THE SECTIONAL LAY-OUT OF MULTIPLE-LANE HIGHWAYS

By WiLBur H SiMonson .
Senior Landscape Architect, U 8 Bureau of Public Roads

SYNOPSIS

Ninety-five percent of the State highway mileage 1n this country 18 of the
primary two-lane type 1n which the trends 1n construction indicate a progressive
widening of roadbed surfaces and shoulders, the flattening of crowns and of
slopes of shoulders and gutters, as well as the flattening and rounding of cut and
fill slopes and ncreasing right-of-way widths These trends include a growing
emphasis placed on the landscape development of highways

The remaming 5 percent of important improved highway mileage 18 of the
multiple-lane type, which may be either undivided or divided 1n sectional lay-
out The undivided highway types of 3-lane and of four or more lanes are
compared with the divided highway type of four or more lanes Three repre-
sentative construction periods are used 1932, 1934 and 1936 The projected
trends 1nto 1938 and the 1940’s furmsh a composite picture of current tendencies
1n the sectional lay-out of tomorrow’s multiple-lane highways

The data are presented in convenient graphic form relative to the types and
widths of median strips, the widths of traffic lanes and of shoulders, graded
roadbed widths and rnight-of-way widths Flush-types and raised-types of
median strips, together with types of edgings or curbs used and the finish-surface
treatment of the median strips are analyzed and compared

The facts presented are based on the number of multiple-lane projects sub-
mitted by the various State highway departments since 1930 and have no refer-
ence lo the mileage constructed It 18 hoped the information on the divaided high-
way type may be helpful as a reference gumide 1n highway design

Note Only the roadbed portion 1s discussed 1n detail 1n this paper For
discussion of roadside details that apply equally well to the roadside portion of
multiple lane highways see, ““The Design of the Highway Cross Section’ by W

H Simonson, Proceedings, Highway Research Board, Vol 17, p 255

According to the last annual report of
the Amencan Association of State High-
way Officials, as of July 1, 1937, there
were at that time 4,704 miles of three-
lane, 3,082 miles of four-lané, and 221
miles of six-lane pavement In other
words, we had a total of about 8,007
miles of multiple-lane hughways n the
United States in 1937 Of the 3,303
mules of four- and six-lane widths, only
604 miles were divided so that traffic in
opposing directions was separated by a
raised parkway or median strip Since
the above report was prepared, some
additional mileages of multiple-lane high-
way types have of course been con-
structed but exact figures are not yet
available

Based on information gathered 1n the
highway planmng surveys, however, 1t
18 now apparent that 25,000 miles of new

four-lane highways may have to be built
1n the next 25 years to accommodate the
automobile traffic of the nation! This
1s an average of 1,000 miles of new con-
struction each year i addition to the
existing mileage of the multiple-lane
type now 1n use. Therefore, the sec-
tional lay-out of multiple-lane highways
1s 1ncreasingly mmportant

TREND TOWARD DIVIDED HIGHWAYS
GAINING RECOGNITION

The progress report made this year
(1938) by the subcommuttee on “Highway

1 Announcement on November 16, 1938, by
H S Fawrbank, Chief, Division of Information,
Bureau of Public Roads, at the Joint Con-
ference on Roadside Improvement, in New
York (See American Planning and Civic As-
sociation’s Planning Broadcasts December
1938, p 23)
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SIMONSON—MULTIPLE LANE HIGHWAYS

Types and Roadside Areas” deals pri-
marly with the data resulting from the
survey of projects submitted to the U 8
Bureau of Public Roads since about 1930
Nearly 500 selected highway cross sec-
tions of the multiple-lane type were
analyzed For convenience of compan;
son, the varous types of multiple-lane
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types of highway construction have
probably reached their peak or maximum
proportion of the total multiple-lane
construction, particularly in the case of
the three-lane type which 15 defimtely
downward in both graphs.

