reflection cracking (7). 

Breaking Concrete Slabs mto Smal l P i eces 

Breaking the s labs into s m a l l pieces w i l l reduce the amount of movement taking place 
at the joints. The pavement then becomes a s e r i e s of s m a l l s labs , each of which induces 
its s m a l l amount of movement into the c r a c k surrounding it. In this way, the local move­
ment taking place at any one crack or joint can be kept we l l below that amount which the 
resurfacing can absorb without cracking. One state reports success with breaking s labs 
into pieces having a maximum dimension of about 2 feet. It i s l ikely that others have 
also used this method. 

The process appears expensive and time-consuming, especial ly where the slabs are 
reinforced. The s tructura l integrity of the concrete i s , of course , destroyed, and un-
l e s s the subbase is f i r m there is danger of ver t i ca l movement between fragments. 

Increasing Thickness of Resurfacing 

Increasing the thickness of the resurfacing adds to its crack res is tance , or at least , 
delays the appearance of reflection cracking at the surface. It has been noted that where 
resurfacings were thickened to introduce superelevation at curves reflection c r a c k s be­
gin at the thin edge and sometimes die out as the resurfacing becomes thicker. After 2 | 
y e a r s of serv ice the section of the Revere Tes t Road resurfaced with three inches of mixi 
shows substantially less cracking than the 2^2-inch-thick section (7). More time w i l l be i 
needed to establish whether this difference w i l l be permanent. 

It i s not known what thickness of resurfac ing would be required to prevent cracking. 
Undoubtedly it i s greater than the l^k to 4 inches currently being used, s ince 3-inch r e ­
surfacings have been found to crack over more than 90 percent of the length of t rans ­
verse joints in only four y e a r s (4). The cost w i l l increase roughly in proportion to the 
added thickness. A further limitation to increas ing the thickness in certain locations is 
the amount by which the original grade can be ra i sed . 

Increasing the Stretchability of the Mix 

Another method of reducing the incidence of reflection cracking is to introduce into 
the mix some additive which w i l l give it the ductility necessary to absorb the joint move-j 
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ment without cracking . T e s t s have shown that the ductility of a typical bituminous con­
crete mix would have to be increased about f ive t imes to accommodate the stretch i m ­
posed by s labs 57 feet long such as a r e found in Massachusetts (5). The authors a r e not 
aware of any additive which w i l l impart this property to a bituminous mix and question 
whether this much ductility can be attained without reducing the stability below accept­
able l imits . T h e addition of var ious types of rubber to bituminous concrete can s igni f i ­
cantly increase the ductility of the mix (19), but so f a r there is no indication that the 
increase i s sufficient to prevent reflection cracking. Catalytical ly-blown asphalt has 
been used in combination with regular asphalt in an attempt to increase the s tretchabi l -
ity of the mix (6, 7). It was thought that this mix would be more ductile at low temper­
atures and more res is tant to cracking than the regular mix. However, the r e v e r s e 
proved to be true. Af ter 14 months of serv ice it was found that 40 percent of the t r a n s ­
v e r s e joints in the catalytically-blown asphalt blend section were cracked through, 
whereas only 14 percent of these joints were cracked in the regular Type I section. A n 
emulsif ied rubber-asphalt section after the same period had only three percent of t r a n s ­
v e r s e joints cracked. 

One disadvantage of using an additive is that, a s a pract ica l matter, it must be added 
to the production for the entire job, whereas it i s usually only needed over s m a l l a r e a s 
on each side of joints. T h e s e ' s m a l l areas usually comprise only a s m a l l percent of the 
total surface , but the cost of the additive w i l l apply to the whole mix. Any difficulties 
encountered in incorporating the additive w i l l a lso add to the cost. 

