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completed. This review, titled "Summary and Assessment of Sizes and
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is required reading for anyone who seriously considers using the findings
reported in the subject report. The assessment extends the analysis,
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This report demonstrates a substantial economic benefit to he ohtained
hy rebuilding the highway system to higher weight limits and advocates
an "immediate" implementation of policies to move in that direction.
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operate safely and efficiently with mixed traffic on the upgraded
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PREFACE

This 1968 research report is the direct result of a

project started in September 1963 as an outgrowth of the

report completed by the Bureau of Public Roads in 1963,

revised and resubmitted to the Department of Commerce in

January 1964, and finally published in August 1964 as

House Document 35&> S&Va Congress, 2d Session. The 1963

report on the desirable dimensions and weights of motor

vehicles came into being as the fulfillment of Section 108(k)

of the Federal-Aid Highway Act of 1956.

For many years prior to the beginning of the study

of the limits of dimensions and weights of motor vehicles,

as a result of the 1956 Highway Act, the Bureau of Public

Roads and the American Association of State Highway Officials

were active on the subject. The list of references in

Appendix A of Volume 2 gives the more important papers

appearing since 1920.

This 1968 report does not specifically review the

literature on the subject. Further, the report does not

discuss the state of the art, the good and bad aspects of
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prior work, opinions, and policies. Rather, the research

project which resulted in this 1968 report was designed to

accomplish the specific results herein reported.

Two quotations from House Document 354 (1964) will

help to place this 1968 report in proper perspective. In

the Letter of Transmittal the Secretary of Commerce says,

The findings of the report do not necessarily
represent the ultimate maximum limitations that
would be desirable, or any Improved methods of
governing motor vehicle dimensions and weights.
Such improved methods are under study as part of
the comprehensive highway research program of the
Department. A research plan to realize more
modern approaches to size and weight administra-
tion is suggested in the report.

On page 2, under Summary and Recommendations, the report

states,

The resources of technical research available
for this report have been considerable; never-
theless, the field is so complex and the variables
so many that each conclusion is subject to
important qualifications. Furthermore, the
interrelationship between each conclusion requires
further exploration to provide overall solutions
for a highway system. The conclusions available
from present research cannot Justify greater
standards than those proposed in this report; a
more comprehensive program of research and
investigation must proceed to enable future
standards to be related specifically to technical
criteria, and applicable to additional components
of the Federal-aid highway systems.

One important factor missing in all prior reports (except

the preliminary analysis in House Document 35*0 Is any

analyses to show the transportation economy of the limits of
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vehicle dimensions and weights. Prior studies stressed the

design of pavements and structures and traffic safety. Thus,

this report is the first to explore thoroughly the economy of

the limits of vehicle dimensions and weights, considering both

highway cost and motor vehicle transport cost.

About 1945 the Highway Research Board appointed a

Committee on Economics of Motor Vehicle Size and Weight. This

committee is still in existence, though less active than it

was up to about 1962. The long tenure of the committee

indicates that there was early and continued interest in the

subject and that the objectives have not been achieved* The

Highway Research Board committee was the motivating force

which produced Highway Research Board Bulletin 9A on time

and fuel consumption of trucks on grades and Bulletin 301

on the overall operating cost of line -haul trucks.

This present 196c report has as its main objectives

the development of the economic and technical guides essential

to policy and legislative considerations and the procedural

techniques for future research application. There is no

attempt (at least not a deliberate one) to recommend what

public policy should be or to recommend changes in the Federal

and State laws. For this reason the AASHO policy on maximum

dimensions and weights of motor vehicles as published October 21,

1963* is not discussed.
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House Document 35^ (196*0 and this 1968 report furnish

recently assembled facts for the guidance of policy makers on

the probable consequences of increasing limits of vehicle

dimensions and weights.
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DEFINITIONS

Vehicle - An assembly of wheels and axles with

connecting frame and with or without a body for containing

goods or people, which may be towed or moved under its own

power over the highway. A passenger car, a bus, a truck, a

trailer, a tractor are separate individual vehicles. Also,

the word vehicle as used generally includes any combination

of two or more separate vehicles such as a tractor and semi-

trailer or a truck and full trailer.

Vehicle Combination - Two or more vehicles combined so

as to move over the highway as one train of connected vahicles

.

Unit - A single vehicle; one of the vehicles within a

vehicle combination.

Truck or motor truck - A single self-propelled

commercial motor vehicle carrying its load on its own wheels

and primarily designed for the transportation of property or

commodities. When used as a general term, "truck" may refer

to any type of commercial motor freight vehicle or combination

of vehicles.

Single -unit motor truck - A self-propelled motor truck

constructed to carry only its own cargo and not equipped to

pull a trailer.

O-i+5
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Power unit or power vehicle - A general term referring

to any vehicle equipped with an engine for propulsion and

arranged to pull a trailer.

Tractor - A self-propelled motor vehicle designed

primarily for pulling semitrailers and constructed so as to

carry part of the weight and load of a semitrailer. (A

tractor is basically a motor truck with a short wheelbase and

no cargo body.)

Tractive truck - A motor truck constructed to carry a

cargo body and to pull a trailer. (A trailer pulled may be

either a semitrailer or a full trailer depending on whether

the tractive truck is equipped with a semitrailer fifth wheel

or a full trailer pintle hook.)

Trailer - A commercial motor vehicle designed to carry

cargo and to be pulled by a tractive truck or a tractor. When

used as a general term it may mean either a semitrailer, a

full trailer, or a pole trailer, and may be equipped with any

one of the various types of cargo bodies. (Trailers built as

mobile living quarters are known as trailer coaches and mobile

homes, but frequently are called house trailers.)

Semitrailer - A trailer equipped with one or more axles

and constructed so that a substantial part of its weight and

load is carried by the tractor or tractive truck which pulls

the semitrailer. A semitrailer may have one or more load-

carrying axles located under the rear half of the vehicle.
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A semitrailer with two axles grouped under the rear half of

the vehicle frequently is known as a tandem-axle semitrailer.

Full trailer - A trailer constructed so that its

weight and load rests on its own wheels. It may have two

or more load-carrying axles.

Trailer converter dolly - A short chassis assembly

consisting of axle and wheel assembly, tires, springs, frame

for lower fifth wheel, drawbar, and other parts designed to

slip under the front end of a semitrailer to convert it to a

full trailer.

Trailer combination or combination - A general term

used to describe two or more vehicles, one of which is a

power vehicle, that are connected together for operation on

the road. In general, the name of each combination indicates

the types of vehicles that are connected together in the

combination

.

Double-trailer or tandem-trailer combination - A

tractor, semitrailer, and full trailer. This combination

frequently is called a "double bottom" because it has two

cargo bodies.

Line -haul service - also called over-the-road service—

A general term designating truck operations over intercity

and rural highways. Such operations may include some minor

auxiliary off-highway operations, especially where the payload

is picked up from a loading area off the public highway.



0-U8

Tandem axle - Axle groups having two or more axles

spaced more than kO Inches apart and no more than 96 Inches

apart. More generally, tandem axles are two axles spaced

about kQ Inches apart.

Cargo, payload, and freight - The material contents,

commodities, or goods in the truck body which are being hauled

and upon which the freight tariff is paid in common or

contract carriage.

Empty weight - The weight of the entire vehicle or

vehicle combination with driver on the road without any cargo,

or payload, but with any packing material, racks and tools

usually hauled for convenience and not for revenue. Vehicles

carrying empty drums, pallets, crates, and other cargo

containers or leveling devices are classed as with load.

Tare weight - The weight of the entire vehicle or

vehicle combination, exclusive of driver, passengers, packing

material, cargo containers, cargo handling devices, and all

objects not a fixed part of the vehicle.

APT - The average daily traffic expressed in numbers of

vehicles of all classes unless specifically stated differently.

The daily average is for the year unless stated otherwise.

Benefit-cost ratio or B. C ratio - An index of the

relative economy of one alternative as compared to another,

expressed as the quotient resulting from dividing the equiv-

alent uniform annual benefit in dollars by the equivalent

uniform annual cost in dollars required to obtain the benefit.
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E 18-kip axles - The number of single axles weighing

18,000 pounds which would be equivalent to another number

of axles weighing more or less than 18,000 pounds, as measured

by their effect on the pavement structure. A kip is 1,000

pounds.

Motor vehicle operating cost - The total cost of

operating the vehicle in road service, including costs of

repairs and servicing, tires and tubes, fuel, driver, over-

head, depreciation, and interest, but excluding terminal costs

of handling cargo, and road-user taxes.



SUMMARY

Key Words: economy of truck transport; trucking
cost; truck dimensions; truck axle
weights; legal limits of vehicle
dimensions and weights; economic
vehicle dimensions and weights; high-
ways and truck limits

Determining the desirable maximum limits of dimensions

and weights of motor vehicles is approached on the basis of

the highway cost and the operating cost of motor trucks, so

far as the factors of economy are concerned. Vehicle opera-

tions on the highway are concerned with the factors of gross

vehicle weight per net horsepower, braking distance, traffic

accident frequency and 3everity, and highway capacity. The

placement of the vehicle on the roadway so far as the highway

geometries are concerned is a factor considered. Earthwork,

the pavement and shoulder structure, and individual structures

are the three items of construction cost affected by any change

in vehicle axle weight or gr^ss weight . Other items of the

total highway, such as right-of-way, engineering, and traffic

facilities, are considered to be unaffected by the maximum

legal limits of dimension and weight.

In the economy studies, axle weight, gross vehicle weight,

and vehicle length are analyzed on the basis of six highway

systems consisting of the rural and urban systems within the

Interstate, primary and secondary highway systems. The work
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is further divided by the tea census divisions, which

approximates a grouping of the States having the same limita-

tions of dimensions and weights, even though these limits vary

considerably among all States.

The main basis of the analysis is the 1962 data on the

truck weight studies conducted in k6 States. The axle weights

,

gross weights, frequency distribution by class of vehicle,

number of empty vehicles, and the payload carried per vehicle

are the main data utilized in these studies.

Considering all the factors involved in determining

the desirable limits of maximum vehicle dimensions and

weights, the following general conclusions were reached:

1. From the standpoint of economy of transportation,

there are no major benefits to be gained by a vehicle height

in excess of 13.5 feet, so that any higher limit than 13.5

feet does not need to be seriously investigated at this time.

2. A vehicle width of 102 inches as a maximum is

desirable for the reasons that it would improve the loading

facilities for certain modular- dimension products, and that

it would provide additional desirable space at the rear axle

for improvement of the differential and the braking system.

3. Existing highways will accommodate vehicle

combination lengths up to 65 feet including two trailers. On
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the Interstate system with full access control, combinations

100 feet long are feasible utilizing two 40-foot trailers.

4. There is considerable economy in overall

transportation to be gained by axle-weight limits up to at

least 26,000 pounds single and 44,000 pounds tandem. The

benefit-cost ratio of such increases is significantly large-

-

say, somewhere between 3.0 and 20.0—depending upon the highway

system, the census division, and the character of the traffic

involved.

5. Increasing the maximum length of vehicles up to 65

feet and permitting the combination of tractor, semitrailer, and

full trailer results in a decrease in truck operating cost up to

30 percent with no measurable increase in highway costs.

6. Gross vehicle weight for combination vehicles is

economical up to 25,000 pounds.

7. During the 20-year period from 1965 to 1984, for the

22/38-kip designs, highway construction on the Interstate and

Federal-aid primary systems would cost 0.5 to 1.9 percent more

than the estimated totals under existing axle-weight limits. The

above percentages amount to $95,537,000 and $3i*8, 370,000,

respectively, for the 20-year period.

8. On all highways, the use of the 22/38-kip axle-

weight limits would result in a truck operating cost decrease

of $36 billion for the 20-year period, 1965 to 1984.
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A FEW FINDINGS IN BRIEF

The desirable Units of dimensions and. weights

were found to he the following:

1. A vehicle height of 13.5 feet

2. A vehicle width of 102 inches

3» Maximum lengths on all highways of kO feet for single-

unit trucks and trailers, 55 feet for tractor and
semitrailer, and 65 feet for any other combination of
vehicles

k. Axle-weight limits of 22/38 kips, single/tandem
axles for universal use

5* A gross weight limit of at least 120,000 pounds, or
better yet, no gross weight limit at all with control
of axle weight and axle spacing.





CHAPTER 10

ECONOMY OF MAXIMUM AXLE-WEIGHT LIMITS

In determining the economy of axle-weight Units, two

basic factors must be considered: (l) the cost of operating

motor vehicles at various levels of maxiraum axle-weight limit and

(2) the cost of constructing and maintaining the highways for the

use of the vehicles operating at these levels of axle-weight

limit. The key to the analysis governing both the motor vehicle

running cost and the pavement design is the composition of the

trucking fleet (traffic) by axle classification of the vehicles

comprising it and the weight distribution of single and tandem

vehicles.

1. CONCEPTUAL APPROACH

The economy of transportation as related to maximum legal

limits of vehicle axle weights is dependent upon the following

factors: (a) the limits, (b) the highway costs incurred, (c)

transport requirements, and (d) the character and use of transport.

For the purpose of this study of the economy of axle-weight limits

the basic data available consisted of the results of the truck

weight studies by the several States, the AASHO guides for pave-

ment design, and highway construction costs from Federal-aid

project records.
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The procedures involved a forecast of truck usage of the

highways to 19&5. a forecast of the distribution of axle weights

by vehicle class, an estimate of the payload to be hauled, and

choice of specific axle-weight limits to be studied. A critical,

factor involved in this procedure is the method of determining

the axle-weight distribution under axle-weight limits higher

than now exist.

2. BASIC PROCEDURES AND METHODS

In the general study of the economy of maximum axle-weight

limits, the basic procedure used was to estimate the axle-weight

distribution for the assumed traffic composition, to design the

pavement for these conditions, and to calculate the resulting

highway and motor vehicle costs. It should be noted that up-

grading of existing construction is not included in the highway

cost on the gro\md that, if there is general transport economy

in constructing new highways for increased axle weights,

logically there would be economy in upgrading the structural

quality of existing highways.

A. Levels of Axle-Weight Limits
To Be Considered

The selection of the levels of axle-weight limits to be

used is the fundamental first step in the study of the economy of

maximum axle-weight limits, by whatever method it is to be

accomplished. As shown in Chapter 3, the laws of the several
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States usually set forth maximum limits for the axle weights of

motor vehicles and also for their gross weights.

For this analysis of the economy of axle-weight limits.

18,000/32,000 pounds were selected as the lower weight limits

for single and tandem axles, respectively,, on the "basis that

they were the lowest in effect. Axle weights of 26 ..000/44, 000

pounds were selected as practical upper limits that are above

those now existing, with the single exception of the 44,000-

pound limit in Florida. Still higher limits were used in the

special study to determine the upper axle-weight limits beyond

which no further gains in transportation economy can be expected

(Chapter .14).

