
G R O N B E R G A N D B L O S S E R : L I V E S O F H I G H W A Y S U R F A C E S 8 9 

Lives of Highway Surfaces—Half Century 
Trends 

G O R D O N D . G K O N B E R G , Head, Annual Cost Unit, and 
N E L L I E B . B L O S S E R , Statistician, 

Bureau of Public Roads, Department of Commerce, 
Financial and Administrative Research Branch 

That highways do wear out is an accepted fact. Since the war our construction program 
has been greatly expanded. What influence has this stepped-up program had on the 
service lives of our roads? Are the miles actually retired greater or less than those de
veloped in past estimates? This report attests to the validity of previous estimates and 
adds seven years experience to the information presented in the 1948 report. 

Among the major objectives of the road life study phase of the highway planning sur
veys is the development of factual data relating to (1) how long road surfaces remain in 
service before they are replaced, and (2) what is done to the road surfaces at the time of 
replacement. This is the th i rd report presented on this subject in the past 16 years. The 
first report was in 1940 and the second in 1948. 

I n the present report the life experience of road surfaces on primary rural highways 
covers the period from January 1, 1900 to January 1, 1953. The basic data were sub
mitted by 25 states and Puerto Rico for rural state or federal-aid primary systems and 
include 344,108 miles of construction and 192,741 miles of retirements. Results of the 
analysis show that the number of years a surface remains in service before i t is resur
faced, reconstructed, or otherwise replaced ranges from 5.2 years for lower type sur
faces to 25.5 years for the higher type surfaces. 

Of the 183,976 miles analyzed by method of retirement through 1952, 57 percent were 
resurfaced, 31 percent reconstructed, 9 percent transferred to other public agencies, and 
3 percent abandoned. Since the war the proportion resurfaced has decreased and the 
proportion reconstructed has increased. 

Data for nine states are common to all three reports. For these nine states, an esti
mate was made of what mileages would sti l l be in service in 1953 if road surfaces con
tinued to be retired at the rates shown in the 1940 and 1948 reports. This estimate was 
then checked against the actual mileages remaining in 1953. There was close agreement 
between the actual and estimated miles remaining. The differences between the previ
ous forecasts and the present report may be partly due to the lagging highway program 
during the war and postwar periods. 

On January 1, 1953, the average age was 13.0 years for low type, 10.9 years for inter
mediate type, and 13.3 years for high type surfaces. Corresponding remaining life ex
pectancies are 2.9, 5.9, and 9.3 years, respectively. 

The service life data developed in this report were used in estimating the probable 
mileages remaining in service in future years. During the 10 years, January 1, 1953 to 
January 1, 1963, i t is estimated that 96 percent of the low, 83 percent of the intermedi
ate, and 61 percent of the high type surfaces in service at the beginning of the period wi l l 
be retired through resurfacing, reconstruction, abandonment or transfer. 
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9 T H E highway systems of the nation are 
a v i ta l segment of our national economy. The 
proper management of these systems and the 
protection of the investment they represent 
require detailed knowledge of their perform
ance. Many facts are needed with respect to 
their construction, maintenance, operation 
and administration. To supply these facts is 
one function of the highway planning surveys 
which were established in the middle 1930's 
by the state highway' departments in coopera
tion wi th the Bureau of Public Roads. 

Despite their extent and advanced stage of 
development most of the nation's highways 
are inadequate for the demands of present 
day traffic. ^ luch of the current inadequacy 
dates back to World War I I when highway 
construction was cut to a minimum as a re
sult of the defense effort. Highways were kept 
in operating condition wi th a minimum of 
expenditure to conserve labor, equipment, 
and materials. A t the end of the war an out
dated highway system was called upon to 
handle heavier traffic demands than ever 
before. To solve their problem, many states 
undertook highway needs studies. Attention 
was directed to both long range and short 
range planning. 

Funds were limited and progress was slow. 
I n the meantime, the needs continued to 
mount. There was need for updating of the 
facts relating to the performance of roads and 
how fast they were wearing out and how long 
they would remain in service. The proper 
evaluation of these data is necessary to deter
mine the dimensions of future needs. The 
data necessary for these evaluations are ob
tained from the road life studies of the high
way planning surveys. They cover such items 
as rates of wearing out, construction cost, 
maintenance cost, extent of functional ob
solescence and structural deterioration, and 
life of the investment. The findings must be 
appraised in the light of changing traffic vol
umes, heavier loads and higher speeds. 

One of the objectives of the road life 
studies in the individual states is the develop
ment of an organized body of information 
concerning life characteristics of highway 
surfaces. The first comprehensive analysis of 
such data was presented in the article "Li fe 
Characteristics of Surfaces Constructed On 
Primary Rural Highways" by Robley Win-
frev and Fred B . Farrell pubUshed in the 

Proceedings of the twentieth annual meeting 
of the Highway Research Board in December 
1940. I n that report were included the results 
of service Ufe analyses on 210,000 miles of 
construction up to January 1, 1937 for various 
surface types in 26 states. 

There was li t t le activity in the road life 
studies f rom 1940 through World War I I . 
However, most states resumed operations 
once the war was over and a second report 
on service lives was prepared in 1948 by Fred 
B. Farrell and Henry R. Paterick. This re
port covered 16 states and was presented at 
the twenty-eighth annual meeting of the 
Highway Research Board in 1948. Included 
in the report were the service life analyses on 
248,783 miles of construction and 129,593 
miles of retirements up to January 1, 1946. 

