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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing 
highway administrators and engineers. Often, highway 
problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authorities. 
These problems are best studied through a coordinated 
program of cooperative research. 
In recognition of these needs, the highway administrators 
of the American Association of State Highway and Trans-
portation Officials initiated in 1962 an objective national 
highway research program employing modern scientific 
techniques. This program is supported on a continuing 
basis by funds from participating member states of the 
Association and it receives the full cooperation and sup-
port of the Federal Highway Administration, United States 
Department of Transportation. 
The Transportation Research Board of the National Re-
search Council was requested by the Association to admin-
ister the research program because of the Board's recog-
nized objectivity and understanding of modern research 
practices. The Board is uniquely suited for this purpose 
as: it maintains an extensive committee structure from 
which authorities on any highway transportation subject 
may be drawn; it possesses avenues of communications and 
cooperation with federal, state, and local governmental 
agencies, universities, and industry; its relationship to its 
parent organization, the National Academy of Sciences, a 
private, nonprofit institution, is an insurance of objectivity; 
it maintains a full-time research correlation staff of special-
ists in highway transportation matters to bring the findings 
of research directly to those who are in a position to use 
them. 

The program is developed on the basis of research needs 
identified by chief administrators of the highway and trans-
portation departments and by committees of AASHTO. 
Each year, specific areas of research needs to be included 
in the program are proposed to the Academy and the Board 
by the American Association of State Highway and Trans-
portation Officials. Research projects to fulfill these needs 
are defined by the Board, and qualified research agencies 
are selected from those that have submitted proposals. Ad-
ministration and surveillance of research contracts are 
responsibilities of the Academy and its Transportation 
Research Board. 

The needs for highway research are many, and the National 
Cooperative Highway Research Program can make signifi-
cant contributions to the solution of highway transportation 
problems of mutual concern to many responsible groups. 
The program, however, is intended to complement rather 
than to substitute for or duplicate other highway research 
programs. 
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PREFACE 	There exists a vast storehouse of information relating to nearly every subject of 
concern to highway administrators and engineers. Much of it resulted from research 
and much from successful application of the engineering ideas of men faced with 
problems in their day-to-day work. Because there has been a lack of systematic 
means for bringing such useful information together and making it available to the 
entire highway fraternity, the American Association of State Highway and Trans-
portation Officials has, through the mechanism of the National Cooperative Highway 
Research Program, authorized the Transportation Research Board to undertake a 
continuing project to search out and synthesize the useful knowledge from all pos-
sible sources and to prepare documented reports on current practices in the subject 
areas of concern. 

This synthesis series attempts to report on the various practices without in fact 
making specific recommendations as would be found in handbooks or design 
manuals. Nonetheless, these documents can serve similar purposes, for each is a 
compendium of the best knowledge available concerning those measures found to 
be the most successful in resolving specific problems. The extent to which they are 
utilized in this fashion will quite logically be tempered by the breadth of the user's 
knowledge in the particular problem area. 

FOREWORD This synthesis will be of special interest and usefulness to highway design and con- 

B 	
struction engineers and others who become involved in the use of partial-lane widen- 

v 	tafl 	ing in upgrading existing pavements. Detailed information is offered on planning and 

	

Transportation 	programming practices, on design considerations, and on construction techniques 

	

Research Board 	that have proven successful in partial-lane widening projects. 
Administrators, engineers and researchers are faced continually with many 

highway problems on which much information already exists either in documented 
form or in terms of undocumented experience and practice. Unfortunately, this 
information often is fragmented, scattered, and unevaluated. As a consequence, full 
information on what has been learned about a problem frequently is not assembled 
in seeking a solution. Costly research findings may go unused, valuable experience 
may be overlooked, and due consideration may not be given to recommended prac- 



ticës for solving or alleviating the problem. In an effort to resolve this situation, a 
continuing NCHRP project, carried out by the Transportation Research Board as 
the research agency, has the objective of synthesizing and reporting on common 
highway problems—a synthesis being identified as a composition or combination of 
separate parts or elements so as to form a whole greater than the sum of the sepa-
rate parts. Reports from this endeavor constitute an NCHRP report series that col-
lects and assembles the various forms of information into single concise documents 
pertaining to specific highway problems or sets of closely related problems. 

Partial-lane pavement widenings, usually placed to serve with the adjoining old 
pavement as bases for structural overlays, have been employed for many years in 
pavement rehabilitation and betterment. Where the vertical and horizontal align-
ments of the older pavements are within the range of present standards, and only 
the widths have become obsolete, this approach to serving modern traffic has ample 
economic justification. Developing shortages of satisfactory construction materials 
provide further reason, for adopting this type of improvement. The selection of 
adequate structural designs and the use of proper construction techniques for par-
tial-lane widenings are important, and numerous failures have occurred when good 
practice has not been observed. Other considerations not directly related to the 
widening structure, but which nevertheless demand careful attention for over-all 
success, include such items as drainage changes and the provisions that must be 
made during construction for access to private and business properties served by 
the existing pavement. 

This report of the Transportation Research Board records and evaluates cur-
rent practices in the use of partial-lane pavement widening, and presents guidelines 
that past experience suggests will produce satisfactory results in most instances. The 
numerous problems that are likely to be encountered are pointed out and specific 

solutions are offered. 
To develop this synthesis in a comprehensive manner and to ensure inclusion 

of significant knowledge, the Board analyzed available information assembled from 
many highway departments and agencies responsible for highway planning, design, 
construction, operations, and maintenance. A topic advisory panel of experts in the 
subject area was established to guide the researchers in organizing and evaluating 
the collected data, and to review the final synthesis report. 

This synthesis is an immediately useful document that records practices which 
were acceptable within the limitations of the knowledge available at the time of its 
preparation. Meanwhile, the continuing process of search for better methods should 

go on undiminished. 
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PARTIAL-LANE 
PAVEMENT WIDENING 

SUMMARY 	The importance of adequate width for traffic lanes is recognized by federal, state, 
and local highway officials. Safety, capacity, and maintenance costs are the factors 
that are associated with partial-lane pavement widening. Each of these factors bene-
fit when narrow pavements are widened. 

State roads usually are widened from 18 or 20 ft to 22 or 24 ft (5.5 or 6.1 to 
6.7 or 7.3 m). Some county widening projects are the same as those for state roads, 
however, several counties are widening 12-ft pavements to 20 ft (3.6 to 6.1 m). 
Numerous counties have many miles of 10- or 12-ft (3.0 or 3.6 m) pavement that 
is in immediate need of widening. Nearly all the states responding to a 1973 survey 
indicated that some widening work was planned during the next five years. 

Specific problems encountered on partial-lane pavement widening projects are: 

Narrow work areas. 
Acquisition of additional right-of-way. 
Variable subgrade. 
Reconditioning of existing pavement. 
Reflective cracking. 
Structure widening. 
Surface and subsurface drainage. 
Traffic during construction. 
Access for abutting owners. 
Funding for projects. 

These problems have been addressed and practices have been developed to 
meet specific needs. Even the difficult question of funding has been met forcefully 
by one county that pays for widening projects from the general fund. Nearly all 
partial-lane widening projects include provisions for placing an overlay over both 
the old and new pavement. In a few cases the overlay may be placed during the 
following construction season. 

Partial-lane pavement widening in most cases will require modification of the 
existing surface drainage. Pipes are extended, ditches shifted, and bridges widened. 
All the existing structures should be inspected and, when necessary, repaired or 
replaced before or during the widening construction. 

Attention should be given to alignment improvements that can be made as a 
part of the pavement widening. This can be accomplished by shifting the widening, 
where possible, to the inside of curves. In some cases small angles can be replaced 
with a smooth curve. 

Reflection cracks between the widening and the old pavement continue to be 
a problem. Practices that help to minimize these cracks include good subsurface 
drainage, compaction of the widening trench at or near  optimum moisture content, 
providing good shoulder support for the widening, and the use of a substantial 
overlay to cover the joint. 	

: 

The open trench for widening is an acceptable hazard on a single side during 



daylight hours when adequate warning is provided. Most agencies prefer that the 

trench be filled at the end of each working day. 
Access to abutting property is interrupted during pavement widening opera-

tions. Experience indicates that the agency and the contractor must assume respon-

sibility for advance coordination with abutting residents and businesses to avoid 

undue inconvenience. 
Recent development of trenching machines and compaction equipment has 

been useful for pavement widening. However, the cutting attachment on the motor 

grader blade is the most common excavation equipment and the trench roller is still 

widely used for the narrow widening projects. 

CHAPTER ONE 

INTRODUCTION 

BACKGROUND 

No feature of a highway has a greater influence on the 
safety and comfort of driving than the width and condi-
tion of surface. . . . However, on our early highways the 
need for reasonably wide traveled way was not so obvious. 
With continued upward trend in traffic volumes, vehicle 
speeds, and widths of trucks, main 2-lane highways have 
been increased from early widths of 16 to 18 feet to pres-
ent widths of 22 to 26 feet. . . . The extra cost of 12-ft 
over 10-ft lanes is offset to a large extent by a reduction 
in cost of shoulder maintenance and a reduction in sur-
face maintenance due to lessened wheel concentrations at 
the edge of pavements. 

Partial-lane pavement widening, the subject of this report, 
is the addition of less than a full lane of pavement on either 
edge of the existing pavement. In some cases, the total 
increase in pavement width may be greater than a lane 
6 to 8 ft (1.8 to 2.4 m) on each side, but usually it is only 
2 to 6 ft (0.6 to 1.8 m). Standard construction equipment 
is used for partial-lane pavement widening work; however, 
some modification may be required. 

The three factors most often considered when planning 
partial-lane pavement widening improvements are safety, 
capacity, and maintenance costs. Highway officials and the 
general public accept the premise that wider lanes are safer. 
It is generally accepted that wider lanes also provide in-
creased capacity. Maintaining the shoulders and edge of 
pavement on narrow county roads is costly. This cost can 
be reduced, or in some cases eliminated, by partial-lane 
pavement widening. 