The five levels of maximum axle-weight limits shown below

cover the current legal levels and two levels above. These five

Single axle Tandem axle
weight

,

weight,
pounds pounds

18,000 32,000
20,003 35.0OD
22,000 38^000
24,000 41,000
26,000 44.000

levels were used throughout this study of the economy of limits

of vehicle dimensions and weights.
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B. Highway Systems and
Census Divisions

In order to provide a measure of any effects on the

economy of axle-weight limits that could be due to geographical

location, existing State laws, and regional trucking practices,

the study was applied separately to six highway systems in each

of the ten U. S., census divisions. The highway systems are the

following

:

Code System name

1 Interstate, rural
2 Interstate, urban

3 Primary, rural
h Primary, urban

5 Federal-aid secondary, rural, State jurisdiction

7 Federal-aid secondary, rural, local jurisdiction

6 Federal-aid secondary, urban, State jurisdiction
8 Federal-aid secondary, urban, local jurisdiction

The ten census divisions and the States included in each

are as follows:

No. Abbreviation

1 NE

MA

SAN

Census division

New England

Middle Atlantic

South Atlantic
(North)

States included

Connecticut, Maine
Massachusetts, New
Hampshire, Rhode Island
and Vermont

New Jersey, New York,
and Pennsylvania

Delaware, Maryland,
Virginia, West Virginia,
and District of Columbia
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No. Abbreviation

SAS

5

6

10

ENC

wnc

ESC

wsc

M

Census division

South Atlantic
(South)

States included

Florida , Georgia , North
Carolina, and South
Carolina

East North Central Illinois, Indiana, Michigan
Ohio, and Wisconsin

West North Central Iowa, Kansas, Minnesota,
Missouri, Nebraska, North
Dakota , and South Dakota

East South Central Alabama, Kentucky,
Mississippi, and
Tennessee

West South Central Arkansas, Louisiana,
Oklahoma, and Texas

Mountain

Pacific

Arizona, Colorado, Idaho,
Montana , Nevada , New
Mexico, Utah, and
Wyoming

California, Oregon, and
Washington

C. Vehicle Classes

Figure 10-1 shows by axle arrangement 18 classes of

cargo-hauling vehicles and vehicle combinations representing the

more common types found on the public highways. Other classes

found in traffic classifications do not appear in significant

numbers

.

The following vehicle types were used throughout the

analysis as those vehicles that would be affected by an increase

in legal dimensions and/or weights

:
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3A

2-2 3-2

2-3 3-3

2-Sl 3- SI

2-S2 3-S2

2-SI-2 3-SI-2

2-SI-3 3-S2-2

2-S2-2 3-S2-3

2-S2-3 S2-4

Figure 10-1. Axle arrangements and code designations for
typical vehicles and vehicle combinations
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Single-unit *™«£- other combinations
trucks semitrailers .«______-________»_

2D 2-S1 (3 axles) 2-3, 3-2 (5-axle truck-trailers)
3A 2-S2 (k axles) 2-S1-2 (5-axle tractor-

semitrailer-full-trailer)
3-S2 (5 axles)

D. Adjustment for Increase in
Average Payload Per Vehicle
and for a Transition Period

Owing to the increase in average payload per vehicle in

past years, an increase in typical payload per vehicle of 29

percent from 1962 to 1990 (28 years) was included in the

forecast of traffic. The 29-percent figure was arrived at by

studying the trends of truck weights and loading practices over

the last several years.

In all of the analyses for the eronomy of increased

dimensions or weights of vehicles, the total tonnage of payload

to be transported was increased from the base tonnage in 1962

and forecasted to 1990 on the basis of a straight-line increase.

The 1962 tonnage is that tonnage determined from the truck weight

studies . The 1990 tonnage is based on the projected population

and the share of total intercity freight to be carried by the

motor vehicle. The period of analysis was the 20 years begin-

ning January 1, 1965 and ending December 31> 19$^ •

The 29-percent payload increase per vehicle merely

controlled the number of vehicles required to transport the

total tonnage, fewer vehicles being required to haul a specific

number of tons in 1990 than in 1962. In all of the analyses of
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the economy of axle-weight limits, the same number of payload

tons was used at each axle-weight limit. Therefore, as the

axle-weight limits were increased, fewer vehicle trips were

required to transport the given number of tons of payload.

Because it is not reasonable to expect that the truck

traffic would adjust to the higher limits overnight, if the laws

should be changed to permit higher weights, a 5-year transition

period from 1965 t0 19&9 'was included. Figure 10-3 shows how

this transition period was applied to each axle-weight limit.

To show the effect of the 29-percent increase in payload

per vehicle and the transition period, complete studies were made

with and without these two factors. Each factor noticeably

reduces the indicated gain in economy with increased axle-weight

limits. Because these two factors are logical and because they

do affect the calculated economy, both of them were always included

in subsequent calculations and, unless specifically stated, are

included in all results given in this report.

3. METHOD OF ANALYSIS

Three basic methods were used in determining the

distribution of axle weights and the number of equivalent 18,000-

pound axle applications to the pavement under each of the five

levels of axle-weight limits. Method 1 transferred the axle-

weight distribution found in the 1962 truck weight studies in

those States having the 20,000- and 24,000-pound axle limits to
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the other States having lover limits sad vice versa. Then, with

axle-weight distribution for each vehicle class determined for

the 18-, 20-, and 22-kip limits^ these distribution curves were

extrapolated to the 24-kip and 26-kip limits.

Method 1-M was a repeat of Method 1, except minimum

pavement depths were imposed. For the lighter traffic volumes,

it was found that Method 1 resulted in design pavement depths

much less than the States were currently using. These

differences resulted not from Method 1 but from the inherent

character of the AASHO design formula. Method 1-M was revised,

therefore, to produce a pavement depth equal to current designs

at current axle-weight limits.

In Method 2 the first step was to plot the 1962 truck

weight data by States to show the coordinate relation between the

practical maximum gross vehicle weight and the average payload per

vehicle by vehicle class. The second step was to plot, by State,

the coordinate relation between the I.962 E l8-kip axles by

vehicle class and the practical maximum gross vehicle weight.

These two curves were extrapolated when necessary.

The data from these two curves were available for

calculating the total number of vehicles required to haul the

required number of tons of payload, and the number of K l8-kip

axle applications applied by each class of vehicle.

Method 8 was the work by the A. T. Kearney Company for the

Bureau of Public Roads adapted to the general concept of Method 1

so "that equivalent benefit/cost ratios could be compared.



10-11

The final "benefit-cost ratios produced "by Methods 1-M, 2,

and 8 were in acceptable agreement with the results obtained, by

Method 1. But since Method 1-M more nearly reflects current

design practices , the 1-M results are preferred to the others.

The work by Method 2 is not given in this condensed report.

k. METHOD 1 — CENSUS-DIVISION-TO-
CENSUS-DIVISION TRANSFERENCE OF
AXLE-WEIGHT DISTRIBUTIONS

Testing the economy of increasing the legal maximum

axle weights of commercial motor vehicles resolves itself into

the problem of estimating one basic critical factor: the composi-

tion of commercial vehicles (number and type) in the traffic

stream under increased axle-weight limits as compared to the

composition of traffic at existing limits. Within this factor

are two subfactors: (l) axle-weight distributions by single and

tandem axles and (2) the gross weight of each vehicle class.

The axle-weight distribution is the necessary factor in

calculating the number of equivalent 18, 000-pound (33 l8-kip)

axles, the factor influencing the design of the pavement

structure. Gross weight is the key factor in determining the

motor vehicle operating cost. The number of vehicles in each

vehicle class is required, of course, to compute the total

E 18-kip axles and the total operating cost for the ADT (average

daily traffic) considered.
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A. Basic Concept

Since there is no known procedure by which to estimate

the composition of traffic under increased permitted axle-weight

limits, logic must be applied to what is now known about existing

traffic in order to obtain an estimate. Since there is a range

of legal maximum axle weights among the several States, one method

of arriving at the traffic composition under increased axle-

weight limits is to transfer transport practice in States having

high limits to those having lower limits. This procedure of

transference was used for axle weights from 18,000 pounds for a

6ingle axle and 23,000 pounds for a tandem axle to 22,000 and

38,000 pounds, respectively. By extrapolation the traffic compo-

sition and axle-weight distribution were extended to 26/44-kip

limits

.

B. Axle-Weight Distribution by
State Maximum Weight Limits

The axle-weight distributions for each vehicle axle-weight

group were assembled by States from the 1962 truck weight study.

Based on the legal maximum single-axle weight limit, including

tolerances, the States may be grouped as follows:

Single-axle Weight range,

weight groups, pounds Number of States

pounds

18,000 18,000 20

19,000 18,500 - 19,000 10

20,000 19,500 - 20,3to 5

22,000 21,600 - 22,^00 7 and D. C.

23,000 22,840 - 23,520 4
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Grouping of States by Approximate
Single-Axle Weight Limits 2/

(*with enforcement tolerance/

1.8.000 pounds (20 States)

Arizona Minnesota
California Mississippi
Idaho Missouri
Illinois Montana
Kansas North Dakota
Louisiana Oklahoma
Michigan Oregon

South Dakota
Tennessee
Virginia
Washington
Utah
Wyoming

1Q,000 pounds (10 States)

Arkansas ( 18,500*) Kentucky ( 18,900*)
Iowa (l8,.5l*0*) Nebraska ( 18,900*)
Indiana (19,000*) Nevada ( 18,900*)

North Carolina (19,000*)

Ohio (19,000 )

Texas (18.900*)
West Virginia ( 18,900*)

20,000 pounds ( 5 States)

Alabama (19.8OO*) Georgia (20,31*0*)

Delaware (20,000 ) South Carolina (20,000 )

Wis oonsin (19,500*)

22.000 pounds (7 States and D. C.)

District of Columbia (22,000 )

Florida (22,000*)
Maine (22,000 )

Maryland (22.1*00 )

Massachusetts ( 22,1*00 )

New Mexico (21,600 )

New York (22,1*00 )

Rhode Island (22,1*00 )

Connecticut
New Jersey

23,000 pounds ( 1* States)

(22,81*8*)

(23,520*)

Pennsylvania

Vermont
(23,072*)

(23,520*)

It was decided to use three major weight groups instead

of the five mentioned above. The 19,000- and 23.000-pound groups

did not supply sufficient axle-weight data consistent enough to

y I962 data for Colorado (l5,000) and New Hampshire (22,1*00) was
not available.
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warrant making them separate groups. The three major weight

groups selected were made up in the following manner:

18,000 pounds -- The 20 States tabulated above.

20,000 pounds — 15 States - combining the 19,000-
pound and 20,000-pound groups
listed above.

22,000 pounds — 11 States and the District of
Columbia - combining the 22,000-
pound and 23 ,000-pound groups
listed above.

The axle-weight distribution curves for the single-axle

weight groupings of 18,000, 20,000, 24,000, and 26,000 pounds are

given in figure 10-2 for the 3-S2 combination for the primary

rural highway system (System 3)- This set of curves is represent-

ative of those for other classes of vehicles and highway systems.

The curves for the 24,000- and 26,000- pound axle groups are

extrapolated from the three curves for the lower limits . These

curves were prepared for each of the seven classes of vehicles

and the six highway systems.

C. Distribution of ADT by Vehicle
Class, by Census Division, and
by Highway System

Since the economy of maximum axle weights depends upon

the number of vehicles in the traffic stream and the number of

each class of vehicle, it becomes necessary to make the analysis

for specific ADT's and for the vehicle-class distribution within
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the ADT. The truck weight studies report the classification of

the vehicle stream (vehicles counted) at each weigh station,

which may not give the overage ADT and vehicle distribution for

a specific highway system within a State. For the purposes of

this study, the average ADT "by highway system was developed for

each census division for 1962, as shown in table 10-4.-j

D. Distribution of Axle Weights

For the most part, computations were based on whole

vehicles end whole axles. However, fractional vehicles were used

in many instances to compute the number of axles, average payloed,

and number of vehicles.

As previously stated, the procedure of Method 1 was to

adjust the axle-weight distribution for each vehicle class in a

census division having a lower maximum limit—s\ich as 18/32 kips

—

to the distribution found in a census division with a higher

lirait--such as 20/35 kips. The number of vehicles in each class

was then adjusted so that the same total tons of payload were

carried by a particular class of vehicle at the limits (base

condition) prevailing during the period for which the 1962 truck

weight studies were done.

E. Adjustment of the 3.962 Base
Distribution of Axle Weights
to Higher Axle-Weight Levels

The next step was to determine for 1962 the number of

vehicles necessary to carry the 1962 total payload at
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respectively higher axle-weight limits, keeping in mind that

heavier empty weights will be employed at these higher weight

limits

.

The average payload per vehicle computed at this higher

weight level was adjusted upward or downward slightly to provide

for the same number of tons of payload carried at the base

condition. This adjustment was made by arbitrarily shifting

axles in the weight distribution from one weight level to

another to arrive at the total base payload. Average payloads

per vehicle for the various vehicle classes are shown in

table 10-4A.

The total payload carried by all vehicles of the class

was then divided by the average payload per vehicle to arrive at

the number of vehicles at the higher weight level.

This same procedure was continued for each vehicle type,

census division, weight level, and highway system.

F. Calculation of the Axle-Weight Distribution
and Number of Vehicles for 1990

The procedure for computing the payload and gross weights

carried in the year 1990 ™as similar to that used for the 1962

computation but with a slightly different method for adjusting

the payload. First of all, the tables in the series on average

payloads expected in 1990 for all vehicle classes show a 29-

percent increase in average payload per vehicle. This payload

increase was used throughout the analysis for all computations

to 1990.
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The base 1990 ADT for each vehicle class was available for

each highway system. Therefore, the base ADT's for 1962 and 1990

and the 1962 ADT for each higher axle-weight limit were available.

The 1990 ADT's for each vehicle c].ass at higher axle-weight limits

were computed from the following relationship: the ADT at 1962

base condition is to the ADT at 1990 ba.se condition as the 196?

.ADT at each higher weight level is to the 1990 ADT at the same

weight level.

5, DESIGN OF PAVEMENT STRUCTURE

For analysis of the economy of changes both in maximum

axle-weight limits and in the maximum limits on vehicle

dimensions, the design of the pavement structure was based upon

the "AASHO Interim Guide for the Design of Flexible Pavement

Structures" (October IP. 196l) and "Rigid Pavement Structures"

(April 196?). The pavement design guides were developed from the

AASHO Road Test results. The design procedure and selection of

the factors involved are described as each was applied to the

10 census divisions and the highway systems. The main factors in

the design formulas ere as follows.

:

(l) Number of applications to the pavement of
equivalent 18.000-pound axles (E Ift-kip axles)

(?) Terminal value of the present serviceability
index (PSI or P+,)

(3) Soil support values
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A. General Provisions

The pavement was designed for a period of 20-years.

January 1, I.965 to December 31, 1984. The terminal PSI of 2.0

was used for all highvay systems, all ADT's, and both types of

pavements. Although a PSI value of 2.5 might be more suitable

for the high -volume Interstate routes, the 2.0 figure was used to

keep all design factors constant , because it was desirable to

obtain comparable results between systems and ADT's.

For 2-lane, bi-directional highways , the traffic was

assumed to be equally divided between the lanes. For 4-lane

divided highways, the total ADT was assumed to be 50 percent tn

each direction, but with 80 percent of the total E IB-kip axle

applications in each direction on the right-hand lane of each pair

of lanes. See tables 10-5 and 10-6.

B. Soil Support for Rigid and Flexible Pavements

A representative soil support value was assigned to each

census division (table 10-7) by judging relatively the general

soil condition in one division against another.

C. Rigid Pavement Design

New rigid pavements were designed using the following

assumptions:

(1) The initial serviceability index of the
pavement is 4.5, the value obtained in the
AASHO Road Test.