While the four-lane or more undivided
highway section represents the most used

TREND IN NUMBER OF MULTIPLE-LANE TYPES OF HIGHWAY PROJECTS
SUBMITTED TO THE BUREAU OF PUBLIC ROADS SINCE 1930
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Figure 1

construction were classified under three
main heads.
1 Three-lane undivided highways
2 Four or more lane undivided high-
ways
3 Four or more lane divided highways
Figure 1 indicates the trend in con-
struction of the three types of multiple-
lane highways Based on the relative
percentage of each type (number of
projects) to the total number of multiple-
lane projects submitted 1n each bienmal
period, 1t is apparent that the undivided

type of construction, 1t 1s interesting to
note that the percentage of divided high-
way sections 18 1ncreasing, having passed
the number of three-lane projects used,
and reached one-half the number of
four-lane undivided projects. The in-
dications are, therefore, that the four-lane
undivided highway will gradually be
replaced by the four-lane divided highway
type, which will probably dominate the
multiple-lane construction of the future.

Using the number of States as a basis
of companson, the lower graph in Figure
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SIMONSON—MULTIPLE LANE HIGHWAYS

1 indicates a similar trend among these
three types of multiple-lane construction
There 1s likewise a defimte tendency for
fewer States to continue the three-lane
type of construction and for a larger
number of States to favor the four-lane
types The divided highway 1s gaining
wider recognition and an increase in the
number of States that will adopt this
safer type of construction 1s strongly
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types as submitted by the several States
15 given m Table 1

TREND IN WIDTHS AND TYPES OF DIVIDED
HIGHWAY PROJECTS

In Figure 5, the widths of median strips
have been classified for purposes of com-
panson m determimng general trends
for this element of divided highway con-

indicated struction The relative use of each
TABLE 1
MuLtipLE LANE ProOJECTS
Undivided highways Divided highways
No of Projects Submitted by a State
3-Lane 4-Lane + 4-Lane -+
1 project only 9 States 5 States 9 States
2, 3 or 4 projects 21 States 14 States 14 States
5 projects or more 8 States 27 States 7 States
Total 38 States 46 States 30 States

“The classification 1nto the three groups according to the number of projects submitted by a
State (whether 1t was 1, 2, 3 or 4, or 5 or more projects) was used on the assumption that the 3-
lane or 4-lane undivided highway, or the four or more lane divided highway, was considered as
an incidental part of the highway program and not as a regular type of construction in those
States 1n which only one project 18 indicated for any one type, that the tendency toward the
possible adoption of the 3-lane or 4-lane undivided, or four or more lane divided highway type,
was indicated as a defimte part of the State-wide highway program in those States which have
made repeated submissions of 2, 3 or 4 projects of any one type, and that the 3-lane or 4-lane
undivided, or the four or more lane divided highway type, 18 1ndicated as an accepted policy of

highway construction in those States showing five or more projects of any one type.’’

v

DISTRIBUTION OF MULTIPLE-LANE
HIGHWAYS

Figure 2 shows the distmbution by
States of the number of three-lane un-
divided highway projects submitted to
the Bureau of Public Roads for the 1930-
1938 period

Figure 3 shows the distribution by
States of the number of four-lane un-
divided highway projects submitted to
the Bureau in this penod -

Figure 4 shows the distribution by
‘States of the number of four or more lane
divided highway projects submutted to
the Bureau since 1930

A summary tabulation of the number of
projects of the vanous multiple-lane

respective width 1s indicated mm per-
centage of the biennial total Two
general types of median strips may be
recognized The narrow raised type four
to six feet wide, with curb edgings and
hard surface treatment, and the wide
flush type of median strip from 20 to
39 ft wide, often with the low-sloping-
faced rural type of curb, and m some
cases with the curb edgings omutted
The surface area of the wide median
strips 1s protected with suitable ground
cover treatments Many 12-ft to 19-ft
widths and some 40-ft and wider median
strips are also used As the separating
area 15 widened, 1t 1s apparent that the
necessity for curb edges tends to reduce
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and the flush type with depressed center
tends to grow 1n use

TREND IN TYPES OF MEDIAN STRIPS

The left center graph 1 Figure 5
indicates that the raised type of median
strip with either urban or rural type
curb edges has been most widely used mn
the past Since 1934, the sharp drop
in the use of the high vertical-faced