Both portland cement concrete (PCC) and bituminous 
mixtures have been extensively used to widen pavements. 
Some agencies have used one or the other as a matter of 
policy. Others match existing pavement or let the designer 
make the selection. 

* "A Policy on Geometric Design of Rural Highways." AASHO (1965) 

650 pp. 

There is some indication that reflection cracking through 
the overlay may be more pronounced when FCC is used 
for widening, especially along the joint between the existing 
pavement and the widening. However, there are pave-
ments that have been widened with concrete that have ex-
perienced only a limited amount of reflection cracking. 
Other factors that contribute to larger reflective cracks are 
the subgrade condition and the lateral support provided by 
the shoulder. 

There is no lack of potential projects for pavement 
widening. State and county highway agencies have many 
miles of primary and secondary roads that are overdue for 
widening (Fig. 1). Current selection procedures consider 
the available funding and the facilities with the most press-
ing needs. 

Safety 

Wider pavements are considered more safe than narrow 
ones. However, sufficient accident information usually is 
not available to enable the highway official to present a 
strong case for pavement widening or positive proof that a 
particular accident would not have occurred if the pave-
ment had been 2, 4, or 6 ft (0.6, 1.2, or 1.8 m) wider. 
Research has found, however, that the position of vehicles 
in both meeting and passing maneuvers is affected by pave-
ment width. The relative positions of meeting trucks and 
an auto overtaking a truck are shown in Figure 2. In both 
cases the critical separation between vehicles and displace-
ment from the edge of pavement is much less for the narrow 
pavement. 

Capacity 

Increases in the volume of traffic, particularly truck traffic, 
often are considered sufficient justification for widening 
pavements. The capacity of two-lane and multi-lane fa- 
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Figure I. County roads in izeed of lane it'idening. 

cilities can be increased by providing additional pavement 
width (Fig. 3). The addition of 3 ft (0.9 m) to each lane 
of a two-lane 18 ft (5.5 m) highway can increase capacity 
by more than 30 percent. 

Maintenance Cost 

Agencies do give some weight to the reduction of pave-
ment edge and shoulder maintenance costs by widening 
pavements. Although this decision is based mostly on in-
ference. there is reason to believe that the wider pavement 
is less costly to maintain and is safer because of less con-
flict with crews performing routine maintenance. Those 
counties having a considerable mileage of narrow paved 
roadways use much of their funds for shoulder mainte-
nance. Experience has shown that these maintenance costs 
are reduced or almost eliminated when the pavement is 
widened. 

CURRENT TRENDS 

Most state highway agencies have some type of formal pro-
gram for widening narrow pavements. A few do not have 
a formal program but do include partial-lane widening with 
other contract pavement work or perform the work with 
their maintenance forces. A 1973 survey of state practices 
found that 29 of the 42 respondents could estimate the 
mileage of existing pavement that they planned to widen 
during the next five years. Estimates ranged from 4 miles 
(6.4 km) to 2,000 miles (3200 km) for the five-year period 
(Fig. 4). It appears that much of this partial-lane widening 
will be done to increase the capacity and safety of two-lane 
rural and suburban roads. In most cases the pavements will 
be widened 2, 4, or 6 ft (0.6, 1.2, or 1.8 m) to 22- or 
24-ft (6.7 or 7.3 m) widths. In a few cases two-lane pave-
ments will be widened to 24 ft (7.3 rn) and incorporated 
into divided four-lane systenis. 
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Figure 2. Eflect of lane width on vehicle separation. (Source: Taragin, HRB Bull. 170) 

PROBLEM AREAS 

Partial-lane pavement widening is not as simple as blading 
up aggregate against the existing pavement and covering it 
with some type of protective cover. Specific factors that 
continue to be problems are: 

Narrow work areas. 
Acquisition of additional right-of-way. 
Varying subgrade support. 
Reconditioning existing pavement. 
Reflection cracking. 
Structure widening. 
Surface and subsurface drainage. 
Traffic during construction. 
Access for abutting owners. 
Funding for projects. 

Some of the aforementioned problems have been ad- 
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dressed by highway agencies and practices have been de-
veloped to meet specific needs. These practices may be 
used or modified by others to solve or partially solve their 
problems. 
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ESTIMATED MILES FOR 5-YEAR PROGRAM 
FOR PARTIAL—LANE WIDENING 

Figure 4. 1973 su?vey of slates planning partial-lane 
widening. 

CHAPTER TWO 

PLANNING 

It is common practice in many highway agencies to include 
partial-lane pavement widening in the planning process. 
Some consideration is given to upgrading of roadway and 
structures in long-range plans; however, it is more common 
to find pavement widening included in the short-range 
planning of five years or less. Careful study is given to the 
long-range traffic projections to determine if the widened 
facility will be adequate. Several agencies have widened 
existing pavements to meet present or short-term needs. 
Some have used widening techniques to provide additional 
traffic lanes. Most agencies upgrade the load-carrying 
capability of the facility as a part of the widening work. 

LONG-RANGE PLANS 

The long-range plan covers the agency's 5-, 10-, or even 
20-year estimation of traffic demands and the methods of 
meeting the demands with existing routes and additions to 
the system. Upgrading of the existing routes often is a vital 
part of this effort. 

It has been common practice to use stage construction 
when designing flexible pavements; i.e., base and seal coat 
now, road mix later, and eventually a high-type plant-mix 
surface. However, this approach has seldom provided any 
scheme for widening of pavement lanes and shoulders. Be- 

cause right-of-way (ROW) is an important consideration in 
any widening project, many agencies now recognize the 
need for obtaining sufficient right-of-way initially to permit 
reasonable upgrading of the level of service at some future 
date. 

Some routes do not warrant major widening projects. 
Poor alignment, both vertical and horizontal, limited right-
of-way, and heavy conflict with existing traffic may dictate 
the selection of a new route. The decision to reconstruct or 
relocate rather than to widen usually is based on an in-depth 
study that considers all factors for each alternative. (See 
Appendix B.) 

SHORT-RANGE PLANS 

Much partial-lane pavement widening is performed as a 
part of short-range programs. In some cases, the widened 
facility meets existing needs or satisfies short-term estimates 
for increased traffic. One highway agency added 4 ft 
(1.2 m) to an existing pavement to upgrade the level of 
service so that the road could serve as a detour during the 
reconstruction of a parallel route. The cost was offset by 
construction savings and user convenience. Some widening 
projects are constructed by an agency's maintenance force; 
most of these are scheduled on a year-to-year basis as funds 
become available. 
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PROJECT SELECTION 

States and counties have little difficulty in finding pave-
ments that need to be widened. The problem is to select 
those that most need widening to the extent that available 
funding will permit. If the widening projects in one area 
are advertised for contract collectively, there is a better op-
portunity to get lower bids. However, the need for spread-
ing work to all sections of a jurisdiction may be more 
important. 

Some agencies are equipped to perform a limited amount 
of widening work with their own forces. Others could do 
this work only by reducing normal maintenance work. In 
the latter case, the widening is contracted. 

ALTERNATIVES 

The requirement for citizen participation in the highway 
development process has resulted in a more careful study 
of all reasonable alternatives. Economic and environmental 
issues must be presented for all construction projects. Some 

citizens strongly resist any work planned for an existing 
facility. Otlieis uppuse clay attempt to relocate a facility 
or to provide an additional route. 

Factors that may influence the decision-making process 
for pavement widening projects are: 

Present and future traffic. 
Project cost estimates. 
Disruption to abutting property. 
Right-of-way requirements. 
Construction noise, pollution. etc. 
Drainage requirements. 
Access to private and business property. 
Construction problems. 
Traffic problems. 
Traffic problems during construction. 
Community support (or lack thereof). 

MAINTENANCE COSTS 

One yardstick that is available to the planners when con-
sidering widening projects is the past, present, and antici-
pated cost of pavement and shoulder maintenance. One 
indicator of insufficient pavement width is high use of 
shoulders and resulting high maintenance costs for pave-
ment edge and shoulders (Fig. 5). Although widening can 
provide some correction, the total pavement structure 
should be studied before reaching it final decision. 

FUNDING CHOICES 

The planner is aware of available sources of funding and 
the ability or inability of the agency to utilize these funds. 
In many cases, the cost of partial-lane pavement widening 
is paid entirely from state or local funds. Some believe that. 
in it few cases, desirable widening projects were not sched-
uled because the I unding for construction on a new route ut 
complete reconstruction along an old route was given higher 
priority. All too often widening projects are dependent 
upon "bottom-of-the-barrel" funding. 

A few county highway officials have been successful in 
obtaining support from the general fund for an annual 
pavement widening program. Frederick Count. Maryland. 
has had such a program for several years. 

Figure 5. Narrow pavements requiring extensive edge and 
shoulder maintenance. 

TRAFFIC 

Unfortunately, many pavement widening projects, when 
completed. will hardly carry the existing traffic. The need 
for pavement widening projects on many rural and urban 
two-lane facilities exceeds by many times the resources 
available for this work. Discussions with county highway 
administrators indicate that many miles of their systems 
should be widened for today's tratlic. However, the de-
mnnds for paving unsurfaced roadways and the cost of 
surface maintenance deplete much, if not all, of the avail-
able funding. 

The recommended AASHTO widths for specific traffic 
volumes are given in Figures 6 and 7. Many miles of state 
and county roadways fall short of these recommendations. 