(2) The terminal serviceability index of the
pavement is P = 2.0.
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Table 10-5- — Average daily traffic-volume guide

to number of lanes

Number of ADT
range

Nominal maximum ADT

lanes Interstate Primary
system system

Rural freeways Rural highways

2 - 6,000 4,500 3,000

4 up to 27,000 21,000 18,000

6 up to 40,000 31,000 26,000

8 up to 54,000 42,000 --

Urban freeways Urban highways

4 up to 56,000 40 000 10,000

6 up to 84,000 60,000 15,000

8 up to 112,000 80,000 20,000

10 up to 140,000 100,000
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T&ble 10-6.— Swr-ary of number of lanes
for each highway system and census division

Census
1. Inter- 2. Inter- 3- Pri- ' k. Pri- 5- Secon- 6. Secon-

state state mary mary dary dary
division rural urban rural urban rural urban

1. IJE k k k k 2 2

2. MA k k h k 2 2

3- SAII k h h h 2 2

h k k k 2 2

5. esc k h k k 2 2

6. wsc h r 2 2 2 2
•7 r-'-i.i

k k 2 2 2 2
8. WSC h k 2 2 2 2

9. M k k 2 2 2 2

10. P h k k k 2 2
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Table 10-7- — Representative average soil support
values used for the design of pavements

Census
division

Rigid
modulus

reac

pavement
of subgrade

fcion (k)

Flexible pavement
soil support
values

1. New England 150 5.0

2. Kiddle Atlantic 150 5-0

3. South Atlantic North 100 3.7

4. South Atlantic South 200 6.0

5. East North Centra.1 100 3-7

6. East South Central 150 5.0

7. West North Central 100 3-7

8. West South Central ICO 3.7

9- Mountain 250 7-3

.0. Pacific 200 6.0
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(3) The modiolus of subgrade reaction (k) was
chosen for each census division as given in
table 10-7.

(4) The modulus of elasticity of concrete is
4,200,000 PSI.

(5) The modulus of rupture of the concrete is
650 PSI and the working stress is 3/4 x 650 5

487.5 PSI.

(6) The pavements have jointed slabs with adequate
load transfer devices.

D. Base Design for Rigid Pavements

A study of State practice indicates that the

thickness and qualities of base materials currently being used

on Interstate and primary highways are about as shown in table

10-8, in which the values represent practices within each census

division. The AASHO Road Test shows that rigid pavements with

granular bases performed better than those without, but no

significant differences were observed for 3, 6, or 9 inches of

such base material. This and the fact that granular bases are

used for insulation indicate that increase in base thicknesses in

the future is doubtful. However, a trend toward better quality

of granular base material through stabilization is currently

raising the cost of bases for rigid pavements.

E. Flexible Pavement Design

New flexible pavements were designed using the "AASHO

Interim guide for the Design of Flexible Pavement Structures"

(October 12, 1961) with the following assumptions:
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Table 10-8. -- Granular base thickness and
material for rigid pavement

Census

division
Thickness
of base

Type of
material

Comment 2/

Material used
in analysis for
economy of

axle weight 21

Inches

1. HE 3 19 open-graded
gravel

drained clay-gravel

2. MA 11 open-graded
gravel

drained clay-gravel

3. SAN 8 dense-graded
granular

clay-gravel

k. SAS 6 stabilized
granular

stone-macadam

5. KNC 8 open-graded
granular

drained stone-macadam

6. WNC 6 dense-graded
sand-gravel

drained stone-macadam

7. ESC 8 dense-graded
crushed
aggregate

drained stone-macadam

8. WSC 10 stabilized
selected
local

material

clay-gravel

9. M 6 cement-
stablilized
granular

clay-gravel

10. P 8 dense-graded drained stone-macadam

y Drained full width in fill or underdrains in cut.

2j Clay-gravel or stone macadam used in the analysis because of
availability of a price-curve based on thickness. Clay-gravel
or stone macadam selected on basis of total cost and on
suitability and not on availability.

% Ten inches added for. frost protection.
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(1) The initial serviceability index of the
pavement is 4.2, the value obtained on the
AASHO Road Text.

(2) The terminal serviceability index of the
pavement is P = 2.0.

(3) The soil support value for each census
division is as given in table 10-7

.

{k) The regional factor is 1.0.

(5) The strength coefficients of the different
courses are:

a. Surface = 0.44

b. Granular base = 0.14

c. Subbase =0.11

The depth of each layer (base, subbase, and bituminous

concrete surface) was computed in accordance with the design

procedure by the use of an electronic computer.

F. Subbase for Flexible Pavements

All the flexible pavement designs in the present size

and weight study are composed of layers of surfacing, base, and

subbase material. The thicknesses of these components were

derived from the AASHO equations and are adequate to carry the

expected traffic over the next 20 years (1965 through 1984).

G. Computation of E l8-Kip Axle Applications

The "AASHO Interim Guide for lavement Design" gives the

factors for reducing axle loads to equivalent 18-kip single-axle
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applications. These factors are given as extended to higher

axle-weight limits in Appendix B.

For rigid pavements these equivalence factors vary by a

minor amount with the slab thickness; and for flexible pavements,

with the structural number ( SN) . The SN factor varies with the

soil support value and the daily number of applications of equiva-

lent 18-kip single axles. For both types of pavements, the

equivalence factors vary with the terminal PSI, or Ft value, the

factors being slightly larger for a smaller value of Pt-

To simplify the many calculations for the economy of

maximum axle weight, the E 18-kip axles for rigid pavements were

all calculated for a slab of 8 inches, regardless of the calcu-

lated final slab thickness. Also, for flexible pavements a

structural number of 3 was used for all calculations of the

E 18-kip axles. For the purpose of calculating the relative

economy of the maximum axle-weight limits, these two departtires

from strict design procedure introduce no significant errors in

the finally resulting relative pavement costs.

H. Calculation of the Pavement Structure
Depths and Construction Cost

The depths of the pavement surface, base, and subbase and

the construction cost were calculated using a computer program

so written that it could produce the following items

:

(l) The accumulated total of E l8-kip axle
applications for the 20 years from 19^5
through 1984.
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(2) The thickness of the rigid pavement slab
and the thickness of each of the three
courses for the flexible pavement structure.

(3) The cubic yards of each type of material in
one highway mile, including the shoulders.

(4) The price per cubic yard of the specific
thicknesses of pavement courses from the
equations of the price curves (See table
8-2, page 8-12.).

(5) The total dollar cost per highway mile,
including the appropriate base material
for rigid pavement.

See figure 10-3 (page 10-9) for the E l8-kip axle curves

for the New England and East North Central census divisions.

6. CONSTRUCTION COST OF THE HIGHWAY
AS AFFECTED BY AXLE-WEIGHT LIMITS

In the final analysis, the total highway cost at each of

the five levels of axle-weight limit was compared with the

operating cost of those vehicles whose costs would be affected

by a change in legal axle-weight limits . The elements of high-

way construction cost affected by axle-weight limits are as

follows: (l) pavement and shoulders, (2) bridges, and (3) earth-

work and small drainage structures. These costs were computed

for a mile of new highway, as explained in the following sections.

A. Pavement Geometric Design

"Figure 10-4 shows the standard designs of the highway

cross section adopted for purposes of estimating the total cost

of the pavement and shoulder structure for the series of axle-

weight increments considered in the analysis of the engineering

economy of increased axle-weight limits.
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B. Unit Price and Construction Cost
of the Pavement Structure

The unit prices of the paving materials given in table

8-2 were applied to the quantities (cubic yards per mile) as

computed from the cross sections in figure 10-4.

C. Construction Cost of Bridges Related
to Increments of Maximum Axle Weight

The approach to determining the cost of "bridges to

accommodate traffic at the five levels of maximum axle-weight

limit considered only steel bridges designed for the standard

H20-S16 loading , but was based upon each of the five levels of

axle-weight limit.

Table 10-9 gives the critical vehicles for a range of

bridge span length from 20 to 140 feet. From the loadings of

these vehicles were developed the pounds of steel required for

the five levels of maximum axle weight. Table 10-10 shows the

required steel by span length of bridge.

The upper half of the table was developed on the basis of

structural design for the indicated span lengths. Because of

change in the geometries of the bridges, the increase in the

added increments of steel required per lineal foot of bridge is

not smooth over the range of weight limits. In preliminary

calculations it was found that the lack of uniform increments of

steel resulted in undesirable roughness from one axle-weight

level to another in the final highway cost increments and in the
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Table 10-9- — Critical vehicles

Spaa, No gross 100-kip gross load limit

feet Load limit Proposed axle loads. kips

20
30
ko

3-S2
ii

it

18/32
3-S2

It

II

20/35
3-S2

ii

ti

22/38
3-S2
n

it

3-S2
11

it

26/kk
3-S2

II

It

50
60

3--S2-3
ii

3-S2-3
n

ii

3-S2-3

n

tt

it

11

II

tl

70
80 it

it I

ii

3-S2-3
11

tt

tt

II

II

90
100

ii

ii

it

ti

ii

ii

11

it

11 II

II

110
120

ii

ii

it

ii

ii

it

ti

- 3-S2-3
11

II

tl

130
140

it

ii

H

ii

ii it

11

11

11

tt

II

Percent of
distribution
of gross load

Axle spacing

Percent of
distribution
of gross load

Axle spacing

10

"GT

- *3-

O

JL2_

^5

&'

10 10

^5

JOO OO
fc'

15 15

> -t

o o o er
8-

-A >. -«.

—

*-

8'
-a. *-

8'

15

Lio
-i»--S-

8 1

3-S2

15 15

II,
G o

3-S2-3
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Table 10-10. ~ Structural steel required per linear foot of
2-Laae bridge for proposed higher axle-weight
limits: increments of pounds of steel by span
length of bridge required above the H20-S16
design loading

Span Single/tandem axle-weight limits, kips

length
18/32 20/35 22/38 24/4l 26/44

Additional pounds per linear foot of bridge obtained
from structural analysis

Feet lb. lb. lb. lb. lb.

20 7-5 24.0 39.5 56.O 72.0
30 41.0 61.5 82.5 104.0 125.0
40 61.0 88.5 116.0 144.0 171.0
50 172.0 233-5 299-5 357.0 ' 417-5
60 264.0 330.0 397-5 458.O 526.0

70 275-0 288.0 33^.0 422.5 473.5
80 52.6 109.0 144.6 207.6 217.9
90 130.6 179.9 299.2 289.3 327.8
100 141.3 201.5 233.0 279.1 314.3
110 136.5 181.6 213.2 269.O 314.2

120 122.4 166.8 220.7 271.3 329.O
130 125.6 176.I 226.9 277.4 313.4
140 137.2 194.7 237.9 292.0 356.7

The above structural design smoothed to straight lines

20 7.5 23.6 39.8 55.9 72.0
30 41.0 62.0 83.O 104.0 125.O
40 61.0 88.5 116.0 143.5 171.0
50 172.0 233-4 294.8 356.1 417.5
60 264.0 329.5 395-0 460.5 526.O

70 226.2 288.0 350.0 411.7 473.5
80 72.7 109.0 145.3 181.6 217.9
90 130.6 179.9 229.2 278.5 327.8

100 141.3 187.2 233.0 278.8 324.7
110 133. ^ 178.6 223.8 269.O 314.2

120 119.5 170.1 220.7 271.3 321.9

130 125.6 176.2 226.8 277.4 328.0
140 146.0 194.7 243.4 292.0 340.6

140 and over 160.0 210.0 260.0 310.0 360.O

Total 1,800.8 2,430.7 3,060.8 3,690.3 4,320.1
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final "benefit-cost ratios. Because the final benefit-cost

ratios were highly sensitive to several factors, including

highway construction cost per mile, it was thought to be better

procedure to remove the abrupt changes in bridge cost between

some axle-weight levels by smoothing the pounds of steel required

from one weight level to another.

The additional pounds of steel required for the increased

axle-weight limits was determined by comparing the inventory of

bridges by span length (see table 8-8) against the incremental

steel requirement given in table 10-10 to produce the overall

pounds of steel required per foot of length of bridge for a 2-

lane roadway, using the standard H20-S16 basic design (see table

10-11). These pounds of steel per foot of bridge length for a

2-lane roadway were converted to pounds of structural steel per

mile of highway by multiplying by the length of bridges per mile

of 2-lane highway as given in table 10-12 and then multiplying by

one-half of the number of lanes. For the five axle-weight levels,

table 10-13 gives per mile of highway the final pounds of struc-

tural steel in excess of the pounds required for a standard

H20-S16 design, by highway system and census division.

By analysis of Federal-aid construction contracts for 1962

and 1963, the average bid price per pound of structural steel was

obtained for each census division. These prices are given in

table d-h, page 8-14. In table 10-14, the cost of constructing

bridges in excess of the standard H20-S16 design was computed for



10-40

Table 10-11. — Structural steel required per linear foot
of 2-lane bridge for proposed higher axle-
weight limits: increments of pounds of
steel per bridge above the H20-S16 design
loading, weighted by span length and shown
by highway system and census division

Sheet 1 of 3

Census Number
of

lanes

Maximum axle-weight limits, single/tandem, kips

division
18/32 20/35 22/38 24/4l 26/1*4

System 1. Interstate rural

1. NE 4 137.920 183.761 229.601 275.442 321.282
2. MA 4 137.937 183.647 229.353 275.068 320.778
3- SAN 4 137.937 183.647 229.358 275.068 320.778
4. SAS 4 123.179 166.628 210.076 253.525 296.973
5- ENC 4 137.163 182.720 228.278 273.835 319.392

6. WNC 4 123.161 165.332 207.502 249.673 291.843
7- ESC 4 150.012 198.726 247.441 296.155 344.869
8. WSC 4 74.737 105.555 136.373 167.191 198.009
9- M 4 91.312 126.195 161.077 195.960 230.842

10. P 4 138.502 184.916 231.330 277.743 324.157

System 2I. Interstate urban

1. NE 4 151.324 199.811 2kS . 297 296.784 345.270
2. MA 4 144.711 192.449 240 . 187 287.925 335.663
3. SAN 4 151.628 201.357 251.036 300.815 350.544
4. SAS 4 143.450 190.400 237.351 284.301 331.251

5. ENC 4 161.666 212,712 263.753 314.803 365.849

6. WNC 4 162.216 213-984 265.751 317.519 369.286

7. ESC 4 135.865 181.750 227.636 273.521 319.406
8. WSC 4 117.210 157.945 193.679 239.414 230.148

9- M 4 II5.788 156.470 197.152 237.834 278 . 516

10. P 4 145.659 192.771 239-382 286.994 334.105
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Table 10-11. — Structural steel required per linear foot
of 2-lane bridge for proposed higher axle-
weight limits: increments of pounds of
steel per bridge above the H20-S16 design
loading, weighted by span length and shown
by highway system and census division

Sheet 2 of 3

Census Number
of

lanes

Maximum axle-weight limits, single/tandem, kips

division
18/32 20/35 22/38 24/41 26/44

System 3» Primary rural

1. NE 4 112.434 152.194 191.955 231.715 271.475
2. MA 4 98.481 135.380 172.278 209.177 246.075
3. SAN 4 106.491 145.144 183.737 222.359 260.982
4. SAS 4 58.578 85.996 113.418 140.635 168.258
5. ENC 4 109.808 148.902 187.996 227.090 266.184

6. WNC 2 83.630 116.604 149 . 578 182.552 215.526
7. ESC 2 66.413 95.701 124.988 154.276 183.563
8. WSC 2 47.951 72.655 97.359 122.062 146.766
9- M 2 57-242 84.230 111.219 138.207 165.195

10. P 4 109.584 148.815 188.046 227.276 266.507

System 4. Primar" urban

1. NE 4 94.510 130.513 166.516 202.519 238.522
2. MA 4 109.566 146.879 188.192 227 . 504 266.817
3. SAN 4 124.601 167.473 210.346 253.218 296.090
4. SAS 4 73.827 104.474 135.120 165.767 196.413
5. ENC 4 15^.791 204.130 253-468 302.806 352.145

6. WNC 2 93.804 129.671 165.539 201.406 237.273
7. ESC 2 66.413 95.701 124.988 154.276 I83.563
8. WSC 2 97.053 133.323 169.593 205.863 242.133
9. M 2 84.871 118.275 151.679 I85.O82 218.486

10. P 4 115.543 156.855 198.166 239.478 280.789
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Table 10-11. — Structural steel required per linear foot
of 2-lane bridge for proposed higher axle-
weight limits: increments of pounds of
steel per bridge above the H20-S16 design
loading, weighted by span length and shown
by highway system and census division