TREND IN WIDTHS OF MEDIAN STRIPS o

TREND IN SURFACE TREATMENT OF
MEDIAN STRIP AREAS
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DESIGN

As wider rnights-of-way permit wider
median strps to be used, the flush type
with depressed center may tend to be
more commonly used because of the
practical advantages of dranage, snow
storage, and improved growing conditions
for vegetation as well as the more effective
elimination of headlight glare As wider
nights-of-way are acquired, therefore,
the depressed center flush type of median

TREND IN WIDTHS OF TRAFFIC LANES
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Figure 5. Trend in Widths and Types of Divided Highway Projects Submitted to the Bureau of
Public Roads Since 1930

(urban type curb) may be noted in favor
of the low-sloping-faced (rural type)
curb where edgings for median strips are
used However, a parallel increase
the use of the flush types of construction
with either the crowned center or the
depressed center 1s also indicated These
three general types of median strip section
each have their place in the divided
highway construction according to the
relative width of the separating area

strip shown at the bottom of the graph
may tend to nse into a relatively more
dominant position

The trend in the surface treatment of
median strip areas will logically vary
according to the type of median strip
used. The selection of hard surfacing
or ground cover treatment 18 dependent
upon whether a narrow strip unsuited
to the growth of plant hfe 1s used or
whether a wide strip providing favorable
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growing conditions without excessive
maintenance 1s avalable Normally, the
4-ft to 6-ft width of median strip will
call for hard surfacing and the 12-ft to
40-ft or wider separation will indicate
the use of ground cover

TREND IN WIDTHS OF TRAY¥FIC LANES

In Figure 5 (upper night), 1t may be
noted that the 9-ft width of traffic lane
had practically disappeared from use mn
the multiple-lane type of highway by
1936 The 10-ft width 1s most used
although 1ts use has decreased as the 11-ft
traffic lane has gained over the existing
10-ft width The 12-ft width 1s also
becoming recogmzed and while the trend
is most definitely indicated mn favor of the
11-ft traffic lane at the present time,
there are indications that the 12-ft
traffic lane may also be more widely used

TREND IN WIDTHS OF SHOULDERS

In Figure 5 (lower right), the relative
use of three general widths of shoulder
on multiple-lane types of construction
1s iIndicated The outer curb n place
of a shoulder as at first largely used n
connection with urban construction proj-
ects appears to have dropped sharply
in favor of the wide shoulder The
narrower shoulder widths under seven
feet (2 to 6 it ) formerly used have now
been replaced by the wider type of
over seven feet (8 to 12 ft) In this
general group, 10 ft 1s the most common
shoulder width, and 8 ft 1s the next
most used width A definite trend since
1936 toward the wider 12-ft shoulder
section may now be observed

TREND IN WIDTHS OF GRADED ROADBED

Figure 6 indicates i a comparative
way the steady expansion that has taken
place mn the development of the divided
highway Widths of graded roadbed
have steadily increased from about 60 ft
in 1932, to 72 ft 1n 1934, 85 ft in 1936,
and with a simlar rate of expansion
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projected as shown in dashed lme for
1938 and the 1940’s, the 1938-1940
graded roadbed would be 97 {t wide, and
the probable maximum width of 108 ft.
to 112 ft will be ganing consideration
1 the coming 1940’s or during the next
decade of divided highway development.

TREND IN WIDTHS OF RIGHT-OF-WAY

In general, Figure 6 pictures the pro-
gressive wideming that has taken place
m the effort to have rights-of-way keep
pace with the demands of broadening
construction In this figure, the trends
m divided highway expansion have been
superimposed upon the typical cross
sections of the primary two-lane highway
for purposes of comparative study. It
may be noted that the rights-of-way that
were considered adequate for the primary
two-lane type have been crowded by the
divided type of multiple-lane construction
so that the roadside borders have been
generally squeezed down to less than
one-half the roadside widths available
to the two-lane highway The present
tendéncy to sacrifice the roadside border
areas as the result of the efforts to widen
the multiple-lane types of highways on
existing rnight-of-way limitations em-
phasizes the vital need for giving added
attention to the acquisition of adequate
rnight-of-way so that a well-balanced
design for complete highway development
may be obtamned

Widths of right-of-way, 1n general,
have mcreased from about 80 ft n 1932,
to 100 ft mm 1934, and 120 ft n 1936
In the projected 1938-1940 portion of
this composite figure, 1t 18 mdicated that
right-of-way from 150 ft to 160 ft
wide in 1938, and from 200 ft to 300
ft. wide 1n the 1940’s may become more
common 1 divided highways of balanced
design and complete development.

