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This study provides the results for more than 600 solutions of annual costs of 
pavements in which the effect on the annual cost of eight major variables is clearly 
set forth. The variables included in the study consisted of: (1) subgrade quality 
for six subgrade resistance values; (2) traffic indexes for light, medium, and 
heavy traffic; (3) contract bid prices for all state highway pavement construction 
in California in 1958 and 1960 in the low range (10 percentile value), in the high 
range (90 percentile value), and for the arithmetic mean of all bid prices; ( 4) in
terest rates of 3 percent and 6 percent; (5) a service life of initial pavement of 
13 years and 18 years was used for flexiblepavements and 18 years and 26 years 
for rigid pavements and a service life of 13 years for the first and second asphalt 
concrete resurfacing was used for both flexible and rigid pavements; ( 6) the 
annual costs were computed for analysis periods of 26 years and 35 years; (7) 
average maintenance costs for California flexible and rigid pavements were used 
in the primary study and the effect of doubling and tripling the maintenance cost 
of flexible pavements versus no change in these costs for rigid pavements was 
determined on a sampling basis; and (8) a total shoulder width of 22 ft and a 
2-lane pavement width of 24 ft was used in the primary study and an analysis of 
the effect of reduced shoulder width for 6- lane and 8- lane freeways was made on 
a sampling basis. 

The results of the study indicated that for subgrades with resistance values 
(R-values) in the medium range of 25 to 60, the annual costs of flexible versus 
rigid pavements vary considerably, depending on the design values for the traffic 
index, the costs of the initial construction, and the resurfacing and maintenance 
costs of the particular pavement. For subgrades with R-values in the high range 
(above 60) the annual costs of the flexible pavements were always lower than the 
corresponding costs for rigid pavements. The annual cost of light-duty pave
ments in the majority of the solutions tended to favor the selection of flexible 
pavements, whereas for heavy-duty highways the majority of the solutions tended 
to favor the selection of rigid pavements. Resurfacing costs can have an im
portant effect on the selection of pavement type. If a high frequency of resur
facing is expected for either the flexible or rigid type under conditions where a 
low frequency of resurfacing is required for the alternate type, the pavement 
with the longer service life will be favored on an annual cost basis. Varying the 
interest rates and the analysis periods influences the annual costs considerably 
for the two pavement types, but this effect is not as important as the effect of 
variations in subgrade quality, the traffic index, and the change in initial con
struction and resurfacing costs. The effect of varying the annual maintenance 
costs of the two pavement types resulted in a minor change in annual costs. Thus, 
the average annual maintenance costs for the two types of pavement amounted to 
only about 3 to 5 percent of the total annual pavement cost, and even using a 
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maintenance cost for flexible pavements 3 times greater than the annual average 
maintenance costs resulted in no significant change in terms of the total annual 
costs of flexible versus rigid pavements. 

This study indicates the importance of making a complete cost analysis in the 
selection of pavement types. The relative importance of the eight major variables 
in an analysis of annual costs is clearly shown in table and chart form. Although 
other factors, such as traffic safety, skid resistance, light-reflecting properties, 
esthetics, noise levels, and political decisions, should be considered in the 
selection of pavement types, there is evident need for adoption of a standard 
method for the determination of the annual costs of pavements and of giving 
adequate weight to annual costs in the selection of pavement types. 

•A MAJOR DECISION confronting the highway engineer and administrator responsible 
for the planning and design of pavements for modern freeways and expressways is the 
selection of the pavement type, rigid or flexible, which will provide the highway user 
with the best possible service at the lowest cost. This selection is complicated by 
many factors and considerations which make it most difficult to reach a decision which 

----is--fuHy-doettmented-attd acceptable-to-all-interest-ed-par.ties .--
In 1960 a report (1) prepared by the AASHO Special Committee on Project Procedures 

was published in which five principal factors and ten secondary factors governing the 
selection of pavement type were listed and discussed. The five principal factors and 
the ten secondary factors considered by the committee to have a major or an occasional 
influence in the selection of pavement type are as follows: principal factor s -(1) traffic, 
(2) soils characteristics, (3) weather, ( 4) performance of similar pavements in the 
area, and (5) economics or cost comparison· secondary factors-(1) adjacent existing 
pavement, (2) st age construction, (3) depressed, sur face or elevated design, (4) high
way system, ( 5) cun1::1 e.l·va liou of aggregates, ( G) stimulate competition, {7 ) construction 
and maintenance considerations, (8) local preference, (9) traffic safety-skid resistance, 
etc. , and ( 10) availab111ty and adaptation of loca l watedals. 

The AASHO committee did not propose a formula or a standard procedure for the 
selection of paving type. In the report the committee stated that "To avoid criticism, 
if that is possible, any decision as to paving type to be used should be firmly based. 
Judicious and prudent consideration and evaluation of the governing factors will result 
in a firm base for a decision on paving type. " 

The California Division of Highways and many other highway departments require 
an economic analysis or cost comparison as a major factor in the justification of pave
ment type. In 1963 the California Division of Highways adopted a new method and new 
cost items in making pavement cost comparisons. These new cost items have been in-
corporated in the study covered by this paper. . 

It is the contention of the authors that the principal factors proposed by the AASHO 
committee can be evaluated on a reasonably sound, rational and factual basis, using 
California pavement design formulas, and a basic formula for making pavement cost 
comparisons. This paper consists primarily of a broadly based investigation of the 
effect on pavement costs of the many factors and variables involved in the structural 
design of rigid and flexible pavements; the effect of the wide variations in the unit prices 
of various items for 155 paving projects in California for which contracts were awarded 
in 1960; and the effect of variations in the service life of flexible and rigid pavements, 
the interest rate and in the analysis period. The investigation is of the type referred 
to by economists as a sensitivity study. 

For this study 144 pavement and shoulder design sections were devel p d ha ed on 
the Californi,a Divis ion of Highways rigid and fl exible pavement design procedures (2 ) . 
The str uctural design was based primarily (a ) upon the r esistance (R- value) of the -
subgrade soil, and {b) upon the Traffic Index (TI) for a 20-yr period. Six different 
subgrade soils r~ging from R 5, very poor, to R 80, excellent, and three traffic design 
loads , TI= 8. 5 (light- duty), TI= 10. 0 (medium- duty) and TI= 11. 5 (heavy-duty) were 
used for the study. For the portland cement concrete pavements, the standard 4-in. 
thickness of cement-treated base was used in this study. For the asphalt concrete 
pavements, the structural design was determined for three different bases: crushed 
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stone, standard cement treated and heavy cement treated. Shoulder designs were 
developed for each pavement type and for each soil type and for the three traffic design 
loads. 

It was assumed that the same subgrade construction and preparation would be required 
for both rigid and flexible pavement construction. In locations where subsurface water 
and unusual soil conditions require a special subsurface drainage design, such as the 
use of a permeable blanket, 1 ft in depth over the full width of the roadway, it was as
sumed that the same construction would be required for both rigid and flexible pave
ments. It is recognized, however, that unusual foundation conditions might require 
different subgrade treatment for the two pavement types and that this factor, which is 
not covered by this study, may sometimes be a controlling one in the selection of pave
ment type. 

METHOD FOR DETERMINING ANNUAL HIGHWAY COSTS 

The determination of annual highway costs has been the subject of special study and 
of reports by Highway Research Board committees and by individual investigators since 
1920, the year the Board was established. It is significant that the Committee on Eco
nomic Theory of Highway Improvements with Dean T. R. Agg as Chairman was listed 
as the No. 1 committee of the Board for many years and that the Committee on Struc
tural Design of Roads with A. T. Goldbeck as chairman was listed as the No. 2 com
mittee. The senior author of this paper was privileged to be closely associated with 
Dean Agg for 25 years in making various types of economic studies. The basic prin
ciples established in those early studies played an important role in the selection of 
the method of analysis adopted for this study. 

Dean Agg and his Committee developed procedures for determining the justification 
of highway improvements in terms of basic engineering economy theory. In the Com
mittee report (3) in 1929, a method for determining the annual costs of highways was 
presented by Dean Aggas follows: 

The annual cost of a road ... may b e expressed as the total 
yearly expenditure that will construct, replace, and maintain in 
perpetuity in standard serviceable condition any existing road 
under existing traffic and climatic conditions. 

R. H. Baldock (4) has reviewed the methods of determining annual highway costs as 
reported by Agg in 1929, by C. B Breed in 1934 (5) and by the Stanford Research In
stitute (SRI) in 1961 ( 6) . After presenting a detailed discussion and evaluation of each 
method, Baldock proposed a method, patterned after the one developed by SRI, which 
provides for the payment of the initial construction cost and of future resurfacings on 
a uniform annual cost basis at a given interest rate in a definite time interval of 40 
years. To this is added the average annual maintenance cost. 

In June 1963, the California Division of Highways adopted a new method (7) for 
making economic comparisons of pavement types. The costs for each pavement type 
using the new method are computed in accordance with the following instructions: 

1. All future pavement structural designs shall be based on 20-yr equivalent wheel 
load ( EWL) totals. 

2. An appropriate economic analysis period shall be chosen for each project based 
on the average life to first resurfacing of concrete pavements in the area that served 
under comparable conditions. In general, this will range from 20 years upward based 
on present experience. 

3. Compound interest at the rate of 5 percent shall be used as necessary to convert 
all costs to present worth. 

4. Initial costs shall be computed for the entire structural section including shoulders 
for one direction of travel and a length of one mile. 

5. Estimated costs of future resurfacing shall be increased by the application of a 
price trend factor. Based on the California Highway Construction Cost Index, 2 percent 
compound interest should be used at present. 
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6. Engineering charges on initial construction shall be omitted, but preliminary 
and construction engineering charges in connection with resurfacing shall be included. 
This shall be expressed as a percent of the future resurfacing cost. 

