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ANTICIPATED FUTURE DEVELOPMENT OF THE PRIMARY STATE

ECONOMICS

ROAD SYSTEM IN WEST VIRGINIA

By B. M HIGGINBOTHAM
Financial Manager, Planning Ditnsion, State Road Commission of West Virgmia

SYNOPSIS

From the construction and retirement mileage data collected by the West
Virgima State-wide Highway Planning Survey in connection with the road hife
study, the service lives and retirement characteristics of each surface type were
developed for roads constructed from 1917 to 1938 on the rural primary State
road system of West Virgima.

It was the desire of the Highway Planming Division of West Virgima to .
determine what the probable future development of the primary road system
would be up to 1960, on the basis of past performance and indicated trends The
approach 1s entirely a statistical one based only upon an analysis of construction
and retirement mileage data’from 1917 to 1938 Survivor curves for the various
surface types show the percentage remaming in service at the end of each year.
From these curves the probable mileage to be retired of each surface type was
obtamned for each year during the forecast period, 1940 to 1960. From the basic
data for 1917 to 1938, the new types constructed which replaced types retired
were obtained and trends of new construction types were estimated therefrom by
establishing the relation between the type of surface constructed and the type of
surface replaced at the time of retirement

There 1s also an increase 1n the primary State road mileage The percentage of
increase each year was tabulated, plotted, and a smooth “curve of average per
cent of increase” was fitted to the plotted data On the basis of past trends
there 1s no indicated increase in the total primary State road mileage after 1945,

It 15 desirable at some future time to have no umimproved mileage on the
system In the calculations it was assumed that the ummproved mileage existing
on January 1, 1939 will be retired uniformly each year until exhausted by 1955,

Tables were prepared indicating (1) the probable miles of each type n use
January 1 of each year from 1940 to.1960, inclusive, (2) the probable mules to
construct each of those years, and (3) the probable miles to be graded and draimned
each of those years for each type on the entire primary rural State road system
The existing mileage of the primary rural State road system is estimated to
increase from 4,799 miles on January 1, 1940 to 4,887 mules on January 1, 1960, also
from 1940 to 1960, the average annual surfacing construction and reconstruction
program is estimated to be 290 miles

The probable mileage to be graded and drained each year was likewise deter-
mined and 1t 1s estimated that an average annual construction of 56 miles of
grading and drainage will be involvgd with the average annual surfacing program
of 290 miles. '

The West Virginia Road Life study
has made available data from which the
life expectancy of various pavements
may be computed. This study is based
upon data obtained from the construc-
tion and maintenance records of the Staté
Road Commission which have been cor-
related in a manner that will permit
scheduling the mileage to be replaced and
constructed over a period of years in the
future in accordance with funds available
for these purposes. In addition, an analy-

sis of construction and maintenance costs,
made in conjunction with and correlated
with the age, traffic, climate, and design
of the road, will be of assistance in the
selection of the proper pavement type.
Of the 4,763 miles (1939) of primary
State roads in West Virginia, it is esti-
mated from the road life study that over
300 miles must be resurfaced or recon-
structed each year for the next five years,
and almost 300 miles each year for the
next 20 years. Of this, an average of
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almost 60 miles each year must be on an
entirely new location. From another esti-
mate based on standards developed by the
Highway Planning Division of West Vir-
gima, entirely separate from road lfe,
new location will amount to about 85
miles each year for the next 20 years.
Based on past experience there 1s a place
for all pavement types m use m West
Virgima. This is dependent upon local
conditions and materials.

SURFACE TYPES

The road Ihfe analysis of the rural
state road system has been used as the
basis of study, and the findings have been
expanded to include the total primary
.state road system. The analysis pertains
to all road types higher than ummproved,
comprising graded and drained, gravel,
stone base, surface treated, mixed bitu-
minous, bituminous penetration, bitumi-
nous concrete, portland cement concrete,
and brick surfaces on various types of
bases.

