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LIFE CHARACTERISTICS OF SURFACES CON- 
STRUCTED ON PRIMARY RURAL HIGHWAYS’ 

BY THE DIVISION OF CONTROL, PUBLIC ROADS ADMINISTRATION 

Reported by ROBLEY WINFREY, Research Associate Professor, Iowa State College, and FRED B. FARRELL, Associate Highway Engineer-Economist, Public 

HE large annual in- 
creases in usage by the 

motor vehicle of the high- 
ways of the United States 
during the past few years 
have brought to the engi- 
neer, the legislator, and 
the general public the 
realization that there is no 
permanent type of high- 
way facility. Many 
structures and roadways 
which were built to the 
most modern standards as 
recently as 10 years ago 
are rapidly becoming ob- 
solete and in many in- 
stances consideration is 
already being given to 
their replacement or re- 
construction. 

In order to realize the 
maximum service from a 
highway, the highway 
engineer is obliged to de- 
sign for conditions that he 
estimates will exist 10, 20, 
30, and even 50 years in 
the future. It is_ obvi- 
ously an economic waste 
to construct a road that 
will last 30 years from a 
structural standpoint, only 
to find that it must be 
abandoned within 10 years 
because of poor alinement 
or grades. Further, it is shortsighted policy to build a 

Roads Administration 

Life characteristics of various surface types con- 
structed on primary rural highways were determined 
from the analysis of construction and retirement 
mileage data obtained by several States in connection 
with the road-life study phase of the State-wide high- 
way-planning surveys. Approximately 210,000 miles 
of construction up to January 1, 1937, of various sur- 
face types in 26 States were involved in the analyses 
of average service lives. In addition, an analysis was 
made of the disposition of mileage at the time of retire- 
ment, involving slightly over 56,000 miles of retired 
surfacing in 23 of the 26 States. 

Estimates of average service lives were obtained 
from statistical analyses involving the use of survivor 
curves. Data were available for some types as early 
as 1903 and a continuous record of the miles remaining 
in service for each year’s construction was available 
up to January 1, 1937. Each year’s construction was 
analyzed separately, where possible. In general it 
was found that the average service life of the lower 
types decreased and the higher types increased during 
the period of 1910 to 1936. 

The predominating limits of average service lives 
were as follows: Soil surfaced, 5 to 14 years; gravel 
or stone, 6 to 13 years; bituminous surface treated, 
11 to 21 years; mixed bituminous, 14 to 22 years; 
bituminous penetration, 15 to 17 years; bituminous 
concrete, 13 to 20 years; portland cement concrete, 17 
to 24 years; and brick or block, 18 to 21 years. 

Retirement of a road surface is considered as being 
effected when (1) the wearing surface undergoes a re- 
surfacing operation (other than a routine maintenance 
operation), (2) the surface is reconstructed, (3) the road 
is abandoned, (4) the road is transferred to another 
public authority for continued maintenance and re- 
construction, or (5) the surface reverts to a lower type 
through lack of adequate maintenance. Approxi- 
mately 12 percent of all retirements involved con- 
struction on new location. 

State College when a study 
of the street pavements in 
Des Moines, Iowa, was 
started.’ 

In January 1935, the 
studies of service lives of 
roadway surfaces were ex- 
tended to State highway 
systems and other cities 
under a cooperative agree- 
ment between the Public 
Roads Administration 
(then the Bureau of Pub- 
lic Roads) and Iowa State 
College. Under this 
agreement, studies * were 
made in Buffalo, New 
York; Des Moines, Iowa; 
Wayne County, Michigan; 
Massachusetts; Rhode Is- 
land; New Hampshire; 
and Vermont. 

Starting in the fall of 
1935, these studies, desig- 
nated as road-life studies, 
were incorporated as a 
phase of the State-wide 
highway-planning surveys 
inaugurated in the several 
States under the direction 
of the Public Roads Ad- 
ministration. Up to De- 
cember 1940, 46 States had 
undertaken this phase of 
planning surveys.* 

In addition to the com- 
pilation of data upon which to base calculations of aver- 

surface expected to last 20 years under existing traffic 
conditions if increases in traffic are anticipated that 
will immediately result in the structural failure of the 
road surface. ; 

To evaluate the present status of the highway system 

and to formulate plans for orderly future development, 
it is necessary to estimate (1) the extent to which 
existing alinements and grades will be adequate for 
anticipated conditions in future years, and (2) how long 
the various types of surfaces, structures, and other 
appurtenances will afford satisfactory service before 
replacement is required. 

Analyses of the service lives of roadway surfaces and 
other highway elements are necessary (1) to make 
available the facts concerning the service lives of the 
various types of highway construction and (2) so that 
estimates of revenue required for highway purposes 
can be prepared which are consistent with the probable 
kind and extent of necessary replacements. Studies of 
this character were first undertaken in 1934 at Iowa 

1 Paper presented at the Twentieth Annual Meeting of the Highway Research 
Board, December 1940. 
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age service lives of roadway surfaces, the road-life 
studies include tabulations and investigations of con- 
struction costs, salvage values of retired roadway 
elements, maintenance costs and the service lives of 
structures, traffic services, grading, right-of-way, etc. 
This work is being accomplished by State personnel in 
the individual States under the supervision of the Public 
Roads Administration. Involved in this phase of the 
highway planning survey are painstaking search and 
recording of the maintenance and construction records 
for each mile of primary State or Federal-Aid highways. 

DATA OBTAINED FOR 9 ROAD SURFACE TYPES IN 26 STATES 

This report is confined to an analysis of the data 
relative to the service life characteristics of various 
surface types compiled for the rural portions of the 

2A Mortality Curve Study of the Actual Service Lives of Brick-on-Concrete 
Pavements, Des Moines, Iowa, 1909-1928, by Anson Marston. Proceedings Highway 
Research Board, Vol. 14, Pt. I, pp. 49-58. 1934. a 

3 Preliminary Studies of the Actual Service Lives of Pavements, by Robley Win- 
frey. Proceedings Highway Research Board, Vol. 15, Pt. I, pp. 47-60. 1935. 

4 Some of the States have published or have available certain results and applica- 
tions of the road-life studies, and other States are in the process of completing reports. 
Such information and reports, if available, may be obtained directly from the State 
highway department. 
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_ DATA NOT AVAILABLE 