7. Estimates of resurfacing cost must include all supplemental work made neces
sary by the resurfacing. Traffic handling, temporary traffic stripes, replacing per
manent traffic stripes, protection or temporary removal of guardrails, adjustments 
of drainage facilities, and other supplemental work should be carefully estimated. 

8. The costs of traffic delay shall be estimated and added to the cost of re
surfacing. 

9. Maintenance costs shall be included where District records can be used to 
demonstrate a difference in cost between the two surface types. 

10. Salvage values shall be used only as necessary to bring both estimates to the 
same analysis period, and should be applied to the last resurfacing only. 

Tt Rhnulrl hP. noted that item 3 provides for a compound interest rate of 5 percent. 
This rate is used to convert all costs to present worth costs which are then added to 
the initial construction costs to obtain the total cost for the given type of pavement. 
Thus ;--instead of computing a uniform annual cost for-each pavement- type-, the California.
Di vision of Highways computes in effect a total equivalent initial cost for each pavement 
type. In general, the method adopted by the California Division of Highways follows 
that proposed by Baldock, except that the total costs are expressed as present worth 
instead of a uniform annual cost. 

After a careful review of all of the methods referred to above for computing the costs 
of pavements, the authors decided that to establish the effect of many cost variables, 
the annual cost method recommended by Baldock would best serve our purpose for this 
study. It was further decided that the three new cost items adopted by the California 
Division of Highways for computing resurfacing costs should be iucu1·purated. 

ANNUAL C.::US'I' FORMULA 

The formula recommended by Baldock for determining the annual costs to compare 
pavement types adopted for this study takes the following form: 

C = CRFn [A+ E1(PWFn1) + Ez(PWFn
2

) - (1 - i) (E1 or E2) PWFn2 J + M (1) 

in which 

c 
CRFn 

annual cost of a 2-lane mile of pavement and shoulders; 
capital recovery factor for an analysis period of n years and for a given 
interest rate; 

A = initial construction cost of pavement and shoulders, per mile; 
E1 first resurfacing cost, per mile; 
n1 = service life of initial pavement surface, years; 

PWF = present worth factor for n1 or n2 years for a given interest rate; 
E 2 = second resurfacing cusl, per mile; 
n 2 = number of years after construction to year when second resurfacing is 

placed; 
y = number of years from time of last resurfacing to end of analysis period; 
x = estimated life of last resurfacing, years; and 

M = average annual maintenance cost per mile. 

BASIC COMPONENTS OF FORMULA 

The basic components of Eq. 1 are (a) initial construction cost, (b) resurfacing 
costs, (c) maintenance costs, (d) interest rate, (e) analysis period, (f) service life of 
initial pavement surface, and (g) service life of resurfacings. 

Since a major purpose for making this study was to determine the effect and relative 
importance of each component in Eq. 1 for computing the annual cost of each pavement 
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type, two or more values were used for each component. The method of assigning 
values to the components is described in the following discussion of each of the seven 
components. 

Initial Construction Costs-Design Sections 

The initial construction cost of each pavement type was computed on the basis of the 
thickness and composition of the structural design sections and the unit prices for each 
item in the pavement cross-section which consisted of the pavement surfacing, the 
base, subbase and the corresponding items for the shoulders. 

For this study 144 pavement and shoulder design sections were developed based on 
the California Division of Highways' rigid and flexible pavement design procedures 
published in the Division of Highways Planning Manual. The California pavement design 
procedures are well adapted for making cost comparisions of the type used in this study. 
The major factors covered by these procedures in developing the structural cross
section for each pavement type are (a) the structural quality of the basement (subgrade) 
soil which is· measured by means of stabilometer and expansion pressure tests and is 
expressed as the resistance, R-value, of the soil; (b) the traffic over a 20-yr period 
in terms of an equivalent number of 5, 000-lb wheel loads, EWL, expressed as the 
Traffic Index, TI; and ( c) the slab value of the pavement and supporting layer, which in 
the design of flexible pavements is expressed in terms of the cohesiometer, C, value. 

The California pavement structural design method is based on test road data and on 
observed performance of pavement structures. Hveem and Sherman (8) show that the 
thickness of flexible pavement required for a wide variety of traffic loads and materials 
as determined by the California design formula correlated very well (a correlation 
coefficient of 0. 87) with the thickness requirements for the corresponding traffic loads 
and materials on the 2-yr AASHO Road Test in Illinois. 

The structural design sections of rigid pavements investigated in the AASHO Road 
Test in Illinois are not directly comparable to the structural design sections of rigid 
pavements in California since the cement-treated base (CTB) used in California was 
not included in the structural design section of rigid pavements in the AASHO Road 
Test. However, the performance of the rigid pavements in the AASHO Road Test when 
compared with the California rigid pavement design for corresponding traffic loads 
indicatE)d that the California rigid pavement sections are entirely adequate to carry the 
traffic for which the California pavements are designed. 

Probably the best evidence in regard to the reliability of the California structural 
design procedures in assuring satisfactory performance of the pavements designed 
according to these procedures is the observed performance of pavements in all parts 
of California. For the past 12 years, tests have been conducted by the Institute of 
Transportation and Traffic Engineering under the direction of the senior author to 
measure the road roughness of both rigid and flexible pavements on state highways in 
all parts of California. The AASHO Road Test studies showed that road roughness 
measurements provided the best single indicator of pavement performance and for 
computing the serviceability index of a given section of pavement. The results of the 
road roughness measurements in California when compared with the results of similar 
measurements in other states and on the WASHO and AASHO road tests indicated the 
excellent structural quality of both the rigid and flexible pavements in California. In 
the judgment of the authors, the low road roughness readings and the excellent riding 
quality observed on California pavements provide the best evidence now available of 
the reliability of the California pavement design procedures to assure satisfactory 
pavement performance. 

The structural design of rigid and flexible pavements for 4-lane freeways in California 
is shown in Figure 1 for typical pavement and shoulder design sections in cut and in fill. 
It should be noted that the design of the subbase and base requires a greater with of 
roadway in the fill section than in the cut section. To simplify the computations for 
the quantities required for various depths of pavement for cut and fill, the comparisons 
in this study were made on the basis of a uniform width of pavement for the traveled 
way of 24 ft and a uniform width for the two shoulders of 14 ft. Since the shoulder 
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HA\.f tl«'llOH HA\.f I COTIOH 
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tfAL,r 91'.CTIO,. 

FILL SECTION 

Figure l. California Division of' Highways t ypical pavement and shoulder desie;n 
cross - section . 

design for both flexible and rigid pavements in California is prar.tir.::i lly iclP.nt.ir.::i.I for 
correi:>pumling- Lraffic aud soil conditions, the adoption of a uniform width of shoulder 
did not introduce a significant error in the quantities used or in the cost of the corre-

TABLE 1 

RIGID PAVEMENT STRUCTURAL DESIGN SECTIONS FOR 
VARIOUS SUBGRADE SOIL CONDITIONS AND FOR LIGHT-, 

MEDIUM-. AND HEAVY-DUTY TRAFFIC 

R-Value 
of 

Subgrade 
Soil 

R 5 

R 20 

R 35 

R 50 

R 65 

R 80 

Calif . 
Traffic 
Index 

8. 5 
10 ,0 
11. 5 

8. 5 
10.0 
11.5 

8. 5 
10.0 
11. 5 

8. 5 
10.0 

8. 5 
10.0 
11.5 

8. 5 
10.0 
11.5 

Rigid Pavement Design Depth (in.) 

Porlland 
Cement 

Concrete 
Surface 

8 
9 
9 

8 
9 
0 

8 
0 
9 

8 
9 
9 

8 
9 
9 

6 
9 
9 

Cement
Treated 
Bas ea 

4-B 
4-A 
4-A 

4-B 
4-A 
4-A 

4-B 
4-A 
4-A 

4-B 
4-A 
1- A 

4-B 
4- A 
4-A 

4-B 
4-A 
4-A 

Subbase 

8 
10 
12 

6 
8 

10 

6 
6 
8 

Total 
Depth 

20 
23 
25 

18 
21 
23 

18 
19 
21 

18 
19 
19 

12 
13 
13 

12 
13 
13 

a'l'lu:. lwo t~·1:ies of cement trl1\tod b:1Be usod 111 this stud.y consiSL 
of: ( I) 'l'ype A wiU1 3'/. to '1iortlnnd cemenl l)y IY •Chi or Ch 
dry ai;iµ•e~te , and (2) Type B wllh 2y, to 4Y•' JKll'LIR1KI em nl 
by weight of the dry aggregate, 

sponding designs for rigid and flexible 
pavements. 

The rigid pavement structural design 
secliuns for six subgrade soil types 
ranging from a very poor R 5 soil to an 
excellent R 80 soil and for three traffic 
design loads, TI= 8. 5 (light-duty), Tl= 
10. 0 (medium-duty) and TI= 11. 5 (heavy
duty) are given in Table 1. For light
duty traffic, a uniform portland cement 
concrete pavement slab thickness of 8 in. 
is used in California. For medium-duty 
and heavy-duty traffic, this thickness is 
increased to 9 in. It should be noted that 
a 4-in. cement-treated base (CTB) is 
used in all of the rigid pavement design 
sections and that a varying depth of sub
base is used, based upon the R-value of 
the subgrade soil and the Traffic Index. 

The flexible pavement structural design 
sections given in Table 2 were developed 
for the same R- values for the subgrade 
soil and the same Tl values for traffic 
used in the design of the rigid pavement 
sections, except that three types of base 
courses, crushed stone, standard CTB 
and heavy CTB, were used in developing 
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TABLE 2 

FLEXIBLE PAVEMENT STRUCTURAL DESIGN SECTIONS FOR VARIOUS SUGGRADE SOIL CONDITIONS AND FOR 
LIGHT- , MEDIUM-. AND HEAVY- DUTY TRAFFIC 

Flexible Pavement Design Depth, ln Inches 

R-Valuc Calif. With Crushed Stone Base With Slancta1"cl CTB Base With Heavy CTB Base of T1•afiic 
Si.1bgr•1dc Index As(Jhalt Crushed Asphall Asphall Soil Total CTB Total CTD Total Concrete Stone Sul>baSC! 