I n the present report, data for 25 states and 
Puerto Rico are included (see Figure 1): 

Arizona Nevada 
California New Mexico 
Connecticut Oklahoma 
Delaware Pennsylvania 
Florida Rhode Island 
Georgia South Dakota 
Illinois Tennessee 
Indiana Texas 
Kansas Washington 
Minnesota West Virginia 
Mississippi Wisconsin 
Missouri Wyoming 
Montana Puerto Rico 

Nine of the above listed states were also 
in the 1940 report and the 1948 report: 
Indiana, Kansas, Missouri, Montana, New 
Mexico, Oklahoma, Texas, A '̂est Virginia, 
and Wyoming. I n addition to the above nine 
states, this report also intdudes four states 
listed in the 1948 report. They are: Illinois, 
Minnesota, Nevada, and AVisconsin. 

B A S I C DATA C O M P I L E D 

This report embraces 344,108 miles of 
construction of various surface t^'pes on the 
rural portions of the primary state or federal-
aid sj'stems for 25 states and Puerto Rico. I n 
general, all mileage in incorporated places of 
greater than 1,000 persons has been excluded. 
Construction of widening has also been 
omitted in those cases where the widening 
was done as a separate operation. Where the 
widening was done in conjunction with the 
resurfacing or reconstruction of the jn-evious 
surface, the mileage of the new construction. 
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which includes widening, is represented in the 
tabulations. The basic summaries cover the 
period f rom January 1, 1900 to January 1, 
1953, and include: 

1. Mileage constructed each year for each 
surface type (for 25 states and Puerto Rico). 

2. Mileage of each year's construction of 
each surface type remaining in service on 
January 1, each year after construction (for 
25 states and Puerto Rico). 

3. Method of retirement (resurfaced, re
constructed, abandoned or transferred) for 
mileage of each surface type retired each year 
(24 states and Puerto Rico). 

Data for IVIississippi were not available for 
the summaries prepared in connection with 
i tem 3. Information for California is for 
federal-aid routes 1, 2, 3, 7, and 8 and for 
Montana for US 10 only. 

There are eight major surface types for 
which individual service-life analyses were 
made: 

1. Soil surfaced. 
2. Gravel or stone. 
3. Bituminous surface treated. 
4. Mixed bituminous. 
5. Bituminous penetration. 
6. Bituminous concrete. 
7. Portland cement concrete. 
8. Brick or block. 
Definitions of these surface types, used in 

all phases of the highway planning surveys 
in determining the general type classifications 
constructed in the individual states, wi l l be 
found in the appendix. Definitions of the 
four methods of retirement wi l l also be found 
in the appendix. 

A V E R A G E L I F E D E F I N E D 

The average service life of a road surface is 
the average period of time after construction 
that the surface remains in service prior to 
being replaced, resurfaced, reconstructed, or 
otherwise taken out of service for any reason 
or by any method. Stated in another manner, 
i t is that period of time after construction 
during which the only operations performed 
on the road surface are those of maintenance 
as practiced by the various states. I t is a 
recognized fact, however, that a significant 
amount of construction work is done by 
maintenance funds in many states. This is 
particularly true in the low and intermediate 
types. I n recording the original data sum

marized in this report, an attempt was made 
i n each state to segregate construction f rom 
maintenance in a uniform manner regardless 
of the particular accounting practices in effect 
in a given state. The classifications of con
struction and maintenance operations gener
ally followed in the road life study are those 
included in the tentative draf t of the report 
to the 1938 meeting of the Subcommittee on 
Uniform Accounting of the American Associa
tion of State Highway Officials.' 

A N A L Y S I S P R O C E D U R E S 

Survivor curve analysis procedures em
ployed in this report are substantially the 
same as those discussed at some length in the 
1940 report. Reference should be made to this 
earlier report for an explanation of the me
chanics of computing average service l ife. 
I n the 1940 report, a single analysis was made 
of combined data for al l the states while in 
the 1948 report and in the present report, 
individual analyses were made for each state 
and the results combined by weighting. The 
two procedures wi l l yield the same results, 
however. One of the advantages of analyzing 
the data by individual states is that results 
are retained for each state and are available 
for use in further state studies. 

The average life data included in this 
report represent estimates based on actual 
experience. During the years of construction 
covered in this report there have been changes 
in construction methods and design standards. 
There have been periods of accelerated ac
t i v i t y and periods when l i t t le or no construc
tion was accomplished. Some roads have 
been kept in service too long while others 
have been rebuilt before the end of their 
useful life. Maintenance has frequently been 
inadequate. There have been instances of 
over-design and under-design. Throughout 
the past 35 years, nevertheless, there have 
been sustained improvements in the stand
ards of highway design, construction, main
tenance, and administration. Each of these 
has its influence upon service life, but in 
dividual effects cannot be evaluated wi th 
certainty. As a result of improvements which 
are continuously being made in design stand
ards, for example, such factors as excessive 

^ Copies of this t entat ive d r a f t were t r a n s m i t t e d to a l l 
s tate h i g h w a y departments u n d e r date of J u n e 2, 1938 b y 
the S u b c o m m i t t e e on U n i f o r m A c c o u n t i n g , A m e r i c a n A s 
sociat ion of State H i g h w a y Off ic ia l s . 
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grades, sharp curves, narrow roadway widths, 
and restricted sight distances formerly con
tr ibuting to early obsolescence or structural 
failure are gradually being reduced to a mini
mum, or even eliminated. 

Reference was made in the 1948 report to 
the large backlog of needed replacements of 
highway facilities which accumulated during 
World War I I . A n adjustment was made in 
analysis procedures on the assumption that 
there would be a somewhat higher than aver
age rate of retirement for about 10 years after 
the war. The actual experience shows that for 
the first seven years of the 10-year period, 
replacement rates have not been quite as high 
as predicted. However, state highway needs 
studies which are under way or have been 
completed show that deficiencies exist in 
amounts sufficient to warrant continuation of 
this assumption. I n fact, i f the accumulated 
deficiencies in the highway plant are to be 
overcome at the rates recommended in some 
of these long-range studies, i t is Ukely that 
the probable remaining service lives may, in 
some instances, prove to be somewhat less 
than indicated by the data presented in this 
report. 

