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SYNOPSIS 

Ninety-five percent of the State highway mileage in this country is of the 
primary two-lane type in which the trends in 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 increasing right-of-way widths These trends include a growing 
emphasis placed on the landscape development of highways 

The remaining 5 percent of important improved highway mileage is of the 
muItiple-lane type, which may be either undivided or divided in 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 into 1938 and the 1940's furnish a composite picture of current tendencies 
in the sectional lay-out of tomorrow's multiple-Iane 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 right-of-way widths Flush-types and raised-typee 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 to the mileage constructed It is hoped the information on the divided high­
way type may be helpful as a reference guide in highway design 

Note Only the roadbed portion is discussed in detail in 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 four-lane highways may have to be built 
the Amencan Association of State High- in the next 25 years to accommodate the 
way Officials, as of July 1, 1937, there automobile traffic of the nation i This 
were at that time 4,704 miles of three- is an average of 1,000 miles of new con-
lane, 3,082 miles of four-lan6, and 221 struction each year m addition to the 
miles of six-lane pavement In other existing mileage of the multiple-lane 
words, we had a total of about 8,007 ^ypg m use. Therefore, the sec-
miles of multiple-lane highways in the ^ ^ j ^ multiple-lane highways 
United States in 1937 Of the 3,303 increasmgly miportant 
miles of four- and six-lane widths, only 
604 miles were divided so that traffic in T R E N D TOWARD DIVIDED HIGHWAYS 
opposing directions was separated by a GAINING RECOGNITION 

S j I b o ^ Z o r t « p S d The progress report m^de tta ye., 

way types have of course been con- i Announcement on November 16, 1938, by 
structed but exact figures are not yet H S Fairbank, Chief, Division of Information, 
available Bureau of Public Roads, at the Joint Con-

J , . i u J „ 4.u„ ference on Roadside Improvement, in New 
Based on information gathered in the york (See American Planning and C m c As-

highway plannmg surveys, however, it sociation's Planning Broadcasts December 
is now apparent that 25,000 miles of new 1938, p 23 ) 
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Types and Roadside Areas" deals pri-
mardy with the data resultmg from the 
survey of projects submitted to the U S 
Bureau of Pubhc Roads smce about 1930 
Nearly 500 selected highway cross sec­
tions of the multiple-lane type were 
analyzed For convemence of company 
son, the various types of multiple-lane 

types of highway construction have 
probably reached their peak or maximum 
proportion of the total multiple-lane 
construction, particularly m the case of 
the three-lane type which is defimtely 
downward in both graphs. 

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

TREND IN NUMBER OF M U L T I P L E - L A N E l TYPES OF HIGHWAY PROJECTS 
S U B M I T T E D TO THE BUREAU OF PUBLIC ROADS SINCE 1930 

^ 
^ ^ " ^ t-* L A N C S O R M O R E U N D I V I D E D 
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TREND IN NUMBER OF STATES S U B M I T T I N G M U L T I P L E - L A N E TYPES OF 
HIGHWAY PROJECTS TO THE BUREAU OF PUBLIC ROADS SINCE 1930 

4 - L A N C S O B M O R E O N D I V I O E O 

3 - L A N E U N D I V I D E D 

H 5 0 « 

ft-LANES OR M O R E D I V I D E D 

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 in each bienmal 
period, it is apparent that the undivided 

type of construction, it is interesting to 
note that the percentage of divided high­
way sections is increasmg, 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 comparison, the lower graph in Figure 
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1 indicates a similar trend among these 
three types of multiple-lane construction 
There is hkewise a definite 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 is gaming 
wider recognition and an mcrease m the 
number of States that wiU adopt this 
safer type of construction is strongly 
indicated 

types as submitted by the several States 
IS given in Table 1 

T R E N D I N W I D T H S A N D T Y P E S O F D I V I D E D 

H I G H W A Y P R O J E C T S 

In Figure 5, the widths of median strips 
have been classified for purposes of com­
parison in determimng general trends 
for this element of divided highway con­
struction The relative use of each 