Depth 
Conc1•elc 

Dasc3 Subbase 
Depth 

Concrete 
Base3 Subbase 

Depth Surface Dase Sul'face Surface 

R 5 8 . 5 3~, 8 15 26~, 8-A 10 21 10-A 7 20 
10 . 0 4 10 18 32 •I 10-A 11 25 10-A 10 24 
11 . 5 6 10 20 36 6 10-A 13 29 10-A 12 28 

R 20 8 . 5 3~, 8 11 22'/2 8- A 16 8- A 16 
10.0 4 10 12 26 lO-A 19 10-A 19 
fl . 5 6 10 13 29 10-A 22 10-A 22 

R35 8.5 3'/2 8 17 '/, 8-A 11 8-A 11 
10 , 0 4 10 20 10-A 14 5-A 14 
11 , 5 6 10 23 10-A 16 5-A 16 

R 50 8.5 3~, 9 121/2 8-B 11 ~ 8-8 11 
10 , 0 4 10 14 10- A 14 • 10-A 14 
11 , 5 6 10 16 10-A !G G 10-A 16 

R 65 8 , 5 3'./2 8 11'/, 8 Cr. St , 11 B Cr, St. 11 
10 ,0 4 10 14 10 Cr. SL. 14 10 Cr , St , 14 
11.5 G 10 1G 10 Ci·. St, 16 10 Cr , St , 16 

R 80 8 . 5 3V~ 8 11/'3 8 Cr, st , II 8 Cr, St , 11 
10 , 0 4 10 14 10 Cr. St. 14 10 C1', Sl , 14 
11 . 5 6 10 16 10 Cr, st , 16 10 Cr . Sl , IG 

a.The lwo lypes of cement/l1·ealcd base used in lhis study consist of: (1) Type A with 31/i to 6 pe1·cent portlaml cc menl by we ig ht of the dry ai;g:t'Cbralc. (2) Type J3 
with 2 1/~ to 41/2 pcrconl portlancl cement by weight of Lhc c.lry ag-~reg:ate , For subg:l"aclc soils with R-valul?S of 65 and BO, a crushed stone base is used instead of a 
ccmonl- treatecl base , 

TABLE 3 

SHOULDERS STRUCTURAL DESIGN SECTIONS FOR RlGID AND FLEXIBLE PAVEMENTS DESIGNED FOi! VARIOUS SOIL CONDITIONS AND 
FOR LIGHT-, MEDIUM-, AND HEAVY- DUTY TRAFFIC 

Shoulder Des ign Depth, inlnchcsa 

R- Vri.lue Calif. Minimum Depths Based on Depths Ariopted for Rii;id Pavements with Depths Adopted for Flexible Pavement s 
of Traffic Design Formula Cement-Treated Base with Standard CTI3 Base 

Sub[1·adc Index 
Soil Asphalt Base Asphalt Base- Asphalt Base-

Concrete au ct 
Total Conc1·ete Crushed Sublmse Total Concrele Crushecl Subbase Total 

Surface Subbase Depth Surface Stone Dept h Surface Slone 
Dcplh 

R 5 8.5 2 15 17 3- 2 13 20 3- 2 14 21 
10.0 3 18 20 4-2 15 23 4-2 17 25 
11. 5 ~ 20 23 4-2 17 25 4-2 21 29 

R 20 8 , 5 2 12 14 3-2 11 18 3-2 9 16 
10,0 3 13 16 4- 2 13 21 4-2 11 19 
11. 5 3 16 19 4-2 15 23 4-2 14 22 

R 35 8,5 2 9 11 3-2 11 18 3-2 11 
10.0 i 10 13 4-2 11 19 4-2 H 
11. 5 ! 12 15 4-2 13 21 4-2 16 

R 50 8. 5 2 8 3-2 11 18 3-2 4 11 
10 . 0 3 10 4-2 11 19 4-2 a 14 
11 . 5 3 11 4-2 11 19 4-2 8 16 

I! 65 8.5 3-2 12 3-2 11 
10,0 4-2 13 4- 2 14 
11. 5 4- 2 13 4-2 16 

R 80 8. 5 3-2 12 3-2 11 
10.0 4-2 13 4-2 14 
11 , 5 4-2 13 4-2 16 

aTllc shoulder design adopted Ior botll lhe rigid and flexible pavement types provides fol' a uniform depth oC pavement and shoulder cross-section, 

the flexible pavement sections instead of only one type of base used for the rigid pave
ment sections. It should be noted that for light-duty traffic a 3 %-in. asphalt concrete 
pavement thickness was used and for heavy-duty traffic a 6-in. thickness was used. 
The maximum total depth for the flexible pavement design was 36 in. as compared 
with a 25-in. depth for the corresponding rigid pavement design section. The minimum 
total depth for the flexible pavement design was 11 in. as compared with a minimum 
depth of 12 in. for the rigid pavement design. The above minimum depths of pavement 
apply only to well-drained soils with high R-values where a subbase is not required for 
either flexible or rigid pavements. 

The shoulder design sections for both the rigid and flexible pavement cross- sections 
are given in Table 3. The shoulder design in California is based on a traffic design 
load of 1 percent of the EWL but with a TI of not less than 4. 5 or more than 7. 5. In 
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TABLE 4 

UNIT CONTRACT PRICES FOR THE CONSTRUCTION OF 
PORTLAND CEMENT CONCRETE PAVEMENTS ON 37 

CALIFORNIA STATE HIGHWAY PROJECTS IN 1958 AND 
ON 44 PROJECTS IN I960 

Contract 
Pavement Item Price 

Ratinga 

Concrete paving, including lie bolts: 
Low 

8-in. thickness High 
Average 

Low 
9-in. thickness High 

Avei age 

Base course, including curing seal: 
Low 

Cement-treated (Type A), 4-in. thick. High 
Average 

Luw 
Cement- treated (Type B), 4-in. thi ck. High 

Average 

Subbase : 
Low 

Imported borrow, per inch of thickness High 
Average 

Unit Price 
($per sq yd) 

1958 1960 

3. 00 2. 80 
4. 70 3. 70 
3. 52 3. 20 

3. 40 3. 30 
4. 80 4. 50 
3. 97 3. 83 

0. 50 o. 65 
1. 00 o. 90 
0. 77 o. 79 

0. 45 
0. 75 
0. 60 

0 .03 0.03 
0.12 0. 12 
0. 07 0. 06 

~he conh·act price rating adopted for this study was established on 
the following basis: 
Low-represents the 10 percentile value. 
High-represents the 90 percentile value. 
Average-represents the arithmetical mean. 

Table 3, the minimum depths of shoulder 
based on Lhe al.love tle1:Jig11 criteri a are 
given. The shoulder design adopted for 
both the rigid and flexible pavemenl 
types, however, provided for a uniform 
depth of pavement and shoulder which in 
all cases was greater than the minimum 
depth based on the traffic requirements. 
The use of a uniform depth of pavement 
and shoulder instead of a trench section 
is a design procedure widely us ed today 
in California and in many other states. 
For poor subgrade soil types, it increased 
the required depth of shoulders for flexibl e 

TABLE 5 

UNIT CONTRACT PRICES FOR THE CONSTRUCTION OF 
ASPHALT CONCRETE PAVEMENTS ON 63 

STATE HIGHWAY PROJECTS IN 
CALIFORNIA IN 1958 AND 
ON 111 PROJECTS IN 1960 

Pavement Item 

Asphalt concrete surface: 

1-in. thickness 

2-in. thickness 

3-in. thickness 

4-in. thickness 

6-ln. thickness 

Prime coat 

Base course: 

Cement-treated-Type A per inch 
of thickness 

Cement-treated-Type B per inch 
of thickness 

Ct u&lit:d bluln~ be.st: p~r in..:h of 
thirknPfH~ 

Subbase: 

Imported borrow, per inch of 
thickness 

Contract 
Price 

Rating• 

Low 
High 
Average 

Low 
High 
Average 

Low 
High 
Average 

Low 
High 
Average --

Low 
High 
Average 

Low 
High 
Average 

Low 
High 
Average 

Low 
High 
Average 

Low 
High 
Average 

Low 
High 
Average 

Unit Price 
($per sq yd) 

1958 

0. 60 
o. 96 
0. 72 

o. 75 
1.12 
0. 92 

1.10 
1. 55 
1. 25 

0. 03 
o. 05 
0. 04 

0. 16 
0. 23 
o. 20 

0.13 
u. ~~ 
0. 17 

0. 06 
o. 1~ 
o. 09 

0 . 03 
0 . 11 
0. 06 

1960 

0. 33 
0 . 49 
0. 40 

0. 61 
0 . 89 
0. 73 

0. 78 
1. 23 
1. 05 

1. 15 
1. 69 
1. 34 

1. 71 
2. 49 
1. 98 

o. 03 
0. 09 
0 . 0 6 

0. 16 
o. 24 
0. 19 

o. 12 
u. ~u 
0 . 17 

0.07 
0 .14 
0. 10 

0. 03 
0.12 
o. 06 

aThe contract price i·ali11g arJuvlt!rJ Iur llli.s ~luLly was estab
lished on the following basis: low-represents the 10 per
centile value, high-represents the 90 percentile value, and 
average-represents the arithmetical mean. 

pavements by a greater amount than the depth of shoulders required for rigid pave
ments. For subgrade soils with R-values of 35 and 50, the required depths of shoulder 
for flexible pavements in this study were slightly lower than for rigid pavements. For 
R-values of 65 and 80, the shoulder depths for flexible pavements were the same or 
slightly higher than for rigid pavements. 