PAVEMENT LIFE

The average lives of various surface
types have been estimated by carefully
compiling data on every project and as-
sembling these data into tables showing
for each surface type the mileage con-
structed each year and the mileage re-
maining 1n service on January 1 of each
following year. "The assembled data were
analyzed and average life estimates were
obtained as indicated in Table 1.

Survivor curves were plotted for each
of the surface type groupings indicated
m Table 1, and average lives were deter-
mined 1 accordance with the analysis
procedures outlined 1n Bulletin 125 of the
Iowa Engineering Experiment Station,
and in a manner very similar to the meth-
ods used in the treatise “Life Charac-
teristics of Surfaces Constructed on
Primary Rural Highways,” by Robley
Winfrey and Fred B. Farrell* To illus-

1 Proceedings, Highway Research Board,
Vol. 20, p 165 (1940).

trate the procedures employed, several
survivor curves are reproduced as shown
in Figures 1 to 6. The figures indicate
for the various surface types the actual
survivor curve points together with the
type survivor curve which 1s considered
most representative of the retirement ex-
perience to date.

It has been found that the earler
constructed plain concrete has an esti-
mated average life of 23 years, whereas
the reinforced concrete constructed since
1926 has an estimated average life of
35 years, and the survivor curve is of an
entirely different type. Retirement mile-
ages are very small for portland cement
concrete constructed since 1926. The
survivor curve for this construction there-
fore does not afford an indication of
average hfe which 1s as rehable as that
for the older construction. However, on
the basis of actual retirement experience
to January 1, 1939, the average life of
the more recently constructed portland
cement concrete is estimated as indicated.

The estimates in this treatise have been
developed from a study of surface con-
struction and retirement and reflect all
influences, such as financial conditions,
political influences, the composite judg-
ment of those responsible for the road
construction program of the State, the
availabihty of local road building ma-
terial, varying weather conditions in dif-
ferent sections of the State, legislative
enactments, etc, which have entered into
the construction of roads in West Vir-
gmia during the past.

It becomes necessary to reconstruct,
widen or modernize pavements from time
to time. There are several reasons for
this but the most important ones are
functional obsolescence, structural de-
terioration, or a combination of the two.

A road must be considered as obsolete
if the alignment, sight distances, curves,
or grades prevent the free movement of
the vehicles using it or constitute a danger
to the traveling public. Hence, obsoles-
cence sometimes causes an early retire-



ECONOMICS

72

L0L°69 L18°9%1 SE6T—LI6T | %91 : srove s+ seeree youg
66¢ 819 0£T €79 8€61 — LT6T 115 : 't T Tt Tt 93310U0) JUSWID pugiog
§ mmﬂ 3”.&3 ONQﬁlhﬁQﬂ MN . teseseses essses s se e * *33910U0J JUAWID vﬂ.ﬂ—tom
86T ¥ 86C ¥¥ 86T — 061 ST v SSAWYDIY3 Ul JSA0 PUE ‘Ul §47 ‘PEAIIAI 939J0U0D snounuNNg
It LS CIT LS 861 — 6261 (14 T *$S3WDIY3 UL Ut $4Z 03 “Ur | ‘PEIIJAX 933I0U0D SNOUTNIIE
806 0S ¢S 9s 8¢61 — 1Z61 ST ttett ottt 9seq 33910U00 plo ‘93210U0d snourwnIg
296°11 s 1¢ 86T — L16T 91 ° Tt "7 9SBq 3J2I0U0D MIU ‘93910U0D snouIWNING
6L1°0ST €9, €ST 86T —-ST6T | 84LC : : e 93210U0 snourwnyg
L68 9¢ 1.8 SS 6T — €761 LT * e ' 33310U00 snourung
88T 01 8%C 71 61— L161 ST : ottt st 933J0U0D snoununIg
9ET " £9¢ LTy 89L 8€61 ~ L161 81 * SSIUNIIY] UI JIAO puU® ‘Ul 447 ‘uonjesjauad snoutunyrg
160 S8 OL¥ SET 8€61 — 6161 14} : *t " "SSouUdNy) Ul ur 547 03 ‘ul | ‘uonjerjpuad snoununng
CS9 6L I8y 18 .| 8£6I—0£6T 91 * SS2WOIY3 UT J3AO pue "Ul 347 ‘PeaIjol SnouNuN3iq Paxipy
80Z°8¢ 6%0 29 8€6T — 1€61 91 * SSOUNDIYY UL "UI 547 03 "ul T ‘PESIIIL SNOUNUNIIG PaXI]
Zee 018 Loy T8¢ 8€6T — SZ61 91 TRETTOTRTotot ottt tftt cctsnoUNWNIq PAXI]N
€26 988 08T 81'T 8€6T — 2261 (48 ' ToTTT o TEEetottosresers ettt JUBWIIEN) ABLING
X