F A C T O R S I N F L U E N C I N G R E S U L T S 

I n actual practice only a small percentage 
of road sections have a fife exactly equal to 
the average. Thus, when there is need for an 
estimate of service life for a particular road 
section, i t is necessary to consider such factors 
as age, structural condition, design features, 
location, and traffic usage which reflect condi
tions peculiar to that section. Only by the 
exercise of expert engineering judgment in the 
evaluation of these factors is i t possible to 
arrive at an estimate of the remaining service 
life for a particular road section. 

There are many factors that have impact on 
construction practice and in turn influence 
the trend of age of road surfaces and of ex
pected service. These include administrative 
policy, availability of materials and man
power, change or influence of politics, in
creased activity due to state legislative action, 
construction activity in neighboring states and 
in other fields of construction, civil defense 
act ivi ty, and any unusual or extended nation
wide highway program. 

Limitations in a study such as this are 

understandable as data were submitted by 
26 different reporting units. Each has slightly 
difi'ering practices wi th respect to construct
ing and maintaining roads and in reporting of 
data. These, in addition to those factors men
tioned above, tend to have their influence on 
service lives, age and expectancy, methods of 
retirement, etc. Even wi th these limitations, 
the findings are useful. Comparisons can be 
made, and the range of speculation as to trends 
or unusual changes with respect to road sur
face lives can be narrowed. 

M I L E A G E I N S E R V I C E 

I n Table 1 is listed for each surface type, by 
5-year construction periods, the mileage 
constructed during each period and the mile
age remaining in service on January 1, 1953. 
Approximately 42 percent of the surfaced 
mileage on the primary rural state highway 
systems of the United States is represented by 
these data. The proportions of each surface 
type included in this study are as follows: 

Percent 
Soil surfaced 5 
Gravel or stone 20 
Bituminous surface treated 36 
Mixed bituminous 43 
Bituminous penetration 37 
Bituminous concrete 50 
Portland cement concrete 58 
Brick or block 48 

Average, all types 42 

There are some mileages, particularly of the 
lower types, for which the dates of retirement 
are known but for which the dates of in i t ia l 
construction were not available. This results 
primarily f rom the difficulty in locating rec
ords of early construction. The partial data in 
those cases are not included in the analysis. 

The probable average service lives for each 
surface type are shown in Table 2, for 5-year 
construction periods. Estimates of average 
lives are given in this table for all constructed 
mileages reported. Because of the smaller 
mileages involved, the retirement trends for 
earlier construction are frequently more 
erratic than the trends for the larger mileages 
of more recent construction. The average life 
estimates for this earlier construction are more 
reliable, however, because of the greater ex
perience. 
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T A B L E 1 
M I L E A G E S C O N S T R U C T E D A N D M I L E A G E S R E M A I N I N G I N S E R V I C E O N 

J A N U A R Y 1, 1953. F O R E A C H S U R F A C E T Y P E ' 

Construct ion-year 
Grouping 

Soil Surfaced G r a v e l or Stone Bi tuminous Surface 
T r e a t e d Mixed Bi tuminous 

Construct ion-year 
Grouping 

Miles 
constructed 

Miles 
remaining 
in service 

Miles 
constructed 

Miles 
remaining 
in service 

Miles 
constructed 

Miles 
remaining 
in service 

Miles 
constructed 

Miles 
remaining 
in service 

1920 a n d prior 
1921-25 
1926-30 
1931-35 
1936-40 
1941-45 
1946-50 
1951-52 

488.1 
1.165.9 

712.6 
1.307.3 
1.325.4 

448.0 
276.0 

74.4 

6.2 
5.5 

33.2 
52.9 
18.1 
25.6 
45.7 

10,713.6 
22,493.4 
24,048.3 
17,912.8 
10,136.2 

4,688.4 
5,716.8 
1,940.5 

11.5 
421.5 

1,360.7 
1,433.3 

804.9 
730.8 

1,537.8 
1,375.9 

2,864.4 
3,665.1 
8,662.1 

11,056.7 
12,945.1 
7,682.7 

10,623.5 
4,193.9 

596.0 
896.8 

2,464.1 
2,982.0 
6,695.9 
4,616.9 
9,072.5 
4,078.6 

64.0 
317.7 

6,015.9 
20,540.3 
17,157.0 
7,917.6 

13,882.1 
6,394.8 

6.9 
43.2 

908.4 
6,450.0 
9,498.1 
5,129.1 

12,203.4 
6,302.1 

T o t a l 5,797.7 1 187.2 97,650.0 7,676.4 61,693.6 30,402.8 72,289.3 40,541.2 

Construct ion-year 
Grouping 

Bituminous Penetrat ion Bi tuminous Concrete Port land Cement 
Concrete B r i c k or B lock 