The initial construction costs for the pavements and shoulders were computed using 
cost data obtained from the 1958 and 1960 annual reports of the "Construction Costs of 
Portland Cement Concrete Pavements and of Asphalt Concrete Pavements on Highways 
in California" prepared by the Pacific Coast Division of The Asphalt Institute (9). The 
accuracy of the unit cost data in these r eports was verified by the authors and by the 
design engineers of the California Division of Hi ghways by comparing the unit costs in 
these reports with the original records of contract bid prices and with the cost data in 
the California Division of Highways Contract Item Data Report for 1960 (10). 

The unit contract prices for the construction of portland cement concrete pavements 
on 37 California state highway projects in 1958 and on 44 projects in 1960 are given in 
Table 4 and the corresponding costs for asphalt concrete pavements on 63 projects in 
1958 and for 111 projects in 1960 are given in Table 5. For this study the unit costs 
for 155 paving projects for which contracts were awarded in California in 1960 were 
used as given in Tables 4 and 5, The unit prices for each pavement item for which 



Figure 2. 
pavements 

Mo~~~~~~~~~~~~~~~~~~~ 

A!.,t!f!K! 

:'-'~--!!l;;::;:;-:;::::±~1.~--

0 '--~~~$~~-20.,J-~~-~~.~~-$0,.,._~~~.,J-~~80-o' 0 ~~~5~~~~20~~~35~~~50~~~6~,~~~.o 

R - Volue of Sub9rode So it - percenl 

--- - - P.C Concrete Povemt!nl 

c::::::==::::J Aspho// Concrele Pavement 

0~~~~~~20~~~-35~~~s·o~~-6~s,---~~so· 0 

R - Vofue of Sv/Jgrorfe Soil - percent 

R-Volue of Subgrode Soil-percent 

~~--
~ ---

!".... 
........ ... .._ ___ 

--:::::-
~ ---r-~ 
-.f2:..._ ~ 

fBJ/lf1.,ellfft_11 tOlldSl.KNJJdeS~ 1/ons 
I Total Widlh 3811 

Troll it: /ndu z 1/.5 

I 
J) JS !ii) 

R - Volueol Sub9rodt1 Sail -percent 

_.H'£.4=. 

AW!roge 

I '--

I 

65 80 

141 

Initial construction costs per mile for (a ) 2-lane concrete and asphalt 
and (b) pavements and shoulders, designed for six subgrade soil types, for 
light-duty traffic (TI = 8. 5) and heavy-duty traffic (TI = ll. 5). 

TA8LE Ci TABLE 7 

11\'lTlAL CONSTRUCT[QN COSTS PER rvllLE FOR 2- LANE PORTLAND CEMENT 
CONCRETE PAVEMENT AND SHOULDERS!! 

lNITfAL CONSTRUCTION COSTS PER MILE FOR 2-LANE ASPHALT 
CONCRETE PAVEMENT AND SHOULDERS 

n • 8.S 

10. 0 

R 35 8.S 

10 . 0 

11 .s 

10 n 50 8.S 

II 10. 0 

12 11.5 

13 ... a.s 

10. 0 

15 11.5 

20 

2J 

2S 

lB 

19 

21 

18 

19 

19 

12 

13 

13 

Low 
High 
Avernge 

Low 
High 
Average 

Low 
High 
Average 

Low 
High 
Avernge 

Low 
High 
Average 

Low 
Hii;h 
Averrige 

l~w 

High 
Average 

Low 
High 
Average 

Low 
High 
Average 

Low 
High 
Average 

Low 
High 
Ave1rige 

Low 
Hli;h 
AWP"rJ!gtJ 

lnillal Const11.1ct!on Costs per Mile 

Cam' of 
P.t"f?-
111~l , ... 

J.IU~(5) 

49,140 
76, 170 
60, 260 

59,840 
92,930 
73,500 

00,GBO 
96,310 
75,HlO 

4.B,290 
72,800 
5B,570 

58,150 
86,170 
70,120 

S!J,000 
89,550 
71,810 

48,290 
72, 000 
58, 570 

58, 150 
86, 170 
70, 120 

58, 150 
8G, 170 
70, 120 

45,760 
62, 660 
53,500 

55,620 
76,0JO 
65,050 

55,620 
76,0JO 
65,050 

11,250 
26,120 
17,000 

12,400 
29,490 
19,300 

12,890 
JI, .;GO 
20,290 

10,760 
24,150 
16,020 

11,420 
25, 540 
17,330 

ll,910 
27,510 
18,320 

10, 760 
24, 150 
16,020 

ll ,420 
25,540 
17,330 

11 , 420 
25,!)40 
17,330 

9,280 
IB,230 
13,060 

9,940 
19,630 
14,370 

9,940 
l9,630 
14,370 

... 
2.9 
3.5 ... 
3.2 
3.9 

•.9 
3.1 
3.7 

'-' 
3.0 
3.7 

5.1 
3.5 
4.0 

5.0 
3.3 
3.0 

4.5 
3.0 
3.7 

5.1 
3.4 
3.5 

5.1 
3.4 
4.0 

4.9 
3.4 
4.1 

5.6 
3.0 
4.5 

5.6 
3.9 .., 

60,390 
102,290 
77, 260 

72, 240 
122, ~20 
92, 800 

73,570 
127,770 
95,480 

59,050 
96,950 
74,590 

69,570 
111,710 
87,450 

70,910 
117,060 

90,130 

59,050 
96,950 
74,590 

69,570 
Ill, 710 
87,450 

69, 570 
111,710 

87,450 

55,040 
90,890 
G6,560 

65,560 
95,GGO 
79,420 

65,560 
95,660 
79,420 

aBascd 011 the conll'3d pi"ices (or 44 stale higliw;iy pn1'i11b 111njccl s 111 1960. 

WJ'fH CRUSHED STONE BASEa 

Deslgn Scclion (11ili:il Construction Cosls per Mlle 

R• Vs l lJt! 

No. Su~:·adc 
Soil 

n ' 

"" 

10 

II 

12 

13 n 65 

15 

Tolal 
T1·arr1c Pvmt. 
Index Dc11th 

(111.) 

Curd Rd 
Prlt''i 
Rsll.nb 

a. 5 

10. 0 

11 . s 

a, 5 

10 , 0 

11 .5 

8. 5 

10. 0 

115 

8. 5 

10.0 

11. s 

2G% Lo1v 

" 
" 

Hi~h 
Avc1·age 

Low 
High 
Avcr:l.gC 

Low 
High 
Avenge 

17 '.12 Low 

20 

23 

msh 
Avernge 

Low 
High 
Avcr~ge 

Low 
High 
Average 

12 i'r Lotv 

14 

High 
A\•en1i;:e 

Low 
High 
Aver:isc 

16 Low 
High 
Ave1·nge 

11 '.12 Low 

14 

16 

H1 g: h 
.Av erage 

Low 
msh 
Average 

Low 
Hi sh 
Aven1ge 

Cot.I DC 
P1n·eo-

"""' ... 
MilefS) 

21,880 
61,670 
40,HJO 

33, 650 
73,920 
48, LSO 

42,380 
88,560 
58,850 

24,060 
46,460 
33,230 

28,580 
53,640 
36,020 

36,890 
6G, GOO 
47,870 

22, 530 
38,300 
29,570 

26,050 
43,510 
32,950 

l3,930 
54, 770 
41,960 

21,540 
36,330 
28,ISO 

26,050 
43,510 
32,950 

3J,9JO 
54,770 
41,960 

12,890 
32,520 
20,200 

14, 620 
38,JGO 
23,HO 

15,610 
42,300 
25, 710 

10,660 
23,650 
15, 770 

11,660 
26,530 
17,820 

11,580 
29,490 
l!J,300 

9,450 
18, 730 
13,310 

10, 180 
20,620 
14,870 

10,680 
22,590 
15, 850 

9,200 
17, 740 
12, 810 

llJ,180 
20,620 
14,870 

10, G80 
22,590 
15,850 

2.2 
1.9 
2,0 

2. 3 
1.9 
2, 0 

2. 7 
2.1 
2. 3 

2.3 
2. 0 
2. 1 

2 5 
2.0 
2. 1 

3.2 
2.3 
2.5 

2 . 4 
2. 0 
2,2 

2. 6 
2.1 
2.2 

32 
2.4 
2. 6 

2.3 
2. 1 
2. 2 

2. 6 
2. 1 
2, 2 

3. 2 
2,4 
2.6 

rrDased on lhc co11lr'ncl prices ror· I LI slate higilwny pn\•ing projects i11 \960. 

Tfllal Cost, 
P11Vf'menl .. , 
Shoulders 

per Mile($) 

40, 770 
~4.190 
GI,030 

48,270 
112,280 
71,890 

57,990 
130,BGO 
84,560 

34,760 
70,110 
49, 000 

40,240 
80,170 
55,840 

46,470 
96,090 
67,170 

31, 980 
57,030 
42,880 

36,230 
64, 130 
47, 620 

44,610 
77,360 
57, 810 

30, 740 
54, 070 
40,970 

36,230 
64,130 
47,820 

44,610 
77,300 
57,BIO 
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TAhJ.E: ' TAULE !) 