—~ FOR THIS REPORT 

(22) AVERAGE LIVES ANALYZED 

~~~ AVERAGE LIVES AND METHODS 

eee OF RETIREMENT ANALYZED , 

Ficurp 1.—Srares ror WuicH Roap-Lire MILEAGE DaTA 

ARE INCLUDED. 

primary State or Federal-Aid systems of the following 

26 States (fig. 1): ° 

Alabama. Maryland. Rhode Island. 

Arizona. Missouri. South Dakota. 

California. Montana. Texas. 
Colorado. Nebraska. Utah. 
Florida. New Mexico. Vermont. 
Idaho. North Carolina. Virginia. 
Indiana. North Dakota. West Virginia. 

Kansas. Ohio. Wyoming. 
Louisiana. Oklahoma. 

The data compiled for the purposes of this report are 

those relating to constructed and retired mileages of 
surfacing from which the following basic summaries 
were obtained: 

1. Miles constructed each year for each surface type (for 
26 States). 

2. Miles of each year’s construction of each surface type 
remaining in service January 1 each year after construction 
(for 26 States). 

3. Replacement surface types for miles of each surface type 
retired each year (for 23 States). 

4. Method of retirement (resurfaced, reconstructed, aban- 
doned, or transferred) for miles of each surface type retired each 
year (for 23 States). 

Data for Alabama, Ohio, and Vermont were not 
available for the summaries prepared in connection 
with items 3 and 4 above. 

There are nine major surface types for which indi- 
vidual summaries and analyses are presented: 

Soil-surfaced roads. 
Gravel or stone roads. 
Bituminous surface-treated roads. 
Mixed bituminous roads. 
Bituminous penetration roads. 

6. Bituminous concrete roads. 
7. Portland cement concrete roads. 
8. Brick or block roads. 
9. Dual-type roads. 

The following definitions used in all phases of the 
planning surveys are followed in determining the 
general type classification of the surfaces constructed 
in each individual State: 

Soil-surfaced road—A road of natural soil, the 
surface of which has been treated for purposes of 
stabilization by the addition of a course of mixed soil 
such as sand-clay, soft shale or topsoil, or an admixture 
such as bituminous material, portland cement, sodium 
chloride, or fine granular material (sand or similar 
material). 

Gravel or stone road.—A road, the wearing course 
of which consists of gravel, broken stone, slag, chert, 

COR WNR 

5’ Acknowledgment is made to the personnel who compiled and reported the infor- 
mation in these States. 

caliche, iron ore, hard shale, chats, disintegrated rock 
or granite, or other similar fragmental material coarser 
than sand. 

3. Bituminous surface-treated road.—A graded and 
drained earth road, a soil-surfaced road, or a gravel or 
stone road, to which has been added by any process a 
surface mat of bituminous material and mineral 
aggregate less than 1 inch in compacted thickness. 

4. Mixed bituminous road.—A road, the wearing 
course of which is 1 inch or more in compacted thick- 
ness, composed of gravel, stone, sand, or similar mate- 
rial, mixed with bituminous material under partial 
control as to grading and proportions. 

ap Bituminous penetration road.—A road, the wearing 
course of which is 1 inch or more in compacted thick- 
ness, composed of gravel, stone, sand, or similar mate- 
rial, bound with bituminous material introduced by 
downward or upward penetration. 

6. Bituminous concrete road (includes sheet asphalt 
and rock asphalt)—A road, the wearing course of 
which consists of gravel, stone, or sand, mixed with 
bituminous material in accordance with precise speci- 
fications defining gradation of the mineral aggregate 
and proportions of aggregate and bituminous cement 
1 inch or more in compacted thickness, and laid on a 
base course of either rigid or nonrigid type. 

7. Portland cement concrete road.—A road, the 
wearing course of which consists of portland cement 
concrete, with or without a bituminous mat less than 
1 inch in compacted thickness. 

8. Brick or block road..—A road, the wearing course 
of which consists of vitrified paving brick, stone block, 
wood block, asphalt block, or other form of block, with 
or without a bituminous mat less than 1 inch in com- 
pacted thickness. 

9. Dual-type road.—A road, the wearing course of 
which consists of two individual types constructed at 
the same time,’ each of which has a width of at least 8 
feet which may be in contiguous or divided strips, both 
individual types being of such character as to be classed 
logically as a part of the traffic-bearing road surface 
rather than as surfaced shoulders. 

5 METHODS OF RETIRING ROAD SURFACES 

Retirement of a road surface is considered as being 
effected when (1) the wearing surface undergoes a re- 
surfacing operation (other than a routine maintenance 
operation), (2) the surface is reconstructed, (3) the road 
is abandoned, (4) the road is transferred to another 
public authority for continued maintenance and recon- 
struction, or (5) the surface reverts to a lower type 
through lack of adequate maintenance. With the ex- 
ception of reversions, which are so few as not to warrant 
further consideration, retirements are generally con- 
sidered as resulting from operations classified as con- 
struction. It is an accepted fact that a significant 
amount of construction work is done by maintenance 
forces in many States, and in the recording of the origi- 
nal data summarized in this report an attempt was 
made in each State to segregate construction from main- 
tenance in a uniform manner regardless of the account- 
ing classifications in effect in a particular State. The 

6 In the highway planning surveys, vitrified paving brick roads are reported sep- 
arately from other types of brick or block roads. Because of the small mileages 
involved, these two types are combined. Approximately 97 percent of the con- 
struction of these two types included in this report is vitrified paving brick. 

7 The qualification that both types comprising the dual-type road must be con- 
structed at the same time does not apply to other phases of the highway planning 
survey. It is adopted in the road-life study because of the statistical procedures 
followed in analyzing construction having similar ages. 
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classifications of construction and maintenance opera- 
tions generally followed in the road-life study are 
those included in the Tentative Draft of the Report 
to the 1938 Association Meeting by the Subcommittee 
on Accounting of the American Association of State 
Highway Officials.® 

Mileage transferred off the State or Federal-Aid high- 
way systems to the county or other local authority is 
classified throughout all mileage tables as a retirement. 
A transfer is not a retirement in the sense that the road 
has rendered its total service to the public from a struc- 
tural standpoint, although quite frequently this is the 
case. <A transfer is, however, a retirement in the sense 
that the road has rendered its complete service as a 
State or Federal-Aid highway. Retirements by trans- 
fer are generally the result of functional obsolescence 
involving alinements and grades which are unsatis- 
factory 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 ne- 
cessity of providing for local traffic usage. After the 
new road is placed in service on the State or Federal- 
Aid highway system, the State frequently will no longer 
assume responsibility for the continued maintenance 
and reconstruction of the old road, and the county or 
other local authority generally takes over this responsi- 
bility; otherwise the old road may be entirely discon- 
tinued from service, in which case it is considered as an 
abandonment. 

For most of the 26 States, the mileage data are for 
the primary rural State highway system. In two or 
three States, the data are for the rural Federal-Aid 
system. In general, all mileages in incorporated places 
having a population greater than 1,000 persons are ex- 
cluded from the summaries. The data for all States 
are summarized only to January 1, 1937, since the in- 
formation for more recent dates is complete for only a 
few States. 

There are many miles of surfaces, primarily of the 
lower types, for which the date of retirement is known 
but for which there is no record of the date of initial 
construction or for which the date of initial construc- 
tion cannot be closely estimated. The partial data in 
these cases are not included in the summaries for mile- 
ages constructed and remaining in service during the 
various years. . 

In general, the data for construction since 1920 are 
relatively complete for the 26 States. Prior to 1920, 
however, it is evident that the construction volume 
recorded in the tables is only a portion of that actually 
completed on roads which later became a part of the 
State or Federal-Aid highway systems. This results, 
primarily, from difficulty in locating records of early 
construction. In a few cases, the records were found 
in various field offices, but more frequently, records of 
such early construction could not be located. 

Table 1 is a summary of the mileages involved in the 
analysis of the average service lives included in this 
report. 

MILEAGES BUILT AND REMAINING IN SERVICE GIVEN FOR VARIOUS 
SURFACE TYPES 

In tables 2, 3, and 4 are listed for each surface type 
the miles constructed each year, the miles retired each 
year, and the miles remaining in service on January 1 
each year. 

8 Copies of this Tentative Draft were transmitted to all State highway departments 
under date of June 2, 1938, by E. E. Hall, Secretary, Subcommittee on Accounting, 

American Association of State Highway Officials. 
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TABLE 1.—Total mileages in the 26 States used in the calculation 
of probable average service life} 

| Miles re- 
+ “punted a ARS aR Miles con- | maining in 

No. Surface type structed service on 
1-1-37 

LOSS OL SUTIRCCO Base aaa eee On mere ace Mg Beate Ue 8, 907 4, 321 
2 | Gravei or stone_____- or ee ees Cee re, 5 79, 110 37, 187 
S| .liuminous'suriace treated 20. os eee ee 30, 949 25, 139 
a VEO OLULA TOUS aac aes ee eS 30, 581 28, 351 
Se BibUMINOUS: DANCU a blo ee ok eee ee 14, 301 11, 901 
6 BicumMiInonsiconeretes= = oes one ee eee ee ee 10, 283 8, 481 
7 | Portland cement concrete_____ 32, 775 30, 602 
Syl e Brick OF DIOCK os saa ee ee 2, 799 1, 927 
DM DULG Y DG 53a ae se See ee ee eee oe 274 249 

1 Involves only mileage of each type for which: (1) Both the original construction 
date and the retirement date are known if the mileage was retired; and (2) the original 
construction date is known if the mileage is still in service. 

The form in which the mileage data for each surface 
type were prepared by each State is similar to the ar- 
rangement of tables 5 to 13. The two left-hand col- 
umns show the year and mileage constructed, whereas 
the entries in the balance of the table indicate the 
mileage of each year’s construction that remained in 
service on January 1 of each year after construction. 
Table 5, for example, records 450 miles of soil-surfaced 
roads constructed in 1929 by the 26 States included in 
these summaries. Of these 450 miles built in 1929, 
there were 435 miles remaining in service on January 1, 
1930; 408 miles on January 1, 1931; 356 miles on Jan- 
uary 1, 1932; and so forth up to January 1, 1937, when 
there were 289 miles remaining in service. The totals 
at the bottom of each year column of tables 5 to 13 
represent the total miles in service on January 1 of each 
calendar year. 

TABLE 2.—Mileage of each surface type constructed each year 

(Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 

Bi- Bi- Bi Port- 
Sp soyp}| tumi- | Mixed | tumi- ~. | land “ee 

Year of con- eo) Bre) nous bi- nous ap ce- mrtg Dual 
struction = sur- | tumi- | pene- ~ | ment 4 | type faced | stone | f.0e | nous | tra- oe con- | Plock 

treated tion crete 

Miles | Miles | Miles | Miles Miles | Miles Miles 

19182 Sees 22) 74 405 214 10 122 122 322 128 1)\e ee 
VOLO. 2) ote es 128 577 168 12 213 52 475 [OMe secre 
1920 eeea sees 279 | 1,273 260 136 312 213 561 1435) Sass 
1921 ___ = 334 | 2,506 329 472 416 377 888 220 9 
19224 eee ee 499 | 3, 485 176 81 519 346 | 1,113 261 41 
10232 See ee 387 | 3, 657 438 182 555 545 | 1, 124 226 27 
1924 2 eee eee toes 421 | 4,958 486 67 898 623 | 1,922 112 3 