Use of Welded Wire F a b r i c Re in forc i r^ 

Another possible way of eliminating cracking i s to distribute the stretch imposed at 
the joints in some manner so that the s tretch occurr ing at any one point in the r e s u r f a c ­
ing does not exceed the amount that the materia l can absorb. A number of installations 
of various types of w ire mesh reinforcing have been made to test the effectiveness of this 
material . On some test roads the reinforcing has been placed over the entire pavement; 
in others s tr ips have been placed only over joints. In some cases the reinforcement has 
been placed on the cement concrete; in others it has been placed between l a y e r s of b i ­
tuminous concrete. The f i r s t installation of welded wire in a bituminous resurfac ing 
over concrete was laid in 1946 in Texas . On this project the resurfac ing was continu­
ously reinforced with a 6 by 12-9/9 fabr ic . ^ Since 1946 at least 12 s i m i l a r reinforcing 
projects have been built. Most of them have uti l ized a 3 by 6-10/10 fabr ic , which i s the 
s ize currently recommended by the Wire Reinforcement Institute. Other s i z e s which 
have been used a r e 4 by 4-10/10, 6 by 6-10/10, 3 by 6-8 /8 (12, 13, 14). 

Reports available on the e a r l i e r projects indicate that the reinforcing was effective in 
reducing cracking in some of them. No systematic follow-up of performance appears to 
have been made on these projects and quantitative comparisons with unreinforced con­
t r o l sections are not available. Many of the projects are of recent construction and can­
not be evaluated as yet (12). 

Reinforcmg with Strips of Mesh over Joints 

Str ips of w i r e mesh have been used to re inforce resurfac lngs in the a r e a over expan­
sion joints. The various installations cover a wide range of s i z e s , shapes, and weights 
of mesh. Expanded metal has been used on s e v e r a l test roads in England (9), and on the 
MUlbury T e s t Road in Massachusetts (8). It i s reported that the B r i t i s h tests reduced 
the amount of cracking in the f i r s t few y e a r s of pavement l i fe , but the effects in later 
y e a r s must await the passage of more time. T h e two-foot, eight-inch s t r i p s of mesh 
used in the Mil lbury experiment were too smal l . C r a c k s developed at the edge of the 
s tr ip , indicating that a definite transfer of stretch did take place. It i s not known how 
much was actually distributed in the reinforced portion of the mix. 

^The s i ze of welded w i r e fabr ic i s e ^ r e s s e d by four dimensions. In order , these are 
the spacing of the longitudinal w i r e s (in inches), the spacing of the transverse w i r e s , the 
gage (United States Steel Wire Gage) of the longitudinal w i r e s , and the gage of the t r a n s ­
v e r s e w i r e s . 
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The Revere T e s t Road in Massachusetts included four different types of mesh over 
the joints. These were chicken wire (in s tr ips 4 feet wide), a 2-by-2- inch light mesh 
(in s tr ips 4 feet wide), a 6-by-6- inch heavy mesh (in s tr ips 7 feet wide), and chainlink 
fencing (in s tr ips 5 feet wide). After 14 months, the chicken wire and 6-by-6- inch mesh 
showed l e s s cracking than at unreinforced control joints. The 2-by-2- inch mesh showed 
more cracking, but a l l of it occurred at the edge of the mesh, not over the joint. The 
s tr ips of this mater ia l were evidently not large enough to distribute the stretch suf f i ­
ciently to prevent cracking , the same condition as was found in the Millbury tests. The 
chainlink fence proved to be too stiff for use in bituminous concrete, and induced map 
cracking in the surface. 

Distribution of Stretch by Breaking Bond 

Another possible way of distributing movement at joints i s to break the bond between 
the resurfac ing and concrete for some distance on each side of a joint (20). A limited 
test of the use of metal plates to reduce bond was included in the Revere T e s t Road. 
Where 26-gage plates (3 feet wide) were placed a c r o s s joints, some distribution of the 
stretch occurred in the area over the plate during the f i r s t year . However, c r a c k s have 
developed over the edge of the plates, indicating that a l l of the stretch was not distribut­
ed. Heavier (11-gage) plates proved too stiff and soon caused breakup of the pavement 
over them. 