WIDTHS OF SHOULDERS FOR 2-LANE RURAL HIGHWAYS 

Design volume Usable shoulder, width. feet 

Current ADT DHV Minimum Desirable 

50-250 - 4 6 
250400 - 4 8 
400-750 100-200 6 10 - 200-400 8 10 - 400 and over 10 12 

Figure 6. AASHTO shoulder width recommendations 

FIELD INSPECTION 

Many, if not most, pavement widening projects are a part 
of a major rehabilitation effort that is intended to upgrade 
the load-carrying capacity of the facility. Only a few proj-
ects include partial-lane pavement widening without some 
type of overlay. In either case there is a need for a de-
tailed examination of the existing roadway. The first ex-
amination should be made during the planning phase to 
help in the determination of the roadway section, prelimi-
nary cost estimates, details on structures that will be ad- 

MINIMUM WIDTHS OF SURFACING FOE 2-LANE WGHWAYS 

Minimum widths of surfacing, in feet, for design volumes of:' 
Design 

Current ADT Current ADT Current ADT 
mph' 	50-250 	250-400 	400150 

DHV 	DHV 	DHV 400 
100200 	200-400 	and over 

30 	20 	 20 	 20 	 22 	 24 
40 	20 	 20 	 22 	 22 	 24 
50 	20 	 20 	 22 	 24 	 24 
60 	20 	 22 	 22 	 24 	 24 
65 	20 	 22 	 24 	 24 	 24 
70 	20 	 22 	 24 	 24 	 24 
75 	24 	 24 	 24 	 24 	 24 
80 	24 	 24 	 24 	 24 	 24 

* For design speeds of 30, 40 and 50 mph, surfacing widths that are two feet nar-
rower may be used on nsinor roads with few trucks. 

0 mph = 1.609 km/hr) 

Figure 7. AASHTO pavement width recommendations. 

justed, and some indication of additional right-of-way re-
quirements. A more detailed examination is required for 
the designer. This will be discussed later. If recent traffic 
count data are not available, some estimate of existing 
traffic should be obtained, including truck counts. 

CHAPTER THREE 

DESIGN 

It is common practice with many highway agencies that 
each partial-lane pavement widening project be designed 
individually, using agency standards where possible. Others 
use standard widening plan sheets that are modified as re-
quired for each project. In either method, design attention 
is given to the specific requirements for each project 
(Appendix C). 

EVALUATION OF EXISTING PAVEMENTS 

All agencies attempt to evaluate the condition of existing 
pavement, base, and subgrade before designing the widen-
ing. Often this is a visual inspection tempered with ex-
perience and judgment. Surface patching, rutting, shoulder 
shoving, pumping, and surface cracking are good indicators 
that the existing pavement is barely meeting the needs of 
current traffic and that some improvement is required be-
fore increased or heavier traffic can be accommodated. Al-
though this may be only a cursory study, it is often ade-
quate when the observer is acquainted with local problems 
and has experience with the solutions that have proved suc-
cessful to correct or eliminate them. 

Many agencies supplement the visual inspection with de-
flection tests, soil surveys, open inspection holes, coring or  

boring and past maintenance experience. A study of these 
indicators along with specific measurement provides the 
designer with the information required to prepare a satis-
factory design. 

The problems caused by swelling and heaving soils under 
widened sections is widely recognized. It appears that the 
effects of both frost heave and swelling are more pro-
nounced, or at least more visible, on pavements that have 
been widened. Special subgrade treatments with lime and 
other additives have been used to minimize these adverse 
effects (Fig. 8), and the need for these treatments should 
be considered during the evaluation process. 

Most state and county highway agencies place a mini-
mum 2 in. of overlay material over the entire roadway after 
widening. This immediately follows the widening in most 
cases. However, seal coats have been used successfully to 
cover widening. The condition of the existing pavement 
and the amount and type of traffic are factors in the choice 
between seal coat versus overlay. 

Questions that are answered during the pavement evalua-
tion phase are: 

Is subgrade treatment required? 
How thick should the base course be? 



Grading 	 Gradinit  
—width 	LiniiLs of Lime 	 Limits of Lime 	Width 

LIME TREATMEtJT 

Figure 8. Treat??lenf of widened Section wit/i lime (Oklahoma). 

Is there a need for underdrains? 
Should a leveling course be used on the existing pave-

ment? 
Will a seal coat be adequate? 
How thick should the overlay be? 

STRUCTURE EVALUATION 

The widening of culverts and bridges is a major cost in any 
pavement widening project. Culverts are inspected during 
the field study to determine their condition and capacities. 
Unfortunately, there have been widening projects where no 
evaluation of culvert condition was made prior to design 
and construction. Some of the inplace cross drains that 
were extended are now in need of replacement—at con-
siderable cost. The alignment of the drainage structure is 
usually checked to insure that any necessary extension will 
not cause property damage. 

The condition of bridge decks is inspected carefully to 
detect any indication of corrosion. If a major repair effort 
is required for the bridge deck, this work may be incor-
porated with the widening of the structure. However, it is 
more common practice to schedule structure widening as 
a separate contract. Many county roads have narrow  

bridges that cannot be replaced because of the non-
availability of funds for this purpose. A few have been 
able to use large pipes to replace some structures (Fig. 9). 

GEOMETRICS 

Alignment improvements can be undertaken as a part of 
partial-lane pavement widening. Sharp breaks in vertical 
alignment may be improved: horizontal curves can be flat-
tened by placing all the widening on the inside (Fig. 10). 
where possible. Some existing horizontal curves do not 
have extra width as recommended by AASHTO (Fig. 11). 
This extra width can be placed as part of the widening 
project or by maintenance forces. 

Most widening projects add 2 to 6 ft (0.6 to 1.8 rn) of 
pavement to two-lane roads. A few projects have increased 
36-ft (II m) pavements to 44 ft (13.4 m). In other cases, 
24-ft (7.3 m) pavements have been widened to 36 ft by 
placing 6 ft on each side. If the widening is balanced, there 
are no major problems except where a two-lane roadway 
is to become part of a divided four-lane system. In these 
cases, the removal of the crown may require a special 
wedge and additional shoulder construction (Fig. 12). If 
an unbalanced or unequal widening scheme is used, the 

(a) 
	

(b) 

Figure 9. Narrow structures similar to (a) have been replaced with ,nul:iple lines of pipe (b) as part of a widening project. 
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pavement crown must be shifted to the center of the re-
construction section. 

In some cases large structures are not widened. If 
widening of the structures is planned, the pavement widen-
ing may be carried up to the structure. If not, the widening 
section can be tapered as shown in Figure 13. This taper 
also can be used at the end of projects to tie in widened 
sections with the existing pavement. If the widening is 
ended abruptly in either case the transition can be effected 
by a gradual shift of an edge stripe over the taper distance. 

Limited shoulder space for pavement widening may re-
quire modification of the existing ditch section. One com-
mon practice is to completely fill the ditch and use a raised 
curb to control the pavement runoff. In many cases, if the 
ditch section is replaced with a curbed section, the need for 
benching or widening the cut is eliminated. This technique 
often can provide enough extra width to eliminate a need 
for widening on the opposite side. This is particularly help-
ful when the opposite side is in a fill section and might 
require extensive benching for placement of a narrow fill 
section. 

4 

Figure 10. Plan view of typical widening operation (Frederick 
County Roads Board). 

'N. SU DESIGN 

wwc -wfl  VEHICLE 
W2 (U + C) + Fa  + Z 

u7 'WIDENING FOR 2-LANE PAVEMENT ON CURVE FT 
Wc WIDTH OF 2-LANE PAVEMENT ON CLJP'.'F, ri'. 
WWIDTH OF 2-LANE PAVEMENT ON TA(UENT, 	T. 

U 'TRACK WIDTH OF VEHICLE (OUT-TO-CUT TIRES),FT. 
C 'LATERAL CLEARANCE PER VEHICLE; ASSUMED 2,2.5  

TI &3FT. FOR W OF 20,22 & 24 FT..RESPEC 	VELY. 

FA  z WIDTH OF FNONT OVERHNG,FT. 

FOR Z 'EXTRA WIDTH ALLOWANCE 	DIFFICULTY OF 
DRIVING ON CURVES, FT. 
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9 	1000,20.40 	.0 ' 2.0 
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	 wn  
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V 'DESIGN SPEED OF HIGH'.VLY, MPH 

Figure II. Pavement widening on curves (AASHTO). 
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Figure 12. Adjusl,nent of PC widened pavement. 

JOINTS 

The Achilles heel of partial-lane pavement widening is the 
longitudinal joint between the existing pavement and the 
widening. If any type of fault develops in the widened 
section or in the old pavement, it is most visible at the joint 
(Fig. 14). Settlement, heave, swell, and failure of lateral 
support are the principal causes of uneven or wide joints. 
Lateral movement and faulting of the existing pavement 

also will produce joint problems that may adversely affect 
the widening operation. 

Only a limited amount of work is specified for the joint 
area by most agencies. A few do not have any specific 
requirements other than a straight and vertical surface. 
Others specify that the existing pavement be painted, 
primed, or tacked with bituminous material. Some have 
used tie bars when PCC pavements were widened with 
PCC; however, this is a slow and costly process. A few 
have specified a special stepped joint as shown in Figure 15. 
If there are no horizontal planes between courses of ma-
terial, these joints also are expensive and time coiisuming. 
Although a neat line can be sawed in the bituminous sur-
face, the base material may crumble under normal con-
struction activity. 

It was mentioned by contractors that it was much easier 
to obtain a neat joint against PCC than against bituminous 
or mineral aggregate base. In some cases, the only reason 
for placement of an overlay on a widened pavement is to 
cover the joint. 

DRAINAGE 

Surface 

Most agencies attempt to upgrade or correct deficient drain-
age as a part of widening contracts. In some cases, pipe 
sizes are increased or additional cross drains are installed. 
The need for additional side drains is reviewed and when 
funding permits, new installations are provided. Paved 
ditches, sodding, curbing, and other devices to protect the 
ditches and slopes are also installed as a part of widening 
contracts. Short runs of storm sewers may be used to avoid 
extensive grading work or purchase of additional right-of-
way. 

I 
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Figure 13. Transition lengths for widened Sections. 
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Figure 14. Rutting or settlement and cracking along mm'ideni,ig joint caused b' poor compactiOn or inadequate sal,-
grade support. 
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Figure 15 .Step conStruCtiO,i to minimiZe adverse joint el/eels. 