SheetJ) of 3_

Census Number
of

lanes

Maximum axle-weight limits, single/tandem, kips

division
18/32 20/35 22/38 24/41 26/44

System
\>. Secondary rural

1. NE 2 102.637 140.428 118.217 216.006 253.796
2. MA 2 101.764 139.501 177.238 214.975 252.712
3. SAN 2 118.597 159.859 201.121 242.382 283-644
4. SAS 2 8O.685 113.332 145.978 178.625 211.271
5- ENC 2 122.324 164.578 206.832 249.086 291.340

6. WNC 2 60.625 88.069 115.513 142.957 170.401
7. ESC 2 80.142 112.354 144.566 176.777 208.989
8. WSC 2 34.259 55.977 77.694 99-412 121.129
9. M 2 35-201 57-577 79.954 102.330 124.706

10. P 2 80.916 113.567 146.218 178.869 211.520

System 6. Secondary urban

1. NE 2 86.685 120.802 154.920 189.037 223.154
2. MA 2 82.215 115.195 148.175 181.154 214.134

3- SAN 2 116.355 157.174 197.993 238.811 279.630
4. SAS 2 84.731 118.105 151.479 184.852 218.226

5. ENC 2 138.609 184.510 230.411 276.312 322.213

6. WNC 2 90.505 125.340 160.175 195-010 229.845

7- ESC 2 69.801 99.353 128.916 158.473 188.030
8. WSC 2 96.717 132.763 168.810 204.856 240.902

9- M 2 70.601 100.649 130.698 160.746 190.794
10. P 2 120.358 161.782 203.205 244.629 286.052



10-43

Table 10-12. — Total length of bridges In feet per mile and
construction cost in dollars per mile of highway,
by highway system and census division

Sheet 1 of 3

Highway system
and

census division

Total bridge
length per

mile of highway

Cost of bridges
per mile of
highway

Interstate rural

Feet Dollars

1. NE 198 256,750
2. MA 511 320,856
3- SAN 250 275A57
4. SAS 142 128,254
5. ENC 147 219,336

6. WNC 124 109,681
7. ESC 199 142,701
8. WSC 259 169,197
9- M 86 83,272

10. P 177 175,1^1

Interstate urban

1. NE 219 1,876,665
2. MA 396 2,212,649
3- SAN 483 1,974,658
4. SAS 155 493,561
5. ENC 163 1,473,526

6. WNC 157 990,702
7. ESC 228 1,162,574
8. WSC 232 641,727
9- M 114 417,723

10. P 200 1,545,987
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Table 10-12. — Total length of bridges in feet per mile and
construction cost in dollars per mile of highway,
-by highway system and census division

Sheet 2 of 3

Highway system
and

census division

Total bridge
length per

mile of highway

Cost of bridges
per mile of
highway

3. Primary rural

Feet Dollars

1. NE 49 5^,76^
2. MA 36 43,955
3. SAN 61 27,791
4. SAS 70 21,651
5. ENC 30 25,368

6. WNC 45 15,724
7. ESC 73 31,230
8. WSC 68 20,909
9. M 26 13,172

10. P 50 41,024

Primary urban

1. NE 149 181,854
2. MA 98 172,434
3. SAN 148 122,082
4. SAS 120 108,301
5- ENC 93 136,938

6. WNC 48 35,639
7- ESC 103 42,934
8. WSC 99 53,870
9- M 34 36,602

10. P 208 259,935



10-45

Table 10-12, — Total length of bridges in feet per mile and
construction cost in dollars per mile of highway,
by highway system and census division

Sheet 3 of 3

Highway system
and

census division

Total bridge
length per

mile of highway

Cost of bridges
per mile of
highway

Secondary rural

Feet Dollars

1. NE 13 19,9^
2. MA. 15 15,357
3. SAN 14 6,368
4. SAS 37 4,74l
5. ENC 13 5,863

6. WNC 19 4,393
7. ESC 50 11,687
8. WSC 39 6,392
9. M 14 6,464

10. P 17 7,478

Secondary urban

1. NE 378 68,221
2. MA 413 60,540
3. SAN 327 28,296
4. SAS 621 23,578
5. ENC 411 31,548

6. WNC 196 10,052
7. ESC 719 159,412
8. WSC 560 9,4o8
9- M 179 18,199

10. P 728 47,529
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Table 10-13- — Pounds of structural steel per mile of
highway, excess over standard H20-S16 design

Sheet 1 of 2

Census
division

18/32 20/35 22/38 24/41 26/44

System 1. Interstate rural

1. NE 54,616 72,769 90,922 109,075 127,228
2. MA 140,972 187,687 234,1*04 281,119 327,835
3. SAN 68,969 91,824 114,679 137,534 160,389
4. SAS 34,983 47,322 59,662 72,001 84,340
5. ENC 40,326 53,720 67,114 80,507 93,901

6. WNC 30,544 41,002 51,460 61,919 72,377
7- ESC 59,705 79,093 98,1+82 117,870 137,258
8. WSC 38,714 54,677 70,641 86,605 102,569
9- M 15,706 21,706 27,705 33,705 39,705

10. P 49,030 65,460 81,891 98,321 114,752

System 2. Interstate urban

l-J 66,280 87,517 108,754 129,971 151,228
2. MA 114,611 152,420 190,228 228,037 265,845
3- SAN 146,473 194,511 242,549 290,587 338,626
4. SAS 44,470 59,024 73,579 88,133 102,688
5- ENC 52,703 69,344 85,985 102,626 119,267

6. WNC 50,936 67,191 80, 446 99,701 115,956
7. ESC 61,954 82,878 103,802 124,726 145,649
8. WSC 54,385 73,286 92,187 111,088 129,989
9. M 26,400 35,675 44,951 54,226 63,502

10. P 58,264 77,108 95,953 114,798 133,642

System 3- Primary rural

1. NE 11,019 14,915 18,812 22,708 26,605
2. MA 7,091 9,747 12,404 15,061 17,717
3- SAN 12,992 17,708 22,4l6 27,128 31,840
4. SAS 8,201 12,040; 15,879 19,717 23,556
5. ENC 6,588 8,934 11,280 13,625 15,971

6. WNC 3,763 5,247 6,731 8,215 9,698
7. ESC 4,81*8 6,986 9,124 11,262 13,400
8. WSC 3,260 4,940 6,620 8,300 9,980
9- M 1,1*88 2,190 2,891 3,593 4,295

10. P 10,958 14,882 18,805 22,728 26,651
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Table 10-13 . — Pounds of structural steel per mile of

highway, excess over standard H20-S16 design

Sheet 2 of 2

Census
division

18/32 20/35 22/38 24/41 26/44

System 4. Primary urban

1. NE 28,164 38,893 49,622 60,351 71,080
2. MA 21,475 29,180 36,886 44,591 52,296
3- SAN 36,882 49,572 62,262 74,953 87,643
4. SAS 17J18 25,074 32,429 39,784 47,139
5- ENC 28,791 37,968 47,145 56,322 65,499

6. WNC ^502 6,224 7,946 9,667 11,389
7. ESC 6,840 9,857 12,874 15,890 18,907
8. WSC 9,608 13,199 16,789 20,380 23,971
9- M 2,885 4,021 5,157 6,293 7,428

10. P kQ,066 65,252 82,437 99,623 116,808

System 5« Secondary rural

1. NE 1,334 1,826 2,317 2,808 3,299
2. MA 1,526 2,093 2,659 3,225 3,791
3- SAN 1,660 2,238 2,816 3,393 3,971
4. SAS 2,985 4,193 5,401 6,609 7,817
5- ENC 1,590 2,140 2,689 3,238 3,787

6. WNC 1,152 1,673 2,195 2,716 3,238
7. ESC 4,007 5,618 7,228 8,839 10,449
8. WSC 1,336 2,183 3,030 3,877 4,724
9- M 493 806 1,119 1,433 1,746

10. P 1,376 1,931 2,486 3,041 3,596

System 6. Secondary urban

1. NE 32,767 45,663 58,560 71,456 84,352
2. MA 33,955 47,576 61,196 74,817 88,437
3. SAN 38,046 51,396 64,744 78,091 91,439
4. SAS 52,618 73,343 94,068 114,793 135,518
5. ENC 56,968 75,834 94,699 113,564 132,430

6.. WNC 17,739 24,567 31,394 38,222 45,050
7- ESC 50,187 71,438 92,691 113,9^2 135,194
8. wsc 54,162 74,347 94,534 114,719 134,905
9. M 12,638 18,016 23,395 28,774 34,152

10. P
1

87,621 117,777 147,933 178,090 208,246



10-48

Table 10-14. — Dollars of construction cost for structural steel
per mile of highway, excess of cost over standard
H20-S16 design

Sheet 1 of 2

Census
division

18/32 20/35 22/38 24/41 26/44

System 1. Interstate rural

1. NE 9,240 12,312 15,384 18,455 21,527
2. MA 25,897 34,478 43,060 51,642 60,223
3- SAN 11,627 15,462 19,335 23,188 27,042
4. SAS 4,884 6,606 8,329 10,051 11,774
5. ENC 6,400 8,525 10,651 12,776 14,902

6. WNC 6,176 8,291 10,405 12,520 14,635
7. ESC 11,565 15,320 19,076 22,831 26,587
8. WSC 6,206 8,765 11,324 13,883 16,442
9- M 3,331 4,604 5,876 7,149 8,421

10. P 11,787 15,737 19,687 23,636 27,586

System 2. Interstate urban

1. NE 11,215 14,808 18,401 21,991 25,588
2. MA 21,054 28,000 34,945 41,890 148,836

3- SAN 24,695 32,795 40,894 48,993 57,091
4. SAS 6,208 8,240 10,272 12,303 1^,335
5. ENC 8,364 11,005 13,646 16,287 18,928

6. WNC 10,299 13,586 16,373 20,160 23,446
7- ESC 12,000 16,053 20,106 24,159 28,212
8. WSC 8,718 11,748 14,778 17,807 20,837
9- M 5,599 7,567 9,534 11,501 13,^9

10. P 14,007 18,537 23,067 27,597 32,128

System 3. Primary rural

1. NE 1,864 2,524 3,183 3,842 4,502
2. MA 1,303 1,790 2,279 2,767 3,255
3- SAN 2,190 2,986 3,779 4,574 5,368
4. SAS 1,1*5 1,681

|

2,217 2,752 3,288
5- ENC 1,046 1,418 1,790 2,162 2,535

6. WNC 761 l,06l 1,361 1,661 1,961
7. ESC 939 1,353 1,767 2,181 2,596
8. WSC 523 792 l,06l 1,330 1,600
9- M 316 464 613 762 911

10. P 2,634 3,578 4,521 5,464 6,407
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Table 10-14. — Dollars of construction cost for structural steel
per mile of highway, excess of cost over standard
H20-S16 design

Sheet 2 of 2

Census
division

18/32 20/35 22/38 24/41 26/44

System 4. Primary urban

1 M65 6,581 8,396 10,211 12,027
2. MA 3,9^5 5,360 6,776 8,191 9,607
3- SAN 6,218 8,358 10,497 12,637 1^,777
4. SAS 2,473 3,500 4,527 5,55^ 6,581
5- ENC ^569 6,026 7,482 8,938 10,395

6. WNC 910 1,258 1,607 1,955 2,303
7. ESC 1,325 1,909 2,494 3,078 3,662
8. WSC 1,540 2,116 2,691 3,267 3,843
9. M 612 853 1,094 1,335 1,575

10. P 11,555 15,686 19,818 23,949 28,081

System 5. Secondary rural

1. NE 226 309 392 475 558
2. MA 280 384 488 592 696
3. SAN 280 377 475 572 670
4. SAS 417 585 751* 923 1,091
5- ENC 252 340 427 51^ 601

6. WNC 233 338 444 549 655
7. ESC 776 1,088 1,400 1,712 2,024
8. WSC 214 350 486 621 757
9- M 104 171 237 304 370

10. P 331 464 598 731 864

System 6. Secondary urban

1. NE 5,544 7,726 9,908 12,090 14,272
2. MA 6,238 8,740 11,242 13,7^ 16,246
3- SAN 6,415 8,665 10,916 13,166 15,^17
4. SAS 7,345 10,239 13,132 16,025 18,918
5- ENC 9,04l 12,035 15,029 18,023 21,017

6. WNC 3,587 4,967 6,348 7,728 9,109
7- ESC 9,721 13,838 17,954 22,071 26,187
8. WSC 8,682 11,918 15,154 18,389 21,625
9- M 2,680 3,821 4,962 6,103 7,244

10. P 21,064 28,314 35,563 42,813 50,062
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each census division by multiplying the pounds in table 10-13 by

the cost in cents per pound as given in table Q-k for each census

division. It will be noted in table 10-13 that additional incre-

ments of steel are required for the basic 18/32-kip axle loading,

because the critical vehicle used in this design process required

some additional steel over the present H20-S16 design normally

used in Federal-aid work.

By adding the incremental costs in table 10-14 to the base

costs given in table 10-12, the total costs of bridges per mile

of highway were obtained for each of the five levels of axle-

weight limits. These total costs are given in table 8-10, page

8-28, along with other costs of construction of the complete

highway.

D. Cost of Construction of Earthwork
and Small Drainage Structures

The only cost of earthwork and small drainage structures

that is considered to increase with increased maximum axle-weight

limits is that which would result from any additional depth of

earthwork excavations necessitated by a greater total depth of

pavement structure. Allowance was made for this by added

construction cost computed for each highway system and census

division on the basis of the computed total depth of the pavement

(and shoulder) structure.
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The cubic yards of extra excavation per mile were

calculated for each of the axle-weight levels above the base

condition on the basis that one-half of the mile was cut and

the other half was fill. The increment of earthwork cost for

the added axle-weight limit was added to the base earthwork

costs in table 8-9 to get the total cost given in table 10-28N

(page 10-7*0 sxid similar ones.

7. COST OF HIGHWAY MAINTENANCE AS RELATED
TO MAXIMUM AXLE-WEIGHT LIMITS

The relation between axle-weight limits and the cost of

maintaining a highway would vary only on the items of pavement

and shoulders and of bridges . The procedure for estimating the

cost of these two items of maintenance is discussed below.

A. Pavement Maintenance Cost Attributable to
Increases in Maximum Axle-Weight Limits

Accepting the conclusion that the only maintenance

operation affected by vehicle axle weight is the patching of

pavements, where the surface must be cut through and the narrow

strip of shoulder adjacent to the pavement edge must be patched,

two further determinations are needed: (l) What is the mainte-

nance cost per mile or per lane -mile of highway for a base

condition such as that for the l8/32-kip axle-weight limit and

(2) on what basis may this base cost be increased with increases

in maximum limits of axle weight.
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It was assumed that the annual cost of patching

restating from the effects of axle weight would be 20 percent

of the total annual cost of maintaining the pavement snd base

course and the shoulders, as given in table 8-12. The values in

this table are National averages , and to reduce maintenance costs

to a census division basis, maintenance-cost indexes based on the

wage rate for common labor were used.

The incremental increase in the base cost of maintenance

patching as the maximum axle-weight limit is increased was calcu-

lated in direct ratio to the increase in pavement depth. For

rigid pavement, only the slab depth was used, but for flexible

pavements the biturainotxs concrete depth plus the depth of base

was used. The annual cost per mile of 2-lane highway of main-

taining the pavement and shoulders for the base condition at the

18/32-kip axle-weight limit is given in table 10-16.

B. Bridge Maintenance Cost Attributable
to Increases in Maximum Axle Weights

Painting every six to seven years is the major cost of

maintenance of steel bridges. The annual maintenance cost of

structures may be assumed to be proportional to the added pounds

of steel required for the increased axle-weight limits.

Using a 6- to 7-year frequency and a $15 to $20 cost of

painting a ton of steel, the average annual cost of bridge
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Table 10-16.—Annual cost per highway mile
of patching pavement and shoulders as a

result of effects from axle veight applications

Cost In dollars per year per mile for a 2-iaoe
roadway for the 18/32 kip axle level. Costs
-* apply to both rigid and flexible pavements.