11"1 flAL CONSTRUCTIOJ\ COSTS PER MILE FOii 2-LANE 1\SPllALT CO/\Cm:n: INITIAL COf\Sl"RUCTION COSTS PER MILE f'OR 2-LAN£ ASPllALl' CONCRETE 
PA':c::.1c;r ;.~;I) s1:ou1.01.;ns \'.1TH ST,\~;D,\RI) C:E~JE:-:·r Tf!l:/\TED lli\SEa p;.\·1·::-01£l\:T ;..~:f) $110t.:LDERS ~\1TH llE.\VY CEME'.':T-Tll£ATEO OASE:t ---------

f)f· 11;11<iSt«l•61. lni ll;il Con,;11·orlion Cosls 11cf ~Hie Dnic:11SW•lt• Initial ConslrnctionCosls pc1 Mile 

fl· \'~toJ· Tobi Cunlrarl C«~t or C11111 or tt.111> T..UI C..tt, 
rl-\11lur Y\11:1. I (uitD(t Com• of o ...... ll•ll1.1 ft•" I 

,,, Tm/Ile Po;"", Pri 1 f'J'' .<...i.d!!rS Pm'IL "• Pa..,.m•d .. Tr~mc ~'lttl, 
Pf"lo• f"JllT- .-,.,,,Jd• t• P,-e:rt,T• 1"<1Tt1rtnll 

1\:u, R~l~ ...... Shokfh ... 1a1I No, Klllllll' ""'" ~11111, ... 
Snlli;nid" r;;rr ... .ut\:(s1 c~. s11~~1lo. ni 

S..1l11Cr~clc Cidex 0.1111111 
l~"r "" """" 1Mhtrn 

s~o \Uh1tS) Pf• "l!i pt1.u11 .. ts• ... I fl.JI,) :U1hiiSl ilillle (St 11111r M1k1 ~r '-111•1tl 

• • 8.5 21 33,230 ll,500 2.8 4 4' 730 n 5 0.5 20 Low JG,410 ll,2~ 3,2 47,120 
61,250 26,280 2.3 67,530 High 62,940 2G,l20 2.4 69,060 
qq,6JO ll,490 2.6 62,120 Aver~ge fl, 450 17,000 2.B 64,450 

10. 0 25 Low u,:no 12,890 3.4 56,260 10 , 0 " Low '12,940 12,650 3,4 55,590 
High 76,170 32,610 2.3 106,780 High H,480 JO, ~10 2.4 \04 I 9 50 
A\·crngc 54,910 20,660 2.6 75,110 A1·eragc 54,010 19,1()0 2.7 73,660 

ll 5 20 Luw 52,100 lJ,860 3.8 65,9BO 11,5 " Low 51,670 13,640 3.8 65,JlO 
Thgh 90,620 J:l,400 2.6 12G,220 Hl(iil 60,130 31,410 2,6 123,540 

Ave1·~~e 65,610 22,2GO 3.0 87,670 Average 64,770 2L,770 3.0 86,540 

n 35 B,5 Low 29,000 9,030 3.2 38,030 R 3' 9,5 Low 29,000 0,030 3.2 36,030 
High 44,350 17,250 2.6 Bl,600 High .J.J,350 17,250 2,6 Gl,COO 

1\\-C'rage 36,190 12,520 2.9 ~B. 7GO A1·er:age 36,190 12,570 2.9 40,760 

IO,O Low 36,120 JO,lllO 3.8 48,900 10,0 .. Low 35,900 J0,180 3,5 4G,060 
H1g11 a·t,:J!.10 l0,620 2.8 78,210 lll(ih 54, 770 20,620 2.7 75,390 
A1·erage 45,620 14,870 3.1 G0,490 A1<>ragt> H,210 14,870 3,0 'l9,060 

11.s 16 Low 4G,COO to,680 '·' !17.280 II 5 16 Low 43,790 10,GBO 4,1 54,410 
H11;ih 68,650 22,590 :I.I 91,440 lhgh 66.040 22,590 2.9 66,G30 
A1er:1gt> 5.J,630 15,650 3.5 i0,480 A•·crace SJ,220 15,650 3,4 69,030 

10 .... 0,s Low 24,500 9,030 2.7 33,530 10 R 50 " Low 24, ~00 9,o:m 2.7 33,SJO 
lhr;h JO,l!i'iO 11 1ll>O '" 57,100 H!(lh l'l,fl'iO 17,?!'>ll ;> ~ fi1,inn 
A1•er;igc 33,930 12,520 2.7 ~G. 500 Avera~e 33,()30 12,570 2.7 46,500 

10,0 38,720 10,lllO 3.8 48,900 II 10 .0 14 Low JB,120 10,LSO 3,9 40, 900 
High 57,590 20,G20 2.a 76,2l0 High 57,S9J 20,620 2.a 16,210 
A''er~ge ~5, 620 l~. !!70 3.1 C0,490 A\·er~ge 45,620 14,670 3.l 60,490 

l2 ll.5 Lo\\· . ~6, 600 10,G60 '*·-" 57,260 l2 u .. 5 H Lll.W._ 4§,6QO 19,660 4.4 §7,280 
lligh 68,850 22,S!:JO 3.0 91,440 High 68,850 22,5()0 J.O ()I, 4~0 

AvPragc 5q,s30 15,S50 3.4 70,,;SC Averagl' 54,630 L5,850 J.4 70, ~80 

13 )(65b ~. 5 LOii' J8,fl70b 9,030 2.l 21,ooob " R 55\.J 8.5 II Low 18,870b 9,030 2.1 27' 900b 
High 33,090 17,250 1.9 50,340 ll1gh 33,090 17,250 l.9 50,340 
i\\'crngC' 2G,050 L2,S70 2.l 36,620 Al'eUgC' 26,050 12,570 2.l 38,620 

10.0 14 Lo11 26,0501> L0,180 2.G Jc.230° " JO.O H Low 26,U50b 10,180 2.G 36,230b 

llich 43,510 20,620 2.1 G~. 130 High ~J, 510 20,620 2.1 G4,l30 
A\·ci·3gr 32,950 H,670 2.2 H,820 A1·erar:-e 32,950 [4,870 2.2 47,820 

" 11 ~ 5 " Low JJ,9Job lO,Ci80 3.2 44.GI011 II 5 16 Low 33,930[) 10,680 3.2 H,6l0b 