Subsurface 

Many agencies include provisions for the removal of sub-
surface water from under the existing pavement. Because 
the widened section often is deeper than the existing sec-
tion, special attention is given to this problem area. One 
practice is to use an open-graded, free-draining material in 
the bottom of the trench. Supplementary drains are used to 
carry the water through the shoulder at designated intervals 
and at low points on vertical curves (Fig. 16). Another 
practice is to use a collection system that includes per-
forated pipe to collect the water and transport it to the ditch 
or catch basins (Figs. 17 and 18). Free-draining aggre-
gate is also placed in the bottom of existing ditch sections 
to provide drainage when the ditch is to be filled. 

Cross Drains 

Most designers specify that existing pipe culverts be ex-
tended with the same type of material. This eliminates 
joint matching and dissimilar materials problems. Special 
end sections may be used to avoid purchase of additional 
right-of-way. The capacity of each line of cross drain 
should be checked against the runoff that is estimated for 
the site. Maintenance foremen or adjacent residents often 
can provide information on the adequacy of drains. One 
item of work that frequently is not considered is the rc- 

quirement for cleaning the in-place drainage. This may be 
done as a part of the contract or by the maintenance force. 

One problem encountered in the design of culvert ex-
tensions is the provision for minimum cover over the up-
stream end of pipes laid on a steep grade. If the existing 
grade is continued, the extended pipe would actually pro-
trude through the shoulder (Fig. 19). If the pipe grade is 
broken, the joint with the existing pipe is not satisfactory. 
Each installation is usually considered separately and spe-
cial work identified to insure a satisfactory installation. This 
may involve removal of a few feet of the existing pipe and 
the placement of a special poured or fitted joint. 

MATERIALS 

There is an apparent trend toward using bituminous ma-
terial for the total depth on partial-lane widening proj-
ects. An open-graded mix can be placed in the bottom of 
the trench followed by a binder course and surface. The 
thickness of each course will vary. If an overlay is to cover 
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the widening, the binder material may be used up to the 
top of the existing pavement surface. 

Some agencies still prefer to widen PCC pavement with 
PCC when there will not be an overlay. Research in Illinois 
with lean mix concrete base widening indicated that a ce-
ment content as low as 1.07 barrels per cubic yard (239 kg 
cement/m3) of concrete could be used for some conditions 
when covered with a dense-graded bituminous resurfacing. 

Many widening designs carry the widening section 
through the complete width of the shoulder. This elimi-
nates the problems associated with placing a narrow sec-
tion of aggregate, dirt, or some other material against the 
widened section. Many believe the cost of placing selected 
soil material on the shoulder is greater than placing 
aggregate. 

BRIDGES AND STRUCTURES 

In some instances bridges and large culverts are widened in 
advance of pavement widening. In other instances the pave-
ment widening is completed in advance of structure widen-
ing. The two factors affecting the timing are safety and 
availability of funds. Most agencies have a spot-safety im-
provement program that has included numerous widening 
projects for structures. In most cases, structures have been 
widened equally on both sides. Occasionally, the complete 
superstructure of a bridge is replaced with a wider roadway. 
Another common practice is to replace narrow structures 
with one or more large pipes. The condition of many 
bridge decks damaged from deicing chemicals may create 
a demand for additional contracts that widen and replace 
the deck. 

Several agencies have standard tapers for transitioning 
the pavement width at structures. This was discussed under 
"Geometrics." 

Existing 	 —Widened 
Roadway 	 Roadway 

- - - 

lal Joint 

Figure 19. Extended drainage pipe in widened section. 

UTILITIES 

The placement of underground, surface, and aerial utility 
devices can materially affect the planning, design, and con-
struction of widening projects. On many routes that are in 
need of widening, there are poles, conduits, and cables that 
must be moved or adjusted. Each state has laws, regula-
tions, or policies that help determine if the agency is liable 
for these costs. In some cases the concerned utility is not 
financially able to move their facility. 

If the adjustment of utilities is to be carried out during 
the widening contract, the plans will note the areas of con-
flict and notify both the utility and the contractor that they 
will be required to attend a preconstruction conference to 
discuss their plans. 

It is common practice for highway agencies to discuss 
their short- and long-range plans for minor and major high-
way widening and reconstruction projects with utility com-
panies. In several instances this has enabled the utility to 
schedule major renovative efforts along with the highway 
work. A few agencies have scheduled specific work items 
to accommodate the relocation or adjustment of water or 
gas lines, buried cables, and critical poles or transmission 
towers. 

CHAPTER FOUR 

CONSTRUCTION 

SAFETY AND TRAFFIC CONTROL 

There can be little doubt that construction of partial-lane 
pavement widening can be hazardous to both traffic and the 
construction workers. It is sometimes possible to maintain 

two-way traffic; however;  it is more common practice to use 
flagmen to direct all traffic through the work site in a single 
lane. Figure 20 shows one standard plan that was devel-
oped for construction forces as a giude to handling traffic 
on widening projects. Additional information on advance 

warning signing is given in Chapter 6 of the Manual on 
Uniform Traffic Control Devices (MUTCD). 

The excavated trench is a traffic hazard during daylight 
and even more so at night. It is common practice to re-
quire the trench to be filled up to the level of the existing 
pavement or to within some specific depth. The material 
is bladed against the edge of the pavement to ease the drop-
off if vehicles should leave the pavement. Some agencies 
permit the trench to remain open but specify closely placed 
warning lights, barricades, and reflectors (see MUTCD). 
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ACCESS TO ABUTFING PROPERTY 
	

CONSTRUCTION CONTROL 

There have been many widening projects where the need 
for ingress and egress by abutting residents and businesses 
was not given adequate attention. If unnecessary access re-
quirements are placed on the contractor, the project cost 
will increase. However, a lax attitude by the agency or the 
contractor will lead to numerous complaints and much ill 
will. 

Access to businesses usually receives special consideration 
by the agency and by the contractor. In most cases the 
contractor will place material in the trench directly behind 
the trenching operation, or temporarily place cross ties, 
timbers, or other devices to permit the business to con-
tinue operation. In sonic instances, the business may be 
served by two access points, permitting the contractor to 
work on one while the other is kept open. Contact with 
abutting property owners should be made prior to or dur-
ing the preparation of the contract plans so that specific 
access problems can be identified. The availability of this 
information permits bidders to include the costs in their 
bids. 

There is much concern about the control of work on widen-
ing projects. This concern is shared by the abutting resi-
dents and businesses, the highway agency, and the con-
tractor. The principal problem is the trench cut for the 
widening. The work period in the vicinity of each business 
or residence is longer than for seal coats or overlay con-
struction and may require the removal and replacement of 
mailboxes, driveways, and walks. In sonic instances the 
fronts of lawns and parking areas may require regrading. 
The existing provisions for drainage may require modifica-
tion to fit the widened section. Because sonic of this work 
may be performed on private property under a construc-
tion easement or the special permission of the owner, both 
the agency and the contractor must be certain that the 
owner is well informed. 

Discussions with highway agencies and contractors per-
forming widening work indicate that the agency should be 
directly involved with all work; however, the contractor 
should be free to exercise his initiative in establishing pro-
duction rates and in getting the work completed. If the 

— 

4 

... 

- 	: - 
- 

:. 	 -- 

a. 	Trench cut on one side 

4.11 

c. Trenching and placing material 
on other side 

Figure 21. Work sequence follo%t'ed on a state widening project. 

b. First course placed and compacted 

d. Widening complete - ready for 
overlay (or seal coat) 
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agency desires that the trench be closed at the end of the 
working day, the contract should include this provision. 

The construction sequence followed in one state widen-
ing project is shown in Figure 21. 

TRAFFIC CONTROL 

On most widening projects the contractor is completely re-
sponsible for the control of traffic through the work site. 
The project plans or other contract documents will spell 
out specific requirements and refer either to the agency 
standards or the MUTCD. 

Flagmen are used to hold and direct traffic to the lane 
that is not occupied by construction equipment. Additional 
tlagmen may be required at cross roads or to direct traffic 
where construction vehicles or equipment is working, mov-
ing, or turning. Several agencies have inspectors from the 
headquarters or regional office to check the advance signing 
and handling of traffic. Unsatisfactory practices or condi-
tions are brought to the attention of the project inspectors 
and the contractor. 

TRENCHING 

Cutting the trench and removing the excavated material is 
the most difficult part of the widening project. One widely 
used technique for cutting the trench is to modify the 

common motor grader blade by adding a custom-designed 
cutter and a special mold board to deflect the material 
either to the ditch or pavement side (Figs. 22. 23). It is 
helpful to use the grader scarifier teeth to rip the material 
before attempting removal with the adapted blade. Front-
end loaders also have been adapted to cut trenches and 
underdrains. Wheel-type trenching machines that can load 
the excavated material directly into haul units are con-
sidcrcd ideal for this type of work but are not widely used 
at this time. The removal of excavated material from the 
ditch usually requires rubber-tired loaders. Elevating load-
ers are used to pick up material from the pavement and 
load it into trucks. 

Practices vary on the treatment of the bottom of the 
trench. Some agencies specify a well-compacted and 
rectangular-shaped bottom. A few do not specify any 
compaction; however, most agencies require that the bot-
tom of the trench be compacted at or near optimum mois-
lure content. If the foundation soil is expansive clays, some 
would recommend that it be compacted slightly wet to 
avoid later swelling. 

PLACEMENT AND COMPACTION 

There are several types of equipment that are used for 
placing widening materials. Most contractors use a widen- 

:•:•:•:•:•:•: I :::::: 	• :..' .•. .......**u.. •  I. 