In the Proceedings of the Twenty-
fourth Annual Highway Conference held
at the Umiversity of Michigan, February
15 to 17, 1938, Mr. Varnum B. Stein-
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Figure 6. Trend in Expanding Widths of Divided Highways in Relation to Right of Ways.
Safety, utility and appearance require a balanced relationship of (I) roadbed, (11) roadside, and

(III) adjacent land.

baugh 1 his discussion ‘‘Separating
Traffic on Multiple-Lane Highways, con-
cluded: (Pages 80-81)

“The most serious obstacle to accomplishing
this objective over the next two decades 1s

the himitation of financial resources to do the
job  The lack of right-of-way prevents carry-
ing out logical step-by-step progress in this
direction

“Right-of-way policy should make possible
amortization of land costs over a long future
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period. Procedure now employed does not
, permit acquisition of right-of-way for the en-
tire route which will require modernization
over a future period. It permits only acquisi-
tion of land that is necessary for a unit of such
construction. Land costs are met in the year
that this construction is programmed. Hence
it is impossible to lay out the route for ultimate
development by orderly stage construction.
“Certainly one of the most urgent needs in
view of the future task of highway mod-
ernization is the immediate adoption of a
long-time policy in acquiring and financing
right-of-way on the carefully laid-out system
of high-volume highways.”’

CONCLUSIONS

In the sectional lay-out of multiple-
lane highways, three distinct zones or
divisions of the entire right-of-way are
now recognized: Roadbed, roadside, and
adjacent lands (border control).

There has been an ever-widening con-
cept of the evolving patterns of highway
design, starting from the center line and
spreading continually outward. This
constant expansion of the graded roadbed
has tended to squeeze down the remain-
ing portion of the existing right-of-way
or the “roadside,” emphasizing the neces-
sity for obtaining greater widths of right-
of-way. Many of our rights-of-way are
not sufficient to construct divided high-
ways and have sufficient roadside space
available for essential roadside develop-
ment. A right-of-way should be of
sufficient width at the outset to include
a fairly wide neutral ground and have
side space for development work, par-
ticularly proper backsloping. At the
present time, the roadbed is widened
at the expense of the roadside. More
attention to wider right-of-way acquisi-
tions will overcome this sacrifice in
border control so essential to the effici-
ency and safety of all highways, and
especially divided highways,

e 2 el I
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The wide median strip is more desir-
able than the narrow one and should be
used as far as possible in new construc-
tion and in reconstruction.

Extreme simplicity in the treatment
of the wide median strip is indicated.
Ample roadside space for easy slopes
and opportunity for walkways and other
marginal development in connection with
natural landscape treatment in the outer
borders is indicated. On a wide right-
of-way, it is advantageous to locate
utility poles along the highway borders.

In island widths of less than 25 ft. or
30 ft. ground cover treatment, unbroken
by planting, gives a more dignified and
unified appearance than would result if
scattered planting were introduced. The
practical aspects of design considering
safety and utility are inseparably linked
with a sectional design that will consider
esthetics as an essential part of the high-
way program.

A balanced design is most economical
from the long-range point of view. The
foundation of a well-balanced design is
an adequate sectional lay-out of right-

-of-way, with roadbed, roadside, and
adjacent lands all united in proper
relation. The divided highways of to-
morrow must have this foundation if the
ideal solution for the fullest public
service is to be accomplished and enjoyed.

THE COMING DIVIDED HIGHWAY

The divided highway of the coming
1940 decade may be pictured as having
a median strip 40 ft. or more wide with
a flush type depressed center, between
two 24-ft. one-way surfaces bordered
by 12-ft. shoulders, placed on a wide
right-of-way with roadside border con-
trol.