Census Maintenance
cost ixiex 1/

Interstate
system
2-lane

Primary
system
2-lane

Secondary
system
2-lane

division
rural urban rural urban rural urban

1. RE 1.023 $286 $1*3 $224 $338 $ 97 $173

2. Ma 1.134 318 491 248 374 108 i9e

3. SAN 0.66k 225 348 176 265 76 136

4. SAS 0.730 204 316 160 241 69 123

5. ENC 1.156 324 501 253 381 110 195

6. WNC 0.972 272 1*21 213 321 92 164

7. ESC 0.759 212 329 166 250 72 128

8. VSC 0.7^5 209 323 163 246 71 126

9. M 1.171 328 507 256 386 111 198

10. P 1.479 4l4 64o 324 488 141 250

National^ 1.000
0.200

1,398
280

2,165
^33

1,09^
21?

1,648
330

477
95

847
l6o

1/ Based on wage rate for common labor.

2/ Annual dollars cost is taken as 20 percent of the cost of

maintaining surface, base and shoulders given in table 8-J2.
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maintenance, as it may be affected by vehicle axle-weight

limits, was assumed to be $3 per year per ton of steel in

excess of the base tonnage.

The maintenance cost of $3 a ton of steel is a National

average, which was converted to a census division basis using

the maintenance cost index given in table 10-17 . The mainte-

nance cost of bridges for the pounds of steel in excess of the

standard H20-S16 design is given in table 10-18 for the six

highway systems.

8. MOTOR VEHICLE OPERATING COST-
PROCEDURE FOR CALCULATION

The important result of increasing the legal limits on

dimensions and weights of motor vehicles would be a reduction in

the number of vehicles required to transport a given tonnage of

goods over the highway. As the gross weight of trucks increases,

their operating cost per vehicle-mile likewise increases but at

a slower rate. The number of vehicles required to transport a

given tonnage of goods, therefore, decreases with increased gross

vehicle weights. Within some range of change, the reduced number

of vehicles times their operating cost in cents per mile would

result in a lower payload per ton-mile operating cost than would

be the case if the total payload were transported in a greater

number of vehicles having lower gross weights and lower operating

costs per mile.
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Table 10-17«-'J0tatt cost par t<m of structural
steel of repainting steel bridges

Census

division

Bridge
maintenance
cost index 1/

Equivalent annua]
cost of repainting

steel bridges

Equivalent annua]

cost of repainting
steel bridges 1/

Dollars per ton Dollars par pound

1. HE 0.995 2.98 0.001^9

2. MA 1.087 3.26 .OOI63

3. SAN O.678 2.03 .00101

k. SAS O.772 2.32 .00116

5. ENC 1.108 3.32 .00166

6. mc 1.052 3.16 .00158

7. ESC 1.121 3^6 .00168

8. WSC 0.776 2.33 .00116

9. M 1.112 3.3^ .OOI67

ia p 1.388 4.16 0.00208

National 1.000 2/3.OO 0.00150

¥,
1/ Based on wage rate of skilled labor.
2/ Based, upon a repainting cost of $18 a ton of structural steel and

a repainting cycle of o years of $3 per year per ton of steel.
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Table 10-18. — Annual highway cost per mile of repainting
steel bridges: excess above the standard
H20-S16 design.

Sheet 1 of 2

Census Single/tandem axle veight limits, kips

division
18/32 20/35 22/38 24/41 26/44

1. Interstate rural

1. NE $ 58 $ 78 $ 97 $117 $136

2. MA 142 190 238 285 333

3. SAN 135 180 225 269 314

4. SAS 44 60 76 91 107

5. ENC 76 101 127 152 177

6. WNC 44 59 74 89 104

7. ESC 71 94 117 140 163

8. WSC 47 67 86 106 125

9. M 29 40 51 62 72

10. P 85 114 142 171 200

2. Interstate urban

1. NE 377 498 619 739 860

2. MA 1,261 1,677 2,093 2,509 2,925

3. SAN 483 641 799 958 1,116

4. SAS 376 500 623 746 869

5. ENC 704 926 1,148 1,370 1,592

6. WNC 517 682 850 1,011 1,176

7. ESC 499 668 837 1,005 1,174

8. WSC 355 478 602 725 848

9. M 285 386 486 586 687

10. P 1,026 1,358 1,690 2,022 2,351

3. Primary rural

1. NE 16 22 28 34 40

2. MA 12 16 20 25 29

3. SAN 13 18 23 27 32

4. SAS 10 14 18 23 27

5. ENC 11 15 19 23 27

6. WNC 6 8 11 13 15

7. ESC 8 12 15 19 23

8. WSC 4 6 8 10 12

9. M 2 4 5 6 7

10. P 23 31 39 47 55
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Table 10-18. — Annual highvay cost per mile of repainting
steel "bridges: excess above the standard
H20-S16 design.

Sheet 2 of 2

Census
division

Single/tandem axle wight limits, kips

18/3: 20/35 I 22/38 24/41 26/44

4. Primary urban

1. NE $ 42 $ 58 $ 74 $ 90 $106
2. MA 35 46 60 73 85

3. SAN 37 50 63 76 89

4. SAS 20 29 38 46 55

5. ENC 48 63 78 93 109

6. WNC 7 10 13 15 18

7. ESC 11 17 22 27 32

8. WSC 11 15 19 24 28

9. M 5 7 9 11 12

10. P 100 137 171 207 243

5. Secondary rural

1. NE 2 3 3 4 5

2. MA 2 3 4 5 6

3. SAN 2 2 3 3 4

4. SAS 3 5 6 8 9

5. ENC 3 4 4 5 6

6. WNC 2 3 3 4 5

7. ESC 6 9 12 15 17

8. WSC 2 3 4 4 5

9. M 1 1 2 2 3

10. P 3 4 5 6 7

6. Secondary urban

1. NE 49 68 87 106 126

2. MA 55 78 100 122 144

3. SAN 38 52 65 78 92

4. SAS 61 85 109 133 157

5. ENC 95 126 157 189 220

6. WNC 28 39 50 60 71

7. ESC 84 120 156 191 227

8. WSC 63 86 110 133 156

9. M 21 30 39 48 57

10. P 182 245 308 370 433
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Table 10-19 gives the practical maximum gross vehicle

weights for 13 vehicle types for the five levels of maximum

axle-weight limits. The steering-axle weights were based upon

the 1962 and 1963 weighings of trucks by the State highway

departments

.

9. CALCULATION OF THE BENEFIT-COST RATIO FOR
THE ECONOMY OF AXLE-WEIGHT LIMITS

In the analysis of the economy of increased maximum

axle-weight limits, the final comparison is based upon the ratio

of the decreased annual cost of motor truck operation with each

incremental increase in axle-weight limit (the benefits) to the

incremental increase in the equivalent uniform annual highway

costs (the costs).

A. Average Daily Traffic

Table 10-22 gives the number of each vehicle class in the

total ADT for the primary rural system, census divisions 5 and 6

and axle-weight level. Note that the truck classes from 2D

upward are the ones that decrease as the maximum axle-weight

limit increases.

B. Computed Depths of Pavement Structure
and Construction Cost

The pavement depths and the pavement costs for each of

the six highway systems and the ten census divisions were

calculated by the computer for both rigid and flexible pavements.
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Table 10-19 • -Practical maximum gross vehicle weight
with a range of Maximum axle weights

Vehicle and axle
Sing!

18/32

Le/tandem

20/35

axle wei^

22/38

;ht limit

2h/ia

, kips

26/bh

2D

3A.

2-S1

2-S2

3-S2

2-2

2-3

3-2

Steering
Drive single
Total

Single unit truck
Steering axle
Drive tandem

Total

Steering
Drive single
Semi-single

Total

Steering
Drive single
Semi-tandem

Total

Steering
Drive tandem
Semi-tandem

Total

Steering
Drive single
Trailer single
Trailer single

Total

Steering
Drive single
Trailer single

Trailer tandem
Total

Steering
Drive tandem
Trailer single

Trailer single
Total

7.1*

18.0
8.2
20.0

9.0
22.0

9.8

2!u0

10.6
26.0

25.U

9.6

32.0

28.2

10.2
35.0

31.0

10.8
38.0

33.8

11 »u
Ui.o

36.6

12.0
hh.O

1*1.6

7«6
18.0
18.0

15.2

8<>
20.0
20.0

U8.8

8.3
22.0
22.0

52.1*

8.5

2U.0
2h.O

56.0
'

8.6

26.0
26.0

U3.6

B.h

18.0
32.0

U8.

8.7
20.0

35.0

52.3

9.0
22.0
38.0

56.5

9.3
2u.O
iil.O

60.6

9.6
26.0

UU.o

9.7
32.0
32.0

63.7

10.0

35.0
35.0

69.0

10.3
38.0
38.0

71*.

3

10.6
Ui.o
Ui.o

79.6"'
"

10.9

UU.o
W*.0

73.7

8.6
18.0
18.0
18.0

80.0

8.8

20.0
20.0
20.0

86.3

9.0
22.0
22.0
22.0

92.6

9.2
2l*.0

2h.O
2U.0

98.9

9.h
. 26.0
26.0
26.0

62.6

8.6
18.0
18.0
32.0

~T6."6

9.8

32.0
18.0
18.0

68.8

8.8
20.0
20.0
35.0

75.0

9.0
22.0
22.0
38.0

81.2
'

9.2
2U.0
2U.0
ai.o

87J4

9.14

26.0
26.0
UU.O

~83.8

10.2

35.0
20.0
20.0

91.0

10.6
38.0
22.0
22.0

98.2

11.0
iil.O

2l*.0

2h.O

i0p.1T"

11.h
UU.o
26.0
26.0

77.8 85.2 92.6 100.0 107.1*
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Table 10-19.' -Practical maximum gross vehicle weight
with a range of maximum axle vreights

Sheet 2 of 2

Single/tandem axle wei 5ht limit , kips
26/khVehicle and axle 18/32 20/35 22/38 2UAl

2-S1-2
Steering 8.7 8.9 9.1 9.3 9.5
Drive single 18.0 20.0 22.0 2U.0 26.0
Semi-single 18.0 20.0 22.0 2l|.0 26.0
Trailer single 18.0 20.0 22.0 2U.0 26.0
Trailer single
Total

18.0 20.0 22.0 2U.0 26.0
80.7 88.9 97.1 105.3 113.5

2-S2-2
Steering 9.3 9.7 10.1 10.5 10.9
Drive single 18,0 20.0 22.0 21*. 26.0
Semi-tandem 32.0 35.0 38.0 U1.0 Uh.O
Trailer single 18.0 20.0 22.0 2U.0 26.0
Trailer single
Total

18.0 20,0 22.0 2U.0 26.0
95-3 101i.7 llli.l 123.5 132.9

2-S2-3
Steering 9-3 9.7 10.1 10.5 10.9
Drive single 18.0 20.0 22.0 2U.0 26.0
Semi-tandem 32.0 35.0 38.0 U1.0 Wi.o
Trailer single 18.0 20.0 22.0 2U.0 26.0
Trailer tandem
Total

32.0 35.0 38.0 m.o UU.o
109.

3
119.7 130.1 1U0.5 150.9

3-S2-l|

Steering 10.0 10.3 10.6 10.9 11.2
Drive tandem 32.0 35.0 38.0 lil.O U4.o
Semi- tandem 32.0 35.0 38.0 ill.O bk.o
Trailer tandem 32.0 35.0 38.0 Ui.o Uh.0
Trailer tandem
Total

32.0 35.0 38.0 lil.O hli.o

138.0 150.3 162.6 17U.9 187.2

3-h
Steering 9.8 10.2 10.6 11.0 11 .4

Drive tandem 32.0 35-0 38.0 *H.O 44.

Trailer tandem 32.0 35.0 33.0 4-1.0 44.0

Trailer ' tandem
Total

32.0 35-0 38.0 4l.O 44.0

105.8 115 .2 124.6 13^.0
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Table 10-23A is a direct reproduction of the computer printout

for the primary rural system.

C. Calculation of the Equivalent
Uniform Annual Highway Co3t

Table 10-28H (page 10-74) gives the National averages

for highway construction costs and annual highway maintenance

costs in the six highway systems as calculated by the procedure

described in the preceding sections for Method 1-M. The total

construction cost for paving, bridges, and earthwork was reduced

to an annual capital cost by multiplying it by the capital

recovery factor 'of 0.087185. assuming a 6-percent annual interest

rate and an analysis period of 20 years. This factor reduces

the construction costs to an equal annual cost equivalent to

an annual depreciation charge plus an interest charge on the

undepreciated cost.

D. Calculation of the Equivalent Uniform
Annual Motor Vehicle Operating Cost

The annual motor vehicle operating costs at the five

axle-weight levels are also given in table 10-28N. Operating

costs are given only for those vehicles (the 2D and upward) which

would make some use of the increased axle-weight limits under

a change of the law. While passenger buses would make some use

of the increase, such use is not considered. The total costs

have two components: (l) the operating cost for the first year of

the 20-year analysis period (19^5) and continued for 20 years, plus
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TABl£/'0»/?.3-fea«patct' printout oj je,T«6ent design arf pfcTfssujt eociBtruetloa eo#t te
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(2) the equivalent uniform annual cost for the increased ADT

over the 20-year period. The increase in ADT was calculated as

a uniform (gradient) increase for each of the 20 years. This

gradient expressed in dollars per year was reduced to an equiva-

lent uniform annual amount by multiplying the yearly uniform

increase in operating cost by the gradient factor of 8.605 for

a 6-percent interest rate and a period of 20 years. This

procedure discounts the future increasing motor vehicle operating

costs to an equivalent uniform annual cost.

The calculation of the motor vehicle operating cost in

table 10-28N was based upon the same transition period (1, 2. 3 ;

or 5 years beginning January 1, 19^5) as was used in the

calculation of the equivalent 18-kip axle applications. The

equivalent decremental change in motor vehicle operating cost

was obtained by successive subtraction of the operating costs at

each axle-weight level.

E. The Benefit-Cost Ratios

The last line of table 10-28N gives the final ratios of

the equivalent uniform annual incremental motor vehicle benefits

to the equivalent uniform annual incremental highway costs.

These benefit-cost ratios are shown for each level of upward

change in maximum axle-weight limits, beginning with the incre-

ment between the 18/32-kip and 20/35-kip axle-weight levels.
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10. CONSIDERATIONS RELATIVE TO THE AASHO
INTERIM PAVEMENT DESIGN FORMULAS

In the studies of the economy of the maximum axle-

weight limits using Methods 1, 2, and 3> the pavement designs

were made by applying without modification the AASHO Interim

Guides and the design depths as calculated. The following

arrays give the rigid pavement designs for Method 1 for each

highway system, arranged from high to low by slab depth for

the ten census divisions

.

These depths, with the possible exception of the top

few for Interstate systems 1 and 2, are materially less than

are being constructed by the States. It was concluded that

the AASHO design formula for rigid pavements is not in

agreement with practice at low traffic volumes, actually

low numbers of E l8-kip axle applications. The explanation

offered is that the AASHO Road Test did not cover sufficient

calendar time to permit time, weathering, and other environ-

mental factors to contribute their combined effects. There-

fore, it is to be expected that good design practice under

certain conditions would call for increasing the slab depth

from that indicated by the AASHO design formula. Further,

the applications herein of the AASHO design formula may have

extrapolated the formula below its reliable range.