!igure 22. Motor grader wit/i modified blade cutting widening trench. 



ing or shoulder machine for cold mix bituminous and 
mineral aggregate materials (Fig. 24). Specially adapted 
bituminous payers are also used. It would appear that the 
use of vibratory compaction equipment permits the place-
ment of deeper lifts of materials. Because of the tinie loss 
in transporting or walking the placing machine back to the 
beginning of the section, the thicker lifts represent a con-
siderable savings in placing costs and reduce interference 
with traffic. 

The compaction equipment must be capable of traveling 
in the trench. Some have attempted to overfill the trench 
and then use a conventional roller to compact the entire 
layer until it was flush with the existing pavement. This 
method is not considered satisfactory. Often. there is in-
sufficient material placed to obtain adequate density during 
rolling, and further compaction occurs under traffic. 

The suggestion was offered by one contractor that 
roughly two-thirds of the total depth be placed and coin-
pacted in a single lift and the remaining one-third in a 
second lift. This was concurred in by other contractors and 
some highway agency personnel. 

NARROW CUT AND EMBANKMENT CONSTRUCTION 

The requirement for only a few additional feet of width to 
widen a pavement can result in unusually narrow cuts or 
fills. However, cuts and cmbankmcnts can be constructed 
at a reasonable cost with standard equipment. 

Small crawler type dozers that are capable of making 
narrow cuts are available from several manufacturers. The 
material is bladed over the edge of the cut and picked up 

Figure 23. Widening trench on county with'i:inq project. The 
existing 12 ft (3.6 in) is being ;iidencd On each side to pro-
v/c/c a 20-ft (6 in) roadway. 

in the ditch. If the cut is 10 ft or more, scraper units can 
be used to load directly from the bench. Gradall equipment 
has also been used to remove material and to shape widen-
ing cuts. 

Material can be hack dumped over the embankment for 
spreading and compacting to widen embankments. Single 
drum shecpsfoot or vibratory rollers are used for compac-
tion. Most agencies require that the new material be well 
keyed into the existing embankment. 

Figure 24. Shoulder machine used for placing pavement widenitig. 
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DISPOSAL OF MATERIALS 

Much of the material removed from the trench can be used 

for shoulder work or to flush or widen embankments. It 

may also be used on site for grading berms and the like. 

If material is wasted off the project, the agency environ-

mental requirements should be met. 

PUBLIC RELATIONS 

The public is more likely to accept the minor inconvenience 
of partial-lane widening if they are advised or warned in 
advance. Because of the interference with traffic, mail ser-
vice, commercial delivery and other public service, advance 
notice via signs, TV, radio, newspaper or handouts should 
be given. If unusual problems are anticipated, the local or 
state police may be requested to provide assistance. 

CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

Existing pavements, even narrow ones, represent a major 
investment in highway funds and have considerable value. 
Only a few of these facilities can be completely abandoned, 
even where replacement- facilities are constructed. The 
widening and upgrading of many of these roads is a good 
practice that improves safety and reduces maintenance costs 
(Fig. 25). 

There is every reason to anticipate that many state, 
county, and city highway agencies will continue to plan and 
construct partial-lane pavement widening. In most cases 
the widening effort will be limited to adding 2 to 6 ft 
(0.6 to 1.8 m) to existing two-lane pavements. 

Although many of these projects can be completed within 
the existing right-of-way, an increasing number of widen-
ing projects will require additional right-of-way on one or 
both sides. Many widened facilities can be upgraded to a 
higher level of service and may provide increased capacity 
that will eliminate or defer the need for a replacement 
facility. 

Some two-lane roadways can be widened for climbing 
lanes by placing 4 to 6 ft (1.2 to 1.8 m) of pavement on 
each side. Space from the median and shoulder section can 
be used to widen four-lane facilities to six lanes. 

The effects of frost or swelling action often is more 
noticeable on widened pavements than on existing pave-
ments. If the new and old section foundations are not 
identical, the joint may be uneven during part of each year 
and cause water to pond on the pavement stirface during 

rainstorms. 
Any necessary improvements to both grade and align-

ment should be considered before roadways are widened. 
If this is not done, the widening work could prevent fur-
ther improvements to the present grade and alignment for 
many years. 

Factors that affect partial-lane widening cost are: size of  

the project, trench width, traffic, drainage requirements, 
specialty work included in the contract, and availability of 
contractors with interest in the work. 

RECOMMENDATIONS 

Many of the problems associated with partial-lane widening 
can be minimized by careful preliminary investigation and 
improvements in design and construction. A thorough study 
of the existing pavement should be completed to provide 
some indication of the problems that can be anticipated in 
the widened section. Special designs for problem sections 
may be required. 

Lateral support is essential for the edge of any pavement 
and particularly for widened sections. Shoulder support 
often has been inadequate for widened sections. Whenever 
at all practical, the minimum shoulder width that should be 
considered is 6 ft (1.8 m) on each side of 20 to 24 ft 
(6.1 to 7.3 m) pavements. It is recognized, however, that 
for many rural roads this recommendation is not practical 
and that the widened section can only make use of the 
available right-of-way. 

Short sections in cuts can be economically widened with-
out extra excavation if the open ditch is modified to use 
storm drains or in some cases filled with an open-graded 
material or filters. Perforated pipe may be specified to 
transport collected water to storm drains or open ditches. 

Existing culverts and pipes should be examined and, if 
necessary, repaired or replaced before extending. There 
may be problems of compatibility of materials if metal pipe 
culverts are extended with dissimilar metals. 

Widened sections perform better if good drainage is pro-
vided under the section and through the shoulder. A drain-
age blanket, French drains, or a collector system of per-
forated pipes may be used. Special attention should be 
given to low points on vertical curves and also to level 
grades. 

Widening should be a minimum of 2 ft (0.6 m). If a 
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a. 1936 PCC pavement widened with 
bituminous material in 1958. 
Overlay placed in 1971. 

b. 1940 PCC pavement widened with 
bituminous material in 1961. 

c. County road widening plus seal coat. 	d. County road widening plus overlay. 

e. Brick state route widened plus 
	

f. Bituminous widening of narrow PCC 

overlay. 	 pavement on curve. 

Figure 25. Examples of successful widening. 

pavement is to be widened only 2 It, the total width should 
be placed on one side. The cost of widening is related to 
the width of the trench and the number of operations. If 
additional right-of-way is required, the designer should 
compare total costs for widening on a single side against 
the costs for widening on both sides. 

If thicker lifts of materials can be satisfactorily com-
pacted, the number of operations and interference with 
traffic will be reduced. 

Specific consideration should be given to minimizing 
heaving or swelling of subgrade soils. 

The contracting agency should be responsible for early 
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coordination with abutting owners. Special requirements 
for access should be identified on the plans and in the con-
tract. The presence of an open trench adjacent to the pave-
ment reduces capacity and is a hazard, especially during 
adverse weather and darkness. Special warning signs and 
lighting should be specified if the trench is left open over-
night; however, in most cases the widening trench can be 
completed and refilled with paving material at the end of 
the work day. Some reasonable amount of trench may be 
left open to facilitate starting the next day's work. In no 
case, however, should trench on both sides be left open. 
Pavement widening should be completed on one side before 
starting work on the other side. 

Some maintenance units are adept in widening work, 
particularly short sections. However, these units may not 
be equipped or have sufficient personnel to undertake larger 
projects. Each project should be reviewed to determine 
which can perform the work most economically—mainte-
nance units or contract forces. 

The existing pavement on each widening project should 
be evaluated. Although overlays are recommended for  

widened pavement, in some cases a seal coat may be satis-
factory. In a few cases neither overlay nor seal coat may 
be required. 

RESEARCH 

There is little specific ongoing research that is directed to 
pavement widening. The principal problems are right-of-
way, traffic, the restrictions placed on the contractor; and 
the equipment for cutting the trench, placing material, and 
compaction. Most of these problems can be handled by 
using existing knowledge and practice. No specific recom-
mendation for formal research is offered. 

There is available equipment that will cut the trench and 
load the excavated material in a single pass. It is doubtful 
that special equipment will be developed just for widening 
work; however, there is much standard equipment avail-
able that may be adapted'to this work. 

Individual agencies should review completed widening 
projects that have been in service for a number of years 
and hopefully develop widening techniques and designs that 
would not have unsightly joints or uneven settlement. 
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APPENDIX B 

DEVELOPMENT SEQUENCE FOR WIDENING PROJECTS 

Feasibility Review Field PS&E 

Condition Evaluation Access Consideration 
Pavement Private owners 
Subgrade Business 
Drainage Public property 

Geometry Appurtenances 
Grade Mailboxes 
Alignment Walks and steps 

Capacity S 	Driveways 
Current Utilities 
Potential S  Water 

Demand Sewer 
Current Gas 
10-, 20-year projections Power 

Telephone 
Design 

Typical Cross Section 
Final Design 

In cut Prepare Special Provisions 
In fill Modify Standard Plans 
Balanced or unbalanced widening Add Plan Notes from PS&E 
Depth of widening 

Drainage S 	Construction 	 S  

Alteration Preconstruction Meeting 
Addition Advance Notice to Public 

Right-of-Way S 	Coordination with Abutting Property Owners 
Additional ROW 
Easements 
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APPENDIX C 

COLLECTION OF WIDENING PLANS 
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STANDARD DESIGN 

WIDENING AND SHOULDERS FOR PAVEMENT RESURFACING 

Surface 
8inder -\ 

Pavement 
Widenin_._ 

(Refer to the plans) 

Stripe —.. 

,-Slope I/ft. 

1/2 
,rNew grade line of shoulder 	

/ 

Existing 
pavement 

Base Course ./ 
Widening 

:'-2. .'//'///./.'.. / 

Pay width 

CROSS SECTION A 

DETAIL OF WIDENING WITH SHOULDER 

ci 

'Tt 
Existing grade line of 
shoulder and sidespe 

 

GENERAL NOTES 

Refer to the plans for the thickness of the bitumnaus binder and surface an pavement. 

Stripe 	
Slope 1°/ft. 	

,New grade line of shoulder. 