Construct ion-year 
Grouping 

Miles 
constructed 

533.9 
2,454.8 
2,251.6 
3,366 9 
2,726 2 
1,967.6 

959.6 
300,9 

.Miles 
remaining 
in service 

118.6 
517.8 
663.2 

1,864.2 
2,142.9 
1,516.5 

816.3 
296.4 

Miles 
constructed 

Miles 
remaining 
in service 

Miles 
constructed 

Miles 
remaining 
in service 

Miles 
constructed 

Miles 
remaining 
in service 

1920 a n d ]irior 
1921-25 
1926-30 
1931-35 
1936-40 
1941-45 
1946-50 
1951-52 

Miles 
constructed 

533.9 
2,454.8 
2,251.6 
3,366 9 
2,726 2 
1,967.6 

959.6 
300,9 

.Miles 
remaining 
in service 

118.6 
517.8 
663.2 

1,864.2 
2,142.9 
1,516.5 

816.3 
296.4 

814.7 
1,510.6 
2,036.9 
2,011.5 
4,256.9 
4,543.6 

10,081.8 
6,639.0 

115.5 
295.9 
444.3 
790.5 

2,574.7 
3,537.0 
9,685.3 
6,622.9 

2,826.1 
12,169.1 
16,909.5 
12,938.0 
6,962.5 
2,489.6 
2,982.0 
1,180.0 

489.6 
5,119.9 

11,425.9 
10,691.3 
6,114.5 
2,299.5 
2,963.4 
1,168.1 

728.5 
598.1 
183.0 
183.8 
49.6 
14.5 
6.1 
1.4 

87.3 
59.1 
46.5 
54.9 
27.6 

7.9 
1.7 
1.4 

T o t a l 1 14,561.5 7,934.8 31,894.0 1 24,066.1 ^ 58,456.7 40,272.2 J 1,765.0 286.3 

* C o m p i l e d f r o m data s u b m i t t e d b y 26 states a n d Puer to R i c o for r u r a l state or federal -a id p r i m a r y sys tems . 

C O M P A R I . S 0 N O F T H R E E S T U D I E S 

There are certain differences in the average 
live.s presented in the 1940 report, the 1948 
report, and the present report. Table 3 shows 
a comparison of the average lives for various 

types for the most recent 5-year periods for 
which data were listed in the 1940 report. No 
particular significance should be attributed to 
the differences in average lives shown in Table 
3. Variations in average lives of this magnitude 

T A B L E 2 
W E I G H T E D P R O B A B L E A V E R A G E S E R V I C E L I V E S F O R V A R I O U S C O N S T R U C T I O N 

Y E A R P E R I O D S F O R E A C H S U R F A C E T Y P E * 

Construct ion-year 
Period 

Soi l 
Surfaced 

G r a v e l 
or Stone 

Bituminous 
Surface 
T r e a t e d 

Mixed 
Bi tuminous 

B i t u m inous 
Penetrat ion 

Bituminous 
Concrete 

Por t land 
Cement 

Concrete 

B r i c k or 
B l o c k 

years years years years years years years years 
1905 a n d prior — 15.6 34.1 — 26.4 23.5 40.0 
1906-10 10.5 9.2 38.8 — 24.7 27.8 41.3 25.1 
1911-15 5.6 15.3 19.5 16.4 24.7 21.8 18.4 21,0 
1916-20 12.7 11.5 19.0 18.4 17.9 19.8 23.3 20.7 
1921-25 9.1 10.0 19.1 14.2 19.0 20.3 27.0 19.6 
1926-30 6.0 8.8 16.1 12.5 18.5 17.8 26.8 20.5 
1931-35 4.0 7.5 11.7 13.3 18.8 16.4 25.7 16.8 
1936-40 3.2 5.6 12.0 14.7 19.6 16.1 23.1 15.6 
1941-45 2.3 6.6 11.1 12.2 15.4 

n.i Sl.l 
1946-50 1.5 3.1 9.6 11.7 le.o le.s H.O 
1951 & 52 2.1 2.8 ».,-; 13.0 H.7 n..5 8^.3 

A v e r a g e 5.2 8.3 12.6 13.1 18.0 16.8 25.5 19.9 

* B a s e d on t inalysis of d a t a Kubinitted b y 25 states a n d Puer to R i c o for r u r a l state or federa l -a id p r i m a r y sys tems . A v e r a g e 
l ives s h o w n in this table are to the nearest 0.1 year , hut they s h o u l d not l)e pre sumed accurate to this extent. T h e averages 
w o u l d be affected b y exc lud ing c e r t a i n states or b y i n c l u d i n g a d d i t i o n a l states. 

t K n t r i e s in R o m a n type represent averages obta ined f rom a n a n a l y s i s of cons truc t ion a n d re t irements where the mileages 
i n v o l v e d were suff ic ient to g ive a supportab le est imate . T h e entries in i ta l i c type represent composite averages developed 
f r o m the project ion of trends for e a c h state. 
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T A B L E 3 
C O M P A R I S O N O F A V E R A G E L I V E S P R E S E N T E D I N T H E 1940 A N D 1948 

R E P O R T W I T H T H O S E L I S T E D I N T H E P R E S E N T R E P O R T 

Surface T y p e 

So i l s u r f a c e d 
G r a v e l or stone 
B i t u m i n o u s svirface treated . 
Mixed b i t u m i n o u s 
B i t u m i n o u s penetrat ion - . . . 
B i t u m i n o u s concrete 
P o r t l a n d cement concre te . . . 
B r i c k or block 

Comparison 
Period* 

1931-35 
1931-35 
1931-35 
1926-30 
1926-30 
1921-25 
1921-25 
1921-25 

1940 Repor t 
(26 States) 

Miles 
constructed 

miles 

2,542t 
22,793 
10,286t 
5,610 
3,725 
2,362 
6,737 

980 

Average 
life 

years 

5.4t 
6.0 

11.4t 
14.3 
17.0 
17.9 
24.4 
18.2 

1948 Report 
(16 States) 

Miles 
constructed 

miles 

851 
822 
855 
331 

Average 
life 

years 

4.5 
5.9 
7.4t 

12.3 
16.0 
18.1 
26.1 
20.2 

Miles 
constructed 

Present Repor t (25 
States and Puerto R i c o ) 

miles 

1,307 
17,913 
11,056 
6,016 
2,252 
1,511 

12,169 
598 

Average 
life 

years 

4.0 
7.5 

11.7 
12.5 
18.5 
20.3 
27.0 
19.6 

• T h e most recent period for w h i c l i da ta were presented i n T a b l e 18 i n the 1940 report , 
t 1931 to 1934. 
X Wiscons in data h a d a great inf luence on the average life for miles cons tructed i n the 16 states. I f Wiscons in data were ex

c l u d e d , the average life w o u l d be 10.2 y e a r s . 

are not uncommon when the analyses are 
based upon different groupings and numbers 
of states. Further, unusual construction prac
tices in one state may have considerable effect 
upon the average for a group of states. 