1925-2282. se ee 418 | 5,659 996 77 794 471 | 1,690 161 17 
1926 Soe ene 200 | 5,634 | 1, 567 197 546 476 | 2,087 125 20 
GT pee OE 218 | 4,689 | 1,770 375 458 718 | 1,942 61 14 
1902832 Baa 279 | 5,884 | 2,108 | 1,016 664 501 | 2, 238 78 8 
1020 S22 ese 450 | 5,168 | 2,056 | 1, 162 873 682 | 1,891 27 11 
1LOSO eae ets SS 532 | 5,899 | 3,747 | 2,860 | 1,184 514 | 3,855 92 16 
LOS) ine oan sees 475 | 6,304 | 2,631 | 3,747 | 1,411 606 | 3, 518 71 31 
1932 seeate een 498 | 5,318 | 2,169 | 5,551 | 1,096 590 | 2, 825 69 16 
1933 Sos. See 548 | 4,244 | 2,444 | 3, 132 981 484 | 2,039 28 6 
10342 te oe Pe ee 2 1,021 | 4,071 | 3,042 | 5,007 685 735 | 1,110 57 22 
193522 Sees 613 | 2,856 | 2,060 | 2, 686 944 514 828 35 20 
LOSG 2 he ree 651 | 3,959 | 3,020 | 3, 736 950 | 1,053 994 28 13 

AMO = 8, 907 |79, 110 |30, 949 |30, 581 |14, 301 |10, 283 |32,775 | 2,799 274 
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TABLE 3.—Mileage of each surface type retired each year } 

{Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 

| 1 

: : ‘ Port- 
Bitu- |,,; Bitu- | Bitu- 

Pp ; |Mixed . A land : 
Year of retire- | Sol |Gravel) mi- (yign- | mi | mr ce- see Dual 

t sur- or nous | jyj- | Hous | nous | went type 
— faced | stone |surface] joy, | Peme- | con- | “oon. block 

treated tration| crete Grete 

Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles 
AONE eee: Me oS 2 tA | Soy | es AS EN a a) (Oy (SR rae Le See SE 8 ee 
De wenn Sees (eee 7 By ce a Sone eee em ore paw aera GD (ea = T= 

CANE eens £2. oll (Ba el 2 7 fi eee ES Ree ONES ee (ae 
LEVY Wee eS as ae 4 13 25th oa eee 1 | a) ape ae 
OLE: Joe bce loee ence. 30 HE a Ne aN |p Ae ae 8 om ihe Peers 
5016452 8 teas ccee 89 TG | [pee Bea) BE oa 5 67a eee eee 
NY Pee ee 4 39 pe ame BE 7 6 i he See 
DOS oe eee ae 9 109 73 fe) gee ee 5 3 21 taleese ae 
2010. cee eae 45 57 [St ee Se oe 1 9 18 | ae 
1950 Ess eee 30 189 37 4 8 27 24 a Eee 
ROD es eke 15 638 110 8 22 12 57 (| Ao 
LO RAS cers eae ee 12 235 49 5 28 100 35 ial 
12325 an 45 371 D1) ecersae 36 59 53 th Oe 
NOD. Sees eae = 154 401 59 12 38 32 16 DSia| eee 
1925 rt es 76 573 29 3 45 40 38 Alt ||en ee 
W206 eee esas 379 783 83 10 37 61 71 belies ee 
192i. Gaseso ae oe 435 806 71 17 43 81 85 20) ones 
oO. eee eee 350 | 2, 211 129 34 72 60 80 Sees 
TOQ0 ws es 3 oes 385 | 1, 939 157 45 133 117 143 53 1 
TOAQE see eno 393 | 4,736 439 97 225 133 202 75 1 
i ae eee 395 | 4,813 795 172 264 112 135 111 2 
HOS2: 5 mee Cee 253 | 5, 789 822 222 263 178 234 114 2 
1083 Cel ee 372 | 4, 4382 527 271 223 172 205 39 9 
TYS4 yee rs she 288 | 5, 033 919 336 202 189 191 80 4 
196 Jc cun-Gr 328 | 3, 337 608 441 219 108 163 bay dat ee 
OSG We pees 414 | 5, 290 773 §52 523 297 371 153 6 

otal ve. 4, 586 |41,923 | 5,810 | 2,280 | 2,400 | 1,802 | 2,173 872 25 

1 Includes mileages which are retired as the result of being transferred from the rural 
State or Federal-Aid systems to the county or other authority for continued mainte- 
nance and reconstruction. 

TaBLE 4.—Mileage of each surface type remaining in service on 
January 1 each year 

{Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 

; . : Port- 
Bitu- : Bitu- | Bitu- : J ; |Mixed p - | land ae 

Year remaining Soil |Gravel) mi- Ditas | oe mi : a Brick Oral 

in service sue | RUST A rates || EMS OES It vcncraty |Paeee | divas 
faced | stone |surface} ayy (ieee |) Come | eee block 

treated tration) crete crete 

Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles 
OUT gi ee a | aI A eed all ee | 
78 Be gh Se VERN alee MR) (ka Oh TR Nanay ans RS) NE || 2 ed 
Oe cee pave ee olf at NN Ie ee 
pla ee, | ea ee ea Jae ee Sen ee 

135 tO Ree TS FP | eek Des Meee, (i PR eee 
206 aoe ee oe H:i| soe | oe ee iti Races 
309 73 1 id ial ee al ee A te ae 
468 133 4 fee ee 1 Dil. bee 
628 173 4 O4 | aeeeee iH (fo eee 
833 292 28 1500 eae 30 122) | 

1,098 367 45 215 71 72 162) eee 
1, 416 478 45 286 185 333 261. |. ees 
1, 920 754 47 357 475 604 B06) |p aes 
2, 147 | 1,068 66 570 602 | 1,103 6254 2eeee = 
2, 383 | 1,190 74 667 649 | 1,332 (4S ees 
2, 679 | 1,373 84 784 768 | 1, 633 S64), 2a 
8,199 | 1,498 96 996 811 | 2,090 98 2a\| eee 
4, 283 | 1,721 228 | 1,300 0976 25627 ied 24 || eee 
6,151 | 1,940 692 | 1,694 | 1,362 | 3,458 | 1,337 9 
9,401 | 2,067 768 | 2,185 | 1,608 | 4, 536 | 1, 595 50 

12, 687 | 2, 454 950 | 2,704 | 2,094 | 5,607 | 1,813 Ue 
17, 244 | 2,881 | 1,005 | 3, 564 | 2,685 | 7,513 | 1,912 80 
22, 330 | 3, 848 | 1,079 | 4,313 | 3,116 | 9,165 | 2,032 97 
27,181 | 5,332 | 1, 266 | 4,822 | 3,531 |11,181 | 2,140 117 
31, 064 | 7,031 | 1,624 | 5,237 | 4,168 |13,0388 | 2,175 131 
34, 737 | 9,010 | 2,606 | 5,829 | 4,609 |15,196 | 2, 202 139 

e 37, 966 |10,909 | 3,723 | 6,569 | 5,174 |16,944 | 2,176 149 
931_ wee 39, 129 |14, 217 | 6,486 | 7,528 | 5,155 |20, 597 | 2,193 164 

1932_ -------| 2,645 |40,620 |16,053 |10,061 | 8,675 | 6,049 |23,970 | 2,153 193 
1933. -------| 2,890 |40, 149 |17, 400 |15, 390 | 9, 508 | 6, 461 |26, 561 | 2,108 207 
1934_ _------| 3,066 |39, 961 |19, 317 |18, 251 |10, 266 | 6,773 |28, 395 | 2,097 204 
ROSH. 2 See sss oa 3, 799 |38, 999 |21, 440 |22, 922 |10, 749 | 7,319 |29,314 | 2,074 222 
RY ln Ae oe SEE 4, 084 |38, 518 |22,892 |25, 167 |11, 474 | 7,725 |29,979 | 2,052 242 
1937 -----| 4,321 |37, 187 |25, 139 |28, 351 |11,901 | 8,481 |30, 602 | 1, 927 249 

! 

For the purpose of calculating the average service 
lives, all mileages constructed during a given calendar 
year are considered to have been placed in service on 
July 1 of that year. Mileages remaining in service are 
thus year of age on January 1 of the calendar year 
following the year of construction, 1% years of age on 
January 1 of the second year after construction, etc. 
By the use of these ages and the mileages remaining in 

Vol. 22, No. 1 

100 

90 

AVERAGE LIFE 11.4 YEARS 

(DETERMINED FROM AREA UNDER CURVE) 

80 

70 

60 

50 

PERCENT SURVIVING 40 

30 

20 

fe) 4 8 12 16 20 24 28 

SERVICE AGE- YEARS 

Figure 2.—SuRVIVOR CURVE FOR 159 Mies or GRAVEL OR 
Srone Roaps CONSTRUCTED IN 1910. 

service as shown in tables 5 to 13 the probable average 
life of the construction for each year was calculated. 

The mileages that remained in service on January 1 
of each year after construction are expressed as percent- 
ages of the original construction mileage. These per- 
centages at ages 0, 4, 1%, 2%, ete., years were plotted, 
using the percentage remaining in service as the ordi- 
nate, and the age in years as the abscissa. The plotted 
points were then connected with straight lines to form 
original survivor curves, illustrative examples of which 
are given in figures 2 to 9. 

In the event that all mileage of a given surface type 
constructed during a particular year was retired prior 
to January 1, 1937, the survivor curve extends to zero 
percent remaining in service. In such cases (fig. 2) 
the construction rendered its complete service, the 
extent of which is measured by the area on the graph 
below the survivor curve. 

AVERAGE SERVICE LIVES CALCULATED 

In most instances (figs. 3 to 9), however, a portion of 
the mileage of a given surface type constructed during 
a particular year remained in service on January 1, 1937. 
Such a condition results in a ‘stub’ survivor curve, the 
end point of which indicates the percentage of the 
original mileage remaining in service on January 1, 
1937. In these cases the area below the stub survivor 
curve to the left of the ordinate erected at the end point 
represents the service realized prior to January 1, 1937, 
and it is necessary to extend the curve to zero percent 
surviving in order to estimate the average life of the 
entire original mileage. 
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TasBiE 13.—Dual-type road mileage remaining in service; mileage constructed each year, and mileage remaining in service on January 1 

of each year 

[Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 

Construction 

aa a —| 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 1936 1937 

Year Miles 

Miles | Miles | Miles | Miles | Miles Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles Miles_ 

i hs ok Re ee peg ee nee 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 7 

1909." 1° Paes cone eee Glee de ts Pa 41 41 41 41 41 41 41 41 40 40 40 31 31 31 30 
1 ae Re SRT 22 rf COE BE Beto 27 27 27 27 27 27 26 26 25 23 23 19 19 16 
O04! ie, See pene enue a | ti A PR ara Oe Be 3 3 3 3 3 3 3 3 3 3 3 3 3 
(085.40 ae Pade Sai 1°73 | ete een | Dee eee 8 ee ete 17 17 17 17 17 17 W 17 17 17 17 17 
19081 9 a ree aie Se Qa aN Vee alee Ve see P| nae (Ore 20 20 20 20 20 20 20 20 20 20 20 
1927 Cos as || ea pnicced Meena wel otra Ne Re 8) Dem” ee nl Se ee A eee 14 14 14 14 14 14 14 14 14 14 
1008" kn wee ee lis As Re oo | Cea ealee, elie es «(nee eee Sk cate 8 8 8 8 8 8 8 8 8 
1999 samen See | iG feo ee poked ea P sna C6 Pl Re Rall eee a SANA AS. 11 11 11 11 11 11 11 M1 
1930 is Gal aoa Nn Ran ee IC ee ei Polat I eel S| ee ee 16 15 15 15 15 15 15 
10915) ose Sa Oe Si [perenne a(S ee ec eS ee vee ee eee | eee 31 31 31 31 31 31 
ORD: 36 = eee eee TO [Stee ceeleciges Mesos OCB es ie oo eas 9k ee ee es |e 16 16 16 16 16 
1933_ B [tke clube eel ee ie eS Se I oe ee Se 2 Se eS |e | ene 6 6 6 & 
1094. aoe > os teas Sat OF hk (Esme eee WPE ee fey eo ee cL ee OED UE Sa | ce Tae | | ee | re | 22 22 22 
105bi2 eee chee ree 0 We a eee = ee es a ee Sd SS ae ga fear Oar | | 20 20 
TOS 626 de ee THe cee see (ECS Teal tt | (RR Bk Das ee Be aba Se Be ees eS Se Se ee asee-=- 13 

SRO LA een eee 274 9 5 Wii 80 97 117 131 139 149 164 193 207 204 222 242 249 

Average service lives were determined in accordance | to 2% years, etc.). The average percent surviving 
with the particular conditions pertaining to each sur- 
vivor curve. For the older construction, particularly 
for the lower types of surface, survivor curves that reach 
zero percent remaining in service were obtained in 
many instances, and hence the average service life is 
equal to the area below the survivor curve divided by 
100. For the stub survivor curves generally obtained 
for the higher types of surface and for the more recent 
construction, it is necessary to estimate the future 
trend of the curves from the end point of the actual 
experience to zero percent remaining in order to obtain 
approximations of the total service to be expected from 
the mileage constructed. These future trends of stub 
survivor curves were estimated by one of the following 
two methods: 

A. By projecting the stub survivor curve to zero per- 
cent remaining in accordance with the retirement trend 
reflected by the stub survivor curve as judged by visual 
inspection. This method was applied only to stub 
survivor curves of lengths sufficient to afford a reason- 
able and definite indication of the probable trend for the 
mileages remaining in service. 

B. By matching” the stub survivor curve with one of 
the 18 type survivor curves described in Bulletin 125 
of the lowa State College Engineering Experiment 
Station.® These 18 basic type survivor curves were 
developed as a result of a study of retirement trends 
for various types of industrial properties. The match- 
ing of a particular type curve with the stub survivor 
curve permits an estimate to be made of the probable 
future trend of mileages remaining in service. 

For a survivor curve that reaches zero percent re- 
maining for the reason that all the mileage was retired 
or that was extended to zero percent remaining in ac- 
cordance with method A above, the probable average 
life was determined by dividing the area below the sur- 
vivor curve by 100 percent. The total area below the 
survivor curve was obtained from a summation of the 
areas under the curve for each of the age intervals 0 to 
% year, } to 1% years, 14 to 2% years, ete., to zero per- 
cent remaining. The area for each of these intervals 
is equal to the average percent surviving during the 
inter val multiplied by” the length of the interval which 
is 0.5 year for the 0 to 4 year age interval and 1.0 year 
for each succeeding interval (from } 4 to 1% years, 1% 
~ 9 Statistical Analysis of Industrial Property Retirements, by Robley Winfrey, 
December 1935. See also Proc. Highway Research Board, Vol. 15, Pt. I, pp. 47 to 60, 
or a description of the matching process. 

during a given interval is assumed to be the arithmetic 