	

Surface, 	
This point to be determinea 

B1nder-\ 	. 	 (6Min 	7 	 \by the amount of excess 
earth excovo!ion. 

xistinq 

	

is 
in 	 !Bin;d~er 	5"1\ 7,-\ 

[7Mpavement 	 4: 

Existing grad71ine  
shoulder and side slope 

CROSS SECTION B. 

DETAIL OF BITUMINOUS. SHOULDER 

SLATE OF ILLINOIS SSUED 5-1067 
EPARTMENT OF PUBLIC WORKS & BUILDINGS 

DIVISION OF HIGHWAYS REVISICNS 

PASSED 	 -Dec ..17 	-971 W.F. 12-1-69 

- W.F. 3-18-70 
Engineer of Rood 	Plans And Contracts 

W.F. 1-18-71  
APPROVED 	 Dec. 	17 	1971 

W F 12 17 	71 
— 

The Bituminous Bader shoulder material for Section B may be ptcced in one or tc loyers 
at the option of the Contractor 

The bituminous mixture for Section 9 shalt be compacted to a density of not tess thon 85% 
of the theoretical density. The compaction equipment shall be as determined bj the Eng-neer. 

The bitumrnous binder and surface mixtures for shoulders will be paid for at the cOr.trcc 
unit price per ton of the type specified for the adjacent resurfacing except that the thickness 
of surface course paid for will be limited to that specified for the resurfacing or 11/2 whichever 
:s less. Surface course used in excess of this amount will be paid for as binder course. 

The earthwork required as shown in Section A will be measured to the neat lines as shown 
and will be paid for at the contract unit price per cubic yard for EARTH EXCAVATION WiDENiNG 

IF 	which price shall include use of earth excavation to regrode the shoulders to the new grcde 
line and disposal of excess as specified in the Standard Specifications. 

The earthwork required as shown in Secion B will be paid for at the contract unit price 
per unit (100 hneal feet ) mecsured seoarately on the right and left hand sides for EXCAVATING 
AND GRADiNG EXISTING SHOULDER which price shall include use of excess earth excavation 
to regrade the shoulders to the new grade line. 

Stripe at edge of pavement to be furnished by others. 

STANDARD 2239-5 



STANDARD DESIGN 

SHOULDER DETAILS FOR PAVEMENT WIDENING AND RESURFACING 

Variable Slope 
(see plans) 

Max. Slope I: 

Wi deni 
(see 

Binder 	Surface 

Base Course Widening 
(see plans for thicki1 

Existina Pavement 

see 

4 	_L 	4or 6 

(see plans) 

'2per.ft. 

Pay J 	I 	Bituminous Aggregate 
I dth Wi 	 Mixture 

Aggregate Shoulder 
Type A 

STATE, OF ILLli'jui 

DEPARTMENT OF TRANSPORTATION 

GENERAL NOTES 

Refer to the plans for the thickness of the bituminous binder and surface on pavement 

Thç earthwork required for base course widening will be measured to the neat lines as 
shown and will be paid for at the contract unit price Per cubic yard for EARTH EXCAVA-
TlON WIDENING which price shall include use of earth excavation to regrode the shoulders 
to the new grade line,and.disposol of excess as specified in the Standard Specifications. 

The earthwork required for shoulders and ditch slopes will be paid for at the contract 
unit price per unit (100 lineal feet ) measured seporotely on the right and left hand sides 
for EXCAVATING AND GRADING EXISTING SHOULDER which price shall include use 
of excess earth excavation to regrade the shoulders to the new grade line, and disposal of 
excess as specified in the Standard Specifications. 

STANDARD 2351 
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TYPICAL SECTION 

To Apply: Log Mile 3980 to Log Mile 50.30 
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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 	
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5 Effects of Different Methods of Stockpiling Aggre- 
gates—Interim Report (Proj. 10-3), 	48 p., 	$2.00 33 

6 Means of Locating and Communicating with Dis- 
abled Vehicles—Interim Report (Proj. 3-4), 	56 p. 34 
$3.20 

7 Comparison of Different Methods of 	Measuring 35 
Pavement Condition—Interim Report 	(Proj. 	1-2), 
29 p., 	$1.80 

8 Synthetic 	Aggregates 	for 	Highway 	Construction-6 
(Proj. 4-4), 	13 p., 	$1.00 

9 Traffic Surveillance and Means of Communicating 37 
with Drivers—Interim Report (Proj. 3-2), 	28 p., 
$1.60 38 

10 Theoretical Analysis of Structural Behavior of Road 
Test Flexible Pavements (Proj. 1-4), 	31 p., 	$2.80 39 

11 Effect of Control Devices on Traffic Operations— 
Interim Report (Proj. 3-6), 	107 p., 	$5.80 40 

12 Identification of Aggregates Causing Poor Concrete 
Performance When Frozen—Interim Report (Proj. 41 
4-3(1)), 	47 p., 	$3.00 

13 Running Cost of Motor Vehicles as Affected by High- 42 
way Design—Interim Report (Proj. 2-5), 	43 p., 
$2.80 

14 Density and Moisture Content Measurements by 43 
Nuclear 	Methods—Interim 	Report 	(Proj. 	10-5), 
32 p., 	$3.00 44 

15 Identification 	of 	Concrete 	Aggregates 	Exhibiting 
Frost Susceptibility—Interim Report (Proj. 4-3(2))

45 
 

66 p., 	$4.00 
16 Protective Coatings to Prevent Deterioration of Con- 

crete by Deicing Chemicals (Proj. 6-3), 	21 p., 
$1.60 46 

17 Development of Guidelines for Practical and Realis- 
tic Construction Specifications (Proj. 10-1), 	109 p., 
$6.00 47 

18 Community Consequences of Highway Improvement 
(Proj. 2-2), 	37 p., 	$2.80 48 

19 Economical and Effective Deicing Agents for Use on 
Highway Structures (Proj. 6-1), 	19 p., 	$1.20 49 

* Highway Research Board Special Report 80. 

Economic Study of Roadway Lighting (Proj. 5-4), 
77 p., 	$3.20 
Detecting Variations in Load-Carrying Capacity of 
Flexible Pavements (Proj. 1-5), 	30 p., 	$1.40 
Factors Influencing Flexible Pavement Performance 
(Proj. 1-3(2)), 	69 p., 	$2.60 
Methods for Reducing Corrosion of Reinforcing 
Steel (Proj. 6-4), 	22 p., 	$1.40 
Urban Travel Patterns for Airports, Shopping Cen- 
ters, and Industrial Plants (Proj. 7-1), 	116 p., 
$5.20 
Potential Uses of Sonic and Ultrasonic Devices in 
Highway Construction (Proj. 10-7), 48 p.,  $2.00 
Development of Uniform Procedures for Establishing 
Construction Equipment Rental Rates (Proj. 13-1), 
33 p., 	$1.60 
Physical Factors Influencing Resistance of Concrete 
to Deicing Agents (Proj. 6-5), 	41 p., 	$2.00 
Surveillance Methods and Ways and Means of Com-
municating with Drivers (Proj. 3-2), 66 p., $2.60 
Digital-Computer-Controlled Traffic Signal System 
for a Small City (Proj. 3-2), 	82 p., 	$4.00 
Extension of AASHO Road Test Performance Con- 
cepts (Proj. 1-4(2)), 	33 p., 	$1.60 
A Review of Transportation Aspects of Land-Use 
Control (Proj. 8-5), 	41 p., 	$2.00 
Improved Criteria for Traffic Signals at Individual 
Intersections (Proj. 3-5), 	134 p., 	$5.00 
Values of Time Savings of Commercial Vehicles 
(Proj. 2-4), 	74.p., 	$3.60 
Evaluation of Construction Control Procedures— 
Interim Report (Proj. 10-2), 	117 p., 	$5.00 
Prediction of Flexible Pavement Deflections from 
Laboratory Repeated-Load Tests (Proj. 1-3(3)), 
117 p., 	$5.00 
Highway Guardrails—A Review of Current Practice-- 
(Proj. 15-1), 	33 p., 	$1.60 
Tentative Skid-Resistance Requirements for Main 
Rural Highways (Proj. 1-7), 	80 p., 	$3.60 
Evaluation of Pavement Joint and Crack Sealing Ma- 
terials and Practices (Proj. 9-3), 	40 p., 	$2.00 
Factors Involved in the Design of Asphaltic Pave- 
ment Surfaces (Proj. 1-8), 	112 p., 	$5.00 
Means of Locating Disabled or Stopped Vehicles 
(Proj. 3-4(1)), 	40 p., 	$2.00 
Effect of Control Devices on Traffic Operations 
(Proj. 3-6), 	83 p., 	$3.60 
Interstate Highway Maintenance Requirements and 
Unit Maintenance Expenditure Index (Proj. 14-1), 
144 p., 	$5.60 
Density and Moisture Content Measurements by 
Nuclear Methods (Proj. 10-5), 	38 p., 	$2.00 
Traffic Attraction of Rural Outdoor Recreational 
Areas (Proj. 7-2), 	28 p., 	$1.40 
Development of Improved Pavement Marking Ma- 
terials—Laboratory Phase (Proj. 5-5), 	24 p., 
$1.40 
Effects of Different Methods of Stockpiling and 
Handling Aggregates (Proj. 10-3), 	102 p., 
$4.60 
Accident Rates as Related to Design Elements of 
Rural Highways (Proj. 2-3), 	173 p., 	$6.40 
Factors and Trends in Trip Lengths (Proj. 7-4), 
70 p., 	$3.20 
National Survey of Transportation Attitudes and 
Behavior—Phase I Summary Report (Proj. 20-4), 
71 p., 	$3.20 



Rep. 
No. Title 
50 Factors Influencing Safety at Highway-Rail Grade 

Crossings (Proj. 3-8), 	113 p., 	$5.20 
51 	Sensing and Communication Between Vehicles (Proj. 