T A B L E 1 
M U L T I P L E L A N E PROJECTS 

No of Projects Submitted by a State 
Undivided highways Divided highways 

No of Projects Submitted by a State 
3-Lane 4-Lane + 4-Lane + 

1 project only 
2, 3 or 4 projects 
5 projects or more 

9 States 
21 States 
8 States 

5 States 
14 States 
27 States 

9 States 
14 States 
7 States 

Total 38 States 46 States 30 States 

"The classification into the three groups according to the number of projects submitted by a 
State (whether it 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 in which only one project is 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 definite 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, is indicated as an accepted policy of 
highway construction in those States showing five or more projects of any one type.'' 

D I S T R I B U T I O N O F M U L T I P L E - L A N E 

H I G H W A Y S 

Figure 2 shows the distribution 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 m this period • 

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

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

respective width is indicated m 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 edgmgs 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 omitted 
The surface area of the wide median 
strips IS protected with suitable ground 
cover treatments Many 12-ft to 19-ft 
widths and some 40-ft and wider median 
stnps are also used As the separatmg 
area is widened, it is apparent that the 
necessity for curb edges tends to reduce 
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and the flush type with depressed center 
tends to grow in use 

T R E N D l iJi T Y P E S O F M E D I A N S T R I P S 

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

As wider nghts-of-way permit wider 
median strips to be used, the flush type 
with depressed center may tend to be 
more commonly used because of the 
practical advantages of dramage, snow 
storage, and improved growing conditions 
for vegetation as well as the more effective 
ehmination of headhght glare As wider 
rights-of-way are acquired, therefore, 
the depressed center flush type of median 

T R E N D IN W I D T H S O F M E D I A N S T R I P S T R E N D IN W I D T H S O F T R A F F I C L A N E S 
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Figure 5. Trend in Widths and Types of Divided 
Public Roads 

Highway Projects Submitted to the Bureau of 
Since 1930 

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

stnp shown at the bottom of the graph 
may tend to rise into a relatively more 
dommant position 

The trend m the surface treatment of 
median strip areas will logically vary 
accordmg to the type of median strip 
used. The selection of hard surfacmg 
or ground cover treatment is dependent 
upon whether a narrow strip unsuited 
to the growth of plant life is used or 
whether a wide strip providing favorable 
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growing conditions without excessive 
mamtenance is available Normally, the 
4-ft to 6-ft width of median strip will 
call for hard surfacmg and the 12-ft to 
40-ft or wider separation will mdicate 
the use of ground cover 

T R E N D I N W I D T H S O F T R A F F I C L A N E S 

In Figure 5 (upper right), it may be 
noted that the 9-ft width of traffic lane 
had practically disappeared from use m 
the multiple-lane type of highway by 
1936 The 10-ft width is most used 
although its use has decreased as the 11-ft 
traffic lane has gamed over the existmg 
10- ft width The 12-ft width is also 
becommg recognized and while the trend 
is most definitely indicated m favor of the 
11- ft traffic lane at the present time, 
there are mdications that the 12-ft 
traffic lane may also be more widely used 

T R E N D I N W I D T H S O F S H O U L D E R S 

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

T R E N D I N W I D T H S O F G R A D E D R O A D B E D 

Figure 6 indicates m a comparative 
way the steady expansion that has taken 
place m the development of the divided 
highway Widths of graded roadbed 
have steadily mcreased from about 60 ft 
in 1932, to 72 ft m 1934, 85 ft in 1936, 
and with a similar rate of expansion 

projected as shown m dashed Ime for 
1938 and the 1940's, the 1938-1940 
graded roadbed would be 97 ft wide, and 
the probable maximum width of 108 ft. 
to 112 ft will be gammg consideration 
m the commg 1940's or during the next 
decade of divided highway development. 