average of the percents surviving at the beginning and 
end of the interval. 

For cases in which the type survivor curves were 
utilized as in method B, an estimate of the average 
service life was obtained directly by matching the stub 
survivor curve with the type survivor curve affording 
the best fit. When matching stub survivor curves 
with the type survivor curves in Bulletin 125 of the 
Iowa Engineering Experiment Station, it is obvious 
that the longer stub curves enable more reliable esti- 
mates to be made of the average service life. For short 
stub curves for which more than one type curve and 
average life satisfactorily match the stub curve, the 
type curve and average live selected were those consist- 
ent with indicated trends for other years of construction. 

The general methods employed in determining the 
probable average service lives from survivor curves of 
various lengths are briefly described as follows: 
Percent remaining at end 
point of survivor curve Usual method of determining probable average service life 

From the area under the survivor curve. 
From the area under the stub survivor curve 

and its projection to zero percent remain- 
ing by judgment based on the indicated 
trend. 

Stub survivor curve matched with a type 
survivor curve from Bulletin 125 if a rea- 
sonable fit could be obtained; otherwise 
from the area under the stub survivor 
curve and its projection to zero percent 
remaining by judgment based on the indi- 
cated trend. 

Stub survivor curve matched with a type 
survivor curve from Bulletin 125. In 
some cases construction for 2 or more 
consecutive years was combined into like 
age groups if the stub survivor curves for 
each of the individual years follows ap- 
proximately the same trend. 

SURVIVOR CURVES PLOTTED FOR VARIOUS SURFACE TYPES 

Figures 2 to 9 represent examples of survivor curves 
from which the average service lives were determined 
in accordance with the foregoing methods for various 
surface types and years of construction. Figure 2 illus- 
trates construction for which the survivor curve reaches 
zero percent remaining in service. The gravel or stone 
roads constructed in 1910 reached zero percent remain- 
ing on January 1, 1933, at an age of 22% years. The 
average service life of 11.4 years was calculated from 
the area below the survivor curve. 
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AVERAGE LIFE 12.3 YEARS (DETERMINED 

FROM AREA UNDER STUB CURVE AND ITS 

Y PROJECTION TO O PERCENT REMAINING). 
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Roavs CONSTRUCTED IN 1916. 

In figure 3 the stub survivor curve for soil-surfaced 
roads constructed in 1916 is shown as reaching 9 percent 
remaining in service at age 20% years. In this instance 

the stub survivor curve was projected to zero percent 
remaining in service in accordance with judgment 
and the past trend. The probable average service 
life of 12.3 years was determined from the area below 
the stub curve and its projection to zero percent re- 

maining in service. 
Figures 4 and 5 illustrate alternate procedures used 

when the end points of the stub survivor curves are 

between 15 and 40 percent remaining in service. 
Figure 4 shows the stub survivor curve obtained for 

portland cement concrete surfaces built in 1914. The 

end point of the stub curve is 34 percent remaining at 
22% years of age. The trend of the stub survivor 

curve is such that the average service life of 20 years 

can be estimated by matching the stub curve with the 
type survivor curves. An S, type ' survivor curve of 

20 years average life was selected as the curve giving 

the best fit. Beyond the age represented by the end 
point of the stub survivor curve the percentages 

remaining in service in future years are presumed to 
follow the trend of the type survivor curve. 

When matching type survivor curves with stub 

curves, no attempt was made to obtain type survivor 

curves that match the stub curve with the minimum 

10 The 18 type curves presented in Bulletin 125 are designated by their shape as 

indicated by both the modal age and modal frequency. The letters L, 8, and R are 

given, respectively, to the types having their year of greatest retirement to the left of, 

coincident with, and to the right of the age corresponding to average life. Subscript 

numbers are added to the letters to show the relative percentage of retirement at the 

modal age, the larger number being used for the larger retirements or steeper survivor 

curves. 
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Fiaure 4.—Survivor Curve For 261 Mines or PorrLaNnD 
CEMENT ConcRETE ROADS CONSTRUCTED IN 1914. 

mathematical deviation. When more than one type 
survivor curve and average life could be considered 
as satisfactorily matching the stub, care was taken to 
select the type curve and average life that were con- 

sistent with other years of construction. It was found 
through experience that undue refinement in matching 

is unwarranted in most cases. Approximate matching 

by visual methods in superimposing the stub curves 
on the various type survivor curves (drawn to the 

same scale) yields results as satisfactory from the 
standpoint of reliability as those obtained from more 
refined procedures involving precise mathematical 
adjustments. For purposes of comparison, figure 4 

shows both the stub survivor curve for portland 

cement concrete roads constructedin 1914 and the 5: 

type survivor curve visually selected as being the best 
matching curve. 

On figure 5 is represented the stub survivor curve 

obtained for bituminous concrete roads constructed in 

1916. At the end point (20% years) of the stub curve, 

33.3 percent remained in service. Because the trend 

of the stub curve is such that it cannot be satisfactorily 

matched with any of the type survivor curves, it was 

projected to zero percent remaining in service in 

accordance with the trend reflected by the stub curve 

with consideration being given both to the trends of 

the type survivor curves that most nearly match the 
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Figure 5.—Survivor CurvrE For 132 Mites or BirumMinowus 
CONCRETE ROADS CONSTRUCTED IN 1916. 

stub curve and to the trends for other years of con- 
struction. The probable average service life of 15.5 
years was determined from the area below the stub 
curve and its projection to zero percent remaining 
in service. 

Figure 6 shows the stub survivor curve obtained for 
bituminous penetration roads built in 1924. The 
end point of the stub curve is 75 percent remaining 
in service at 1244 years. The trend of the stub sur- 
vivor curve is such that the probable average service 
life of 15 years can be estimated satisfactorily by 
matching the stub curve with the type survivor curves. 
An R; type curve of 15 years average life was selected 
by visual inspection as the curve giving the best fit. 
For purposes of comparison, figure 6 shows both 
the stub survivor curve and the type survivor curve. 

Figure 7 illustrates an instance where type survivor 
curves from Bulletin 125 were matched with a stub 
curve whose end point is higher than 90 percent. The 
stub curve for portland cement concrete roads con- 
structed in 1924 extends only to 95 percent remaining 
in service, and the matching type curve selected is an 
R, curve of 27 years average life. 
On figure 8 are plotted the stub survivor curves for 

bituminous surface-treated roads built during 1919-238. 
It is apparent that the stub curves for the individual 
years follow approximately the same trend. When 
difficulty is experienced in obtaining satisfactory 
estimates for individual years of construction and the 
successive years of construction show close agreement 
with respect to survivor characteristics, the data for 
the individual years may be combined into like-age 
groups for purposes of analysis. This was done for 
the bituminous surface-treated roads constructed dur- 
ing 1919-23 and the composite stub survivor curve 
obtained from the grouping is shown in figure 9. 
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Figure 6.—Survivor Curve For 898 Mixes or BirumMINovUs 
PENETRATION Roaps CONSTRUCTED IN 1924. 

Table 14 shows the procedure for grouping the data 
for the individual years of construction in order to 
obtain a composite curve. The trend of the composite 
stub survivor curve thus obtained is such that the 
average service life of 15.5 years can be estimated by 
matching the stub curve with the type survivor curves. 
Type S, at 15.5 years average life was selected by 
visual inspection as the curve giving the best fit. For 
purposes of comparison, figure 9 shows both the 
composite stub survivor curve for these bituminous 
surface-treated roads and the S, type survivor curve. 

Tables 15, 16, and 17 give in summarized form the 
probable average lives for the nine surface types and 
indicate the method used in arriving at the estimate. 
The estimates of average lives for the earlier years of 
construction of each type should be more reliable than 
those for the more recent years of construction. The 
reason for this is that the greater percentage of retire- 
ments from the early construction leaves less future 
life to be estimated. On the other hand the mileages 
of early construction are so limited that the resulting 



March 1941 

100 

80 

70 

60 

50 

PERCENT SURVIVING 40 T 

AVERAGE LIFE 27.0 YEARS (DETERMINED BY MATCHING 

STUB SURVIVOR CURVE WITH AN R, TYPE CURVE) 

30 

20 

0 4 8 12 16 20 24 28 

SERVICE AGE- YEARS 
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TaBLE 14.—Calculation of composite stub survivor curve for the 
1919 to 1923 construction of bituminous surface-treated roads 

[Mileage data obtained from table 7] 

Remaining in service 

Age, years Year of construction i 
1 =) 

Total B} oO D} 
1919 | 1920 | 1921 | 1922 | 1923 

Miles| Miles| Miles| Miles} Miles| Miles | Percent; Miles | Percent 
One reersas se as 16S Hie ZOOM eccOn a OUlmeaos ek, SE Nh LOOK O! 2 Seal 8 
oe ee 168 260 329 176 438 1, 371 OOF Og ae estee a ees 
ieee ees 28s. 168 | 258 | 329] 174] 438 | 1,367 OO Ney meme Rosco ee 
Dees Bee 167 | 252 | 325] 174] 438] 1,356 O8hG {i eaees Se 5| 2 See 
ae se lien = SE 164 252 325 173 438 1, 352 OR Gi Nocera, Se ee 
aoe es 3s 164 251 320 173 438 1, 346 98.27 E ee cea lena aeeet 
Dyes oa eo 5 161 | 251] 315) 173] 419] 1,319 062 | Se eee 
igen eee 161 228 305 165 408 1, 267 ARE a Ee Ey |e SE 
Y fe eater, Sage 148 | 228 | 297 | 163 | 390] 1,226 ROvAL ase sam. Soe eee 
Ae See Seem 147 225 285 150 369 1,176 sh s0{9| Het ee ee ee 
CE eee ee 143 223 270 132 356 1, 124 So. Oke een eet cowecs 
A oe eee 142 | 212] 240 | 124] 350] 1,068 CM Renee eee 
a Ws 5 Ae Oe ee ces 122 173 215 117 344 971 RUSS aie ae ae |= ee 
Pps ee ee pee tee 111 166 210 114 328 929 67585 232 o Cees 
i TU ag ee ee ae 101 | 137] 192] 114] 284 828 CACO LEI bes Seth 
Le ae aoe es See 101 135 187 S7alaaee = 510 56. 6 544 93.8 
IRS UAE RS ae aetligeet Os TSO UA ies eee eee 416 55.6 423 98. 3 
1GhGsseee cS a HS WR Sie | Lets oS Ae ee ee 214 51.9 229 93. 4 
iyg ss een eee Ghia ee | eee 2 en ee ela Te 63 40. 4 81 77.8 

1 The entries in columns A, B, C, and D for ages from 1414 years to 1714 years are 
obtained as follows: 

Column A; The entry of 510 miles at the age of 1414 years is the summation of th 
mileages remaining for only 4 years of construction (1919 to 1922). The experience 
of the 1923 construction extends only to January 1, 1937, at 1314 years of age and 
must necessarily be omitted. Similarly, the entries in column A at ages of 1514, 1614, 
and 171% years include 3, 2, and 1 year of construction, respectively. 

Column C: The mileage entries in this column for ages from 1414 years to 1714 years 
represent the mileages existing 1 year prior to the corresponding mileage entries in 
column A. Thus, the entry of 544 miles at 1414 years of age is the sum of the mileages 
of 1919 to 1922 construction which existed at 131% years of age. : ; 

Column D: The entries in this column represent the percentage of the mileage which 
remained in service throughout the preceding year, obtained by dividing the entries 
in column A by the entries in column C. Thus, of the mileage existing at 1314 years 