DISCUSSION ON LAYOUT OF MULTIPLE LANE HIGHWAYS

Mgr. C. N. ConNNER, Bureau of Public
Roads: Mr. Simonson’s paper does not

include reference to the possible conver-
sion by reconstruction of existing unsafe
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highways into relatively safe highways.
It is the purpose of this discussion, to
submit design studies of how they may
be improved by:

1. Development of a two-lane highway
on steep upgrades by the addition
of one or two lanes.

2. Development of a two-lane high-
way into a four-lane divided
highway in rural areas.

3. Development of a two-lane highway
into a four-lane divided highway
in highly restricted areas.

4. Development of a three-lane high-
way into a four-lane divided
highway.

DESIGN

grades on highways where sight distances
are too short for safe passing (Fig. 2)
a similar situation occurs. The condi-
tion may be improved by addition of one
or preferably two lanes to carry trucks
and other slow-moving vehicles while
they are being passed by faster vehicles.
The addition of a single lane to a two-lane
highway in most cases would only be a
temporary expedient pending wider pave-
ments throughout the entire project and
would not be so safe as the four-lane
transition. In any case the marking of
traffic lanes should be very -clearly
defined. There appears to be no easy or
simple solution to this problem.

{-— HoR 12 —-]
A ‘\\V/

[ 1
= THIRD LANE ADDED __‘
ERLTTING 2 LARES ON LONG UPGRADES ON

CUT SIDE OF SECTION

THIRD LANE ADDED
ON LONG UPGRADES
ON FILL SIDE OF SECTION

EXISTING 2 LANES

Figure 1. Study of Development of 2-lane Highway to Relieve Congestion Caused by
Slow Vehicles on Long Upgrades

5. Development of a four-lane un-
divided highway into a four-lane
divided highway.

6. Development of a four-lane divided
highway with interior lanes of
low-cost, construction and narrow
dividing strip into a four-lane
divided highway with all lanes
of high type construction and a
wide dividing strip.

Figure 1 is a study of the development
of an existing two-lane highway to relieve
congestion on upgrades. For many
years traffic on railroads of normal
double track construction has been
speeded up by a third track on long
upgrades added solely to carry slow-
moving freight trains. On long up-

Figure 2. A Procession of Slow-moving
Vehicles on a Long Upgrade Headed by a
Truck Traveling at Less than 10 Miles per
Hour. Sight distances are too short and road
is too narrow for safe passing.

Figure 3 is a study of the development
of an existing two-lane highway into a
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four-lane divided highway in rural areas.
The divided highway need not be of
constant cross section. Dividing strips
may vary in width and as shown on
Figure 4 the two roadways may be at
different levels and the superelevation of
curves may be effected differently on each
road. Minor changes in alignment also
are possible and may be desirable.

Figure 5 is a study of the development
of a two-lane highway into a four-lane
highway separated by a narrow dividing
strip as in highly restricted areas. The
method accomplishes a divided four-
lane highway with a minimum increase of
right-of-way and cost. It is adaptable
particularly to widening an existing two-
lane concrete pavement located in the
center of a restricted right-of-way. It

230R 24
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EXISTING 2-LANES

Figure 3.
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the contrast in color and texture between
the outside concrete surfaces and inside
bituminous surfaces. This section, how-
ever, with its narrow dividing strip is
not so desirable for an ultimate improve-
ment as a section with a wide dividing
strip 25 or more feet in width, largely
because it tends to make difficult the
acquisition of right-of-way needed for
future expansion. For this reason the
section should be considered as a tem-
porary expedient. Present practice in-
dicates three general widths of dividing
strips, those from 4 to 6 ft., those of
traffic lane width, 10 to 12 ft., and those
25 ft. and wider. Some authorities do
not favor the 10 to 12-ft. dividing strip
because it is not of sufficient width

230R 24

FUTURE DIVIDING STRIP
A’/IM’&QWW

2T TTR LTI~

FUTURE 2-LANES »

Study of Development of 2-lane Highway into 4-lane Divided Highway in Rural Areas

Note: Width of dividing strip may be increased to 70 feet or more and the future 2-lane road-
way constructed independently of existing pavement as to details of alignment, grade and super-

elevation.

results in a divided highway with a mini-
mum additional cost over that of a four-
lane non-divided highway. Traffic is
encouraged to keep in its proper lane by

Figure 4. A 4-lane Highway with Roadways
Independent as to Alignment, Grade, and
Superelevation and Separated by Wide Divid-
ing Strips of Natural Growth. In New York.

safely to harbor a vehicle while crossing
the main highway.