The feasibil ity of thin metal plates of sufficient s ize to allow distribution of a l l the 
stretch i s yet to be proven. The reduction of bond that is beneficial for the control of 
reflection cracking has the disadvantage that it renders the resurfacing more subject to 
shoving under horizontal braking or accelerating forces . 

The Revere tests also included a l imited test of common building paper as a bond-
breaking medium, which did not prove effective. 

Use of Base Course Between Concrete and Resurfacing 

The pract ice of breaking bond by placing a layer of crushed stone or gravel over the 
old concrete before resurfacing has been used in a number of states and abroad (22). 
The layer i s usually about 4 inches thick. T h i c k e r courses have been used where the i 
subgrade was poor and the concrete badly broken. The thickness of layer required has 
not been fully established. 

The l imited data available to the authors indicate that this method does reduce r e ­
flection cracking. 

The addition of 4 inches or more of granualr materia l under the resurfacing inher­
ently r a i s e s the f inal grade of the pavement. T h i s i s usually not feasible in urban areas,] 
where the effect on curbs , s idewalks, and abutting property must be considered. In 
r u r a l areas , however, this method of treatment shows good promise of being effective. 

Combination of Methods 

It i s possible that a combination of two or more of the methods above might be more 
effective than any one of them alone. F o r example, reinforcing might be effective in a 
rubber-asphalt mix but not effective in standard mixes. The combination of light plates 
with mesh reinforcing might also be effective. 

S E A L I N G O F C R A C K S 

Sealing of reflection c r a c k s has not proved uniformly satisfactory. Most of the m a ­
ter ia l s and techniques currently used a r e those which have been developed for joints in 
cement concrete or for c r a c k s in bituminous pavements on flexible bases. 

While reflection c r a c k s a r e s i m i l a r to the c r a c k s over flexible bases , the continuous 
movement in the crack due to the expansion and contraction of the concrete is an addi­
tional condition that must be overcome. Laboratory tests indicate that many materials 
satisfactory for sealing joints and random c r a c k s a r e not capable of meeting the spec ia l 
conditions imposed by reflection c r a c k s (13). 

During the past year , a questionnaire was sent to most highway departments request-j 
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ing information regarding the mater ia ls and pouring techniques used, and the per for ­
mance of their current sealing materia ls . Repl ies were received f rom 34 states, the 
Di s t r i c t of Columbia, and one turnpike commission. T h i s survey revealed that most of 
the states use some f o r m of asphalt cement sea ler , although severa l are also exper i ­
menting with other types. Cutbacks of the R C and MC types a r e commonly used for very 
fine c r a c k s . Other s ea l er s used are rubber-asphalt compounds, tar , emulsions, cata-
lytically-blown asphalts, and sand-asphalt mixes (for wide c r a c k s ) . Two states report­
ed that they do not make a pract ice of sealing reflection c r a c k s . 

The usual pract ice i s to sea l c r a c k s in the late f a l l when the surface i s cold and the 
c r a c k s are open. When pouring, an effort i s made to put the sealing mater ia l into the 
crack without overflow or spillage. T h i s i s difficult to accomplish where c r a c k s are 
narrow and crooked. Where overflow does occur the excess mater ia l i s often dusted 
with sand, screenings, limestone dust, cement, l ime, or sawdust. The last i s p r e ­
f e r r e d by four states because it i s highly absorbant and does not result in any apprec i ­
able buildup on the surface. 

Several states specify blowing out of c r a c k s with a compressed a i r jet before sealing; 
a few a r e experimenting with grooving the c r a c k s to straighten and widen them before 
pouring. 

The asphalt kettle and hand pouring pot are the most common types of equipment for 
sealing c r a c k s . Often specia l nozzles or attachments are used to control more closely 
the flow of mater ia l into fine c r a c k s . 