There are nine states included in the present 
report that are likewise included in the 1940 
report and the 1948 report. Based upon aver
age lives developed in these two earlier studies, 
the 1940 report shows that of the mileage of al l 
types in service on January 1, 1937, only 5 
percent would probably still be in service on 
January 1, 1953; the actual amount was 8 
percent. Similarly the 1948 report shows that 
of the mileage of all road types in service on 
January 1, 1946, 32 percent would probably 
st i l l be in service on January 1, 1953; the 
actual amount was 34 percent. There are, of 
course, greater variations within the individual 
surface types, but in total the results of these 
forecasts are sufficiently in agreement wi th 
actuality as to warrant considerable confidence 
in the analysis procedures and the average 
lives developed. Any differences f rom actuality 
can be readily explained. I n the case of the 
1940 report, the influence of the World War 
I I period could not be anticipated; and in the 
case of both the 1940 and 1948 reports there 
was no expectation that many surfaces would 
be kept in service beyond their normal life 
even though subjected, in most cases, to 
greater wear than in any previous period. I n 
the 1948 report, i t was assumed that the back
log of deferred work during the war would be 
overcome and normal trend resumed within a 
maximum of 10 years after the war and cor
responding adjustments of the service life 

computations were made. This assumption is 
proving correct although a somewhat longer 
period than 10 5'ears for the "catch-up" should 
have been used. 

C L A S S I F I C A T I O N B Y R E T I R E M E N T M E T H O D 

I n all but one of the states included in the 
average life analysis, the retired mileages for 
various years were reported and classified in 
accordance wi th the method by which the 
retirement was made. The total mileage in
volved was 183,976. 

The methods of retirement into which these 
mileages were classified are (1) resurfaced, 
(2) reconstructed, (3) abandoned, and (4) 
transferred. These retirement classifications 
are general in character and should be so 
interpreted. Definitions wi l l be found in the 
appendix. 

Reversion in type, in which a surface re
verts to a lower type through lack of adequate 
maintenance, also represents a distinct method 
of retirement. No retirements of this classifi
cation were reported in these data. 

I n Table 4 are shown the total mileages re
tired and the percentage distribution by 
methods of retirement. W i t h the exception 
of soil-surfaced, and brick or block, more than 
half of all the retirements have been by re
surfacing. 

Table 5 shows the percentage distribution 
of miles retired by various methods for 5-year 
periods. Since the war there has been a down
ward trend in resurfacing and an upward 
trend in reconstruction. 
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T A B L E 4 
R E T I R E D M I L E A G E S F O R E A C H S U R F A C E T Y P E , A N D P E R C E N T A G E D I S T R I B U T I O N 

A C C O R D I N G T O M E T H O D O F R E T I R E M E N T ( T O T A L F O R 1952 A N D P R I O R ) * 

Methods of Ret irement 

Surface T y p e T o t a l 
Re t i red Surface T y p e T o t a l 
Re t i red 

Resurfaced 
Recon

structed Abandoned Trans ferred T o t a l 

miles percent percent percent percent percent 

Soi l s u r f a c e d 5,644.1 
84,051.5 
30,518.0 
30,821.8 

6,559.0 
7,485.8 

17,427.3 
1,468.1 

37.5 58.1 1.2 3.2 100.0 
G r a v e l or s tone 

5,644.1 
84,051.5 
30,518.0 
30,821.8 

6,559.0 
7,485.8 

17,427.3 
1,468.1 

58.0 30.4 2.5 9.1 100.0 
B i t u m i n o u s surface treated . . . 

5,644.1 
84,051.5 
30,518.0 
30,821.8 

6,559.0 
7,485.8 

17,427.3 
1,468.1 

53.3 36.7 2.6 7.4 100.0 
Mixed b i t u m i n o u s 

5,644.1 
84,051.5 
30,518.0 
30,821.8 

6,559.0 
7,485.8 

17,427.3 
1,468.1 

57.1 29.8 3.8 9.3 100.0 
B i t u m i n o u s penetrat ion 

5,644.1 
84,051.5 
30,518.0 
30,821.8 

6,559.0 
7,485.8 

17,427.3 
1,468.1 

51.8 31.4 3.6 13.2 100.0 
B i t u m i n o u s concrete 

5,644.1 
84,051.5 
30,518.0 
30,821.8 

6,559.0 
7,485.8 

17,427.3 
1,468.1 

60.9 26.0 2.4 10.7 100.0 
P o r t l a n d c e m e n t concrete 

5,644.1 
84,051.5 
30,518.0 
30,821.8 

6,559.0 
7,485.8 

17,427.3 
1,468.1 

66.4 21.3 2.1 10.2 100.0 
B r i c k or b lock . . . 

5,644.1 
84,051.5 
30,518.0 
30,821.8 

6,559.0 
7,485.8 

17,427.3 
1,468.1 45.3 44.1 1.3 9.3 100.0 

5,644.1 
84,051.5 
30,518.0 
30,821.8 

6,559.0 
7,485.8 

17,427.3 
1,468.1 45.3 44.1 100.0 

T o t a l 183,975.6 57.0 31.3 2.7 9.0 100.0 183,975.6 57.0 31.3 2.7 9.0 100.0 

* C o m p u t e d f rom data s u b m i t t e d b y 24 states a n d Puer to R i c o for r u r a l state or federal -a id p r i m a r y s y s t e m s . 