Figure 6 is a study of the develop-
ment of an existing three-lane highway
into a four-lane divided highway by
utilizing an existing exterior lane for
the future dividing strip. In a number
of three-lane highways recently con-
structed the middle lane is a bituminous
material and the exterior lanes are con-
crete. A color contrast is thus provided.
This scheme should be continued in the
process of development so that the in-
terior lanes of the divided roadways will
have a black top surface and the ex-
terior lanes a gray concrete surface.
Where the development is to be a four-
lane divided highway with a dividing
strip of width greater than one lane,
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WORI2 12 § e~ 12 ORI
[ [ RAISED CONCRETE BIVIDING Sae
BITUMINOUS TOP COURSE ' GTUMINOUS TaP COURSE |

ADOLO CONCRETE LANE EISTING PAVEMENT
AQCED CONCRETC BASE COURSC
Figure 5. Study of Development of 2-lane Highway into 4-lane Divided Highway in Highly
Restricted Areas

ADDED GONCRETE LANE

Steps in stage construction.

(1) Construct outer concrete lane on the left.

(2) Construct outer concrete lane on the right (operations 1 and 2 may be reversed if desired).

(3) Construct raised concrete median strip and added concrete base course, maintaining
two-way traffic on concrete lane on the left and adjacent half of existing pavement.

(4) Construct bituminous top course on the right.

(5) Construct bituminous top course on the left (operations 4 and 5 may be reversed. Two-
way traffic during each operation is maintained on the opposite side of the center line).
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Figure 6. Study of Development of 3-lane Highway into 4-lane Divided Highway
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Figure 7. Study of Development of 4-lane Undivided Highway into 4-lane Divided

Highway
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Figure 8. Study of Development of 4-lane Divided Highway with Narrow Dividing Strip,
2 Low Cost Lanes and 2 High Type Lanes into 4-lane Divided Highway with Wide Dividing Strip
and 4 High Type Lanes.

one of the existing exterior lanes may or Figure 7 shows a study of the develop-
may not be removed at the time of the ment of a four-lane undivided highway
ultimate development. mto a four-lane divided highway by




DISCUSSION—MULTIPLE LANE HIGHWAYS

utihzing an existing interior lane for the
dividing strip, adding one new lane at
one side of the existing pavement and
widening the other side to provide two
roadways each having a total width of
23 or 24 ft A study of local conditions
should indicate whether 1t 15 more eco-
nomical to leave in place the lane to be
used for the dividing strip as shown, to
salvage 1t for shoulders or to force apart
and shde over one outer lane of the exist-
g concrete pavement and thus provide
space for a center dividing strip Forc-
ing the slabs apart 1s considered some-
what more costly than the other methods
mentioned

Figure 8 1s a study of the development
of a four-lane divided highway with
narrow dividing strip and low cost n-
terior lanes into a four-lane divided
highway with wide dividing strip and
four lanes of high type construction It
1s proposed for consideration n heu of a
three lane highway because of its greater
safe traffic capacity with appreciably
shorter sight distances than 1s possible
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with three-lane design This construc-
tion 1llustrates a case where present
traffic 18 known to require four-lane
construction and probable future growth
for the next 20 years can be estimated
and swtable provision made in advance
for an eventual design on a permanent
location This means immediate acqui-
sitton for full right-of-way By this
method 2 hittle can be saved n the first
stage of construction with narrow divid-
ing strip and 1nner lanes of a low-cost
bituminous surface on a base course of
gravel, stone or other suitable local
material The mner lanes, together with
the ongmal dividing strip, become the
future 28-foot dividing strip when the
extra lanes of high type construction are
added on the outside

In conclusion 1t may be said that
multiple lane highways of the divided
type have done more to faciitate the
free flow of large volumes of traffic
of more than 4000 or 5000 daily and re-
duce accidents than any other contribu-
tion by the highway designer