Althoi^h some of the states appear sat isf ied with their resul t s , others, part icular ly 
those with large mileages of resurfacing, are not and are seeking better methods. Rub­
ber-asphalt compounds and catalytically-blown asphalt a r e reported better than low pene­
tration asphalt cement in some instances, but experience with them is sa id to be insuf­
ficient to prove whether their higher cost i s justified. 

Typ ica l of the dissatisfaction with current methods is the following comment: "The 
problem of sealing c r a c k s in asphaltic concrete surfaces which a r e a reflection of c r a c k s 
in old concrete pavements appears to be universal . We have not at this t ime developed 
either techniques or equipment which in our opinion are entirely satisfactory. We have 
used various types of mater ia l and methods of pouring, none of which have produced 
outstanding r e s u l t s . " 

R e s e a r c h in Sealing of C r a c k s 

Considerable r e s e a r c h in sealing mater ia l s and methods i s currently underway. 
Several manufacturers of s ea l er s are developing new types and working to improve the 
properties of existing types. Equipment manufacturers are developing new kettles, 
c r a c k cleaning and cutting equipment, and pumps. Thinner nozzles and the extrusion of 
a sea ler under pres sure are typical examples of new techniques. Var ious highway de­
partments a r e cooperating in making performance tests of new products and new methods. 

Sawing Grooves in Resurfacing over Joints 

One of the prmciple difficulties in sealing c r a c k s a r i s e s f rom their narrow width and 
crooked alinement. One method of overcoming this i s to saw a groove in the r e s u r f a c ­
ing over joints in the underlying pavement before the c r a c k s appear. T h i s procedure is 
s i m i l a r to the construction of sawed contraction joints in concrete. The groove should 
be wide enough to f i l l easi ly and large enough to contain a sufficient volume of sealing 
mater ia l to keep the c r a c k continuously sealed whether open or closed. 

Sawing a groove into the bituminous concrete i s neater and generally more sat i s fac­
tory than forming one in the mix before it sets. Sawed joints have been constructed on 
a test pavement in Walpole, M a s s . , * but no conclusive results a r e as yet available. 
More tests a r e desirable to determine the optimum dimensions for the groove and the 
proper age of mix for easiest sawing. 

Controlled reflection c r a c k s may be created by placing a folded sheet of heavy paper 

* Constructed by the Joint Highway R e s e a r c h Projec t , Massachusetts Institute of T e c h ­
nology, and the Massachusetts Department of Publ ic Works. 
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on the concrete so that the fold w i l l extend upward into the mix. T h i s device has been 
used with some success in sheet asphalt mixes. It usually causes a straight crack to 
f o r m , but does not provide an adequate r e s e r v o i r for sealing materia l . 

Burlap Over lays 

Some highway departments have experimented on lightly traveled roads with burlap 
overlays over c r a c k s . The pavement adjoining a crack i s swabbed with asphaltic m a ­
t e r i a l , burlap i s placed on it , and it i s then treated with a further coating of asphalt. 
It i s not known how success fu l or long lasting this method has proved to be. 

S U M M A R Y 

T h i s report has reviewed methods proposed for controlling the reflection cracking of 
bituminous resurfacing placed over old concrete pavements. 

The |ollowlng methods are described and commented upon: (1) elimination of joint 
movement by f i l l ing the joints with incompressible mater ia l ; (2) breaking the concrete 
into s m a l l pieces with a drop bal l before resurfacing; (3) increasing the thickness of the 
resurfacing; (4) addition of mater ia l s to the bituminous mix to increase its ductility; (5) 
use of mesh reinforcing in the mix over the joints in underlying pavement; (6) use of 
light metal plates between the concrete and the resurfacing; (7) use of granular layer 
placed between the concrete and resurfacing; (8) sawing grooves in the resurfacing over 
the joints in the concrete to form a weakened plane; (9) use of burlap layers in bitumi­
nous resurfacing over joints; and (10) sealing methods and mater ia ls for maintaining 
reflection c r a c k s . 