Mm.whn”—. PaIoNIIsuod pord ouﬂ.u.u_iw adfy adepng
u:ﬁﬂ“uﬁ SN UOIONIISUD) poremnsy

6E61 ‘T AMVANV[ NO HOIAYAG NI ONINIVRAY ST ANV
‘qELINYUISNOD ST ‘GOTEHJ NOLLONHISNOD ‘3Ll AOVNHAY QELVRLISH ‘SHJAJ HOVIUNG A€ WAISAS AVOy ALVAS TvANY FHJ

T A19VL



HIGGINBOTHAM—WEST VIRGINIA ROAD DEVELOPMENT

73

T 1 ] N

P faemn e N
; N N
FErIERLY IEEESs

2p10 o Zo.
E § iﬁ;—_ ﬁa § ‘\ﬁb?e eﬁm
- X N & X
§ ¢ R Xk N\
AT e N
¢ L] z—ﬂ%&! < z——ﬂ—%—l

) AMIﬂﬂﬂls g £ L ﬁﬂwmm’& r

Figure 1. Survivor and Probable Life
Curves. Surface Treated Surface, 12-Yr.
Average Life. Construction Period 1922-
1938.

Figure 4. Survivor and Probable Life
Curves. Concrete Surface, 23-Yr. Average
Life. Construction Period 1917-1926.

Figure 2. Survivor and Probable Life
Curves. Mixed Bituminous Surface, 16-Yr.
Average Life. Construction Period 1925-
1938,
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Figure 5. Survivor and Probable Life
Curves. Reinforced Concrete Surface,
35-Yr. Average Life. Construction Period
1927-1938.

Age 1n yeors
Figure 3. Survivor and Probable Life
Curves. Bituminous Penetration Surface,
18-Yr. Average Life. Construction Period
1917-1938.
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Figure 6. Survivor and Probable Life
Curves. Brick Surface, 164-Yr. Average
Life. Construction Period 1917-1938.
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ment of an otherwise serviceable pave-
ment A road has deteriorated when it
becomes rough, uneven, and dangerous
and the cost of mantaining it in a satis-
factory condition 1s excessive

When either or both of these conditions
exist, it 1s necessary to reconstruct a
pavement. When the old pavement 1s
retired, 1t means a pavement death which
affects the average hife of all pavements
of that type. The road hfe study, in
estimating the average life of pavement,
utilized all retirements including those
occasioned by obsolescence and the ex-
pectancies indicated must be considered
in the hght of having been developed
from past experience. If construction
and maintenance policies in the future
continue a gradual development as they
have 1n the past, future retirements may
be expected to follow the indicated trends.
The experience for small mileages of cer-
tain pavement types should not be con-
sidered as necessarily representative of
that type of pavement

It is ponted out also that pavement
life 15 governed to a large extent by eco-
nomic conditions. Sometimes, because of
lack of funds, a pavement has to be used
after it is economically unsound to con-
tinue 1ts use

Indiwcated Service Lives

Estimated muleages remaining in ser-
vice at various ages are dependent upon
the type of survivor curve and average
hfe determined to be representative of
the survivor experience for each of the
various surface types. This is illustrated
in Table 2 which shows the percentages
of the original construction remaining in
- service up to 40 years of age for each
of the survivor curves illustrated in Fig-
ures 1 to 6. A similar table was prepared
from the construction experience of all
the various surfaces constructed in West
Virginia for which records are available
and covers practically every mile of road

on the rural primary state road system.
It should be emphasized that the average
life will probably change for any given
type of pavement if the loading conditions
change, 1f the number of vehicles using
it increases or decreases materially, or 1f
the pavement design materially changes,
For example, the introduction of the
thickened edge and steel remnforcing 1n
concrete design very defimitely lengthened
the life of concrete pavement according
to the studies made 1n West Virginia.