The question is raised, logically, as to whether the

final benefit-cost ratios arrived at in Method 1 would be
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METHOD 1--H3GID PAVEMENT
Depths of pavement slab, laches

System 1 System 2 System 3 System 4 System 5 System 6

9.25 9.51 7.10 8.37 5.17 6.57
9.24 9.49 7.06 7.57 5.17 6.11
9.15 9.37 6.97 7.38 5.17 6.05
9.04 9.11 6.95 7.26 5.04 5.76
8.96 9.02 6.94 7.16 5.01 5.56

8.16 8.48 6.69 7.16 5.01 5.50
7.81 8.44 6.49 7.13 4.95 5.48
7.81 8.19 6.30 6.69 4.88 5.43
7.58 7.83 5.99 6.58 4.76 5.29
7.21 7.76 5.51 6.49 4.56 4.75

materially greater or smaller If some minimum rigid pavement

depth were imposed so that the analysis of economy of axle-

weight limits was made to start at the pavement design nov

generally accepted as adequate under existing axle-weight

maximum limits. To answer this question, Method 1 was

repeated as Method 1-M, in which minimum limits of pavement

depths for both rigid and flexible pavements were used.

11. METHOD 1-M—ECONOMY OF AXLE-WEIGHT LIMIT
WHEN USING A MINIMUM DEPTH OF PAVEMENT

By reference to summaries and spot information on

pavement design, State by State, found in the Structures and

Applied Mechanics Research Division, table 10-26 was prepared,

giving the general nominal thickness of rigid pavement slab

and of the flexible bituminous surfacing most frequently
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Table 10-26. —Minimum pavement depth most frequently used "by the States
in each census division for each of six highway systems

Census

1, ISR 2. ISU

Highway system

5- SRdivision 3- PR 4. PU 6. su

4-laiie 4-lane 4-ln 2-In 4-ln 2-In 2-lane 2 -lane

Inches of design depth for rigid slab

1. KE 9.0 9.0 9.0 — 9-0 — 8.0 8.0

2. MA. 9.0 9-0 9.0 — 9-0 — 8.0 8.0

3. SAN 9.0 9.0 9.0 — 9.0 — 8.0 8.0

4. SAS 9.0 9.0 9.0 — 9.0 — 8.0 8.0

5. ENC 10.0 10.0 10.0 — 10.0 8.0 8.0

6. WNC 9.0 9-0 — 9-0 — 9.0 8.0 8.0

7. ESC 10.0 10.0 — 10.0 — 10.0 8.0 8.0

8. WSC 9.0 9.0 — 9.0 — 9.0 8.0 8.0

9. M 8.0 8.0 — 8.0 — 8.0 8.0 8.0

10. P 9.0 9-0 9.0 — 9.0 — 8.0 8.0

Inches of design depth for flexible surface course

1. HE 3.50 3.75 3.25 — 3.25 — 3.00 3.00

2. MA 3.50 3.75 3.25 — 3.25 — 3.00 3.00

3- SAN 3.75 4.00 3.25 — 3.25 — 3.00 3.00

4. SAS 3.50 3.50 3.50 -- 3.50 — 3-00 3.00

5. ENC 3.50 4.00 3.25 — 3.25 — 3.00 3.00

6. WNC 3.50 3.75 — 3.25 -- 3.25 3.00 3.00

7. ESC 3.50 4.00 — 3.25 — 3.25 3.00 3.00

8. WSC 3.50 4.00 — 3.25 — 3.25 3.00 3.00

9. K 3.00 3.00 — 2.75 -- 2.75 2.50 2.50

10. P 3.00 3.50 2.75 — 2.75 — 2.50 2 50
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specified by the States in each of the ten census divisions

for each of the six highway systems . The number of lanes

indicated corresponds to those used in this research on

the desirable dimensions and weights of motor vehicles.

Because Method 1-M was designed to be a direct

comparison with Method 1, in which a minimum depth was not

used (except for the 2 inches for flexible pavement),

recourse was had to the relationship in Method 1 of E l8-kip

axles to design pavement depth. Because the pavement depth

depends upon the number of E l8-kip axle applications and

upon soil conditions rather than upon axle-weight limits, it

was possible to plot a series of curves similar to figures

10-5 and 10-6 from which to read the number of daily E 18-kip

axle applications required to produce the predetermined

minimum surface depth in inches of design pavement.

From the series of curves of which figures 10-5 and

10-6 are examples, the depth E-18 relationship was read for

all minimum depths, as shown in table 10-27.

The basic difference between Methods 1 and 1-M is

simply that of the starting base condition. For Method 1

the base conditions is the daily E l8-kip axle applications

from the truck weight data for 1962 and the projected traffic

to 1990 for the legal axle weights in 1962. For Method 1-M

the base condition is the daily E l8-kip axle applications

corresponding to the minimum design depth. Therefore, for
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higher axle-weight limits than prevailed at the base

condition in 19^2, the increase in E 18-kip axle applications

would he the same for "both Methods 1 and 1-M. Consequently,

the design E 18-kip axle applications for the axle-weight

limits above the base limits were found for Method 1-M by

adding to the base E l8's the same increases calculated for

Method 1. The one difference in the resulting designs is

simply the starting level—either pavement depth or its

corresponding E 18-kip axle applications.

Table 10-27 gives the final E 18-kip daily axle

application used as computer input for the base condition for

the minimum pavement depths for both rigid and flexible pave-

ments . The computer printed out the pavement designs and the

pavement costs for Method 1-M in the same form as those

obtained for Method 1. These results are shown on a national

basis in table 10-28N. Since Method 1-M assumed the same

truck fleet and loads as for Method 1, the truck operating

costs were identical for the two methods

.

The final highway costs were calculated using exactly

the same procedure as followed for Method 1. The pavement

costs were higher where the base pavement depth was greater,

because of the higher minimum depth, but the increase in

depth with increase in axle-weight limits was at a slower

rate.
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12. METHOD 2—EXTRAPOLATION BY PRACTICAL
GROSS WEIGHT RELATIONSHIPS

By Method 1 for the analysis of the economy of maximum

axle-weight limits, the axle-weight distribution for each

vehicle class as found in the 1962 truck weight study was

transferred from those States having highest limits to those

States having lower limits . These axle-weight distributions

were extrapolated to get distributions for the axle-weight

levels of 22/1*1 and 26/44 kips. Method 2 uses a more direct

approach, but it is also based on the 1962 truck weight study.

A. Payload Weight vs. Practical Maximum
Gross Vehicle Weight

For each of 46 States and each class of vehicle, the

average payload in pounds carried by all vehicles weighed in

1962 (including the empty vehicles) was plotted against the

practical maximum gross weight limit as calculated from the

legal maximum axle weight, making proper allowance for the

steering axle. See table 10-19 (page 10-59) for these

practical maximum gross vehicle weights

.

Figure 10-9 gives the final set of these curves for

each vehicle class . The curves are extrapolated to cover

the practical maximum gross vehicle weight for axle-weight

limits up to 26/44 kips. By the application of these payload-

gross -weight curves, the number of vehicles necessary to

carry the same total tons of payload as carried in 1962, by

class of vehicle, was readily computed.
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B. E 18-Kip Axles vs. Practical
Maximum Gross Vehicle Weight

The foregoing procedure resulted in the estimate of the

number of vehicles (or trips) required to haul the same total

tons of payload at the five levels of axle-weight limits. The

next step was to estimate the number of E l8-kip axles resulting

from the number of vehicles of each class at each axle-weight

level

.

Again, the State-by-State variation in the maximum

practical gross vehicle weight limit was used as the control.

The E l8-kip axles were calculated for each vehicle class in

each State from the axle-weight distribution found in the

1962 truck weight study. These E l8-kip axles per vehicle

were plotted for each vehicle class and each State. Final

curves are given in figures 10-12 and 10-13 for rigid and

flexible pavements.

The average payload weight per vehicle for each vehicle

class for 1990 was increased 29 percent over that shown in

figure 10-7 for 1962, but the practical maximum gross weight

was held the same in 1990 as in 1962.

The E l8-kip axles per vehicle were likewise increased

in 1990 over 1962 to correspond to the payload increase,

because such an increase in payload would increase the

average gross weight per vehicle and the weight distribution

of the load-carrying axles . The increase was estimated by

distributing the increased payload weight proportionally
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equally to the load-carrying axles. The appropriate E l8-kip

equivalence factor vas then applied

.

The 1990 practical maximum gross vehicle weight was

held, to the number of pounds used for 1962 for the respective
«

maximum axle-weight limits. Since the practical maximum

gross vehicle weight is a function of maximum legal axle

weight, it is unaffected by transport practice. It is assumed,

however, that any specific maximum legal gross weight would be

equal to the sum of the axle-weight limits.

C. Results of Method 2

Method 2 was developed with and without the transition

period, but the tables of results here given are for only the

analysis with the transition period.

The results of Method 2 are not presented in detail

because the results of Method 1-M are superior for the purposes

of this study. The Method 2 results are close enough to those

of Method 1 and 1-M to prove the reliability of these other

methods—the basic objective of Method 2. In table 10-37 (pages

10-98 to lO-lO^O some results of Method 2 are given.

<\

13. METHOD 3—REPEAT OF METHOD 2, BUT
OMITTING THE 29-PERCENT INCREASE IN
PAYLOAD PER VEHICLE 1962 TO 1990

Both Methods 1 and 2 for determining the economy of

axle-weight maximum limits included the effects of a 29-percent

increase in average payload per vehicle from 1962 to 1990.
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Including this increase in payload has the effect of reducing the

gain in payload per trip that could be attributed to any increase

in maximum axle-weight limits. To determine the effects of this

payload increase, Method 2 was repeated as Method 3, but without*

the payload increase.

Ik, COMPARISON OF THE ECONOMY OF AXLE-WEIGHT
LIMITS AS DETERMINED BY ANALYSIS METHODS

1, 1-M, 2, AND 3

At this point in the discussion it will be helpful to

summarize briefly the evolution or sequence of the methods for

determining the economy of maximum axle-weight limits and the

distinguishing features of these methods. The major difference in

approach is between Methods 1 and 2, or between (l) transferring

the axle-weight distributions of States with the highest limits to

the States having lower limits and (2) plotting the maximum

practical gross vehicle weight for each vehicle class against

equivalent 18,000-pound axles.

Methods 1, 2, and 3 were all done both with and without the

5-year transition period from 19^5 * 19&9- An evaluation of the

results produced by all these methods indicated that the final

benefit-cost ratios were lower when the transition period was

included. This effect plus the fact that including such a period

in the calculation is wholly logical led to the conclusion that

the results with the transition period were superior to those

without. Therefore, all the detailed results without the

transition period are omitted from this report.
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Comparing the results of Methods 1 and 2 revealed

Method 1 as the preferred one. When it became clear that

applying the AASHO design formulas in the three basic methods

resulted in pavement depths less than the States are currently

constructing, Method 1 was repeated as Method 1-M. Table

10-35 presents the design depths for rigid pavement and the

benefit-cost ratios developed from Methods 1 and 1-M for the

ten census divisions and the six highway systems

.

A. Brief Summary of Table 10-35

The variations in incremental benefit-cost ratios from

about 1.0 to about 60.0 shown in table 10-35 result from

(l) the method of analysis, (2) the increment of increase

in axle-weight limit, (3) the census division (variable in

ADT, traffic composition, unit prices of construction

cost, and soil character), and (k) highway system (variable

in ADT and traffic composition).

The higher the axle-weight limit, the lower is the

incremental benefit-cost ratio, but with the exception of

eight entries in the secondary systems, all benefit-cost

ratios for the increment of axle -weight limit from 24/^1 to

26/kk are above 2.0. The low truck ADT on the secondary

systems contributes to low benefit-cost ratios

.

In table 10-35, for the New England and Middle Atlantic-

census divisions, all entries for the 18/32- and 20/35-kip

axle-weight limits are for comparative purposes only,
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because these two census divisions now have axle-weight

limits approximately equal to 22/38 kips. The same is

true for the 20/35-kip limits for the South Atlantic North

and South Atlantic South divisions, which now have axle-

weight limits approximating 20/35 kips.

B. Results of Method 1-M Analysis

Where the minimum depth of pavement used in Method 1-M

is equal to or less than that for Method 1 at the base

condition, the pavement depth and the benefit-cost ratios

are identical for the two methods . Where the minimum depth

of pavement surface used in Method 1-M is greater than the

depth at the base condition in Method 1, the pavement depths

for Method 1-M and the resulting benefit-cost ratios are

always greater than for Method 1.

This analysis (Method 1-M) again brings out the following

significant facts: (l) As the daily E l8-kip axle

applications increase, the pavement design depth increases at

a decreasing rate, and (2) as the design pavement

depth increases, the cost of the pavement per cubic yard

decreases, but the total pavement cost per mile increases at

a decreasing rate. From these facts, logical reasoning leads

to the conclusion that, as axle-weight limits are increased,

the use of a minimum pavement depth above that resulting

from the Method 1 design would lead to greater economy

(benefit-cost ratio) than would result from Method 1.

Table 10-35 proves the correctness of this reasoning.
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The benefit-cost ratios of Method 1-M vary from

equality with those of Method 1 to as much as six times as

great. For a given highway system now using the minimum

pavement depth in Method 1-M, the economy of higher axle-

weight limits as given in table 10-35 would be more nearly

that of Method 1-M than of Method 1.

This analysis should allay all fears that, because

Method 1 procedures result in pavement design of much less

depth than is commonly used by some highway departments, the

analysis unjustly favors higher axle-weight limits. The

exact opposite is true.

C. The Transition Period

Should the laws of all States, or of any State, be

changed to legally permit axle weights higher than are now

permitted, the trucking industry would not make full use of

the higher limits the first day or even the first year they

were legally effective. Of course, the amount of increase in

the limits would be a factor determining the rate of

utilization of the higher limits. The change from 18/32

kips to 20/3*4- kips could be rather fully utilized within a

year, but the change from 18/32 to 26/kk kips would require

some years to be fully effective. The change in axle-weight

limits would affect vehicle design, customer orders,

commodity selection, terminal facilities, and practically
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every aspect of the trucking industry. In the analyses of

the economy of axle-weight limits the transition period was

included as described under Method 1.

The use of the transition period has the effect of

postponing the utilization of the increasing axle-weight

limits, and therefore, for the 20-year analysis period used,

the design pavement depth should be slightly less with the

transition period than without. The E l8-kip axle applications

in the 20-year period would be fewer because of the time

delay in applying the axles of higher weight. The total

motor vehicle operating cost reduction would be less with

the transition period than without. Therefore, the overall

economy of the higher axle weights within the 20-year

analysis period is less with the transition period than

without it.

The effect of using the transition period for the

axle-weight limits of 20/35 to 2l*Al kips is minor,

amounting to practically zero for the increment of 18/32 to

20/35 kips, and increasing gradually to the axle limit of

Zk/kl. Between 2k/kl and 26/kk kips the effect of the

2-year differential is pronounced. For rigid pavement and

the upper two weight-limit intervals, the following table

gives the benefit-cost ratios with the transition period

expressed as a percentage of the benefit-cost ratio without

the transition period:
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Axle-weight-limit interval

22/38 to

24/41 kips
24/41 to

26/44 kips

Minimum* Maximum* Minimum* Maximum*

1. Interstate rural 87-5 89.6 63.9 73.0

2. Interstate urban 8T.7 90.9 66.7 73.9

3. Primary rural 86.1 88.9 59.5 66.7

4. Primary urban 85.2 88.9 54.1 62.9

5- Secondary rural 86.6 90.2 61.3 66.7

6. Secondary urban 82.4 89.5 54.0 63.6

* Considering all ten census divisions

D. Effect of the 29-Percent Increase in

Payload Per Vehicle, 1962 to 1990

From table 10-37 the effect of the increase ia payload per

vehicle from 1962 to 1990 may be determined by comparing the rigid

pavement depths and benefit-cost ratios of Method 3 (without pay-

load increase) with those of Method 2 (with payload increase).