R E C O M M E N D A T I O N S 

A s a result of the review the following recommendations a r e made: 
1. R e s e a r c h should be intensified on methods of making bituminous concrete mixes 

more stretchable at low temperatures and on preventing the loss of this character i s t ic 
with age. T h i s might be accomplished by the use of additives or by changes in the r e -

I fining processes of asphalt. ' 
2. Fur ther investigation should be made of the use of mesh reinforcing and of thin ' 

metal plates a s a means for distributing stretch in the resurfac ing so that the unit move^ 
ment at any point w i l l not be large enough to cause cracking. ' 

3. Combinations of methods employing reinforcing, plates, specia l mixes , etc. I 
should also be investigated. 

4. More performance information should be obtained on the effectiveness of base 
course layers between resurfacing and concrete. Of part icular interest i s the thickness I 
of courses and the types of materials used. 

5. More development work should be done on sealing mater ia ls and on sealing meth-1 
ods for c r a c k s in bituminous surfaces . 
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The authors wish to express their s incere appreciation to G . G . Love , maintenance 
engineer; R . E . Pyne and J . McCarthy , assistant maintenance engineers, as we l l as the 
staffs of the highway distr icts for their cooperation and suggestions. A l so to A . V . B r a t 
chief of laboratory, and R . P . Jos lyn, chief of the bituminous laboratory for their inter­
est and advice. 

The wholehearted cooperation of the s evera l manufacturers and trade associations 
has been indispensable. 

V . J . Roggeveen, professor; S. M . Breuning, r e s e a r c h assistant; and E . Tons , r e s e a r c 
engineer, of the Joint Highway R e s e a r c h Projec t , have contributed many helpful suggestions 



39 

References 
1. "Salvaging Old Pavements by Resur fac ing ," Highway R e s e a r c h Board Bullet in 47, 

1952. 
2. W. R . Woolley, "Some Observations on Resurfac ing Portland Cement Concrete 

Pavements with Bituminous Mixtures ," Proceedings, Highway R e s e a r c h Board , V o L 26, 
(1946). 

3. S. E . Roberts , " C r a c k s in Asphalt Resurfaclngs Affected by C r a c k s in Rigid 
B a s e s , " Proceedings, Highway R e s e a r c h Board , 1954. 

4. L . W. Crump and A . J . Bone, "Condition Surveys of Bituminous Resurfaclngs over 
Concrete Pavements ," Presented to Highway R e s e a r c h Board , January, 1955. 

5. A . J . Bone, L . W. C r u m p , and V . J . Roggeveen, "Control of Reflection Crack ing 
in Bituminous Resurfac ing over Old Cement Concrete Pavements ," Proceedings, High­
way R e s e a r c h Board , January, 1954. 

6. A . J . Bone and L . W. C r u m p , "Revere R e s u r f a c i i ^ Project - An Experiment in 
Control of Reflection Crack ing in Bituminous Surfaces over Concrete , Init ial Report ," 
R e s e a r c h Report No. 4, Joint Highway R e s e a r c h Projec t , Massachusetts Institute of 
Technology, Cambridge, M a s s . , December 31, 1952. 

7. A . J . Bone and L . W. C r u m p , "Revere Resurfac ing Projec t - An Experiment in 
Control of Reflection Crack ing in Bituminous Surfaces over Concrete , P r o g r e s s Report 
No. 1," R e s e a r c h Report No. 8, Joint Highway R e s e a r c h Projec t , Massachusetts Ins t i ­
tute of Technology, Cambridge, M a s s . , June, 1954. 

8. L . W. C r u m p , "Millbury Resurfacing Projec t - An Experiment in the Control of 
Reflection Crack ing by Expanded Metal Reinforcement ," Joint Highway R e s e a r c h Projec t , 
Massachusetts Institute of Technology. (To be published in 1955). 

9. A . T . J . Hayward, "Interim Recommendations for Using Expanded Metal Under 
Rolled Asphalt to Reduce Crack ing Over Joints in Concre te ," Surveyor and Municipal 
and C o u n ^ Engineer, January 17, 1953. 