of age, there was 93.8 percent still in service at 1414 years of age (510 divided by 544). 
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Figure 8.—Survivor Curves For 1,871 Mites or Biruminous 
SuRFACE-TREATED ROADS CONSTRUCTED IN 1919-23. 

survivor curves frequently follow erratic trends, as 
compared to the generally smooth curves obtained for 
the larger mileages of construction of later years. 
Estimates of average lives are given in tables 15, 16, 
and 17 only when the retirements were sufficient and 
the trend definite enough to warrant making the esti- 
mate. It will be noticed that generally no estimate is 
made unless the end point of the survivor curve is 
below 90 percent, and even for stub curves having 
end points between 85 and 95 percent, the probable 
error in the prediction may be large. An added degree 
of reliability is afforded, however, by giving considera- 
tion to the trend of probable average lives for the prior 
years. 

Column B: Of the original construction of 1,371 miles there was 60.4 percent remain- 
ing in service at an age of 1314 years (828 divided by 1,371). Column D (for 4 of the 
5 years of construction) indicates that 93.8 percent of mileage in service at an age of 
1314 years was still in service at 1414 years of age. Thus, 0.604X0.938 or 56.6 percent 
of the original 100 percent may be considered as still in service at 1444 years of age 
Similarly, 98.3 percent (from column D) of the mileage in service (or 56.6 percent) 
at an age of 1414 years was still in service at 1514 years of age. Therefore, 0.566 0.983 
or 55.6 percent of the original 100 percent may be considered as still in service at 15} 
years of age. This same procedure is followed for obtaining| the stub survivor curve 
entries at 1614 and 17% years of age in column B. 
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AVERAGE LIFE OF HIGH-TYPE SURFACES INCREASING 

Figures 10 and 11 indicate the trends and show the 
irregularities of changes in average lives. Administra- 
tive policy has played a predominating part in the 
retirement of some types of surfacing. For example, 
the probable average service life of gravel or stone 
roads (the most extensive type of construction) has 
gradually been reduced to approximately 5 years for 
more recent construction, primarily as the result of a 
continually increasing practice of placing a bituminous 
surface on the gravel or stone within a limited time 
after construction. ‘The conditions causing retirements 
of high-type surfaces are less influenced by changes of 
administrative policy than are those of low-type sur- 
faces. Of interest, therefore, is the decrease in prob- 
able average service life of portland cement concrete 
constructed during the period 1916-20. This decrease 
probably results from the deteriorating effect of in- 
creases in volume and weight of traffic during and im- 
mediately following the World War period on those 
roads built under unfavorable conditions at that time. 
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FIGURE 10.—PROBABLE AVERAGE LIVES FOR SEVERAL TYPES OF 
RoapD SURFACES CONSTRUCTED IN VARIOUS YEARS. 

For the purpose of obtaining definite indications, if 
any, of average service life trends, table 18 was pre- 
pared from tables 15, 16, and 17 by combining the 
individual construction years into six arbitrary con- 
struction-year groupings: 1903-10, 1911-15, 1916-20, 
1921-25, 1926-30, and 1931-36. The averages were 
obtained by weighting the estimated average service 
life for a particular type during a given year with the 
mileage constructed during that year. The table 
indicates that the average service life of the lower 
types is decreasing, probably because of the adminis- 
trative policy of keeping the lower type roads in service- 
able condition by periodic resurfacing and reconstruc- 
tion as well as by their gradual improvement to a 
higher type through stage construction. For the 
higher types, there is evidence that the average service 
ife is increasing, probably because of substantial 
advances made in design standards, specifications, and 
construction methods. 

In table 19 is recorded for each type of surface the 
average age of the miles remaining in service on January 
1 of each year from 1920 to 1937. To calculate this 
average age each individual entry on tables 5 to 13 
was multiplied by its particular age. Vertical totals 
of age-miles for each year were then divided by the 
corresponding miles remaining in service on January 1 
to get the average ages. In general, the average ages 
increase from 1920 to 1937. Very heavy construction 
of a given type during a particular year either reduces 
the average age or slows up the increase during the 
same year for that type. 

Tables 20 to 28 indicate the percentage distribution 
of retired mileages of each surface type according to 
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TaBLE 15.—Probable average service lives of each year’s construction of soil-surfaced, gravel or stone, and bituminous surface-treated roads 

{Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 

Soil-surfaced roads Gravel or stone roads Bituminous surface-treated roads 

: . Percent | ESti- Parcank eer Pp Esti- | 
Year of construction ; remains mated | Method BN mated | Method ercent mated | Method 

Miles ing in | ®Verage | of deter- | Miles remain- | average | of deter-| Miles | TC™4D- | overage | of deter- 
built service | Service mina- built eae service mina- built | 1282 | ‘service mina- 

on 1-1-37| life in tion 2 mates life in tion 2 eer ae life in tion? 
years | poe ‘| years ! on I-1-37 years ! 

TD Bie oy eee gee EE? Se Bee Lee ea eee el ee 2 ee a 11 0 14.4 1s ge ee se ee ewe eee Bae ae ee - 
TU a os Set Re. SSSR Se SE SS en ee a 18 0 14.4 | heey |e See pak, ME ee ae Se, ae ee) ee ee 
Nes oo Se oe oS ee Ee ee | So Sa? oe SS ae Sa eee beeen ee 20 0 13.1 jay ee a ae eee 4 aS ee 
NL OG ea et ane a ee er ee | en re eae te lcci ls 39 0 12.7 I EE el ee ee N de ee 2 | (I. 
VOU ae = seo aR eet NS ails Se Ss, BE A SO | ee een (ae 47 0 PIG I 12 0 8.2 I 
DUS See 5 Soe ae Sep eee Sa eee 12 0 21.0 I “fil 0 12.8 I 16 0 8.3 I 
Yes = ete BS ae aes a ee Se Seek es Fae ll 0 22.0 I 103 6 14.0 II 45 0 14.8 I 
LO Le eee see er tens ee oe, a ae 19 0 17.5 I 159 0 11.4 I 60 7 11.8 II 
iH kee ot ae Se ae eet eee eer. eer ed 40 0 16.9 I 161 0 9.7 I 40 10 11.3 II 
SUD pe BS cee, SE i, See ee ee ee iS 129 0 143 I 212 0 11.0 I 122 39 20. 0 Li 
1013 eeesees Aa ee alte Le ie ee 139 3 15.0 Il 267 0 10.8 I 82 7 152%] IL 
ROG ee ees ee oe Bee oe ee ee eee oe lll 0 13.8 I 331 is 11.4 II 136 9 12.9 IL 
hts oe NERS A Se Fe ee eo ee eee 189 4 11.4 IL 534 10 9.9 IL 289 43 20.0 Li 
Lh le, Oi, ee a eee See aD Sa 129 9 12.3 II 316 6 12.0 II 330 36 g 
PST ye cai Set SA ee ane a Se 103 4 12.8 IL 275 0 9.6 I 136 42 16.0 So 
GAGS, & = gs a AP ses qe ere 7 5 11,2 II 405 13 11.3 EE 214 55 19.0 La 
iat 2” Se a eee oe ee ee Seen ere ee 128 35 14.0 So 577 5 10.1 Il 168 38 
O20 eee ears ee eee So ey Pe eee ete 279 25 10. 2 II L273 18 bess} Il 260 51 
IMPAIR ney ee es 2 See SIRE ere anes 334 9 7.8 IL 2, 506 15 10.6 IL 329 57 15.5 | Si 
iPass eS ieee See ee ee ae eee eee 499 8 6.4 Il 3, 485 13 9.5 IL 176 49 
lipases! os Ae Baas eos eee eo 387 3 5.3 Il 3, 657 21 9.8 due 438 65 | 
Oe Sen eee ee a eee ers eee 421 21 7.3 II 4, 958 24 9.1 IL 486 82 24 Th 
hut 2. 2s 3G) eae Dees Br ey aE 418 46 8.7 I 5, 659 37 9.5 IL 996 84 } 4&0 
O26 ee a Sper hae oe ee eee Ss ee OS 200 30 7.3 II 5, 6384 35 9.1 II 1, 567 78 Lig) Ri 
UDA ao? 5 eee SS 8 Se ES ee Se ee 218 70 \ 11.0 R 4, 689 42 8.5 Li dein 84 20.5 Ri 
1028 eee een ot eet we he ae: 279 76 q a 5, 884 46 8.0 Ii 2, 108 77 12.5 Ri 
i CL Pat Re Se ko oy A cys ee pene 450 64 8.5 Ri 5, 168 46 7.6 Lo 2, 056 83 14.5 Ri 
UR RON ook ah} | AT eek Ee eee 532 45 5. 2 II 5, 899 59 8.5 Lo 3, 747 69 9.5 Lo 
LOS Sena se oka. pe es Sad Se 475 59 5.9 IL 6, 304 60 7.0 1 2, 631 78 9.0 a 
TREE p io) ee Ses ak OA PR Se ee Se ee Oe 498 56 5.0 II 5, 318 67 } : u { 2, 169 84 } : eh 
03 3 ee ee ee ee Se eh ee ee oe 548 70 6.0 Lo 4, 244 67 5.5 Lo 2,444 93 14.0 R, 
O84 nes ek ie ent. BS een gk oe As 1,021 72 5.0 Lo 4, 071 Tt 5.0 Lo 3, 042 94 13.0 Ry 
03.5 See ee oy se ret ae Chen eee ee ae be 613 Ot eee Pe sek ee 2, 856 80 4.0 Lo 2, 060 1 ee ee eS oe 
056 ee ee eee ee oe, Pee ee 651 OG iE seek he ach 3, 959 ofa eee ee ete oc we oe, 3, 020 MOQu sue eee eee te os 

1 The last entry in this column is the estimate for the most recent year for which the retirement experience is sufficient to enable a reasonable estimate of the average life 
to be made. 

2 Method I.—Average service life calculated from the area under the original survivor curve. 
Method II.—Average service life calculated from the area under the stub survivor curve and its projection to 0 percent remaining by extension of past trend. 
Method So, Ra, ete.—These designations indicate that an estimate of the average service life was obtained by matching the stub survivor curve with the type survivor 

curves in Bulletin 125. 

TaBLE 16.—Probable average service lives of each year’s construction of mixed bituminous, bituminous penetration, and bituminous 
concrete roads 

{Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 

Mixed bituminous roads Bituminous penetration roads Bituminous concrete roads 

Esti- Esti- Esti- 
Year of construction Percent | mated | Method Po mated | Method aoe mated | Method 

Miles py ae cael average | of deter- | Miles sii i average | of deter- | Miles . in average | of deter- 
built ng ‘es service mina- built me ser vice mina- built ee service mina- 

ie life in tion 2 on 1i-37| life in tion ? on L127) fein tion 2 
on years ! 2 “| years ! ve years | 

LC) 5 ae eee ee ae ee ee ee eee ee ee re eee oe SE eet he eskasnes 5 0 oO Te et es ee el ee or 
jEe UU Ste als oe i Ae ey aa OO AO le aoe 1 0 2 0 21.0 tf | Meee eS Oe es eee el ee ee ace Fees 
TOTO eee ee es oe ee =f 3 67 40 33 23.5 DY Ble ia kT EE Sie |e a pees (ey aes SE 
ROWE: 2 ® Se ot 25 ee pee ae dp Ee hie OR ORR | eee el 47 9 18.3 1B ee ee ee See 22S. 
a 5 Se et ie Rn a 24 17 56 14 17.7 0 Ree a ee oe Se | RPE Sm 
NI) Bie oe = * See eS Ee Se eee 18 11 65 9 15.8 IL 71 10 13,1 Il 
SE Oe copia RE | 2 Ao 5 ROE 8 Eee awe | eee 18.1 IL 72 25 15.8 II 115 20 14.8 II 
OL tee ee eee kee oe SE ee Sees oe ok oe 2 100 76 33 16.4 Il 290 7 12.6 II 
ION Csi. Se = Oe Coe es ena ST ee oe ee 19 58 213 28 14.8 Il 132 33 15.5 Il 
LOL EePeane et eer ee ree ol meee oS Se 8 25 104 42 16.0 Re 53 55 18.5 So 
OLS Set ee pee ee Bees 2 Oe Seek 10 100 122 53 18.0 Re 122 23 13.4 IL 
SAS) he) ) - 62) Be ane Be eee Se 48 Se ee 12 100 213 51 16.5 Re 52 44 17.0 Si 
S20 eee eee eee he zt es Ae x ee 136 80 312 44 14.0 Ro 213 48 16.5 So 
IPH eh ee Se 3 Se ee ee ET eee 472 83 23.5 g 416 51 14.5 83 377 51 15.0 83 
WAS ial bee 5% SS Ses a Se ee ip IE eae 81 83 5 a 519 60 14.5 R3 346 63 16.0 Si 
Ty ae CE eh Se ae ee ee ene 182 86 555 70 15.0 R3 545 76 15.0 83 
i oe Se eA NE CLS 2 eee Cee ee ee ae 67 62 12.0 R 898 75 15.0 R3 623 76 21.0 So 
BO25 een ene foe a eS a Po el Me Ae 17 75 } ; : 794 83 } 16.5 R { 471 84 21.0 L2 
1996 Weeder ais ure So Seen hat ee ae ais. 197 38 9.5 Lo 546 92 : g 476 91 20.0 Lz 
OD (eee ee Se ee ce te ee SS 375 78 15.0 Ri 458 88 17.5 Re 718 SS: Seo se See cee berets 
DUD) oon, 9 ape epee ae in omen el een Soe Pe ae 1,016 67 UTES So 664 85 19.0 Ry 501 O33 ees Se = 
Shi palihs = 5 Uae ie el ee, eee eee See are eee 1, 162 83 14.5 So 873 86 14.0 Ro 682 OL li see Sa ce eee 
NOG () Ree wes ee EN a ee 2, 860 87 15.5 Ri 1, 184 89 18.0 Ri 514 (8 7  ee & — 

Ld i eens ore. Ween Seek eee ee 3, 747 91 16.0 Li 1,411 OD nee een = eee ea E 606 Sy | See eels ey Se 
032-5 Seam ie ee Ate Ee = ee ee ee | 5, 551 LUE DN pags ES Ue ee cs 1, 096 OS | See ee 590 Oe Sen bea 
O08 seer rane ae ee: So Pe es ee Sd 3, 1382 OS nies stcoepeee eae ee 981 Ol aes et eee So ee 484 Oy ial Bee aes erm a9 
10347 eee Pee ee | Fe LN ee. ee eee) 5, 007 OSs | eee Se 240 2 eee 685 ie hhua Le see al | eed Ss aa 735 99 
MORSE epee ee Se UL ea Pen 2, 686 (002 (Week 9) Rae Bee 944 i la [ele ain 514 98 
9.936 neeerce fs ee ee lo ee 3, 736 LOOM) eee es ee eee a 950 00) ee ee ees ee | ee an 1,053 OS. (ess es eee 

1 The last entry in this column is the estimate for the most recent year for which the retirement experience is sufficient to enable a reasonable estimate of the average life 
to be made. 