T . 4 B L E 5 
P E R C E N T A G E R E T I R E D B Y V A R I O U S M E T H O D S F O R A L L S U R F A C E T Y P E S 

C O M B I N E D F O R V A R I O U S P E R I O D S ' 

Method of Ret irement 

Ret irement Period 

Method of Ret irement 
1920 and 

prior 1921-2,1 

percent 

45.3 
49.0 

0.6 
5.1 

1926-30 

percent 

53.0 
34.9 

2.3 
9.8 

1931-35 1936-40 1941-4S 1946-SO 1951 and 
1952 

T o t a l 1952 
a n d prior 

R e s u r f a c e d 
R e c o n s t r u c t e d 
A b a n d o n e d 
T r a n s f e r r e d 

percent 

63.5 
35.7 

0.4 
0.4 

1921-2,1 

percent 

45.3 
49.0 

0.6 
5.1 

1926-30 

percent 

53.0 
34.9 

2.3 
9.8 

percent 

59.7 
26.6 

3.8 
9.9 

percent 

55.5 
30.9 

3.4 
10.2 

percent 

59.5 
28.8 

2.7 
9.0 

percent 

58.6 
31.5 

2.0 
7.9 

percent 

54.1 
36.4 

1.6 
7.9 

percent 

57.0 
31.3 

2.7 
9.0 

T o t a l 
100.0 j 100.0 

100.0 100.0 100.0 100.0 100.0 100.0 100.0 

' C o m p u t e d f r o m data s u b m i t t e d b y 24 states a n d P u e r t o R i c o for r u r a l state or federal -a id p r i m a r y sys tems . 

A N A L Y S I S B Y M A J O R T Y P E G R O U P S 

Figures 2, 3, and 4 show, in graphical form, 
some of the results of the analyses presented 
in the preceding pages. For purposes of 
simplif}-ing these (;harts, the surface types 
have been combined into three major groups— 
low, intermediate, and high—as follows: 

Low Type 

Includes soil-surfaced and gravel or stone 
roads. 

Intermediate Type 

Includes bituminous surface-treated, mixed 
bituminous (thickness of surface and base less 
than 7 inches), and bituminous penetration 
(thickness of surface and base less than 7 
inches) roads. 

High Type 

Includes mixed bituminous (thickness of 
surface and base 7 inches or more), bituminous 

penetration (thickness of surface and base 7 
inches or more), bituminous concrete, portland 
cement concrete, and brick or block roads. 

Accumulated mileages constructed and re
maining in service on January 1, 1953 are 
shown by these groupings in Figure 2. These 
are graphic portraj'als of the fact that con
struction programs must necessarily continue 
after mileage has been init ial ly improved. 

Estimates of service lives based upon actual 
retirement experience, were shown in Table 
2. I n general, the average lives for the more 
recent years were assumed to remain about the 
same or increase slightly in relation to the 
most recent years having retirement experi
ence. These assumptions wil l no doubt vary 
somewhat f rom the actual future experience, 
but since the bulk of the retirements within 
the next few years wi l l come from the older 
construction, any minor differences f rom the 
assumed average lives for the more recent 
construction wi l l not have any major effect 
upon the over-all trends which are shown. 
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A C C U M U L A T E D M I L E S C O N S T R U C T E D AND M I L E S IN S E R V I C E 

F O R L O W , I N T E R M E D I A T E AND HIGH T Y P E S 

(aOSEO UPON ANALYSIS OF DATA SUBMITTED BV 2S STATES ANO PUERTO R I C O -
ItUPAL STATE AND FEDERAL AID PRINARV SYSTEMS) 

HIGH T Y P E y 142,489 

• ^ 1 ' S IH S_ 

^ ' 

— 97,207 

1 1 
I N T E R M E D I A T E T Y P E 99,171 99,171 

46,296 

L O W T Y P t ^ ^ — 103 ,441 

tVICE 

' 7,864 

1921 1926 1931 1936 1941 1946 1961 1956 

Y E A R S , J A N U A R Y I 

F i g u r e 2 . A c c u m u l a t e d m i l e s c o n s t r u c t e d a n d m i l e s I n s e r v i c e f o r l o w . I n t e r m e d i a t e , a n d h i g h t y p e s . ( B a s e d 
u p o n a n a l y s i s o f d a t a s u b m i t t e d b y 25 s t a t e s a n d P u e r t o R i c o ; r u r a l s t a t e a n d f e d e r a l - a i d p r i m a r y s y s t e m s . ) 

T R E N D S I N S E R V I C E L I F E 

Figure 3 shows, for each 5-year construction 
period, the mileages of low, intermediate, and 
high types in service up to January 1,1953, for 
the 25 states and Puerto Rico included in this 
report, and the probable rates at which these 
mileages wil l go out of service. Table 6 shows 
the total mileages in service on January 1, 
1953, and the probable amounts which wil l 

stil l remain in service for 5, 10, 15, and 20 
years in the future. 