10. A . J . Bone and V . J . Roggeveen, "A Survey of the Use of Rubber in Asphalt 
Pav ing ," R e s e a r c h Report No. 1, Joint Highway R e s e a r c h Projec t , Massachusetts I n ­
stitute of Technology, Cambridge, M a s s . , September, 1951. 

11. H. M . Rex and R. A . Peck , "A Laboratory Study of Rubber-Asphalt Pavmg M i x ­
t u r e s , " Publ ic Roads, Vo l , 28, No. 4, (1954). 

12. "Welded Wire F a b r i c Reinforcement for Asphalt Concrete Resurfac ing Over C o n ­
crete Pavement S labs ," Wire Reinforcement Institute, Washington, D . C . , A p r i l , 1954. 

13. N. G. Smith, "Welded Wire F a b r i c Reinforcement in Bituminous Resur fac ing ," 
Technica l Bullet in No. 204, A R E A , 1954. 

14. J . H. Swanberg, "Experimental Installation of Welded Wire F a b r i c in Bituminous 
Pavements ," Technica l Bullet in No. 207, A R B A , 1954. 

15. "Rolled F a b r i c in Texas Asphalt Concre te ," Better Roads, Vo l . 24, No. 4, 
(Apr i l , 1954). 

16. "Reinforced Asphalt Resurface for Turnpike ," Roads and Streets , Vo l . 97, No. 
8, p. 101, (August, 1954). 

17. "F i l l ing and Sealing Joints and C r a c k s in Concrete Pavements ," Bullet in 78, 
Highway R e s e a r c h Board , 1953. 

18. E . Tons and V . J . Roggeveen, "Laboratory Test ing of Mater ia ls for Sealing 
C r a c k s in Bituminous Concrete Pavements ." Presented to Highway R e s e a r c h Board , 
January, 1955. 

19. L . L . Bowers , "Influence of Temperature and Admixtures on Tens i l e Strength 
of Bituminous Concrete M i x e s , " M . S . T h e s i s , Massachusetts Institute of Technology, 
1953. 

20. E . H. E . Neumann, D r . Ing. P r o f . , Stuttgart, Germany. Letter to E . Tons , 
dated July 19, 1954. 

21. J . Schlums, Prof . D r . - Ing. habil , Hannover, Germany. Let ter to E . Tons , 
dated July 8, 1954. 

22. Bruno Wehner, D r . Ing. habil , Luebeck, Germany. Let ter to E . Tons , dated 
July 15, 1954. 



Some HRB Publications Relating to Bituminous Materials 
And Flexible Pavements 

B U L L E T I N 105: B I T U M I N O U S - P A V I N G M I X T U R E S : F U N D A M E N T A L S F O R D E S I G N 
(1955) 45 pp. $ .75 

D i scusse s fundamentals governing design of bituminous paving mixtures. E s s e n ­
t ia l properties required are defined and procedures a r e discussed for designing to 
meet these requirements. Ef fec ts of variations in character i s t i c s and gradations 
of aggregates and the effects of variation in bitumen content and character i s t i c s of 
bitumen on the phys ical properties of mixtures are discussed at length. 

B U L L E T I N 109: U N G R A D E D A G G R E G A T E S IN BITUMINOUS M I X E S (1955) 49 pp. $. 7! 
The authors develop a mortar theory as a means for uti l izmg ungraded local aggre­
gates in bituminous mixtures for low-cost, secondary roads. 

B U L L E T I N 114: D E S I G N AND T E S T I N G O F F L E X I B L E P A V E M E N T (1955) 88 pp. $1.6 
Four papers are included in this publication: Whee l -Load-Stress Computations 
Related to Flexible Pavement Design; Design, Construction and Evaluation of Heavy-
Duty Runways; Flexible-Pavement Design with Cone Device; Pavement Deflections 
and Fatigue F a i l u r e s . 