11'.gh 5•1, 770 22,590 ,,. 77, 360 lli&h 54,770 22,590 2.4 17,360 
A1·c1·ag-<> 41,960 15,RSO 2.G Si,1110 A1•erai::e ~1. 900 15,650 2,6 57,610 

~~~~c~~~~~r~~:7c ":.1.~11~~~1111:r~~:a:~~s1 !: ;~~t~ ~:~~~;~~ ~~::;'t~.~~j~~~:i>~~~ ~~~~--:id .. r « 
;(~11-11 on1N· «w11.r•rt 11rl~o IOr' I I I state h~F-U• "•ok4'n llll 1960 
bf'iof' _.>p·.-dr •O•., lh J l ••J\Jt., ol 65, a cl'llt-t.ed tli'lollll \D)l' la 111Ui1 inslHll ol a 

cC'mC'ot-l1C'alC'd 1~1~e. Ht'nrc, lhe ro.<:t of lhc lla\'C'lllC'UI 110•lhm vi II•\' •o;odu;oy rm •he tf'flM'Ylf-tr.,jWI llilW' u....-.. , it- ('OSI of th~"'"•_.,. j.MtUI0'.9 uj 1.l,f n.>;uJiu11• for lhe 
R GS sul ls \l:IS ('om1mll-dus111i:; 111 ... uml 11r u:.-s for r1ush<>d stc.11~· 1.t.t::.C' L1t::.1,·ad ol \C'ml·nt- If 65 _.;mis \!::IS ..:omputed usmg 1he unit prkt':. fu o c1u»l1t<d slunE: \,,u.:- lr.;;;,;:;ul v: ~4'me1\(· 
l •C'3l<'d ll3 l>>'COllSl lUClicm. lrt>alcd b:ls~ ('nnst1"\Jction. 

bids were submitted, such as for the portland cement concrete and asphalt concrete 
surfaces, for the various types of base courses, and for the subbases were reduced to 
a common unit adopted for this study: the unit price in dollars per sq yd per inch of 
thickness or for a given design thickness (i.e., for an 8-in. portland cement concrete 
slab or a 4-in. CTB). To indicate the wide range in the contract prices for projects 
in all parts of California, a price rating method was adopted in which low represents 
the 10 percentile value and high the 90 percentile value for all contract prices of sim
ilar items for the 155 paving projects. Average represents the arithmetical mean for 
all prices of similar items. 

The unit cost data given in Tables 4 and 5 indicate a surprising uniformity in the 
contract prices for the same pavement items in 1958 and 1960. It is significant that 
certain recent improvements in the construction of portland cement concrete pavements, 
such as the use of slip-form pavers and of paving over 2-lane widths instead of 1-lane 
widths, appear to have brought about the decrease in unit prices for 1960 given in 
Table 4. The data in Table 5 indicate a slight increase in the unit prices for asphalt 
concrete pavements over the 2-yr period from 1958 to 1960. 

The initial construction coRts of the rigid and flexible pavements, of the shoulders, 
and of the total roadway section were computed in terms of a 2-lane roadway one mile 
in length for one direction of travel. The computed costs are shown in Figure 2 and in 
Tables 6, 7, 8, and 9. The costs for the six subgrade soils shown in Figure 2, starting 
with the very high costs for pavements designed for the very poor R 5 soil to the low 
costs for pavements designed for the excellent R 80 soils; show a uniform pattern and 
trend in costs which may be attributed to the type of subgrade soil. Since the trend in 
costs is clearly indicated in Figure 2, the values for the initial construction costs are 
shown only for the R 5, R 35 and R 65 soils in Tables 6 to 9, thereby eliminating the 
duplication of costs for certain soil types and reducing the size and complexity of the 
tables. 

It should be noted in Figure 2 and in Tables 6 to 9 that by including the cost of 
shoulders in the comparison of initial construction costs of rigid and flexible pavements, 
a variable cost factor is introduced which reduces the cost differential between rigid 
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and flexible pavements for many of the design sections, especially for the sections 
with the greater pavement depth. For rigid pavements, the ratio of pavement to 
shoulder costs varies from 3. 0 to 5. 6, whereas for flexible pavements this ratio 
varies from 2. 0 to 4. 4. A major reason for the higher costs of shoulders for 
flexible pavements, where this occurs, is the greater depth of pavement required 
for these sections which in turn require a greater shoulder depth in accordance 
with the uniform pavement and shoulder depth design procedure adopted for this 
study. 

Table 6 gives the initial costs for the portland cement concrete pavement sections, 
the shoulder sections, and the combined concrete pavement and shoulder sections. 
In California only one type of base, the 4-in. CTB, is normally used in the construction 
of concrete pavements, and therefore all of the initial costs for the portland cement 
concrete pavement sections used in this study are given in one table. However, in 
computing the construction costs of asphalt concrete pavements, three types of bases
crushed stone, standard CTB, and heavy CTB-were used, and accordingly the initial 
costs for the asphalt concrete pavement and shoulder sections with each of these three 
bases are given in Tables 7, 8 and 9. 

A significant feature of the initial costs given in Tables 6 to 9 is the wide range in 
the initial costs for both the rigid and flexible pavement construction required to satisfy 
the structural design requirements for the various soil types and traffic loads. For 
many of the sections, especially for the sections with the greatest pavement depths 
designed for poor subgrade soil conditions, the spread in the initial costs from high 
to low based on the contract bid prices in 1960 was greater than the spread in costs 
due to the variations in pavement design sections. The wide range in the construction 
costs per 2-lane mile for pavement and shoulders based on 1960 prices is indicated in 
the following comparison of the costs for the maximum depth of pavement required for 
heavy-duty traffic and a very poor R 5 subgrade soil and the minimum depth of pave
ment required for light- duty traffic and an excellent R 80 subgrade soil: 

Pavement Items and Depth Soil 

Portland cement concrete 
(9 in.) with cement-
treated base ( CTB) ( 4 in. ) R 5 

Asphalt concrete ( 6 in. ) with 
crushed stone base 
(10 in.), standard CTB R 5 
(10 in.), heavy CTB R 5 
(10 in.) R 5 

Portland cement concrete 
(8 in.) with CTB (4 in.) R 80 

Asphalt concrete ( 3 in. ) 
with crushed stone base R 80 
(8 in.) 

Traffic 

TI= 11. 5 

TI= 11. 5 
TI= 11. 5 
TI= 11. 5 

TI= 8.5 

TI= 8.5 

Pavement 
Depth (in.) 

25 

36 
29 
28 

12 

11 

Cost per Mile ( $ ) 

High Low 

$127,800 $73,600 

130,900 58,000 
126,200 66,000 
123,500 65,300 

$ 88, 900 $ 55,000 

50,300 27,900 

These data show that the construction costs of rigid and flexible pavements designed 
for heavy-duty traffic and for poor soil conditions are all within the same price bracket 
but that the costs of the rigid pavement designed for light-duty traffic and for excellent 
soil conditions are almost double the costs of flexible pavements designed for these 
same conditions. 

It is interesting to note in the foregoing comparision of initial costs for asphalt con
crete pavements with three types of base construction and in the complete listing of 
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these costs given in Tables 7, 8, and 9, that there is a marked difference in the initial 
cost of flexible pavements depending on the type of base course used. When only the 
pavement sections are considered, the pavements with the crushed stone base were 
generally found to have the lowest initial costs, but when the costs were computed for 
the full width of roadway including the shoulders, the standard CTB yielded the lowest 
cost, except for the sections designed for very poor soils and for heavy-duty traffic 
where the heavy CTB construction was lowest. These data clearly indicate that cost 
comparisions should be made for each type of base construction since the data show 
that under certain specific traffic and soil conditions each type of base may provide a 
definite cost advantage which can and should be evaluated. 

It is readily apparent from an examination of the initial construction cost data given 
in Figure 2 and in Tables 6 to 9, that with pavement depths ranging from 11 to 36 in., 
there should be a corresponding spread in the initial construction costs. The reason 
for the wide spread in actual construction costs for the same pavement design section, 
however, is not so apparent and is rather difficult to explain. Indeed, there are many 
factors which influence the contract price for the various items in the construction of 
pavements in a state as large as California with such a wide range in climate, availa
tiility ,- and-qualityof paving matefials-;-and-in .many otlierfactor-i3-wliich-mfhrence- pave--
ment costs. The unit prices for various paving items given in Tables 4 and 5 indicate 
a much wider spread in the cost of aggregates used in base and subbase construction 
than in the cost of asphalt concrete or portland cement concrete pavement surfacing. 
The size and location of the paving projects, the access to paving plants and/ or the 
cost of moving paving plants from one job to another, the competition in bidding on 
various paving projects, the supply of labor and materials, unbalanced bidding, traffic 
conflicts, controls and detour requirements, and the climatic or weather conditions 
during construction are factors which contributed to the wide variations in the unit bid 
prices submitted by various contractors for the various items on paving projects for 
which contracts were awarded in California in 1960. 

It should be evident on the basis of the foregoing discussion that pavement cost com
parisons should be made on a project-by-project basis using the structural design, 
traffic, and cost data which apply to the particular area and project under consideration 
instead of using statewide cost data of the type used in this study. The use of statewide 
cost data in this study resulted in the wide spread in the initial costs for both rigid and 
flexible pavements shown in Figure 2. 

Resurfacing Costs 

The resurfacing thickness requirements and costs for both the rigid and flexible 
pavement types were assumed to be independent of the structural design sections for 
each pavement type. Although a greater thickness was used for the first resurfacing 
of the portland cement concrete pavements than for the asphalt concrete pavements, 
the same resurfacing thickness was used for each pavement type for each of the 18 
design sections. 

The California Division of Highways has been engaged in extensive resurfacing pro
grams for many years. Asphalt concrete overlays of various thicknesses have been 
used to resurface both rigid and flexible pavements. In 1960 about 70 percent of the 
total mileage or resurfacing of flexible pavements consisted of an asphalt concrete 
overlay with a uniform thickness of 1 in. For the remaining mileage the thiclrness 
was increased to 1 7'2 in. and 2 in. For rigid pavements an asphalt concrete overlay 