3-3), 	105 P., 	$5.00 
52 Measurement of Pavement Thickness by Rapid and 

Nondestructive Methods (Proj. 10-6), 	82 p., 
$3.80 

53 Multiple Use of Lands Within Highway Rights-of- 
Way (Proj. 7-6), 	68 p., 	$3.20 

54 Location, Selection, and Maintenance of Highway 
Guardrails and Median Barriers (Proj. 15-1(2)), 
63 P., 	$2.60 

55 Research Needs in Highway Transportation (Proj. 
20-2), 	66 p., 	$2.80 

56 	Scenic Easements—Legal, Administrative, and Valua- 
tion Problems and Procedures (Proj. 11-3), 174 P., 
$6.40 

57 Factors Influencing Modal Trip Assignment (Proj. 
8-2), 	78 P., 	$3.20 

58 Comparative Analysis of Traffic Assignment Tech-
niques with Actual Highway Use (Proj. 7-5), 85 p., 
$3.60 

59 	Standard Measurements for Satellite Road Test Pro- 
gram (Proj. 1-6), 	78 P., 	$3.20 

60 	Effects of Illumination on Operating Characteristics 
of Freeways (Proj. 5-2) 	148 P., 	$6.00 

61 	Evaluation of Studded Tires—Performance Data and 
Pavement Wear. Measurement (Proj. 1-9), 	66 P., 
$3.00 

62 Urban Travel Patterns for Hospitals, Universities, 
Office Buildings, and Capitols (Proj. 7-1), 	144 p., 
$5.60 

63 Economics of Design Standards for Low-Volume 
Rural Roads (Proj. 2-6), 	93 P., 	$4.00 

64 	Motorists' Needs and Services on Interstate Highways 
(Proj. 7-7), 	88 p., 	$3.60 

65 One-Cycle Slow-Freeze Test for Evaluating Aggre-
gate Performance in Frozen Concrete (Proj. 4-3(1)), 
21 P., 	$1.40 

66 Identification of Frost-Susceptible Particles in Con- 
crete Aggregates (Proj. 4-3(2)), 	62 p., 	$2.80 

67 	Relation of Asphalt Rheological Properties to Pave- 
ment Durability (Proj. 9-1), 	45 p., 	$2.20 

68 	Application of Vehicle Operating Characteristics to 
Geometric Design and Traffic Operations (Proj. 3- 
10), 	38 P., 	$2.00 

69 Evaluation of Construction Control Procedures—
Aggregate Gradation Variations and Effects (Proj. 
10-2A), 	58 p., 	$2.80 

70 Social and Economic Factors Affecting Intercity 
Travel (Proj. 8-1), 	68 p., 	$3.00 

71 	Analytical Study of Weighing Methods for Highway 
Vehicles in Motion (Proj. 7-3), 	63 p., 	$2.80 

72 Theory and Practice in Inverse Condemnation for 
Five Representative States (Proj. 11-2), 	44 p., 
$2.20 

73 Improved Criteria for Traffic Signal Systems on 
Urban Arterials (Proj. 3-5/1), 	55 p., 	$2.80 

74 Protective Coatings for Highway Structural Steel 
(Proj. 4-6), 	64 p., 	$2.80 

74A Protective Coatings for Highway Structural Steel— 
Literature Survey (Proj. 4-6), 	275 p., 	$8.00 

74B Protective Coatings for Highway Structural Steel— 
Current Highway Practices (Proj. 4-6), 	102 p., 
$4.00 

75 Effect of Highway Landscape Development on 
Nearby Property (Proj. 2-9), 	82 p., 	$3.60  

Rep. 
No. Title 
76 Detecting Seasonal Changes in Load-Carrying Ca-

pabilities of Flexible Pavements (Proj. 1-5(2)), 
37 p., 	$2.00 

77 	Development of Design Criteria for Safer Luminaire 
Supports (Proj. 15-6), 	82.p., 	$3.80 

78 Highway Noise—Measurement, Simulation, and 
Mixed Reactions (Proj. 3-7), 	78 p., 	$3.20 

79 	Development of Improved Methods for Reduction of 
Traffic Accidents (Proj. 17-1), 	163 p., 	$6.40 

80 	Oversize-Overweight Permit Operation on State High- 
ways (Proj. 2-10), 	120 p., 	$5.20 

81 Moving Behavior and Residential Choice—A Na- 
tional Survey (Proj. 8-6), 	129 p., 	$5.60 

82 National Survey of Transportation Attitudes and 
Behavior—Phase II Analysis Report (Proj. 20-4), 
89 p., 	$4.00 

83 Distribution of Wheel Loads on Highway Bridges 
(Proj. 12-2), 	56 p., 	$2.80 

84 Analysis and Projection of Research on Traffic 
Surveillance, Communication, and Control (Proj. 
3-9), 	48 p., 	$2.40 

85 Development of Formed-in-Place Wet Reflective 
Markers (Proj. 5-5), 	28 p., 	$1.80 

86 	Tentative Service Requirements for Bridge Rail Sys- 
tems (Proj. 12-8), 	62 p., 	$3.20 

87 	Rules of Discovery and Disclosure in Highway Con- 
demnation Proceedings (Proj. 11-1(5)), 	28 p., 
$2.00 

88 Recognition of Benefits to Remainder Property in 
Highway Valuation Cases (Proj. 11-1(2)), 	24 p., 
$2.00 

89 Factors, Trends, and Guidelines Related to Trip 
Length (Proj. 7-4), 	59 p., 	$3.20 

90 Protection of Steel in Prestressed Concrete Bridges 
(Proj. 12-5), 	86 p., 	$4.00 

91 	Effects of Deicing Salts on Water Quality and Biota 
—Literature Review and Recommended Research 
(Proj. 16-1), 	70 P., 	$3.20 

92 Valuation and Condemnation of Special Purpose 
Properties (Proj. 11-1(6)), 	47 p., 	$2.60 

93 	Guidelines for Medial and Marginal Access Control 
on Major Roadways (Proj. 3-13), 	147 p., 
$6.20 

94 Valuation and Condemnation Problems Involving 
Trade Fixtures (Proj. 11-1(9)), 	22 p., 	$1.80 

95 Highway Fog (Proj. 5-6), 	48 p., 	$2.40 
96 Strategies for the Evaluation of Alternative Trans- 

portation Plans (Proj. 8-4), 	111 p., 	$5.40 
97 Analysis of Structural Behavior of AASHO Road 

Test Rigid Pavements (Proj. 1-4(1)A), 	35 p., 
$2.60 

98 Tests for Evaluating Degradation of Base Course 
Aggregates (Proj. 4-2), 	98 p. 	$5.00 

99 Visual Requirements in Night Driving (Proj. 5-3), 
38 p., 	$2.60 

100 Research Needs Relating to Performance of Aggre- 
gates in Highway Construction (Proj. 4-8), 	68 p., 
$3.40 

101 Effect of Stress on Freeze-Thaw Durability of Con- 
crete Bridge Decks (Proj. 6-9), 	70 p., 	$3.60 

102 Effect of Weidments on the Fatigue Strength of Steel 
Beams (Proj. 12-7), 	114 p., 	$5.40 

103 Rapid Test Methods for Field Control of Highway 
Construction (Proj. 10-4), 	89 p., 	$5.00 

104 Rules of Compensability and Valuation Evidence 
for Highway Land Acquisition (Proj. 11-1), 
77 p., 	$4.40 



Rep. 
No. Title 

133 Procedures for Estimating Highway User Costs, Air 
Pollution, and Noise Effects (Proj. 7-8), 	127 p., 
$5.60 

134 Damages Due to Drainage, Runoff, Blasting, and 
Slides (Proj. 11-1(8)), 	23 p., 	$2.80 

135 	Promising Replacements for Conventional Aggregates 
for Highway Use (Proj. 4-10), 	53 p., 	$3.60 

136 Estimating Peak Runoff Rates from Ungaged Small 
Rural Watersheds (Proj. 15-4), 	85 p., 	$4.60 

137 Roadside Development—Evaluation of Research 
(Proj. 16-2), 	78 p., 	$4.20 

138 Instrumentation for Measurement of Moisture— 
Literature Review and Recommended Research 
(Proj.21-1), 	60p., 	$4.00 

139 Flexible Pavement Design and Management—Sys- 
tems Formulation (Proj. 1-10), 	64 p., 	$4.40 

140 Flexible Pavement Design and Management—Ma- 
terials Characterization (Proj. 1-10), 	118 p., 
$5.60 

141 Changes in Legal Vehicle Weights and Dimensions—
Some Economic Effects on Highways (Proj. 19-3), 
184 p., 	$8.40 

142 Valuation of Air Space (Proj. 11-5), 	48 p., 
$4.00 

143 Bus Use of Highways—State of the Art (Proj. 8-10), 
406 p., 	$16.00 

144 	Highway Noise—A Field Evaluation of Traffic Noise 
Reduction Measures (Proj. 3-7), 	80 p., 	$4.40 

145 	Improving Traffic Operations and Safety at Exit Gore 
Areas (Proj. 3-17) 	120 p., 	$6.00 

146 Alternative Multimodal Passenger Transportation 
Systems—Comparative Economic Analysis (Proj. 
8-9), 	68 p., 	$4.00 

147 Fatigue Strength of Steel Beams with Welded Stiff- 
eners and Attachments (Proj. 12-7), 	85 p., 
$4.80 

1-448 Roadside Safety Improvement Programs on Freeways 
—A Cost-Effectiveness Priority Approach (Proj. 20- 
7), 	64 p., 	$4.00 