2 Method I.—Average service life calculated from the area under the original survivor curve. 
Method Il.—Average service life calculated from the area under the stub survivor curve and its projection to 0 percent remaining by extension of past trend. 
Method So, Ro, etc.—These designations indicate that an estimate of the average service life was obtained by matching the stub survivor curve with the type survivor 

curves in Bulletin 125. 
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Taser 17.—Probable average service lives of each year’s construction of portland cement concrete, brick or block, and dual-type roads 

{Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 

Portland cement concrete roads Brick or block roads Dual-type roads 

z : Percent | Estimat- Percent | Estimat- Percent | Estimat- Year of construction : ramain« ned avers cto : rerealal od aver oes : remain- |"ed aver-.| »lethod 
Miles Sain ~ | of deter- Miles eae Sa of deter- Miles Res of deter- buil ingin | age serv-| “Tina. built ingin | age serv-| “jing built ingin | age serv-| “Hing. uilt service | ice life tion 2 service _| ice life tion 2 service | ice life Hons 

on 1-1-37 | in years ! ae! on 1-1-37 | in years ! on 1-1-37 | in years ! 

Ee eli 2 Aah ft oe ee a ee 7 0 11.3 I a ep REN NE cy S| a ee Oe 
ee ee 2 ie i resi Bn ier oh 9 11 20.4 II ee oes OE ee ee ee 
[ee eee | 8 13 Pall II Le a RAS |S 2 he ee 

1 100 27.0 (3) 27 19 18.5 fa EB ag a 2s ie ee LS 
eer ree Ce (Sf Gye UE Se Le 24 54 25.5 81 ter Shoe Uae sal Seed yet i 

29 45 20.0 S3 48 21 17.8 TE? “ft ce ee es | peas ae eke... 2 een 
42 55 22.5 Si 40 40 21.3 ID*) WSs St ae eee Bog =e ee 

261 34 20.0 S2 99 37 21.1 | 8 ee) ie ees (I Mae el | ae | Aen 
279 42 19.0 So 239 47 21.0 Si” sets Bee ee | a eee 
505 36 16.5 Ri 127 48 19.5 So.° Oi Ss A ee eee ee eee 
236 44 16.5 R3 120 59 21.5 Si. ieee) ee ee eee 
322 43 16.5 R2 128 57 19.5 Sa sce ee ON ee eee 
475 45 16.5 Si 129 54 19.0 Spo) © bee 8 ee | eee eee 
561 67 17.5 R3 143 48 15.5 Soy dott: Se oat he | ee ee eee 
888 75 20. 0 S3 220 71 20.0 81 9 78 16.5 Ss 

ily 123 85 23.0 Rs 261 65 17.0 S2 41 as 15,5 Ry 
1, 124 93 25.0 R3 226 82 17.5 R3 27 59 14.0 83 

ares 1, 922 95 27.0 R3 112 78 14,5 S4 3 100) [2.2 8 
5 1, 690 O7 ieee oe eee See 161 86 21.0 R2 17 100: |. eee 

ELD: ese he Lrerd Ties een tee 6 Bee 2, 087 90 262. Ss ae eee 125 Oil) | eae ae ee eee 20 100 | 2 22e25 2 |Saeeeeees 
POD ie Be Sk ee as ee eee 1, 942 O87 | Se. oe ee ee eee 61 O45 Cat eee ee = eee 14 100: (2 eee Sees eee 
O28 Vee ee oat eee ee Se eS 2, 238 997): ee ee eee 78 OS Sst) eel re es 8 100: | Seite lea, a 
O20 eee en hn tas Se eee ak Rae eee 1, 891 LOO 252 ee ee 27 (0 hy | ee EASE A 11 LOO ee 2 ee ee Se 
nat ee ee AE Bane RE Ee eee 2 3, 855 ne LOO ee een eee 92 QO I= Cae ye far eee 16 04 Le ch ne I ee oe 
1031 ee oe ee eee Seat we ee 3, 518 100) | 23 es ee ees 71 LOOM Le 28 2 .SeN Le ek es 31 100 | Ee eee 
1082. en 8 Sook ae ae ey, ee oP ee ee 2, 825 09 ae | eee 69 OQ a ee ee eee 16 100 jp2ke eel eee 
1O38= 2 Re fe Nye ee See Ep eaee Dee 2, 039 100. Hee ae eee 28 LOO 32 2545e. 2 |S. eee 6 100i): ee = | 
1034 ee ne ee ee See 1,110 TOO)" Jee 2 ee ee eee oe 57 LOO 0) oe 22 100 225. eee 
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ss pues last entry in this column is the estimate for the most recent year for which the retirement experience is sufficient to enable a reasonable estimate of the average life 
to be made. 

? Method I.—A verage service life calculated from the area under the original survivor curve. YY a : 
Method II,.—A verage service life calculated from the area under the stub survivor curve and its projection to 0 percent remaining by extension of past trend. 
Method So, Ra, ete.—These designations indicate that an estimate of the average service life was obtained by matching the stub survivor curve with the type survivor 

curves in Bulletin 125. 
3 Assumed. 

TABLE 18.—Weighted probable average service life for various con- | method of retirement and replacement type. Retire- 

struction year groupings for each surface type ments are summarized into year groupings as follows: 

{Compiled from data submitted by 26 States for rural State or Federal-Aid systems} [eeto2 7 and prior. 

ose 2. 1928-30. 
Weighted probable average service life ! of — 3. 1931-33. 

cs 4, 1934-36. 
itu- . 

Construction- } mi-® bwiived an Bitu- Aas 5. Total through 1936. 

ee ee are ete (bita~ | gens |) Gee cermin  oel es The methods of retirement are as follows: 
2 mi- | pene- * | ment - | type c eed DAN Panty Bc tra- | crete con block 1. Resurfaced.—Roads which are resurfaced or used 

ed 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 

Years | Years | Years | Years | Years | Years | Years | Years | Years 1903-1910... 219.7 | 12.7| 121 |218.1 [2216 |. __ 227.0 | 18.31 soe tical EE GES HBL IT 82/2 "23 ——- | reworking of the surface) in the new construction which 1021-1025. 71] 96} 20.7] 216] 15.2) 1792244) 18.2 [20161 | retires the old surface. Examples of this method are 
rag Maye Ler a arer id CoP wy lee kal Be wel ernie sac the retirement of a soil-surfaced road by surface treat- 

ing, or the retirement of a gravel or stone road by 
! Weighted in accordance with the constructed mileage and the estimates of average utilizing it as a base or foundation for a mixed bitu- service life. ° : 5 . 
1 Average service life computations based upon the experience of a very limitead | Minous road or a bituminous penetration road, etc. 

mileage of original construction. i i i itn ea naa atte aR Par For surfaces which are retired by this method, it is 
‘Average for 1921-23.  ® Average for 1931-34. #1931 only, obvious that the new or replacement construction must 

TABLE 19.—Average age of surfaces existing on January 1 of each year, 1920-37 

{Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 

Surface type 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 1936 1937 

‘ Years | Years | Years | Years | Years | Years | Years | Years | Years | Years Years | Years | Years | Years | Years | Years | Years | Year Soil surfaced _-_-._.._- 4.6 4.5 3.8 4.2 4.4 4.6 4.8 5.4 5.9 6.0 5.6 5.0 4.9 5.0 5.2 4.5 4.9 ; 51 Gravel or stone E 4.4 3.8 2.7 2.4 2.0 2:6 2.7 3.0 3.5 ane 4.1 4.3 4.5 4.7 5.1 5.4 6.0 6.3 Bituminous surface treated ___.___- 3.9 4.2 4.3 4.8 4.8 4.8 4.4 3.9 3.8 3.8 4.0 3.7 3.9 4.4 4.7 5.0 5.5 5.8 Mixed bituminous --- Epa. So 4.6 2.6 1.5 2.2 Pat 3.4 4.1 4.3 4.2 3.4 Ba2 205 2.4 2.4 2.8 3.1 3.7 4.1 Bituminous penetration_...______- 26] 36/ 36) 36] 37] 36) 88] 43] 48] Bo) 541 5S) BS oes) RO eae Cee Bituminous concrete. ...-.--.----- 681° 8.9) B61. BB} 8.8). 35) £8) 411 494 294 46l) ge I Ys te o eee eee <1 Portland cement concrete-.---_--- 28] 82) 32) 33] 35) 35| 37] 39] 42] 45) 49] 428] sol 841 891 661 7.81 80 Brick or block-=2- 3s = 3.9 4.3 4.5 4.7 5.0 5.6 6.1 6:7 7.5 8.1 9.0 9.5 10.0 10.5 11.3 gi If 12.4 13.0 Dual tyne 43252 ee eee eee eset -6 AN 1.3 oe 2.8 Boe 3.8 4.6 6,2 5.6 Bat 6.1 6.8 7.0 7.4 7.8 

Total (weighted average) ____ 3.9 3.8 3.3 3.3 3.3 3.4 3,5 3.7 4.0 4.2 4.5 4.5 4.6 4.7 §.1 5.4 6.0 6.3 
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YEAR OF CONSTRUCTION 
the same grade. 

2. Reconstructed—When surfaces are retired by 
reconstruction there is little or no salvage of the old 
surface and base, if any, into the new type constructed. 

TABLE 20.—Soil-surfaced road retirements; percentage distribution of retired mileages of soil surfaced roads according to method of retirement 
and replacement type 

{Compiled from data submitted by 23 States for rural State or Federal-Aid systems] 

Replacement type! 

Bituminous surface treated _--- 
Mixed bituminous_-._---..__-- 
Bituminous penetration 
Bituminous concrete 
Portland cement concrete 3_-__- 

1 No brick or block roads or dual-type roads were encountered which replaced soil-surfaced roads. ; ; ) Sr 
2 “None” indicates the mileage is dropped from the system and there is no new construction which may be considered as replacing the mileage which is transferred. 
3 The use of the term “‘resurfaced”’ in lieu of “‘reconstructed’’ as a method of retirement in the case of soil-surfaced roads which are replaced by portland cement concrete 

is not precise. An attempt, however, is made in the case of “resurfaced’’ to indicate the extent to which the retired soil-surfaced road is utilized as a base for the portland 
cement concrete. (This same qualification applies, in a lesser degree, to replacements by other types.) 
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TABLB 21.—Gravel or stone road retirements; percentage distribution of retired mileages of gravel or stone roads according to method of 
retirement and replacement type 

{Compiled from data submitted by 23 States for rural State or Federal-Aid systems] 

| 

1927 and prior, 4,282 miles eer F = . F _op , P . Total through 1936, 40,962 
pore 1928-30, 7,725 miles retired | 1931-33, 15,346 miles retired | 1934-36, 13,609 miles retired Tilles ralired 

Replacement type ! 3 g zr z be 3 8. is 3 8 z iS 3 3 Z z 2 3 Zz z 
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cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent 
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Graded and drained earth_____|----- Tish 4023 |i 2 eS Peee 23 WA dea a ee oe 20) Usk Les) onolese se AS a2) 4. Li Oi 6s saree 3.0 PR PA Salee Leah 
Soil. stirisced: —.. 8 ee het 510 asa 5 Soe eee P= a | eee Oe Le eee SLL Ors Bp fh Pee ee eee 4) 0.1 BYE Sa eee «2 

Gravel or stoné-. .......~.+-..2 14.1} 5.4 SF lee e2tee Gre 1G Wi dest 25.2) 7oe4|, LAS oO) Qc2 6azh* 22:9] 350 910.5] 76h 254 TO SL Ol rae 

Bituminous surface treated____| 17.4 .2 a SL 2758); 207 PPA 5 ee eee Se 20.9} 11.5 ol, ein || See MBE), BBY Fi .8 el 1} 24.7) 17.8 .4 1 -1) 18.4 
Mixed bituminous________--__-- 26. 3 6 il ee 20 OW 20s S| elon 5 2| 28.6} 43.0) 1.9 .8 6} 46.3] 35.6] 4.0) 1.7 7 42-0/-35. 7|) 2. 3)0) Lo0) . 5] 39.5 

Bituminous penetration _-_----- (pen) Sea 1 Roth Sil eco ee 1 US 79 eon 5B SO cee 6.1] 3.9 sil Soieeoe 4.3} 5.6 72 oe? aH G3 
Bituminous concrete________-- 5.6). 2.2 2 eave Cs Oh MOscel eee eae ll ees 3. 2 8 Pek s ell Ee Se) ay an iY ae LT en) 3 Peel 2! 2.4 

Portland cement concrete $____| 1.7) 11.7 .4 .9| 14.7] 1.5) 16.2 .3| 1.8] 19.8 SOO + 5\) 30} 1982 .3| 3.6 FO) Pel onS Ol) Lie 24) D9 ees 
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1 No dual-type roads were encountered which replaced gravel or stone roads. : : : : ; re 
2“None’”’ indicates the mileage is dropped from the system and there is no new construction which may be considered as replacing the mileage which is abandoned or 

transferred. ; : ; 
3 The use of the term “‘resurfaced”’ in lieu of ‘“‘reconstructed”’ as a method of retirement in the case of gravel or stone roads which are replaced by portland cement concrete 

is not precise. An attempt, however, is made in the case of “resurfaced” to indicate the extent to which the retired gravel or stone road is utilized as a base for the portland 
cement concrete. (This same qualification applies, in a lesser degree, to replacements by other types.) 

TABLE 22.—Bituminous surface treated road retirements; percentage distribution of retired mileages of bituminous surface-treated roads 
according to method of retirement and replacement type 

[Compiled from data submitted by 23 States for rural State or Federal-Aid systems] 
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r hah a indicates the mileage is dropped from the system and there is no new construction which may be considered as replacing the mileage which is abandoned or 
ransferred. 

1 Because of the difficulties involved in the determination of the thickness of bituminous mats, it is probable that a portion of the large percentages of bituminous surface- 
treated roads which are resurfaced and indicated as being replaced by bituminous surface treated roads should in reality be indicated as being replaced by mixed bituminous 
roads. The data, however, are recorded as submitted. 

+ The use of the term “‘resurfaced”’ in lieu of ‘“‘reconstructed”’ as a method of retirement in the case of bituminous surface-treated roads which are replaced by portland 
cement concrete is not precise. An attempt, however, is made in the case of ‘‘resurfaced”’ to indicate the extent to which the retired bituminous surface-treated road is utilized 