Two sets of benefit-cost ratios are shown below:

Method 2 Method 3,
with without

payload increase payload increase

System 1, New Eugland
at 26/44 axle-weight

limit

Rigid pavement depth, inches 8.52 8.47
Benefit-cost ratio 9.4 12.8

System 3, East North Central
at 26/44 axle-weight limit

Rigid pavement depth, inches 7.40 7.29
Benefit-cost ratio 8.0 13-0
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The effect of the transition period and of the increase in

payload per vehicle is illustrated by the following benefit-cost

ratios for highway systems 1 and 3, Interstate rural and primary

rural, in the East North Central census division:

Analysis method

Single/tandem axle-weight
limits, kips

18/32 20/35 22/38 24/41
to to to to

20/35 22/38 24/41 26/44

Method 1

Interstate rural
with transition
without transition

13.6

13.5

11-9
12.5

10.5

11.8

8.0
11.2

Primary rural
with transition
without transition

8.7
8.5

8.1

8.5
7.2
8.1

4.9

7-5

Methods 2 and 3 with transition

Interstate rural
with increase in payload
without increase in payload

Primary rural
with increase in payload
without increase in payload

57.*

17.1
24.2

32-5
46.?

14 .4

20.5

27 .2

39.6

12.4
18.7

32.0

8.0

13

E. Rigid and Flexible Pavement Comparisons

All methods of analysis produce benefit-cost ratios that

are generally higher for flexible than for rigid pavement. There

is some shifting by census division and by highway system. The

construction cost is generally higher for rigid than for flexible

pavement, and since the motor vehicle operating costs are assumed
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to be the same for both types of pavement, it logically follows

that the benefit-cost ratios would favor the flexible pavement.

Table 10-38 gives the summary of the ratios for the New England

and East North Central census divisions.

Because there is no pronounced difference in the final

benefit-cost ratios, most of the summary tables and discussions

pertain to rigid pavement. Rigid pavement is chosen because its

single slab design offers a better basis of comparison of design

depth than does flexible pavement with its three structural layers

F. Comparison of Methods 1 and 2 of
Determining the Economy of Axle-
Weight Limits

The two critical factors in the analysis of the economy

of axle-weight maximum limits are the forecasts of the vehicle

class distribution in the ADT and the axle-weight distribution

for each vehicle class that would use the highways under condi-

tions of higher legal axle-weight limits. To compare the results

of the analysis by Methods 1 and 2 is in order.

Such factors as legal gross weight limits, legal vehicle

length limits, legal restrictions on the number of cargo units

per vehicle combination vehicle, and enforcement of the appli-

cable laws lead to certain transport practices in each State.

Types of commodities, terrain, length of haul, and other

transport factors also influence the composition and weight of

the vehicles in the ADT. Thus, from one State to another,
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Table 10-38. — Comparison of the "benefit-cost ratios for rigid
and flexible pavements for Method 1 with transition,
New England and East North Central Census Divisions

Increment of increase in single/tandem axle weight limit-s , kips

Highway system
18/32 tc 20/35 20/35 tc> 22/38 22/38 tc » 24/41 24/41 tc 26/44

and pavement type

New
England

East
North
Central

New
England

East
North
Central

New
England

East
North
Central

New
England

East
North

Central

1. Interstate rural
Rigid
Flexible

13.6
14.1

13.6
11.8

12.1
12.4

11.9
10.7

10.7
10.8

10.5
9.7

7-7
7-7

8.0
7-6

2. Interstate urban
Rigid
Flexible

45.3
49.6

23.7
23.6

37-4
4o.o

20.9
20.8

29.9
31.3

17.9
17.8

18.3
18.8

12.9
12.8

3- Primary-rural
Rigid
Flexible

8.9
9-8

8.7
8.1

7.8
8.3

8.1
7-2

6.8

7.1
7.2
6.1

4.4

4.5
4.9
4.0

4. Primary-urban
Rigid
Flexible

30.2
29.9

22.4
21.0

26.0
26.0

17.7
16.7

21.9
21.9

13.1
12.2

13.4
13.4

6.4
6.0

5. Secondary-rural
Rigid
Flexible

15.6
17.8

5-4
6.4

12.5
14.0

4.8

5-0

10.3
11.4

3.8

3-7

6.7
7-1

2.2
2.0

6. Secondary-urban
Rigid
Flexible

10.2

10.6
2.5
2.6

8.2
8.4

2.2

2.2
6.4

6.6
1.9

1-9
3-7
3.8

1.3

1-3



10-10-

there are factors other than the axle-weight limits that control

the number of vehicles, the relative numbers of vehicles in each

vehicle class, and the loading practice.

Method 1 does not take these factors into consideration.

There is no known direct and positive way to do so. However,

since there is ample evidence in the truck weight studies and in

transport practice that motor freight carriers will utilize

higher axle-weight limits whenever they are authorized, there is

some basis for assuming that some of the traffic at lower axle-

weight limits will move to higher axle weights when they become

legal

.

Both methods 1 and 2 retain the effects of loading beyond

legal limits. Analysis of the 1962 truck weight study indicates

that, generally, overloaded axles will prevail regardless of the

maximum limits of legal axle weights.

Neither method considers the real possibility that if

higher axle weights should be legally authorized, there is

apt to be an increase in highway transport use. To a degree this

factor is considered in the forecast to 1990 of a 29-percent

increase in payload per vehicle and is reflected in some increase

in the percentage of the total (all modes) of intercity freight

movement to be handled by highway transport. It is not, however,

of special importance in the present analysis. If increased

axle-weight limits resulted in increased use of the highways,
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it would only increase the benefits above those computed without

considering such an increase.

There is a current shift in the use of vehicles from the

2-S1 to the 2-S2 and from the 2-S2 to the 3-S2. Neither Method 1

nor 2 accounts for this change but assumes that the same vehicle

class will carry the same total tons of payload as before. This

assumption is a weakness in the methods, but is on the conserva-

tive side. A shift to heavier vehicles results in transport

economy, even at the same axle-weight limits. Therefore, the

economy as calculated by Methods 1 and 2 is less than is likely

to be experienced.

Method 2 results in the same average payload weight and

the same E 18-kip axles per vehicle for a given vehicle class

for all census divisions. This result is distinctly different

from Method 1, where the step up to the next axle-weight level

was accomplished by adjusting the 1962 axle-weight distribution

separately for each census division. But Method 2 uses a

National ratio of average payload weight and £ 18-kip axles to

practical maximum gross vehicle weight, based on the values by

States

.

The 1962 truck weight study is not a perfect sample of

transport highway use. However, from year to year this study

has been consistent in its trends of transport practice. By

using the data by census division rather than by States, many of

the deficiencies of the sample are averaged out.
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Neither Method 1 nor 2 considers the effects that

vehicle limits in one State have on highway usage in other

States. It is known that, Nationwide, vehicle weights and

frequencies are held down in a liberal State by less liberal

limits in nearby States.

From table 10-37 nay he gained the correct impression

that the benefit-cost ratio tends to increase as the traffic

volume increases, but there are many exceptions when the com-

parisons are made between census divisions and highway systems.

If, for example, the economy of increasing from 18/32-

kip to 20/35-kip limits were calculated for one census division

and one highway system for a range of ADT, the results would be

a consistent increase in economy with increases in ACT. The

difference between this proposed calculation and the results in

table 10-37 is that in table 10-37 the highway unit costs,

highway total costs, the traffic mix, and highway designs (2 and

k lanes) differ from system to system and from census division

to census division. For instance, the cost of structures is not

related to traffic volume, and this cost varies widely among

highway systems and census divisions. The cost of paving is

related to the ADT, because within the 20-year design period

higher ADT's would apply a greater number of E l8-kip axles to

to the pavement and thus require a thicker pavement. But this

increase is not directly proportional to ADT and, further, it

is obtained at a decreasing rate of increasing cost. The result
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is that it is correct logically to expect an increase in the

economy of total costs of highway transport with increased ADT.

If all six highway systems and all ten census divisions

are considered, the range in benefit-cost ratios in table 10-35

for analysis Method 1 is from 59.4 (System 4, ESC, 18/32 to

20/35 kips) to 0.9 (System 6, ESC, 24/41 to 26/44 kips).

This ratio of 0.9 is the only one of the results using Method 1

that is less than 1.1. In fact, if Methods 1, 2, and 3 are all

taken into account, only seven incremental B-C ratios (all at

24/41 to 26/44 kips) are less than 1.0 in a total of 720 ratios.

In general, the incremental ratios are well above 2.0, indicating

acceptable economy of highway transport for axle-weight limits

up to a maximum of at least 26/44 kips.

From table 10-37 it will be observed that, for systems 1

and 3—the Interstate and primary rural systems—the B-C ratios

are substantially less for Method 1 than for Method 2, but they

are generally greater in the case of the two urban systems. For

both secondary systems, the B-C ratios for Method 1 are, for

the most part, slightly more than for Method 2.

In the Method 1 analysis, the axle-weight distributions

from the 1962 truck weight study were calculated separately for

each highway system and census division, except for some census

divisions in systems 5 and 6. In the Method 2 calculations,

curves for the relationships that the E 18-kip axles and average

payload per vehicle bear to the practical maximum gross vehicle
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weight were the same for all six highway systems and for all ten

census divisions. One result of the Method 2 procedure was that

the slope of the curve of increasing E 18-kip axles against the

five levels of axle-weight limits was less than the slope for

Method 1 in those instances where the B-C ratio for Method 1

was greater than for Method 2. In other words , the less the

E 18-kip axle applications increase with increases in axle-

weight limits, the higher the B-C ratio.

15. COUNTERINTERACTING EFFECTS ON PAVEMENT
CONSTRUCTION COST OF INCREASING THE
NUMBER OF E 18-KIP AXLE APPLICATIONS

As would be expected , the results of pavement designs for

each series of increases in maximum axle-weight limits produce

increases in pavement depth and consequent increases in the cost

of pavement construction. The increases in pavement construction

cost with each imcrement of maximum axle-weight limit from 18/32

to 26/44 kips is a decreasing rate of increase rather than an

increasing rate, as might be expected since the E 18-kip axle

equivalents increase exponentially with increasing axle weight.

Figure 10-14 is a set of curves to illustrate two principal

factors and their interaction. First, the top set of curves

shows that the design depth of rigid pavement increases more

rapidly at low than at high daily E 18-kip axle applications.

Second, the middle curve shows in dollars per cubic yard the

decreasing cost of the pavement as the depth increases. When
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these two factors—one a dampening increase in design depth and

the other a dampening decrease in pavement cost per cubic yard

—

are combined, the result is a slightly decreasing rate of increase

in pavement cost as the maximum axle-weight limits are increased

from single/tandem limits of 18/32 kips to 26/kh kips.



CHAPTER 11

ECONOMY OF VEHICLE LENGTH - METHOD 4

In general, the greater the weight of payload per vehicle

the less it costs in cents per ton-mile to transport cargo.

Additional pounds of cargo per vehicle trip may be obtained in

one of two ways: (l) by increasing the maximum limit of axle

weight and increasing the gross vehicle weight limit accordingly

or (2) by increasing the number of axles on the vehicle so that

higher gross weight may be obtained without increasing the legal

limit of axle weight. More axles per vehicle may be obtained by

operating longer vehicles and combinations—more particularly by

using two and three cargo units per vehicle combination. Thus,

it is desirable to determine the economy of vehicle length in

addition to determining the economy of axle-weight limit.

1. VEHICLE LENGTH AND ITS SIGNIFICANCE

Were it not for curvature on highways, street corners in

urban areas, and ramps at interchanges, extremely long vehicles

would be practical from the standpoint of highway design. On the

other hand, the vehicle of a practical length for operation on

the highway is restricted in its maneuverability at loading docks

and at termini. Highways, both urban and rural, can accommodate

vehicle combinations up to a limit of 65 or 70 feet without undue

11-1
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interference to other vehicles in the traffic stream and without

too much offtracking on horizontal curves and ramps.

To obtain the 65- or 70-foot length "by using a tractor-

semitrailer with full trailer achieves the maximum maneuver-

ability with a minimum of offtracking. The trailers in such a

combination would be 27 to 30 feet in length. The combination

with two or three cargo bodies provides another advantage to the

transport industry in allowing the line-haul—or intercity haul

—

to be made with a longer combination vehicle. The trailers can be

used separately in urban areas, and they may be simultaneously

loaded and unloaded at the freight dock.

The advantage to the transport industry of two or three

cargo bodies per combination is significant. But there is greater

advantage with the 27-foot trailer than with the 40-foot trailer.

The additional cube space of the 1*0-foot trailer is of no advan-

tage to the trucker when cargo is being hauled that weighs more

than about 20 pounds per cubic foot loaded and when the axle-

weight limits are 18,000 and 32,000 pounds for single and tandem

axles, respectively. Thus the haulers of light-density products

are interested in more cargo space. The haulers of heavier-

density cargo could get along satisfactorily using body lengths

of less than kO feet.

Vehicle length should not be considered separately from

gross weight limits. The significance of the use of higher gross

weights with the double-cargo combination is indicated by the fact
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that in 1963 about 15 States raised their gross weight limits to

approximately 73,000 pounds, and in 1965 and 1966 eleven States

increased their legal limits on length of combinations to 65 feet.

2. LIMITATIONS OF THE TRUCK WEIGHT STUDIES

The truck weight studies in a particular State are

influenced not only by the law of that State but also by the laws

of the surrounding States. A State permitting longer vehicles

than do the surrounding States will not have the maximum use of

the longer combination vehicle, because the interstate heavy truck

traffic is governed by the minimum legal limits of either weight

or dimension existing in the States where a vehicle on a specific

trip is to travel.

It is to be remembered when examining the results of

analysis of the economy of vehicle length that these results are

prepared on the basis that there is no legal limit on gross

vehicle weight. This is an important assumption, and its impor-

tance might be illustrated by considering the States in the West.

Several western States permit a gross weight of 76,000

pounds. They also permit 65-foot double-cargo combinations. On

the other hand, the double-cargo combination is not used as exten-

sively in the West as it would be if the gross vehicle weight

limit were higher than 76,000 pounds. The reason for this is

that with the 3-S2 tractor-semitrailer and an 18,000/32,000-

pound axle-weight limit, the vehicle loaded to axle-weight capacity
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will weigh about 73,000 pounds gross. Therefore, the

double-cargo combination is not of much advantage, particularly

in hauling high-density products, because it could add only 3,000

pounds gross above the maximum for the 3-S2. The extra tare

weight on the double-cargo combination would take up more than

the 3, 000-pound gross weight advantage gained. Therefore, in the

western States, no payload advantage could come about by use of

the double-cargo combination except when additional cubage is

desired and when terminal functions are favorable.

3. PROCEDURE USED IN METHOD 4--

ECONOMY OF VEHICLE LENGTH

The analysis of economy of the maximum length of vehicles

and combinations may be made by setting up different fleets (mixes

of various class of vehicles), each fleet being restricted by

different maximum length of single-unit trucks, trailers, and

trailer combinations. Each different fleet is assigned to haul

the same total tons of payload for a unit of distance, say one

mile. This approach was used in Method k.

A. Selection of Length Limits

Five fleets were considered according to the length

limits of individual vehicles and of vehicle combinations given

in table 11-1. The selection of the length limits of the various

vehicles was somewhat arbitrary. The lengths, however, are based

upon what is practical, what the logical next steps in vehicular
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design would be from the standpoint of transport practice, and

what the present law is.

B. Assignment of Bayload Total
Weight to Vehicle Classes

The assignment of pounds of payload to each vehicle class

was done on the basis of the 1962 and 1963 truck weight studies

—

the data used in Method 1 on analysis of the economy of axle

weights—and by judgment, applied to the State laws which affected

the observed data in the truck weight studies. The average pay-

load per vehicle for all trips (including empty cargo bodies),

tare weights, and average gross vehicle weights are given in

table 11-2 for the East North Central Census Division and the

primary rural highway system.