Table 2 shows the probable average lives 
for various construction-year periods. The 
average lives are the expectancies at the time 
of construction or at age zero. As the road 
system develops and becomes older, the aver
age age of the surface increases and the re
maining life expectancy becomes less. Also, 



H I S T O R I C A L E S T I M A T E D 

HIGH T Y P E 

INTERMEDIATE T Y P E 

LOW T Y P E 

F i g u r e 3 . S e v e n t y p e r c e n t of t h e s u r f a c e m i l e a g e o n p r i m a r y r u r a l h i g h w a y s w i l l w e a r o u t w i t h i n t h e n e x t 
10 y e a r s . ( B a s e d u p o n a n a l y s i s o f d a t a s u b m i t t e d b y 25 s t a t e s a n d P u e r t o R i c o ; r u r a l s t a t e a n d l f e d e r a l - a i d 

p r i m a r y s y s t e m s . ) 
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X P E C T A N C t /I I 
^ — PROl 
( E I J 

B A B L E L I F E 

H I G H T Y P E S 

941 1946 I9SI 1952 195 

I N T E R M E D I A T E T Y P C S 

1921 I92e 1931 1936 1941 1946 1991 1952 1955 

LOW T Y P E S 

1926 1931 1936 1941 1946 1951 1952 1953 

F i g u r e 4 . T r e n d s i n a v e r a g e a g e , e x p e c t a n c y , a n d 
p r o b a b l e l i f e - 1 9 2 1 to 1953. 

as the system becomes older, mileages of earfier 
retirements are taken out of service, thus 
leaving in service a preponderance of those 
mileages whose lives exceed the average life 
of the total original construction. 

L I F E E X P E C T A N C Y 

The probable life of the mileage in service 
is equivalent to the age plus the expectancy. 
Under certain conditions i t is possible for the 

T . 4 B L E 6 
M I L E A G E I N S E R V I C E O N L \ N U A R Y 1, 1953, A N D 

E S T l . M A T E D P E R C E N T A G E S W H I C H W I L L 
R E . M A I N I N V A R I O U S F U T U R E Y E A R S * 

Surface T y p e 

I n Service 
on 

J a n u a r y 
1, 1953 

Remain ing in Service on: 

Surface T y p e 

I n Service 
on 

J a n u a r y 
1, 1953 J a n . 1, 

1958 
J a n 1, 

1963 
J a n . 1, 

1968 
J a n . 1, 

1973 

L o w 
In termedin te . . 
H i g h 

miles 

7,863.6 
46,295.9 
97,207.5 

percent 

16.3 
48.6 
67.5 

percent 

3.6 
17.0 
39.0 

percent 

0.3 
4.4 

19.1 

percent 

t 
0.9 
8.0 

T o t a l 151,367.0 59.0 30.4 13.7 5.4 

* B a s e d on ana lyses of d a t a s u b m i t t e d b y 25 states a n d 
Puer to R i c o for r u r a l state or federal-aid p r i m a r y sys tems , 

t L e s s t h a n 0.05 percent . 

average age of mileage in service to exceed 
the average lives shown in Table 2. This is 
true for low-type surfaced mileage, f rom w'hich 
the miles in service have gradually been 
diminishing since 1931 (see Figure 3). Low 
types, when retired, tend to be replaced by 
intermediate or high types. Thus, there has 
not been sufficient construction of new low 
types to keep the average age of all low types 
in service f rom increasing from year to year. 
As a result, the low types now in service are 
quite old and have a short expectancy. 

I n Table 7 are shown the average age, re
maining fife expectancy, and total probable 
life of the mileages of low, intermediate, and 
high types in service, at 5-year intervals f rom 
January 1, 1921, to January 1, 1951, and a 
2-year interval from January 1, 1952, and 
January 1, 1953. This information is also 
presented graphically in Figure 4, and shows 
increasing age and decreasing expectancy of 
mileages in service. 

A V E R A G E A G E , L I F E E X P E C T A N C Y , A N D P R O B A B L E L I F E O F M I L E A G E S 
I N S E R V I C E A T 5 - Y E A R I N T E R V A L S * 

Date : 
J a n u a r y 1, 

L o w Intermediate High 

Date : 
J a n u a r y 1, 

Age E x p e c t a n c y Probable 
life Age E x p e c t a n c y Probable 

life Age Expec tancy Probable 
life 

1921 
1926 
1931 
1936 
1941 
1946 
1951 
1952 
1953 

years 

3.6 
3.8 
5.3 
6.6 
8.7 

11.7 
12.9 
13.1 
13.0 

years 

9.6 
7.9 
6.7 
7.2 
7.3 
5.0 
3.3 
2.9 
2.9 

years 

13.2 
11.7 
12.0 
13.8 
16.0 
16.7 
16.2 
16.0 
15.9 

years 

4.7 
4.7 
4.2 
5.5 
7.0 
9.7 

10.6 
10.8 
10.9 

years 

16.8 
16.8 
14.5 
12.3 
11.2 
8.5 
6.6 
6.1 
5.9 

years 

21.5 
21.5 
18.7 
17.8 
18.2 
18.2 
17.2 
16.9 
16.8 

years 

3.5 
3.5 

9.3 
12.3 
13.4 
13.6 
13.3 

years 

18.7 
21.3 
19.9 ' 
17.0 
14.7 
11.4 
9.5 
9.2 
» . 3 

years 

22.2 
24.8 
24.8 
24.0 
24.0 
23.7 
22.9 
22.8 
22.6 

* B a s e d on ana lyses of data s u b m i t t e d b y 25 states a n d P u e r t o R i c o for r u r a l state or federal -a id p r i m a r y sys tems . 
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The age of the three major type groups, as 
shown in Table 7 has been increasing f rom 
1921 to 1951. Similarly the expectancy has 
been decreasing. Since 1951, there has been a 
leveling off which suggests that a period of 
stability has been reached. One means by 
which a more favorable condition wi th re
spect to expectancy can be obtained is by 
replacing worn out roads with new ones having 
a higher service life. This, of course, means 
greater construction expenditures to build the 
new roads to the higher standards necessary 
to obtain these higher lives. 