with an average thickness of 3 in. was used. The 3-in. thickness of asphalt concrete 
overlay has been widely used in many states for resurfacing portland cement concrete 
pavements and was adopted as the thickness for resurfacing the rigid pavements in 
this study. For flexible pavements an average thickness of 1 % in. was used for 
resurfacing the traveled way portion of the roadway. 

For resurfacing the shoulders a tapered section was adopted for both the rigid and 
flexible pavement sections. For the rigid pavements, a thickness of 3 in. at the edge 
of the traveled way was tapered to 1 in. at the outer edge of the shoulder for the first 
resurfacing. Where a second resurfacing was used on rigid pavements, the thickness 



TABLE 10 

RESURFACING COSTS PER MILE FOR 2-LANE WIDTH OF RIGID PAVEMENT AND FOR SHOULDERSa 

19 60 Contracts Costs at End Costs for Traffic Total Present Worth 
of 18th Yr Engg. (10%) Delay Resur. Resur. Costs Traffic 

Costs (2 % price- and and Costs at Index Price 
Rating 

per trend factor Suppl. Accident End of Int. Int. 
Mile($) = 1.4282) ($) Work (6 %) ($) Costs($) 18th Yr($) at 3 % ( $) at 6% ($) 

(a) Pavement Resurfacing Costs per Mile 

8.5 Low 10, 980 15,680 2,510 20 18,210 10,700 6,380 
High 17,320 24, 740 8, 960 20 28,720 16, 870 10,060 
Avg. 14,780 21, 110 3, 380 20 24,510 14, 400 8,590 

10.0 Low 10, 980 15, 680 2,510 100 18, 290 10, 740 6,410 
High 17,320 24, 740 8, 960 100 28,800 16,910 10,090 
Avg. 14,780 21, 110 3, 380 100 24,590 14, 440 8,610 

11. 5 Low 10, 980 15, 680 2,510 300 18,490 10,860 6,480 
High 17,320 24,740 8, 960 300 29,000 17,030 10,160 
Avg. 14, 780 21, 110 3,380 300 24,790 14, 670 8,680 

(b) Shoulder Resurfacing Costs per Mile 

8. 5 Low 5,010 7, 160 1, 150 20 8,330 4, 890 2,920 
High 7,310 10, 440 1,670 20 12,130 7, 130 4,250 
Avg. 6,000 8, 570 1,370 20 9, 960 5,850 3, 490 

10.0 Low 5,010 7, 160 1, 150 80 8,390 4, 930 2,940 
High 7,310 10, 440 1,670 80 12,190 7,160 4,270 
Avg. 6,000 8, 570 1,370 80 10,020 5,890 3, 510 

11. 5 Low 5,010 7,160 1,150 240 8, 550 5,020 3,000 
High 7,310 10, 440 1,670 240 12,350 7,250 4, 330 
Avg. 6,000 8, 570 1,370 240 10, 180 5, 980 3,570 

aService life of pavement, 18 yr; life of asphalt concrete resurfacing} 13 yr; analysis period, 26 yr; thickness 
of asphalt concrete resurfacing for pavement, 3 in., and for shoulders, 2 in. 

TABLE 11 

RESURFACING COSTS PER MILE FOR 2- LANE WIDTH OF RIGID PAVEMENT AND FOR SHOULDERSa 

19 60 Contracts Costs at End Costs for Traffic Total Present Worth 
of 26th Yr Engg. (10%) Delay Resur. Resur. Costs 

Traffic Costs (2 % price- and and Costs at 
Index Price 

Rating 
per trend factor Suppl. Accident End of Int. Int . 

Mile($) = 1. 6734) ($) Work (6 %) ($) Costs($) 26th Yr($) at3 %($) at 6 % ( $) 

(a) Pavement Resurfacing Costs per Mile 

8. 5 Low 10,980 17,970 2, 880 20 20,870 9,680 4,590 
High 17,320 28, 350 4,540 20 32,910 15, 260 7,230 
Avg. 14, 780 24,190 3, 870 20 28,080 13,020 6,170 

10.0 Low 10,980 17,970 2, 880 100 20,950 9, 710 4,600 
High 17,320 28, 350 4,540 100 32,990 15,300 7, 250 
Avg . 14,780 24,190 3,870 100 28,160 13,060 6,190 

11. 5 Low 10, 980 17,970 2,880 300 21,150 9,810 4, 650 
High 17,320 28, 350 4,540 300 33,190 15,390 7,300 
Avg. 14, 780 24, 190 3,870 300 28,360 13,150 6, 230 

(b) Shoulder Resurfacing Costs per Mile 

8. 5 Low 5,010 8,380 1, 340 20 9, 740 4,520 2, 140 
High 7,310 12,230 1,940 20 14,190 6, 580 3,120 
Avg. 6,000 10,040 t,610 20 11, 670 5, 410 2,570 

10.0 Low 5,010 8,380 1, 340 80 9,800 4, 540 2,150 
High 7,310 12,230 1, 940 80 14,250 6,610 3,130 
Avg . 6,000 10,040 1,610 80 11, 730 5,440 2,580 

11. 5 Low 5,010 8,380 1, 340 240 9,960 4, 620 2,190 
High 7,310 12,230 1, 940 240 14,410 6,680 3,170 
Avg. 6,000 10 , 040 1, 610 240 11, 890 5,510 2,610 

aService life of pavement, 26 yr; life of asphalt concrete resurfacing, 13 yr; analysis period, 39 yr; thickness 
of asphalt concrete resurfacing for pavements, 3 in., and for shoulders} 2 in. 
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TABLE 12 

RESURfACING COSTS PER MILE FOR 2- LANE WIDTH OF 
FLEXIBLE PAVEMENT AND FOR SfIOULDERSa 

19 60 Contracts Costs at End Costs for Traffi c Total Present Worth 
of 13th Yr Engg. (10 % ) Delay Resur. Resur. Costs 

Traffic Price Costs (2 % price- and and Costs at 
Index Rating per trend factor Suppl. Accident End of Int. Int. 

Mile($) = 1. 2936) ($) Work (6%) ( $) Costs($) 13th Yr($) at 3% ($ ) at 6% ($) 

(a) Pavement Resurfacing Costs per Mile 

8. 5 Low 6, 760 8,750 1,400 10 10,160 6, 920 4, 760 
High 9, 720 12,570 2,010 10 14,590 9, 940 6, 840 
Avg. 8, 030 10,390 1, 660 10 12,060 8,210 5,650 

10. 0 Low 6,760 8, 750 1, 400 70 10,220 6, YoU 4, '19U 

High 9, 720 12,570 2,010 70 14,650 9, 980 6, 870 
Avg. 8,030 10,390 1, 660 70 12,120 8, 250 5,680 

11. 5 Low 6, 760 8, 750 1, 400 200 10,350 7;050 4, 850 
High 9, 720 12, 570 2,010 200 14,780 10,070 6, 930 
Avg. 8,030 10,390 1,660 200 12,250 8,340 5,740 

(b ) Shoulder Resurfacing Costs per Mile 

8. 5 Low 3, 290 4,260 680 10 4, 950 3,370 2,320 
High 4,850 6,270 1,000 10 7,280 4, 960 3,410 
Avg. 3, 940 5,100 820 10 5,930 4, 040 2, 780 

10.0 Low 3, 290 4,260 680 50 4,990 3,400 2, 340 
High 4,850 6,270 1,000 50 7,320 4, 980 3,430 
Avg-. ~ , Y4U 5,100 820 50 5,070 4,070 2,800 

11. 5 Low 3, 290 4, 260 680 150 5, 090 3, 470 2, 390 
High 4,8bU 6,270 1,000 150 7,420 5,0GO 3, 480 
Avg. 3, 940 5, 100 820 1GO O,OGO 4, 120 2, 040 

aScrvicc life of pavement, 13 yrj life of rcsti.rfacingJ 13 yrj analysis pedod, 26 yr; thiclmess of asphalt 
concrete resurfacing for pavement, l~ in., and for shouJ.d.ers, it in. 

TABLE 13 

RESURFACING COSTS PER :MILE FOR 2-LANE WIDTH (24 Ft) OF FLEXIBLE PAVEMENTa 

Present Worlh ( $) 
1960 Contracts Costs at End Costs at End Costs ror Traffic Total Total 

of 18th Yr of 31st Yr E"gg. (10~) Delay Resur. Resur , First Resnr. Second Resur . Traffic 
Index J.1 rJt1~ 

Coals (2 ~price- {2 % price- :'l.nd and Costs al Costs at Costs Costs 

n;;\un.i; 
par t I' end iaclor trend factor Suppl. Accident End of End of 

Mllc(S) = l , 4202 )($) = 1, 0476) ($) Work (6~) ($) Costs ($) 10th Yr( $) 31st Yr($) Int. Int. Int . Int. 
at 3% al 6~ at 3>'- at G:i 

(a) First Pavemcl\l Resurfacing Cost ricr Mile 

8. 5 Low 6, 760 9, 650 l , 510 10 11, 200 6, 580 3, 920 
High 0, 720 13, 880 2 , 220 10 16, llO 9, 460 5, 640 
Avg. 8, 030 II, 470 1, 840 10 13, 320 7, 820 4, 670 

10. 0 Low 6, 760 9, 650 1 , 540 70 ll, 260 6, 610 3, 040 
High 9, 720 13, 880 2, 220 70 16, 170 9, 500 5, 660 
Avg. 8,030 11 , 470 l,840 70 13, 380 7,860 4, 690 

l l. 5 Low 6, 760 9, 650 I, 540 200 ll, 390 6, 690 3, 990 
High 9, 720 13, 880 2, 220 200 18, 300 9, 570 5, 710 
Avg. 8, 030 II, 470 I, 840 200 U,510 ·1, ~MU 4, 't::IU 

(b) Second Pavement Resurfacing Cosl per Mile 

a.'5 Low 6, i60 12, 490 2, DOG 10 14, 500 5, eoo 2, 380 
High 9, 720 17, 960 2, 870 10 20, 840 8, 340 3, 420 
Avg. 8,030 14, 840 2,370 lO 17, 220 6,890 2, 830 

10. 0 Low 6, 760 12, 490 2,000 70 14, 560 5, 820 2,390 
High 9, 720 17, 960 2, 870 70 20, 900 8, 360 3, 430 
Avg. 8, 030 14, 840 2, 370 70 17, 280 6, 910 2, 840 

11 . 5 Low 6, 760 12, 490 2,000 200 14, 690 5, 880 2, 410 
High 9, 720 17, 960 2, 870 200 21, 030 8, 410 3, 460 
Avg. 8, 030 14, 840 2, 370 200 17, 410 6, 960 2, 860 

aServlce lHe o[ pavement, 18 yr; Jife of resur!acings, 13 yr; analysis pel'lod, 39 yr; thickn ess of asphalt concrete resurfacings, l 'l2in . 



TABLE 14 

RESURFACING COSTS PER MILE FOR SHOULDERS FOR 2-LANE FLEXIBLE PAVEMENTa 

Present Worth ( $ ) 
1960 Contracts Costs at End Costs at End Costs for Traffic Total Total 

Traffic 
of 18th Yr of 31st Yr Engg. (10 %) Delay Resur. Resur. First Resur. Second Resur. 

Index Price 
Costs (2 % price- (2 % price- and and Costs at Costs at Costs Costs 
per trend factor trend factor Suppl. Accident End of End of 

Rating Mile($) = 1. 4282) ( $) = 1. 8476) ($) Work(6 %) ($) Costs($) 18th Yr($) 31st Yr($) Int. Int. Int. Int. 
at 3 % at 6% at 3 % at 6% 

(a) First Shoulder Resurfacing Costs per Mile 

8. 5 Low 3,290 4,700 530 10 5, 240 3,080 1, 840 
High 4,850 6,930 780 10 7, 720 4, 530 2,700 
Avg. 3, 940 5, 630 630 10 6,270 3,680 2,200 

10.0 Low 3,290 4,700 530 50 5,280 3,100 1, 850 
High 4,850 6,930 780 50 7,760 4,560 2, 720 
Avg. 3, 940 5, 630 630 50 6,310 3, 710 2,210 

11. 5 Low 3,290 4,700 530 159 5,380 3,160 1, 880 
High 4,850 6,930 780 150 7,860 4,620 2,750 
Avg. 3,940 5, 630 630 150 6,410 3,770 2, 250 

(b) Second Shoulder Resurfacing Costs per Mile 

8.5 Low 3,290 6,080 970 10 7,060 7,060 2, 820 1, 160 
High 4, 850 8, 960 1, 430 10 10,400 10,400 4,160 1, 710 
Avg. 3, 940 7,280 1,160 10 8,450 3,380 1,390 

10.0 Low 3,290 6,080 970 50 7,100 2,840 1,170 
High 4,850 8,960 1, 430 50 10, 440 4, 180 1, 720 
Avg. 3, 940 7,280 1, 160 50 8, 490 3, 400 1,390 

11. 5 Low 3,290 6,080 970 150 7,200 2, 880 1, 180 
High 4,850 8,960 1,430 150 10,540 4,220 1,730 
Avg. 3,940 7,280 1,160 150 8, 590 3, 440 1,410 

aService life of pavement, l8 yr; life of asphalt concrete resurfacings, 13 yr; analysis period, 39 yr; average thickness of asphalt concrete resurfacings, 
J.& in. 

...... ..,. 
-.:J 
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for both the traveled way portion and the shoulder portion was the same as the thickness 
adopted for the second resurfacing of flexible pavements and shoulders. 

For resurfacing the shoulders of flexible pavements, a thickness of 1 ?'2 in. was used 
at the edge of the traveled way which was tapered to a 1-in. thickness at the outer edge 
of the shoulder for the first resurfacing. Where a second resurfacing of flexible pave
ments was required, the thickness of both the traveled way portion and the shoulder 
portion was the same as the thickness adopted for the first resurfacing of flexible pave
ments. 

The construction costs for resurfacing both pavement types were computed in terms 
of the same 1960 unit contract prices which were used to compute the initial asphalt 
concrete paving costs. However, to determine the total cost of resurfacing, the three 
new resurfacing cost items adopted by the California Division of Highways in 1963 
mentioned earlier in this paper were incorporated in this study. Thus, as is indicated 
in Tables 10 to 14, the total resurfacing costs for this study were computed on the basis 
of (u) the cost per mile for the given thickness of r e1mrfadng using the 1960 unit prices 
for asphalt concrete pavement construction, (b) the increased cost for future resurfacing 
resulting from the application of a 2 percent compound interest price trend factor, ( c) 
tile increased cost for -future resurfacing resulting -from a 10 percent charge-for -pre-