Probable Remaimng Life (Expectancy)
of Pavements

From the survivor curve data for each
type the probable remaining lfe (ex-
pectancy) of the survivors at each age
for each of the major surface types was
computed from the area under the sur-
vivor curve to the night of each age-
ordinate (Table 3).

Indicated Future Development

The estimates 1n the tables and charts
are based entirely on past performance.
The estimates which follow result from
an independent approach to the problem
of the probable future development of the
primary state road system i which are
mvolved statistical analyses of road lhfe
data only.

There is a natural increase each year
i primary state road muleage. On the
basis of past trends, there is no indicated
mncrease in the total primary state road
mileage after 1945. Figure 7 shows this
graphically, together with a smooth curve
marked “average per cent of increase”
extended to zero at 1945. This increase
was distributed among the new types of
construction in direct proportion to therr
existing mileages for the year.

The survivor curves of the various
sub-types show the percentage remaining
at the end of each year. The portion of
the originally constructed mileage remain-
ing in service at a given age will even-
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tually be retired and probably replaced;
however, the replacement type may be
the same as the original type or it may be
of a different type.

age remaining for a period of years in the
future. Arbitrarily, the year 1955 has
been taken to have all unimproved mile-
age retired, the present unimproved mile-

TABLE 2
PERCENTAGE REMAINING OF EACH MAJOR SURFACE TYPE AT ANY GIVEN AGE
Concrete Concrete
Age tentment | bitammous | penerration | PUILISIT o | built 192710 | | Brck
12 years 16 years 18 years 23 years 35 years
0. 100 0 100 0 100 O 100 0 100 0 100 0
1 97 7 99 4 100 0 100 0 100 O 99 4
2 93 8 97 9 92 8 99 8 100 0 98 2
3 89 8 96 7 92 3 99 6 99 9 97 4
4 84 8 9% 3 98 6 99 2 99 8 96 4
5 799 919 975 98 6 99 7 93 3
6 47 89 1 9 2 97 8 99 6 920 1
7 69 4 86 1 94 2 9 9 99 4 86 6
8 64 3 825 919 95 5 99 2 ‘827
9 593 90 89 0 94 0 929 0 78 3
10 543 75 2 85 919 98 7 73 8
11 49 4 715 82 0 89 9 98 2 69 4
12 4 8 67 2 78 1 87 7 97 9 64 9
13 40 2 62 8 739 850 97 6 60 5
14 360 585 69 4 82 2 97 1 56 2
15 320 54 2 65 0 79 2 9 6 518
16 28 3 500 60 3 76 1 95 8 47 7
17 24 8 45 8 55 2 72 6 94 9 43 6
18 215 41 3 500 69 2 94 0 397
19 18 6 373 44 8 65 6 93 0 36 2
20 159 329 397 61 6 9219 325
21 13 5 28 8 350 579 9 7 29 2
22 11 3 250 30 6 53 8 89 2 26 0
23 94 211 26 1 500 8717 230
24 717 175 219 46 2 8 0 20 2
25 63 141 180 42 2 84 3 17 6
26 51 110 14 5 38 3 82 4 15 2
27 40 83 110 348 80 3 131
28 31 57 81 310 78 1 11 2
29 24 3 4 58 27 5 75 4 94
30 18 19 38 241 726 78
31 13 09 25 209 69 3 65
32 09 00 14 17 8 659 52
33 07 07 150 62 2 42
34 04 02 12 5 58 3 34
35 03 00 10 0 54 4 26
36 02 00 81 50 6 20
317 01 60 46 0 15
38 01 49 41 8 11
39 01 33 374 08
40 0 05 21 331 06

It is desirable at some future time to
have no unimproved mileage on the sys-
tem, but based on past experience there
will continue to be some unimproved mile-

age bemng retired uniformly each year
until exhausted at that time.