as a base for the portland cement concrete. (This same qualification applies, in a lesser degree, to replacements by other types.) 

This classification includes old surfaces and bases that | service after being dropped from the State or Federal- 
are torn up and not reused. Usually, for types that | Aid system by being maintained and resurfaced or 
are retired by this method, the replacement type is | reconstructed, when necessary, by the county or other 
built along the same general alinement involving only | local authority. 
minor improvements in horizontal curvature and sight It is obvious that a fine distinction between the 
distance. Substantial improvements are usually made | various methods of retirement cannot be made. The 
with respect to grades and vertical curves, however. classifications are general in character and should be 

3. Abandoned.—For roads that are abandoned, the | so interpreted. 
new construction is on new location. Sometimes, 

. : IDNA ‘ however, a road is dropped entirely from the system YPES OF SURFACES BUILT TO REPLACE OLD SURFACES LISTED 

and there is no new construction that may be considered The replacement type indicated on tables 20 to 28 
as replacing the mileage abandoned. In such cases, | is the surface type of the new road constructed to 
the replacement type is indicated as “none.” replace the surface of the old road. It is to be noted 

4. Transferred.—Retirement by transfer is similar to | that the replacement type may be upon entirely new 
abandonment except that the road is continued in ' location or there may be no replacement type as men- 
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TABLE 23.—Mized bituminous road retirements; percentage distmbution of retired mileages of mixed bituminous roads according to 
method of retirement and replacement type 

{Compiled from data submitted by 23 States for rural State or Federal-Aid systems] 

1927 and prior, 64 miles * : . ; 5 
Cirek a 1928-30, 159 miles retired 1931-33, 617 miles retired | 1934-36, 1,304 miles retired | Total be ide mew 2,144 

| 5 

Replacement type 1 * ae . a '‘ ‘ Silat. ‘ ' io ‘ ' ' io ' ‘ ‘ ig ‘ ' +7 
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Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per- 
N : cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent 
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TDF EM agers © ks SESE eS Se ae 8 ee eee (aren eee ene (ne gt ee ee oe adhe nee nce aceon (eee 2 euser, .3 et Sill|2 25 |e ee .2 
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1 No brick or block roads were encountered which replaced mixed bituminous roads. 
3 ‘“None”’ indicates the mileage is dropped from the system and there is no new construction which may be considered as replacing the mileage which is abandoned or 

transferred. 
3 The use of the term “‘resurfaced”’ in lieu of ‘“‘reconstructed’’ as a method of retirement in thecase of mixed bituminous roads which are replaced by portland cement 

concrete is not precise. 
the portland cement concrete. 

An attempt, however, is made in the case of ‘“‘resurfaced”’ to indicate the extent to which the retired mixed bituminous road is utilized as a base for 
(This same qualification applies, in a lesser degree, to replacements by other types.) 

TABLE 24.—Bituminous penetration road retirements; percentage distribution of retired mileages of bituminous penetration roads 
according to method of retirement and replacement type 

{Compiled from data submitted by 23 States for rural State or Federal-Aid systems] 

1927 and prior, 158 miles ft . . A Fy ad & . : Total through 1936, 1,868 
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1 “‘None” indicates the mileage is dropped from the system and there is no new construction which may be considered as replacing the mileage which is abandoned or 
transferred. 

2 The use of the term “resurfaced” in lieu of “reconstructed” as a method of retirement in the case of bituminous penetration roads which are replaced by portland 
cement concrete is not precise. An attempt, however, is made in the case of “‘resurfaced”’ to indicate the extent to which the retired bituminous penetration road is 
utilized as a base for the portland cement concrete. 

tioned above under the classifications of abandoned 
and transferred. Table 20, for example, indicates that 
during the period 1931-33, there were 1,012 miles of 
soil-surfaced roads retired in the 23 States for which this 
series of tables is prepared. The entries indicate that 
64.9 percent of the soil-surfaced roads retired from 
1931 to 1933 were resurfaced, 22.3 percent were recon- 
structed, 8.7 percent were abandoned, and 4.1 percent 
were transferred to other authorities for continued 
maintenance and reconstruction. The distribution of 
each of these percentages according to the replacement 
type is also indicated. Of all retirements of soil- 
surfaced roads during 1931 to 1933, the maximum 
individual retirement entry is the 27.4 percent for soil - 
surfaced roads retired by being resurfaced with a soil- 
surface, and the next largest entry is 20.1 percent 
retired by being resurfaced by the addition of a 
bituminous mat less than 1 inch in compacted 
thickness: 

Table 20 also indicates that for soil-surfaced roads 

(This same qualification applies, in a lesser degree, to replacements by other types.) 

retired during the years 1931 to 1933, 4.1 percent were 
replaced by portland cement concrete surfaces. The 
distribution of the 4.1 percent is as follows: 2.0 percent 
were resurfaced along the same line and grade, 1.3 
percent were reconstructed along the same general 
alinement, and 0.8 percent were transferred to other 
authorities for continued maintenance and reconstruc- 
tion. The new portland cement concrete roads which 
replaced the old soil-surfaced roads transferred were on 
new alinements. 

Table 29 and figure 12 summarize the percentages 
retired by each method for each group of years for 
each surface type. Most of the indicated trends are 
not particularly significant, and there is considerable 
variation among the different types with respect to 
method of retirement. Resurfacing is an especially sig- 
nificant method of retirement since it affords an ap- 
proximate measure of the relative extent to which the 
various types of surfacing construction are salvaged 
when they are retired. 
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TABLE 25.—Bituminous concrete road retirements; percentage distribution of retired mileages of bituminous concrete roads according 
to method of retirement and replacement type 

[Compiled from data submitted by 23 States for rural State or Federal-Aid systems] 
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1 No soil-surfaced roads were encountered which replaced bituminous concrete roads. ‘ : : : : eee 
3 ““None”’ indicates the mileage is dropped from the system and there is no new construction which may be considered as replacing the mileage which is abandoned or 

transferred. 
3 The use of the term ‘‘resurfaced”’ in lieu of ‘‘reconstructed”’ as a method of retirement in the case of bituminous concrete roads which are replaced by portland cement 

concrete is not precise. 
the portland cement concrete. 

An attempt, however, is made, in the case of ‘‘resurfaced”’ to indicate the extent to which the retired bituminous concrete road is utilized as a base for 
(This qualification applies, in a lesser degree, to replacements by other types.) 

TABLE 26.—Portland cement concrete road retirements; percentage distribution of retired mileages of portland cement concrete roads according 
to method of retirement and replacement type 

{Compiled from data submitted by 23 States for rural State or Federal-Aid systems] 

1927 and etectdaar miles 1928-30, 365 miles retired | 1931-33, 484 miles retired | 1934-36, 595 miles retired Total ee 1,862 

S a z 3 : 
Replacement type i = Z Z = 3 3 3 = 3 3 3 4 S 3 3 ha = 2 1s 

Sele lee Sa oe alee CU Ree cles lp eS alesse || eye s 
Hite RB ae Baie erie Wega | AS 2/%3/s/és &ilajiag|s 2/3) |< oS q g a a = r= 1S a a = ra] 4g ral = 5 a = a ea 5 g = B = 

He ct lemlese | Se eee ee AS ee el ieee is ee eee le) Bo eB | Bye 
CP) o 2 m ° o d Q a ° ib) i) Q Ky ° a Co) ao = (5) Ke) 2 Q u ° 
ie S <q & a oa 4 < ‘= a ia a < a = ioe (a= < a a ioe ina <q a a 

Pet. Pet. | Pet. | Pet.) Pet. Pet, |) Pet.) Pct. Pet) Peto Pet. Pcta| becta|) ecta|) becbal beche|| ects |e Cla ech) clas Coe ECbell Econ ie Come EeCee 
IN‘ ONC est wae. chat ees eee | ee oe Jee OF Os 2b eee OnE a7 2s Sete =ailige ee SW) abe ACHE See O82) 9256) 228). Salo 0:.:3]) 129} 222 
Graded and drained earth___-__|----- On? | eee eee ay ieee 229) el 4 Pere Donahoo ee eae SW ae lh | eee Os Seto 2 |e res MAW ist) OPA) = O80) 
SOU Siriaas es eee eS ae See cas | > el ee | [| ae | lea | <6) Be Die ee eee ee ee ae | 5 il tal 
Gravel:or:stoneisses. 2 ee ee Sh 4| (ee = o5 shaw 1.3 4 atl abel Looe a2 APY Be ides ae 203) .6 Al aso eee iBa! 5) edit G3 
Bituiminoys surtace treate dae eee alee [eek ea eee eee An ae | fae Oe O22 een AC 4lE tcc eee oe Arh poner aft eae | Oa Lee aa} 
Mixed bituminous_____-______- 0. 4 Rel | eee oe tee 2,0) Oss BAe) EEE ae ee 47 OW 455 Tele deen G1) 02,8} 28) La6i V9) 182620) ae Ze 6] 8.8 
Bituminous penetration. _____- 19.4 Ol ke Open 21.9) 19.4) 3.1 roll . 2) 22.8) 9.4 9 aul! -1/ 10.5) 4.4 eit oe i he ee 4.6} 12.0} 1.0 .5 vi} 13.6 
Bituminous concrete_-___-_-_-- §2. 5 ay |e 166s ledos 4 | elo laoeeeleeae 36.7) 28.8] 3.5) 3.8 SL OOs21 29095 ton9) -3 -3| 34.4) 35.7) 2.5) 1.1 . 5} 39.8 
Portland cement concrete 2__..| 10.8] 2.2) .6| 3.5] 17.1) 11.5) 8.6] 2.4] 3.3] 25.7] 6.4] 19.3) 3.6] 7.6) 35.9) 5.0] 11.9) 4.0) 8.4) 20.3] 7.7] 11.0) 2.8) 61) 97-6 
Brick: OF, DOCK awe eee eli Sey Sage | | See ee alee | fete aie (ee ae (eee sod ti? ey (EPR le 2 1.9 3 Ol 225 eeeee an 9 
Dual ty p6 see eo ae ee cig le | I ae 2.3 7 10 beet ee eee 15.9) 5925.6] end see Bell 250)" 22) a 227, 

id Woy 4:4 (CNS 8 el LB Be 85.5} 6.5) 2.7) 5.3/100.0] 70.4] 18.5) 4.6] 6.5]100.0} 50.8] 25.4] 10.9} 12.9]/100.0} 56.6} 19.0] 7.6] 16.8/100.0) 64.3] 17.8] 6.7| 11.2/100.0 
| 

1 “None” indicates the mileage is dropped from the system and there is no new construction which may be considered as replacing the mileage which is abandoned or 
transferred. 

? Portland cement concrete roads which have been recapped by portland cement concrete are indicated as “resurfaced” opposite the entry for the portland cement concrete 
replacement type. 

Table 30 was prepared to illustrate the approximate 
extent to which right-of-way was reused at the time 
the surfacing was retired. The mileages resurfaced or 
reconstructed were used as a measure of the extent to 
which right-of-way was salvaged at the time of retire- 
ment. The mileages of rights-of-way that were not 
salvaged insofar as the rural State or Federal-Aid sys- 
tems were concerned were those that were abandoned 
or transferred. This table indicates a rather definite 
trend, both by surface types and years. In general, 
when the surfaces on roadways involving the higher 
types of surfaces are retired, there is less utilization of 
the original alinements than for roadways involving the 
lower types of surfaces. The yearly trend for all types 
is consistently toward less mileage resurfaced or recon- 
structed on existing alinement. This is evidenced by the 
decrease from 95 percent to 84 percent in utilizing in 
the replacement construction the alinements existing at 
the time of retirement for the periods of 1927 and prior 
and 1934 to 1936, respectively. 

SUMMARY 

The preparation of programs, particularly of long 
range estimates, of finance and construction for highway 
systems must involve consideration of the probable 
average life of existing construction. 

While it is possible to determine the exact average 
life of construction already retired from service, the 
average life of existing construction cannot be deter- 
mined with absolute certainty until it is retired. It 
follows then that the only analytical method of ap- 
proach is to analyze the retirements to date to deter- 
mine the average life of past construction. The facts 
and trends brought to light by such an analysis may 
then be used as a basis for arriving at reasonable esti- 
mates of the average lives of existing or future con- 
struction. 