149 Bridge Rail Design—Factors, Trends, and Guidelines 
(Proj. 12-8), 	49 p., 	$4.00 

150 Effect of Curb Geometry and Location on Vehicle 
Behavior (Proj. 20-7), 	88 p., 	$4.80 

151 Locked-Wheel Pavement Skid Tester Correlation and 
Calibration Techniques (Proj. 1-12(2)), 	100 p., 
$6.00 

152 Warrants for Highway Lighting (Proj. 5-8), 	117 
p., 	$6.40 

153 Recommended Produres for Vehicle Crash Testing 
of Highway Appurtenances (Proj. 22-2), 	19 p., 
$3.20 

154 Determining Pavement Skid-Resistance Requirements 
at Intersections and Braking Sites (Proj. 1-12), 	64 
p., 	$4.40 

155 Bus Use of Highways—Planning and Design Guide- 
lines (Proj. 8-10), 	161 p., 	$7.60 

156 Transportation Decision-Making—A Guide to Social 
and Environmental Considerations (Proj. 8-8(3)), 
135 p., 	$7.20 

Rep. 
No. Title 

105 Dynamic Pavement Loads of Heavy Highway Vehi- 
cles (Proj. 15-5), 	94 p., 	$5.00 

106 Revibration of Retarded Concrete for Continuous 
Bridge Decks (Proj. 18-1), 	67 p., 	$3.40 

107 New Approaches to Compensation for Residential 
Takings (Proj. 11-100)), 	27 p., 	$2.40 

108 Tentative Design Procedure for Riprap-Lined Chan- 
nels (Proj. 15-2), 	75 p., 	$4.00 

109 Elastonieric Bearing Research (Proj. 12-9), 	53 p., 
$3.00 

110 Optimizing Street Operations Through Traffic Regu- 
lations and Control (Proj. 3-11), 	100 p., 	$4.40 

111 Running Costs of Motor Vehicles as Affected by 
Road Design and Traffic 	(Proj. 	2-5A and 2-7), 

97 p., 	$5.20 
112 Junkyard 	Valuation—Salvage 	Industry 	Appraisal 

Principles 	Applicable 	to 	Highway 	Beautification 
(Proj. 	11-3(2)), 	41 	p., 	$2.60 

113 Optimizing Flow on Existing Street Networks (Proj. 
3-14), 	414 p., 	$15.60 

114 Effects of Proposed Highway Improvements on Prop- 
erty Values (Proj. 11-1(1)), 	42 p., 	$2.60 

115 Guardrail Performance and Design (Proj. 15-1(2)), 
70 p., 	$3.60 

116 Structural 	Analysis and Design of Pipe Culverts 
(Proj. 	15-3), 	155 p., 	$6.40 

117 Highway Noise—A Design Guide for Highway En- 
gineers (Proj. 3-7), 	79 p., 	$4.60 

118 Location, Selection, and Maintenance of Highway 
Traffic Barriers (Proj. 15-1(2)), 	96 p., 	$5.20 

119 Control of Highway Advertising Signs—Some Legal 
Problems (Proj. 11-3(1)), 	72 p., 	$3.60 

120 Data Requirements for Metropolitan Transportation 
Planning (Proj. 8-7), 	90 p., 	$4.80 

121 Protection of Highway Utility (Proj. 8-5), 	115 p., 
$5.60 

122 Summary and Evaluation of Economic Consequences 
of Highway Improvements (Proj. 2-11), 	324 p., 
$13.60 

123 Development 	of 	Information 	Requirements 	and 
Transmission Techniques for Highway Users (Proj. 
3-12), 	239 p., 	$9.60 

124 Improved Criteria for Traffic 	Signal 	Systems 	in 
Urban Networks (Proj. 3-5), 	86 p., 	$4.80 

125 Optimization of Density and Moisture Content Mea- 
surements 	by 	Nuclear 	Methods 	(Proj. 	10-5A), 

86 p., 	$4.40 
126 Divergencies in Right-of-Way Valuation (Proj. 11- 

4), 	57 p., 	$3.00 
127 Snow Removal and Ice Control Techniques at Inter- 

changes 	(Proj. 	6-10), 	90 	p., 	$5.20 
128 Evaluation of AASHO Interim Guides for Design 

of Pavement Structures 	(Proj. 	1-11), 	111 	p., 
$5.60 

..._.__.7129 Guardrail Crash Test Evaluation—New Concepts 
and 	End 	Designs 	(Proj. 	15-1(2)), 	89 	p., 
$4.80 

130 Roadway Delineation Systems (Proj. 5-7), 	349 p., 
$14.00 

131 Performance Budgeting System for Highway Main- 
tenance Management 	(Proj. 	19-2(4)), 	213 p., 
$8.40 

132 Relationships 	Between 	Physiographic 	Units 	and 
Highway Design Factors (Proj. 1-3(1)), 	161 p., 
$7.20 



Synthesis of Highway Practice 

No. Title 

1 	Traffic Control for Freeway Maintenance (Proj. 20-5, 
Topic 1), 	47 p., 	$2.20 

2 	Bridge Approach Design and Construction Practices 
(Proj. 20-5, Topic 2), 	30 p., 	$2.00 

3 Traffic-Safe and Hydraulically Efficient Drainage 
Practice (Proj. 20-5, Topic 4), 	38 p., 	$2.20 

4 	Concrete Bridge Deck Durability (Proj. 20-5, Topic 
3), 	28 p., 	$2.20 

5 Scour at Bridge Waterways (Proj. 20-5, Topic 5), 
37 p., 	$2.40 

6 Principles of Project Scheduling and Monitoring 
(Proj. 20-5, Topic 6), 	43 p., 	$2.40 

7 Motorist Aid Systems (Proj. 20-5. Topic 3-01),. 
28 p.. 	$2.40 

8 	Construction of Emhankments (Proj. 20-5, Topic 9), 
38 p., 	$2.40 

9 Pavement Rehabilitation—Materials and Techniques 
(Proj. 20-5, Topic 8), 	41 p., 	$2.80 

10 Recruiting, Training, and Retaining Maintenance and 
Equipment Personnel(Proj. 20-5, Topic 10), 35 p., 
$2.80 

11 Development of Management Capability (Proj. 20-5, 
Topic 12), 	SOp., 	$3.20 

12 Telecommunications Systems for Highway Admin-
istration and Operations (Proj. 20-5, Topic 3-03), 
29 p., 	$2.80 

13 Radio Spectrum Frequency Management (Proj. 20-5, 
Topic 3-03), 	32 p., 	$2.80 

	

14 Skid Resistance (Proj. 20-5, Topic 7), 	66 p.,. 
$4.00 - 

15 Statewide Transportation Planning—Needs and Re 
quirements (Proj. 20-5, Topic 3-02), 	41 p., 
$3.60 

16 Continuously Reinforced Concrete Pavement (Proj. 
20-5, Topic, 3-08), 	23 p., 	$2.80 

17 Pavement Traffic Marking—Materials and Applica-
tion Affecting Serviceability (Proj. 20-5, Topic 3- 
05), 	44 p., 	$3.60 

18 Erosion Control on Highway Construction (Proj. 
20-5, Topic 4-01), 	52 p., 	$4.00 

19 Design, Construction, and Maintenance of PCC 
Pavement Joints (Proj. 20-5, Topic 3-04), 	40 p., 
$3.60 

	

20 Rest Areas (Proj. 20-5, Topic 4-04), 	38 p., 
$3.60 

21 Highway Location Reference Methods (Proj. 20-5, 
Topic 4-06), 	30 p., 	$3.20 

22 Maintenance Management of Traffic Signal Equip- 
ment and Systems (Proj. 20-5, Topic 4-03) 	41 p., 
$4.00 

23 Getting Research Findings into Practice (Proj. 20-5, 
Topic 11) 	24 p., 	$3.20 	. 

24 Minimizing Deicing Chemical Use (Proj. 20-5, 
Topic 4-02), 	58 p., 	$4.00 

25 Reconditioning High-Volume Freeways in Urban 
Areas (Proj. 20-5, Topic 5-01), 	56 p., 	$4.00 

26 Roadway Design in Seasonal Frost Areas (Proj. 20-5, 
Topic 3-07), 	104 p., 	$6.00 

27 PCC Pavements for Low-Volume Roads and City 
Streets (Proj. 20-5, Topic 5-06), 	31 p., 	$3.60 

28 Partial-Lane Pavement Widening (Proj. 20-5, Topic 
5-05), 	30 p., 	$3.20 



THE TRANSPORTATION RESEARCH BOARD is an agency of the National 
Research Council, which serves the National Academy of Sciences and the National 
Academy of Engineering. The Board's purpose is to stimulate research concerning the 
nature and performance of transportation systems, to disseminate information that the 
research produces, and to encourage the application of appropriate research findings. 
The Board's program is carried out by more than 150 committees and task forces 
composed of more than 1,800 administrators, engineers, social scientists, and educators 
who serve without compensation. The program is supported by state transportation and 
highway departments, the U.S. Department of Transportation, and other organizations 
interested in the development of transportation. 

The Transportation Research Board operates within the Division of Engineering of 
the National Research Council. The Council was organized in 1916 at the request of 
President Woodrow Wilson as an agency of the National Academy of Sciences to enable 
the broad community of scientists and engineers to associate their efforts with those of 
the Academy membership. Members of the Council are appointed by the president of 
the Academy and are drawn from academic, industrial, and governmental organizations 
throughout the United States. 

The National. Academy of Sciences was established by a congressional act of incorpo-
ration signed by President Abraham Lincoln ,on March 3, 1863, to further science and 
its use for the general welfare by bringing together the most qualified individuals to deal 
with scientific and technological problems of broad significance. It is a private, honorary 
organization of more than 1,000 scientists elected on the basis of outstanding contribu-
tions to knowledge and is supported by private and public funds. Under the terms of its 
congressional charter, the Academy is called upon to act as an official—yet indepen-
dent—advisor to the federal government in any matter of science and technology, 
although it is not a government agency and its activities are not limited to those on 
behalf of the government. 

To share in the tasks of furthering science and engineering and of advising the federal 
government, the National Academy of Engineering was established on December 5, 
1964, under the authority of the act of incorporation of the. National Academy of 
Sciences. Its advisory activities are closely coordinated with those of the National 
Academy of Sciences, but it is independent and autonomous in its organization and 
election of members. 
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