Table 4 indicates the miles in use Janu-
ary 1 of each year. The percentage of
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untreated roads shown in column 4 gen-
erally represents highways having a traf-
fic volume of less than 100 vehicles per
day. The percentages of low type pave-
ment shown in column 7 represent mile-
ages carrying a density of 100 to 600
vehicles per day and the percentages
shown in column 12 represent high type
pavement with more than 600 vehicles per
day. Tables 6 and 7 indicate the miles
to construct and the miles to be graded
and drained each year from 1939 to 1960,
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Figure 7. Percentage of Increase in
Mileage of the State Road System (Munici-
pal and Rural) Each Year over the Pre-
ceding Year. Historic to 1939, Forecast to
1960, No Increase 1945 to 1960.

inclusive, for the entire primary state road
system and include earth and metal sur-
faced roads. Figures 8, 9, and 10 show
graphically the same information as the
first two tables. Figure 11 shows the
retirements from 1917 to 1960, inclusive.
The mileage to be graded and drained
each year was determined by examining
the mileage constructed during the pre-
ceding nine years. From this examina-
tion the percent of each type which was
to be graded and drained was ascertained.
These percents were then applied to de-
termine future construction.

TRENDS OF NEW CONSTRUCTION

Trends of new construction types on
the rural primary system were deter-
mined by preparing a series of about
65 interlocking and inter-dependent tables.
To include all of these tables would make
this paper too voluminous and would
serve no real purpose. However, sample
tables are included to show the method
used to arrive at trends and the antici-
pated future developments.

Tables were prepared for each type of
pavement or road in use in West Virginia
Table 7 for mixed bituminous surface is
reproduced here for illustrative purposes.
The complete tables show the probable
total mileage constructed, in use, and re-
tired for each year 1939 to 1960.

Tables for each type of retirement
and 1its replacement types for the 92
year period immediately preceding the
year under consideration were prepared
one year at a time; Table 8 for mixed bi-
tuminous retirements and reconstruction
types 1s reproduced here. The complete
tables show for retirements during each
year the percentage distribution of re-
placement types, as determined in each
instance from the preceding nine years of
retirement and replacements. This series
of tables indicates the trends concerning
types of replacement construction.

The series 9 tables, one for each year
beginning with 1939 and extending to
1959, were prepared one year at a time in
order to apply the percentages from them
to probable retired mileages from series
7 tables, thus determining for each year

20n January 1, 1939, West Virginia had
approximately 18 years experience in improved
road building, the first 9 of which was somewhat
experimental. The experience gained during
this early period crystallized into definite and
fixed standards by 1930. It was the desire of
the Highway Planning Division in this study
to get recent trends and at the same time to go
back far enough to get sufficient retirements
to develop trends, hence the adoption of the
9-year period
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AGE AND PrOBABLE REMAINING LIFE (EXPECTANCY) OF MILEAGES IN SERVICE ON JANUARY 1, 1939
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the total probable mileage of replacement
construction for each type The natural
increase of muleage on the system was
added as determined from the curve
shown in Figure 7 Two of this series
of tables are reproduced here 9A (1939),
and 9B (1940) These summary tables
were compiled for each year by (1)
posting on the series 7 tables the totals of
replacements shown on Table 9A, (2)
computing construction mileage required
to provide the indicated mileages remain-
ing at § year of age, (3) computing prob-

able mileages remaining on January 1 of
each year to 1960, mn accordance with the
survivor curve percentage

The forecasts, as determined from the
foregoing for the rural primary system,
were then expanded to cover the entire
system as shown in Tables 4 and 5 Ac-
tual mileages 1n 1941, 24 years after this
forecast was made, are very close to the
predicted mileages for high type pave-
ment, a httle higher for low type surfaces
and a httle lower for untreated roads