For certain studies in engineering and economics it 
would be most helpful to know the true average life 
of the recently completed construction, but because of 
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TaBLE 27.—Brick or block road retirements; percentage distribution of retired mileages of brick or block roads, according to method of 
retirement and replacement type 

[Compiled from data submitted by 23 States for rural State or Federal-Aid systems] 
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SD FT StI 1 ene pes ae cere |S EN Se Sie Se ee ele co 26 alle ee |S Oly 226 Bless a ee 9.1 OT asGlseo-c ees 2.3 

SRG), ee ee ee 25.7) 68.6] 5. 7/100. 0) 21.6} 72.6 6| 5. 2/100. 0} 31.6) 37.7] 5.3] 25.4/100.0| 36.3) 29.4} 1.0] 33.3]100.0| 29.4] 49.2) 2.3) 19. 1/100.0 

1 N te) soil-surfaced roads were encountered which replaced brick or block roads. 
2 “‘None”’ indicates the mileage is dropped from the system and there is no new construction which may be considered as replacing the mileage which is transferred. 
3 Brick or block roads upon which have been placed a “‘second story”’ of portland cement concrete or brick or block are indicated as “resurfaced” opposite the entries for the 

portland cement concrete or brick or block replacement types. 

ie Plnhen lype oad ees. CN distribution ef » prior construction. Such estimates will become fact 
retired miteages - Rout Pe egies roads according to method of retire- | oy approach fact only as those forces that caused 

‘ retirement in the past continue to act in the same 
{Compiled from data submitted by 23 States for rural State or Federal-Aid systems : : ° relative magnitudes or continue to change at the same 

general rates. Standards of design and construction 
Total 2 through 1936, 26 miles retired aged A 

(ete ee and traffic conditions have not changed materially 
Replacement type ! : : : : 

Resur- | Recon- | Aban- | Trans: | potat enough in any short interval of time in the past to have 

ee ues i doned ~)), -ferred caused any abrupt change in the trend of average lives 
of road surfaces, nor are they likely to do so in the 

Percent | Percent | Percent | Percent |Percent : 
Mixed bituminous 21.2 Stns Blom a 35 | future. The changes have been gradual in the past and 
ituminous penetration._________ 18.1 12+ eae 5 ee 19.3 siz 1 erage ue pevetrstion =<: ied pia xo| 23 | are likely to continue to be gradual, but over a long 

Portland cement conerete. 3.9 7.0 ine 2.7 18.2 period of years they have caused, and may again cause, 
eae aT Apc sae ia ei ae significant changes in the average lives of roadway 
SOUS Sane ers 2k a Pe toed 10.9 4.6 10.8 100.0 surfaces. 

1 The replacement types not listed were not encountered as replacing dual-type For other Ave of physical SeOp ores the pao ea 

roads. ‘ eG “pe | curve method of determining probable average lives 

si Gily the totals are shown fordual-tyne roads, The mileage retired during vations | js being used with increasing frequency and it should be 
equally advantageous when applied to highways. For 

very few retirements, particularly from the higher | human lives it has been successfully used for a hundred 

types of surfaces, it becomes necessary to estimate these | years. In contrast to human lives, however, physical 

average lives on a basis of the trend of average life of | properties are subjected to wide fluctuation in condi- 

TABLE 29.—Summary of retirements; percentages of retired mileages of each surface type according to method of retirement during 

various years 

[Compiled from data submitted by 23 States for rural State or Federal Aid systems] 

1927 and prior 1928-30 1931-33 1934-36 Total through 1936 

E E E 2 E : E _ 
Ty : ry. if Gel || el me [st |) es! Sef Gs. So || 3 ou ler 

ers Ble|s/é SLE aE Bee tee Bley ete Ble|aleé 
CN geae | Sr) eso ]) Sate Hee il ee: eae ES |) Se eo || ae | RSS Sal ore es 
S q zz D = g Z a <3, ra g 3s a ay 2 q zc w = a q Be: D = 

3 iS) a Sls tS} 9 a q 3 fe iS) a A a 5 iS) a q ES 3 S) q qa 6 
77) 3) x a macy n rs) x a ey 7p) S x a me 77) >) co) a me) 7a) r) a a ~ 

oO o 2 pay ° o o 2 uo ° 2 o 2 a ° o o 2 ra ° o o Q i= ° 

ie mS <j o I [ent oat <j H a iow ia < a a iow a < a i ee] ioe < a a 

Pct.| Pct.| Pct. | Pct. | Pct. | Pct.| Pct.| Pct. | Pct. | Pct.| Pct. | Pct. | Pct.| Pct.| Pct. | Pct. Pet. | Pct.| Pct.| Pct. | Pct.| Pct. | Pct. | Pct. | Pct. 

MOLMATIINIACH 6 ee cee ert a 0} 25.9| 1.4] 2.7/100.0) 74.1] 20.6] 2.6) 2.7/100.0) 64.9 22.3| 8.7| 4.1/100.0] 70.9] 15.7] 3.5] 9.9/100.0] 69.9) 21.5) 3.9) 4.7/100.0 

Gravel or stone 23.0| 1.9] 2.8/100.0| 71.3] 21.6] 2.1] 5.0/100.0) 66.9) 21.5) 4.4 7. 2\100. 0} 71.0] 16.0] 4.9] 8.1/100.0) 69.6} 19.8 3. 9} 6.7/100.0 

Bituminous surface treated____| 59.4) 24.8) 5.2} 10. 6/100.0} 53.0) 38.4 Tol 9/100. 0) 47.8] 30.3} 9.2] 12.7/100.0] 58.7| 23.5] 5.4} 12.4/100.0] 54.5} 27.5) 6.8) 11.2 100. 0 

Mixed bituminous--—--__.------ 30.0! 68.4 -5| 1. 1/100. 0| 62.2] 34.6] 1.6] 1.6/100.0] 46.6} 28.9] 4.5) 20.0/100. 0) 46. 6} 30.9] 7.3] 15.2/100.0) 47.1] 31.8} 5.9} 15. 2)100.0 

Bituminous penetration ------- 63. 4| 32.4] 1.3] 2.9/100.0] 62.3} 23.5] 10.1) 4.1/100.0} 29.4 26. 6| 12.0] 32. 0/100. 0] 35.5] 31.2] 12.9] 20. 4/100. 0) 40. 5} 28.6) 11.3] 19. 6/100. 0 

Bituminous concrete_-_--_----- 85.9] 10.3} 1.4] 2.4/100.0] 61.1] 25.2} 5.3) 8.4{100,0) 75.1 12.9] 5.7] 6.3/100.0] 54.2] 20.7| 7.1] 18. 0/100. 0] 68.6) 16.9] 5.0} 9. 5/100.0 

Portland cement concrete ----- 85.5| 6.5) 2.7| 5.3/100.0| 70.4] 18.5) 4.6] 6.5/100.0} 50.8 25.4] 10.9] 12.9|100.0| 56.6] 19.0] 7.6} 16.8/100.0) 64.3] 17.8] 6.7) 11. 2/100.0 

eriGktoOM DIOGK. = ca se a-oe- Opal 0S. 0| eee 5. 7/100. 0} 21.6} 72.6 6| 5. 2/100. 0! 31.6] 37.7) 5.3] 25.4/100.0} 36.3] 29.4] 1.0] 33.3/100.0) 29.4 49.2) 2.3 19. 1/100. 0 

SDSRFENL URyg Sil Saco = sg RY (RSP SP a ee be eee are ic (eae (ance J eBl|ee Re el eee eee en ee a 73.7| 10.9| 4.6} 10. 8}100.0 

otal en a 72,2) 22.8| 1.9] 3.1/100.0| 69.9] 22.6] 2.7) 4.8/100.0/ 63.7] 22.4) 5.2) 8.7/100.0) 65.8) 18.5) 5.5 10. 2/100. 0) 66.6] 21.1) 4.5] 7.8/100.0 

1 Only the totals are shown for dual-type roads. The mileage retired during various years is too small to warrant percentage distributions by year groups. 
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TaBLe 30.—Salvage of right-of-way at time of retirement of surfacing; percentages of surfaced mileage retired by resurfacing or recon- 
struction ! used as a measure of the extent to which the right-of-way is utilized in the replacement construction 

(Compiled from data submitted by 23 States for rural State or Federal-Aid systems] 

| 1927 and prior 1928-30 1931-33 1934-36 Total through 1936 

Type retired Total Amount resur- | Total Amount resur- | Total Amount resur- | Total Amount resur- | Total Amount resur- 
y surfaced | faced or recon- | surfaced | faced or recon- | surfaced | faced or recon- | surfaced | faced or recon- | surfaced | faced or recon- 

mileage | structed (right- | mileage | structed (right- | mileage | structed (right- | mileage | structed (right- | mileage | structed (right- 
retired | of-way reused) | retired | of-way reused) | retired | of-way reused) | retired | of-way reused) | retired | of-way reused) 

Miles Miles |Percent| Miles Miles |Percent| Miles Miles |Percent| Miles Miles |Percent| Miles Miles | Percent 
Soll surfaced) 32. sees ae ee 1,295 | 1,242 96 978 926 95 1, 012 883 87 1, 000 866 87 4,285 | 3,917 91 
Gravel Orstoneis = see ee 4,282 | 4,077 95 7,725 | 7,169 93 15, 346 | 13, 564 88 13, 609 | 11, 829 87 40, 962 | 36, 639 89 
Bituminous surface treated_----- | 148 125 84 352 322 91 1, 085 848 78 1, 625 1, 3387 82 3, 210 2, 632 82 
Mixed bituminous-_----.------ 64 63 98 159 154 97 617 465 75 1,304 | 1,010 77 2,144} 1,692 7 
Bituminous penetration_-_-.---- E 158 152 96 299 256 86 533 299 56 878 585 67 1, 868 1, 292 69 
Bituminous concrete_.---------- 434 417 96 305 263 86 387 340 88 549 412 75 1,675 | 1,482 85 
Portland cement conerete__----- 418 384 92 365 324 89 484 369 76 595 450 76 1,862 | 1,527 82 
BiiGK ODD LOGK. eames eee eee ae 61 58 95 62 58 94 109 75 69 68 45 66 300 236 79 
Dual by ps2 eee Bee ee te So eal teen a eee | ae eee | tee 3 2 67 14 11 79 9 9 100 26 22 85 

Total (approximate) ?___-- 6,860 | 6,518 95 10,248 | 9,474 92 19, 587 | 16, 854 86 19, 637 | 16, 543 84 56, 332 | 49, 389 88 

1 The terms “‘resurfacing’’ and “‘reconstruction”’ are limited to work done along the same alinement (or right-of-way) as the road which is retired or replaced. The dif- 
ferences between ‘‘Total surfaced mileage retired’ and ‘‘Amount (miles) resurfaced or reconstructed’’ represent mileages which are abandoned or transferred at the time of 
retirement. 

2 The percentages indicated for the total are based upon the observed distribution and amounts of surfaced mileage retired as summarized directly from the data sub- 
mitted by 23 States for rural State or Federal-Aid systems. é 
may reasonably be expected between the lower and higher types of surfacing, 

tions of service, in standards of design and construction, 
in economic and social forces surrounding their use, 
and in the policies of management. All of these com- 
bine to complicate the problem and to cast shadows of 
uncertainty upon predicted average lives of highway 
surfaces as well as upon other similar predictions. In 
spite of these uncertainties, much is to be gained by the 
type of analyses presented herein when the results are 
used within their limitations. 

The estimated average lives shown in tables 15, 16, 
and 17 are probably within 10 percent of the ultimate 
values for the curves having end points of less than 70 
percent surviving when the mileage constructed is 100 
or more miles. For the shorter survivor curves, the 
amount of error is more uncertain, but where estimates 
of average lives are given for such short curves the 
mileage tables, 5 to 13, afford positive evidence upon 
which the estimates are based. Although many of 
the average life estimates are recorded to the nearest 
one-half year and still others to the nearest one-tenth 
year, it should not be assumed that they are accurate 
to this extent. These apparently precise estimates 
merely result from the method of calculation which 
permits relatively close determinations to be made on 
the basis of experience to date. 

Closely related to the analysis of the probable 
average lives of roadway surfaces, but not considered in 
this report, are salvage value and economic life. Aver- 
age lives presented herein relate solely to the period of 
time between the date of completion of the surface 

The percentages are a lineal measure only; no adjustment is made for differences in right-of-way widths which 

construction and the date of retirement without regard 
to the value or condition of the surface at the time it 
was retired. Salvage value, of course, is an important 
consideration when determining total life cost of a 
particular improvement or when making comparisons 
of the economics of two or more types of construction. 
Future annual maintenance cost, future salvage value, 
and the value of the services rendered are factors to 
consider when the economic life is sought. It is ex- 
pected that future studies will include analyses of both 
salvage value and economic life in order that the full 
economic picture of roadway surfacings will be available 
for use in selection of design standards and for long- 
range planning. 

While this report is restricted to road surfacing, the 
additional problems in connection with right-of-way, 
grading, and structures are being studied in the highway- 
planning surveys. The road-life studies also include 
roadway and bridge construction and maintenance cost 
studies. Eventually, data will be available for many 
specific analyses of highway costs, economic selection of 
projects, and other administrative and engineering 
problems, which in some way depend upon service lives 
for their solutions. The knowledge will be extended as 
additional States complete the compilations outlined in 
the original road-life studies and as they are continued 
and extended. Further, analyses by individual States 
will afford results of more specific application to the 
individual highway systems than can be obtained wholly 
by this analysis of the combined data from 26 States 
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