liminary and construction engineering work and from a 6 percent charge for supple
mental work made necessary by the resurfacing, and ( d) the cost of traffic delay and 
traffic accidents resulting from resurfacing operations. The increased costs for pre
liminary and construction engineering and for supplemental work were expressed as a 
percent of the future resurfacing cost. It should be noted in Tables 10 to 14 that all 
future resurfacing costs were converted to present worth costs by the use of 3 percent 
and 6 percent compound interest rates. 

All of the values used in computing the resurfacing costs were based on California 
data which for certain items have only recently been made the subject of special oludy. 
The resurfacing cost item which is most likely to be questioned, especially by econo
mists, is the increased cost resulting from the application of a 2 percent compound 
interest price-trend factor. Thus, for resurfacing at the end of the 18th year, the 
1960 costs were increased 42. 8 percent; at the end of the 26th year, the increase was 
67. 3 percent; and for resurfacing at the end of the 31st year, the 1960 costs were 
increased by 84. 8 percent. It is evident that the 2 percent price-trend factor will 
result in a substantial increase in resurfacing costs and that special consideration 
should be given to the advisability of using such a factor in other studies, and its 
amount if used. In the following discussion some of the arguments for and against 
the adoption of a price- trend factor are presented. 

In the Federal Interag ency rep ort (11) on Proposed Practices for Economic Analysis 
of River Basin Projects, a committee composed of some of the nation's leading econo
mists recommended that in making benefit-cost analyses for the evaluation of Federal 
public works projects, "prices should be used which may reasonably be expected to 
prevail at the time costs are incurred and at the time benefits are realized, in terms 
of a constant general price level." The Committee also recommended that projected 
prices should be used for evaluating project benefits as well as costs of maintenance, 
replacements and deferred construction. However, representatives of several Federal 
agencies recommended that current prices should be used in estimating all benefits 
and costs until improved procedures are developed for estimating long- range price 
projections. 

Highway construction costs as indicated by the California Highway Cost Index in
creased at an average rate of 4 % percent compoun ded annually for the period from 
1940 to 1962. A large part of this increase was brought about as the result of inflation 
or the depreciation in value of the dollar. During the past 10 years the California 
Highway Cost Index and the average cost of pavement construction increased at an 
average rate of 2 percent compounded annually. During this period the general price 
level was fairly stable and it was partly for this reason that a 2 percent price-trend 
factor for resurfacing costs was adopted for this study. Another reason for applying 
a 2 percent price-trend factor was to make allowance for the increased future resurfacing 
costs which are likely to result from the depletion of the best and most accessible 
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sources of paving materials in California. At the present accelerated rate of highway 
construction, many of the best sources of paving materials are being exhausted. To 
develop new sources of paving materials will, in many areas, increase the cost of 
these materials. The costs of processing the materials to meet specifications and of 
shipping them over greater distances may also increase their cost. 

Estimating future resurfacing costs is complicated by the possibility that technologi
cal improvements in plant operations and in the construction of pavements may offset 
in part the increased cost of future resurfacing referred to above. The authors adopted 
the 2 percent price-trend factor currently being used by the California Division of 
Highways, recognizing that it represents a value judgment which is open to question. 
In a critical evaluation of pavement costs, the adoption of a price-trend factor should 
be given special consideration for projects where unit costs might rise substantially 
for such reasons as the decreasing accessibility and availability of suitable paving 
materials. 

The 10 percent charge for preliminary and construction engineering work required 
in connection with resurfacing and the 6 percent charge for supplemental work represent 
average or typical charges for this type of work on state highways in California. The 
preparation of plans and specifications, the letting of contracts, the testing of materials, 
providing inspection and engineering supervision on the project, are cost items which 
can be estimated fairly accurately for a given project. The supplemental work which 
includes traffic handling, placing temporary traffic stripes and traffic signs or signals, 
replacing permanent traffic stripes, the protection or temporary removal of guardrail 
and guide posts, and the adjustment or reconstruction of various drainage structures 
or facilities will vary for each project and instead of using a 6 percent charge, an 
itemized estimate of the cost of supplemental work should preferably be made for each 
project. 

The traffic delay and accident costs resulting from resurfacing operations adopted 
for this study were based on California's limited experience in collecting this type of 
cost data. Traffic delays caused by maintenance and resurfacing operations are now 
under investigation by the Division of Highways Traffic Department and it is expected 
that more accurate and reliable data will be available within a year or two. It should 
be noted in Tables 10 to 14 that the estimated traffic delay and accident costs were 
assigned the low value of $20 per mile of rigid pavement for light -duty roads and were 
incr eased to $300 per mile of rigid pavement for heavy-duty roads. Due to the reduc
tion in resurfacing thickness of the asphalt concrete pavements and the reduction in 
time required for resurfacing these pavements, the traffic delay costs for the flexible 
pavements were reduced approximately in proportion to the change in the thickness of 
the resurfacing of the two pavement types. For the same reason, the traffic delay 
and accident costs for resurfacing shoulders were lower than the same costs for re
surfacing the traveled way portion of the roadway. 

In comparing the various charges for resurfacing given in Tables 10 to 14, it is 
evident that the charges for traffic delay and accident costs used in this study are so 
small that for all practical purposes they could have been omitted. An important con
sideration, however, in this connection is that in the selection of pavement type for 
urban freeways with traffic volumes ranging from 50, 000 to 200, 000 vehicles per day, 
portland cement concrete has generally been selected as the preferred pavement type 
in California because the traffic delays and accident hazards created by pavement 
repairs and resurfacing have been assumed to be much greater on asphalt concrete 
pavements than on portland cement concrete pavements. This study indicated that the 
magnitude and importance of the traffic delay and accident costs in the selection of 
pavement type for urban freeways have been greatly exaggerated. There is evident 
need for conducting factual studies to determine the true nature of these costs. 

As in many other highway cost studies involving traffic accidents, it will be very 
difficult to establish the traffic accident costs caused by resurfacing. Nevertheless, 
it is important that studies to determine the accident experience in connection with 
pavement repairs and resurfacing operations be conducted to ascertain the nature and 
extent of these accidents. Maintenance departments have in recent years developed 
traffic control safeguards which are reducing traffic delays and the accident hazards 



150 

on freeways caused by pavement repairs and resurfacing operations. While the use of 
extensive specially developed traffic control measures will increase the cost of resur
facing, they should contribute to a reduction in the accident hazards and the accident 
costs and make it possible to obtain a more accurate estimate of the accident costs to 
be charged against the resurfacing operations. 

Maintenance Costs 

The maintenance costs for this study were assumed to cover all routine and periodic 
maintenance of the traveled way and shoulder portion of the roadway, expressed in 
terms of the average annual maintenance cost per mile of 2-lane roadway. The main
tenance costs for each pavement type are given in Tables 15, 16, 17, and 18. For the 
portland cement concrete pavements with service lives of 18 and 26 years and an anal
ysis period of 26 years, an average annual maintenance cost of $320 per mile was 
used. For a 39-yr analysis period, the average annual cost was increased to $370 

TABLE 15 

ANNUAL COSTS OF A 2-LANE MILE OF PORTLAND CEMENT CONCRETE PAVEMENT 
AND SHOULDERS FOR NINE TYPICAL DESIGN SECTIONS 

FOR A 26- YR ANALYSIS PERIODa 

Design Section Annual Costs of Pavement and Shoulders for 
26- Yr Analysis Period 

Contract R-Value Traffic Price Initial Construction Total Annual No. of Index Costs($) 
Mainte-

Costs per Mile ( $ ) Soil Rating nance 

3% 6% 
Costs($) 

3% 6% 

1 R 5 8.5 Low 3,380 4, 650 320 3,700 4,970 
High 5, 720 7,870 320 6,040 8,190 
Avg. 4,320 5, 940 320 4,640 6, 260 

2 10.0 Low 4,040 5, 550 320 4,360 5,870 
High 6,840 9,420 320 7,160 9,740 
Avg. 5,190 7,130 320 5, 510 7, 450 

3 11. 5 Low 4, 110 5,660 320 4,430 5,980 
High 7, 140 9, 830 320 7, 460 10,150 
Avg. 5,330 7, 340 320 5, 650 7,660 

7 R 35 8. 5 Low 3,300 4,540 320 3,620 4,860 
High 5,420 7,460 320 5, 740 7,780 
Avg. 4, 170 5, 730 320 4,490 6,050 

8 10.0 Low 3,890 5,350 320 4,210 5,670 
High 6,250 8, 590 320 6,570 8,910 
Avg. 4,890 6, 720 320 5, 210 7,040 

9 11. 5 Low 3,970 5,460 320 4,290 5,780 
High 6,550 9,010 320 6,870 9,330 
Avg. 5,030 6,930 320 5,350 7,250 

13 R 65 8. 5 Low 3,080 4,230 320 3, 400 4,550 
High 4,520 6, 220 320 4,840 6,540 
P,._vg. 3,720 5;110 320 4,040 5, 430 

14 10.0 Low 3,670 5,040 320 3,990 5,360 
High 5,350 7, 360 320 5, 670 7,680 
Avg. 4,440 6, 110 320 4,760 6,430 

15 11. 5 Low 3,670 5, 040 320 3,990 5, 360 
High 5,350 7,360 320 5,670 7,680 
Avg. 4, 440 6, 110 320 4, 760 6,430 

ainterest at 3 and 6%; service life of portla..11d cement concrete pavement ~ 26 yr . 
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