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

The data presented in this report relate 
only to the mileage of road surfaces con
structed and retired. The road-life studies also 

embrace research in construction costs, main
tenance costs, and salvage values for ele
ments of the highway, including grading and 
structures. Knowledge on these subjects wi l l 
be extended as additional states bring their 
basic studies up to date and as these studies 
are continued and extended. The objective of 
efficient and economical management of the 
highway program is to provide facilities at 
such locations and to such standards that they 
can absorb the inevitable and continuing 
changes in traffic requirements with the least 
effect upon the ability of the highway 
plant to provide the maximum service at 
minimum cost. The data obtained periodi
cally f rom the road-life studies are among the 
essential facts that contribute to the attain
ment of this objective. 

APPENDIX 
Surface Type Definitions 

Soil-surfaced road. A road of natural soil, the 
surface of which has been improved to provide 
more adequate traffic service by the addition of 
(1) a course of mixed soil having A-1 or A-2 
characteristics, such as sand-clay, soft shale or 
topsoil, or (2) an admixture such as bituminous 
material, portland cement, calcium chloride, 
sodium chloride, or fine granular material (sand 
or similar material). 

Gravel or stone road. A road the surface of 
which consists of gravel, broken stone, slag, 
chert, caliche, iron ore, shale, chat, disinte
grated rock or granite, or other similar frag-
mental material (coarser than sand) with or 
without sand-clay, bituminous, chemical, or 
Portland cement stabilizing admixture or light 
penetrations of oil or chemical to serve as a dust 
palliative. 

Bituminous surface-treated road. An earth 
road, a soil-surfaced road, or a gravel or stone 
road to which has been added by any process a 
bituminous surface course, with or without a 
seal coat, the total compacted thickness of 
which is less than 1 inch. Seal coats include 
those known as chip seals, drag seals, plantmix 
seals, and rock-asphalt seals. 

Mixed bituminous road. A road the surface 
course of which is 1 inch or more in compacted 
thickness composed of gravel, stone, sand, or 
similar material, mixed with bituminous ma
terial under partial control as to grading and 
proportions. 

Bituminous penetration road. A road the sur
face course of which is 1 inch or more in com
pacted thickness composed of gravel, stone, 
sand, or similar material bound with bitumi
nous material introduced by downward or up
ward penetration. 

Bituminous concrete, sheet asphalt, or rock 
asphalt road. A road on which has been con

structed a surface course 1 inch or more in com
pacted thickness consisting of bituminous con
crete or sheet asphalt, prepared in accordance 
with precise specifications controUing grada
tion, proportions, and consistency of composi
tion, or of rock asphalt. The surface course may 
consist of combinations of two or more layers, 
such as a bottom and a top course or a binder 
and a wearing course. 

Portland cement concrete road. A road con
sisting of Portland cement concrete with or 
without a bituminous wearing surface less than 
1 inch in compacted thickness. 

Brick' or block road. A road consisting of pav
ing brick, stone block, wood block, asphalt 
block, or other form of block, with or without 
a bituminous wearing surface less than 1 inch 
in compacted thickness. 

Methods of Retirement 
Resurfacing. Roads which are resurfaced or 

used as a base for the replacement type are so 
classified when the old surface is utilized more 
or less intact (with the exception of necessary 
scarifying, reshaping, or partial re-working of 
the surface) in the new construction which re
tires the old surface. Examples of this method 
are the retirement of a soil-surfaced road by 
surface treating, or the retirement of a gravel 
or stone road by utilizing i t as a base or founda
tion for a mixed bituminous road or a bitumi
nous penetration road. For surfaces which are 
retired by this method, i t is obvious that the 
new or replacement construction must neces
sarily be along the same alinement and prac
tically the same grade. 

2 V i t r i f i e d p a v i n g - b r i c k roads were reported b y the states 
separate ly f r o m other tyi^es of b r i c k or block roads . B e c a u s e 
of the s m a l l mileages i n v o l v e d , these two types are c o m b i n e d 
i n th i s report . A p p r o x i m a t e l y 99 percent of the cons truc t ion 
of these two types i n c l u d e d i n the report is v i t r i f i ed i>aving 
b r i c k . 
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Reconstruction. When surfaces are retired by 
reconstruction, there is l i t t le or no salvage of 
the old surface and base into the new type con
structed. This classification includes old sur
faces and bases that are torn up and not re
used. Usually, for types that are retired by 
this method, the replacement type is built along 
the same general alinement (generally within 
the hmits of the existing right-of-way) involv
ing only minor improvements in horizontal 
curvature. Substantial improvements are usu
ally made with respect to grades, however. 

Abandonment. When the new construction is 
on new location, the old road is classified as 
abandoned when i t is no longer maintained or 
kept in service at public expense. The aban
doned road may revert to a private road, be 
barricaded to public travel, or torn up and re
moved. Sometimes, because of changes in land 
usage, such as abandonment of factories, and 
removal or construction of railroad facihties, 
roads may be abandoned without involving new 
construction that may be considered as replac
ing the mileage abandoned. 

Transfer. A retirement by transfer is similar 

to an abandonment except that the old road is 
continued in service after being dropped from 
the state or federal-aid system and is main
tained by county or other authority responsible 
for the upkeep of the roads not on the state or 
federal-aid system. A transfer is not a retire
ment in the sense that the road has rendered 
its total service to the public, but merely that 
i t has rendered its complete service as a pr i 
mary state or federal-aid highway. Retirements 
by transfer are generally the result of func
tional obsolescence involving alinements and 
grades which are unsatisfactory for existing 
traffic conditions. A new road is built on new 
alinement and improved grades, and the old 
road remains in service usually because of the 
necessity of providing for local traffic usage. 
After the new road is placed in service on the 
state or federal-aid highway system, the state 
wil l no longer desire to continue responsibility 
for further upkeep of the old road, and the 
count5' or other local authority generally takes 
over this responsibility. I f the road is entirely 
discontinued from service i t is considered an 
abandonment. 