T R E N D I N W I D T H S O F R I G H T - O P - W A Y 

In general. Figure 6 pictures the pro­
gressive widemng that has taken place 
m the effort to have rights-of-way keep 
pace with the demands of broadenmg 
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 prunary 
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 
tendency to sacrifice the roadside border 
areas as the result of the efforts to widen 
the multiple-lane types of highways on 
existmg right-of-way lunitations em­
phasizes the vital need for giving added 
attention to the acquisition of adequate 
right-of-way so that a well-balanced 
design for complete highway development 
may be obtained 

Widths of right-of-way, m general, 
have mcreased from about 80 ft m 1932, 
to 100 ft m 1934, and 120 ft m 1936 
In the projected 1938-1940 portion of 
this composite figure, it is mdicated that 
right-of-way from 150 ft to 160 ft 
wide in 1938, and from 200 ft to 300 
ft. wide in the 1940's may become more 
common m divided highways of balanced 
design and complete development. 

In the Proceedmgs of the Twenty-
fourth Annual Highway Conference held 
at the Umversity 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, (II) roadside, and 
(III) adjacent land. 

baugh in 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 is 

the limitation 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." 

C O N C L U S I O N S 

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, startmg 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. 

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, i t is advantageous to locate 
utility poles along the highway borders. 

In island widths of less than 25 f t . or 
30 f t . 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. 

T H E C O M I N G D I V I D E D H I G H W A Y 

The divided highway of the coming 
1940 decade may be pictured as having 
a median strip 40 f t . 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 

MR. C. N. C O N N E R , 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. 
I t 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 liighway 
into a four-lane divided highway 
in highly restricted areas. 

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

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. 

- tXISTINOaiAHES 

II OR I! 

THIRD LANE AOOEO I 
" ON LONG UPGRADES 0 M ~ ^ 

CUT s o t or SECTION 

II OR 12 

THIRD LANE ADDED 
OH LONG UPSRAOFS 

DN FILL SIDE OF SECTION 

EXISTING 2 L A N E S 

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. I t is adaptable 
particularly to widening an existing two-
lane concrete pavement located in the 
center of a restricted right-of-way. I t 

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 f t . , those of 
traffic lane width, 10 to 12 f t . , and those 
25 f t . and wider. Some authorities do 
not favor the 10 to 12-ft. dividing strip 
because it is not of sufficient width 
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Figure 3. 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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Figure 5. Study of Development of 2-lane Highway Into 4-lane Divided Highway in Highly 
Restricted Areas 

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 S 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 extenor lanes may or 
may not be removed at the time of the 
ultimate development. 

Figure 7 shows a study of the develop­
ment of a four-lane undivided highway 
mto a four-lane divided highway by 
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utilizing an existing mterior lane for the 
dividmg stnp, adding one new lane at 
one side of the existmg 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 it is more eco­
nomical to leave in place the lane to be 
used for the dividing strip as shown, to 
salvage it for shoulders or to force apart 
and slide over one outer lane of the exist­
ing concrete pavement and thus provide 
space for a center dividing stnp Forc­
ing the slabs apart is considered some­
what more costly than the other methods 
mentioned 

Figure 8 is a study of the development 
of a four-lane divided highway with 
narrow dividing strip and low cost m-
tenor lanes into a four-lane divided 
highway with wide dividmg strip and 
four lanes of high type construction It 
IS proposed for consideration in lieu of a 
three lane highway because of its greater 
safe traffic capacity with appreciably 
shorter sight distances than is possible 

with three-lane design This construc­
tion illustrates a case where present 
traffic is known to require four-lane 
construction and probable future growth 
for the next 20 years can be estunated 
and smtable provision made m advance 
for an eventual design on a permanent 
location This means immediate acqui­
sition for full right-of-way By this 
method a httle can be saved in the first 
stage of construction with narrow divid­
ing stnp and inner lanes of a low-cost 
bituminous surface on a base course of 
gravel, stone or other suitable local 
matenal The inner lanes, together with 
the onginal dividing stnp, become the 
future 28-foot dividmg stnp when the 
extra lanes of high type construction are 
added on the outside 

In conclusion it may be said that 
multiple lane highways of the divided 
tjrpe have done' more to facilitate 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 