B U L L E T I N 118: E F F E C T S O F C H L O R I N A T I O N AND MICROORGANISMS AND C O N ­
S T I T U E N T S O F A S P H A L T S (1956) 48 pp. $ .90 

The three papers in this bulletin are: Effect of Chlorination on Oxidizability of Road 
Asphalts; Constitution and Character izat ion of Paving Asphalts; Action of M i c r o ­
organisms on Petroleum Asphalt Fract ions . 

B U L L E T I N 123: BITUMINOUS R E S U R F A C I N G (1956) 39 pp. $. 75 

S P E C I A L R E P O R T 18: T H E WASHO R O A D T E S T , P A R T I: D E S I G N , C O N S T R U C T I O N 
AND T E S T I N G P R O C E D U R E S (1954) 121 pp. $2. 25 

T h i s report includes a comprehensive description of the project , methods of test 
operation and instrumentation procedureiS. It summarizes a l l data in construction 
controls and related operations. The purpose of this project i s to determine the I 
relative effects of various weights on bituminous-type pavements of varying thick­
nesses . 

S P E C I A L REPORT 22: THE WASHO ROAD T E S T , PART 2: T E S T DATA, ANALYSEs' 
FINDINGS (1955) 212 pp. $3. 60 

T h i s report includes summaries and analyses of the data taken in the test, d i scus ­
sion of the various relationships shown, and tabulation of the findings. 

R E S E A R C H R E P O R T 7-B: S Y M P O S I U M ON A S P H A L T P A V I N G M I X T U R E S (1949) 
115 pp. $1.80 

The papers contained in this symposium are: Selection of Tes t Equipment; 
Laboratory Study of Asphalt Paving Mixtures; Asphalt Stability Tes t Section; 
Correlat ions of Laboratory and F i e l d Data; Detailed T e s t Procedures for Design 
and F i e l d Control of Asphalt Paving Mixtures; The P r a c t i c a l Application of the 
Design Method of Asphaltic Mixtures to Pavement; Design of Asphalt Mixes as 
Related to Other Features of Flexible Pavement Design. 

R E S E A R C H R E P O R T 16-B: D E S I G N O F F L E X I B L E P A V E M E N T S (1954) 77 pp. $1. 05 
Includes the following papers: T r i a x i a l T e s t s in Ana lys i s of Flexible Pavements; 
Flexible Pavement Design as Revised for Heavy T r a f f i c ; Flexible-Pavement Design] 
by the Group-Index Method; Modified C B R Flexible-Pavement Design; Designing 
Flexible-Pavements (Virginia); Flexible-Pavement Design Corre la ted with Road 
Performance . F ive Discuss ions are also included. 

C U R R E N T R O A D P R O B L E M S 8-R ( R E V I S E D ) : T H I C K N E S S O F F L E X I B L E P A V E ­
M E N T S (1949) 49 pp. $. 45 

T h i s publication i s devoted largely to empir ica l methods of design which are con­
s idered the most rel iable for present pract ice . 
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TH E NATIONAL A C A D E M Y OF S C I E N C E S — N A T I O N A L R E S E A R C H C O U N ­
C I L is a private, nonprofit organization of scientists, dedicated to the 
furtherance of science and to its use for the general welfare. The 

A C A D E M Y itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap­
propriate to academies of science, it was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
A C A D E M Y and the government, although the A C A D E M Y is not a govern­
mental agency. 

The NATIONAL R E S E A R C H COUNCIL was established by the A C A D E M Y 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
A C A D E M Y in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL R E S E A R C H C O U N C I L receive their 
appointments from the president of the ACADEMY. They include representa­
tives nominated by the major scientific and technical societies, repre­
sentatives of the federal government designated by the President of the 
United States, and a number of members at large. In addition, several 
thousand scientists and engineers take part in the activities of the re­
search council through membership on its various boards and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the A C A D E M Y and its R E S E A R C H COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The H I G H W A Y R E S E A R C H BOARD was organized November 11, 1920, 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the NATIONAL R E S E A R C H COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of the A C A D E M Y - C O U N C I L and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 