Vehicle and vehicle-combination empty weights used are

those in tables 14-1, 14-2, and lk-3.

C. Assignment of Average Bayload Per
Vehicle Within a Fleet and Determining
the ADT of Each Vehicle Class

The average pounds of payload per vehicle, including empty

vehicles, was established for each vehicle class by reference to

the 1962 and 1963 truck weight data for each census division and

highway system. See table 11-2 for these weights.

The number of vehicles in each vehicle class in the daily

traffic stream and the average pounds of payload per vehicle were

each determined in two steps. First, the vehicle classes were
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arrayed "by increasing practical maximum gross vehicle weight.

For each census division and each highway system, the percentage

of each vehicle class in the truck ADT from 1962 truck weight

study for combinations from the 2-S1 upward was plotted as a

cumulative curve against the vehicle class shown in figure 11-1

for the primary rural highway system (System 3).

Because of the different legal limits in the ten census

divisions, this plotting results in the family of curves in

figure 11-1. The lowest solid curve represents the Pacific

census division where the limit for combinations is 65 feet.

The heavy dashed curve below the Pacific curve represents an

estimate of the percentage distribution to be expected in all

census divisions if all adopted the 65-foot maximum limit for

two-cargo combinations.

The next step was to accumulate the pounds of payload per

vehicle for each class from the 2-S1 upward and then to convert

the pounds to the percentage of the total pounds carried by the

total ADT.

Figure 11-2 is the result of this calculation. By using

figures 11-1 and 11-2 in combination, first the percentage of the

total ADT represented by a given class of vehicle is read from

figure 11-1, and then the percentage of the total payload trans-

ported by this class of vehicle is read from figure 11-2.

The total pounds of payload to be transported by the ADT

for each highway system and each census division is the same for
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Method k as for Method 1. This total poundage multiplied by the

percentage to he carried by a specific class of vehicle gives the

total pounds to be transported by that class of vehicle. This

figure divided by the average pounds per vehicle gives the number

of vehicles of that class to be found in the total ADT.

Because the 2D and 3A single-unit trucks were considered

to be unaffected by the changes in length of vehicle combinations,

the same payload per vehicle and the same percentage of the total

payload hauled by the ACT was assigned to these trucks. However,

for steps 3 and k, in which a 40-foot maximum length of single-

unit truck is included, additional payload per vehicle was assigned

to the 2D and 3A trucks over that assigned for the 35-foot maximum

length

.

D. Determining Number of E 18-kip
Axle Applications

The E 18-kip axles for each class of vehicle for both

rigid and flexible pavements were determined by reference to the

results of Method 1. The average gross weight per vehicle by

class for each highway system and census division was obtained by

adding together the average tare weight and the average payload

weight. Because of the different axle-weight and gross weight

limits, there resulted ranges of average gross vehicle weights

and corresponding E 18-kip axles per vehicle. See figure 11-3

for a plot of the curves for three vehicle classes.
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k. RESULTS OF THE ANALYSIS
BY METHOD k

Three sets of tables are presented to show the results of

the analysis of vehicle length. Table 11-3 gives the number of

vehicles in the ALT, 1962 and 1990, for each step increase in

vehicle and combination length for system 3, census divisions 5

and 6. On a National basis , table 11-4N gives for each highway

system the highway cost and motor vehicle operating costs for

each step increase in vehicle and combination length for the

20-year period from 1965 through 198^ and the increments of change

between increases in length step.

The analysis of the data proceeded as in Methods 1 through

k with the expectation that the end point would be a benefit-cost

ratio. But as the calculations shown in table 11-4N were made, it

became evident that for many road systems in many census divisions,

the construction costs decreased instead of increased with

increased vehicle length. With a negative increment of invest-

ment outlay, the benefit-cost ratio would have no significance.

The economy of increments of vehicle length must then be made by

comparison of equivalent uniform annual costs. Table 11-4N shows

only the change in highway cost, the decrease in motor vehicle

operating costs, and the sum of these two changes.

Table 11-6 (National basis) gives the ratio of the costs

computed in Method k for steps 1, 2, 3, and h to the costs under

the 1962 Laws for the following factors at each of the four added

vehicle length limits:
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(1) Equivalent uniform annual highway cost (EUAHC) for

construction and maintenance.

(2) Equivalent uniform annual motor vehicle operating

cost (EUAMVOC).

(3) The total of (l) and (2) (EUATC).

(k) Total construction cost for pavement and shoulders,

"bridge structures, and earthwork and drainage.

(5) 1962 daily number of trucks.

5- DISCUSSION OF RESULTS OF
METHOD k

An examination of tables 11-3 and 11-6 shows that the

increase in the limits of vehicle length from the 1962 law

results in a significant reduction in the truck AOT. The percent-

age reduction varies with the highway system and census division.

An examination of table 11-6 discloses that the vehicle

length increases from the 1962 legal limits to the 35/50/55/65-

foot limits (Step l) result in decreases in highway construction

costs of from $1,055 per mile (secondary rural system) to $4,267

(interstate rural system). These decreases in construction cost

result from a decrease in the E l8-kip axle applications. The

use of longer vehicles and combinations having a greater number

of axles results in heavier gross vehicle weights per vehicle

combination but fewer vehicles in total (see table 11-3) to haul

the same tons of cargo. Also, for the double-cargo combinations,

there is a greater ratio of payload weight to tare weight than for
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two separate siagle-eargo vehicles having a combined cargo cubic

capacity equal to that of the double-cargo-body combination.

Perhaps the most significant comparison of transportation

costs can be made by comparing the costs under the 1962 law to

those under the ho/ 55/65/65-foot length limits (Step 3), which

approach the limits indicated by changes in State laws since 1962.

The changes are as follows for rigid pavement, all six highway

systems, and 10 census divisions:

Percentage change

a. Equivalent uniform annual
highway cost

b. Equivalent uniform annual
motor vehicle operating
cost

c. Combined EUAHC and EUAMVOC

d. Highway construction cost

e. 1962 daily number of trucks

Greatest
decrease

- 0.9

Greatest
increase (+)

or least
decrease (-)

+ 1.3

30.1 - 2.1

25-3 - 1.4

0.9 + 1.3

•39-2 - 6.8

On a straight dollar basis, the reductions from the 1962

base condition to Step 1 length limits in the national average

(table 11-6) show a range of reduction of $95 (secondary rural)

to $392 per mile (interstate rural) in the equivalent annual

uniform highway costs and a range of change in truck operating
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cost per mile of highway from an increase of $63 on the

secondary rural system to a decrease of $33,249 per year per mile

on the Interstate urban system.

Overall highway transportation economy would be increased

materially by Nationwide use of the three-unit combination

—

tractor, semitrailer, and full trailer—with a maximum length of

65 feet. These increased length limits would result in a Ik to

27 percent reduction in the truck ADT from the 2D upward.





CHAPTER 12

ECONOMY OF SIMULTANEOUS INCREASES IN THE
LIMITS OF AXLE WEIGHT AND OF VEHICLE LENGTH

The spread in the range of State maximum limits for both

axle weight and vehicle length gives reason to consider the

economy of simultaneous increases in axle-weight and length

limits. Chapters 10 and 11 develop separately the transporta-

tion economy for axle weight and for vehicle length limits,

respectively. It remains, then, to combine Methods 1-M (axle-

weight economy) and k (vehicle length economy) into one analysis,

identified as Method 6.

1. PLAN OF METHOD 6

The bases for comparison are the results of Method 1-M

for axle-weight limits and a modification of Method k, identified

as Method 4-M, for the length limits prevailing in 1962. Thus,

the economy of the combination of methods was tested for each of

ten census divisions and six highway systems in a matrix of 25

cells—five axle-weight limits and five vehicle length limits,

each including the 1962 legal status.

Method h was modified in one factor to become Method k-M.

Method k was based on the empty weights, horsepower, and tractor

weights given in Chapter lb and on the E 18-kip axle applications

of Method 1 at the base condition. Method h-U is Method k with

12-1
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the base E 18-kip axle applications adjusted upward to produce

the minimum pavement depth used in Method 1-M. Therefore,

Methods 1-M and k-M are identical at Step and the base (1962

law) axle-weight limit.

How Methods 1-M and 1j-M were combined is explained in

detail in the section on procedure for Method 6, which follows:

The combination of methods, like the methods from which it is

derived, includes the 29-percent increase in payload per vehicle

from 1962 to 1990 and the transition period. The Method 6

analysis was made for rigid pavement only.

2. PROCEDURE USED IN METHOD 6

The plan followed for determining the transportation

economy of simultaneous increases in axle-weight limits and

vehicle length limits was a merging of the procedures for

Methods 1-M and 4-M. The work involved in Method 6, therefore,

was to compute the highway and vehicle costs for the interior

cells of the matrix formed by four axle-weight levels above the

minimum base of 18/32 kips and four length steps above the base

of the 1962 legal limits.

In order to reduce the volume of detailed calculations

and to hold assumptions to the minimum, a system of percentage

relationships was developed, based upon Methods 1-M and 4-M, by
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which the ADT and the E 18-kip axle applications for each

vehicle class could he extended to the right from the vertical

and downward from the horizontal base cells to the interior

cells. The matrix below indicates the cells where the cost data

are supplied from Methods 1-M and h-M and the blank cells to be

filled in with costs developed by Method 6.

Method 4-M
factor length

Method 1-M factors

limit—Step Single/tandem axle-weight limits , kips
No. 18/32 20/35 22/38 2V^1 26/kk

(1962 law)

Method 1-M
and

Method 4-M

Method
1-M

Method

1-M

Method

1-M

Method
1-M

1 Method U-M

2 Method 4-M

3 Method k-M

k Method 4-M

Note: The blank cells represent the combination of increases in axle
weight and vehicle length for which highway and motor-vehicle
cost data are to be supplied from Method 6.

3- RESULTS OF METHOD 6

To provide the basis for comparing the relative economy

between any pair of the 25 cells, the base results for seven

factors are summarized in table 12-1N for the six highway systems

in the Nation as a whole.
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Table 12-XtJ- r,vu!»imry of highway and truck operating cost, truck ACT, and pavement depth under a rnngo

of axle-weight limits and of vehicle length limits; rl.^ld pavement.

Note: Combination of Methods 1-M and k with transition period or.d with payload increase Eatrieo apply
to one ccaterllne-mlle of new construction. Tons of payloud varies, but is held constant for the

axle weight limit level and vehicle length steps within a highway system and census division.

National summary ••- System 1, Interstate rural

Coat item, number of trucks and Single/tandem axle weight iwximun li.T.itB^ kips

pavement depth
18/32 20/35 22/36 j zykl

|
26/M*

Step - 1962 legal wolgbt and leugth lijsits

Highway construction coot 1/

Equivalent uniform annual highway capital coat 2/

Equivalent uniform annual highway cost *l

Equivalent uniform annual truck operating cost ?/

Total equivalent uniform annual transportation coat

Daily number of trucks - I962/199O V
Pavement depth (inches)

6/3. /

J32A44- 228.713 J24.663 2/8 661\ 1/4/7/
JL&l £6,880 J7.U0 47.193 \ *8. 299

2J&J>MA

£2JL

43, 7U &LPJ3.

9.36

JL£L2J>Jl

±IA

44, 666 J&JJ2-.

JL73J8A
8U/JH32.

%6l l tM
Step 1 - Maximum length of vehicle and combinations - feet il 35/50/55/65

Highway construction coat i/

Equivalent uniform annual highway capital coat £/

Equivalent uniform annual highway coat 3/

Equivalent uniform annual truck operating coat 2/

Total equivalent uniform annual tranaportatlon cost

Daily number of trucka - 1962/1990 ii/

Pavement depth (inches)

JZLML
JQ 1.

S14
2ARJM
Sjjtj±'£125

Lid

ulmi
J3.311
J6.493

264,681.

AAUll
8I9/26M

UiL

6/4,67/ \ Ml. 274
43,677
46,86$
JAX2AX
160.130

mlmi
3JL

44, 166

AlLMsu
MJ*M

<s7Jia
i
r$7,292s

MzJm mj3£.
368.68f\ 24&JM
M/IS76
<U1

76C//72?
142

Step 2 - Maximum length of vehicle and combinations - feet il 35/5;/Oj/g5

Highway construction coet 1/

Equivalent uniform annual highway capital cost 2/.

Equivalent uniform annual highway coat 3/

Equivalent uniform annual truck operating coat 2/

Total equivalent uniform annual transportation cost

Dally number of trucks - I962/199O V
Pavement depth (inches)

JL121

6/0. [32±

&J%L

mj&k
24//J73.
267fca2£

1&L

6/3.111

43.444
4'6.6/9

/96, 74

3

143.311,

tnJjm
£12*

6/7/36
JlLM4.
d/Lftk
794,444
261.440
740/1880

1X1

622,773
\

628/20
A'4.296

,47,422

/ 93,3/>/

240.844
1/1 /J78$

4J/.763

48.626'

W *&1
JLU.9.J/.2&

674//L97
144 j

f.Co

,6/1, 118
^3,33$
j/s,m
MUiL
244191
746 Was
U4

6/4,783
43.660

6/8, 830

-46,164
43.163

624.497 621&7S

186.764
47, Z44-

4^,447
47,6/4

449/6

Step 3 - Maximum length of vehicle and combinations - feet 2/ J4O/55/65/65

Highway construction coat i/

Equivalent uniform annual highway capital coat 5/

Equivalent uniform annual highway coet 2/

Equivalent uniform annual truck operating cost 2/

Total equivalent uniform annual tranaportatlon coat

Dally number of trucka - 1962/1990 V
Pavement depth (inches)

243.621
7337/846

9 26

184, 723

24/817
uitim
3Jo.

mJii
JJ/.S&

96?

42J72
I&.364
24d.442-

666//682> 631/ /60

1

12L
Step I* - Maximum length of vehicle and combinations - feet 5/ 40/55/70/70

Highway construction coat ±/

Equivalent uniform annual highway capital coat §/

Equivalent uniform annual highway coet 3/

Equivalent uniform annual truck operating coat t/

Total equivalent uniform annual tranaportatlon cost

Dally number of trucka - 1962/1990 V
Pavement depth (inches)

6/2,476
33.461
A'6. 46^
/82.7/4

139. 326

723 f/m
916

6/4. 492j
43670
46,$3.<
MLA6A
21LMI
vi /mi

1.32-

6/1. 6£D
44.024
c572/6

JMJ11
236.4o4

W. //7I3
4.46

626', 334
&L42A
47. 14S
It* 61o

236 , 438

3LH-

62o . 7z 4
^4.79o
*4X2'S3

177, /d?

224,36/
646 ///.1A6/3 7/^48

180
1/ Includes cost of pavement and shoulders, bridge structures, and earthwork and drainage.

2/ Calculated at 6 percent intereet rate per annum and 20 yeara, 1965 through 199'+.

3y Includes annual coat of maintenance on surface and base, shoulders, and structures.

hj Number includea only trucks from class 2D upward through two trailer combinations; atep through 2-trailer,

5 axle and other steps through 2-trailer, 9 axle.

2/ First figure la maximum length in feet of a single unit truck/second, tractor semitrailer comblnatlon/thira,
tractive truck and full combination/fourth, tractor, semitrailer and full trailer combination.
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Noto:

IN- ;',<::.. ;\-.-y of >il,/,iiwoy (ind truck operating cost, truck ACT, nnd )<ivwnt depth urji<.r n r<>:.,;':

of oxic"wcl(iht liioitG and of Vehicle length limlto; rl./id povorcorit. , _ _

Combination of Mcthodo 1-M and h uith trnnnltion period and with payload lticrrnoo. Zutrlor. n^yly

to one ccntorllne-milo of now construction. Tono of pnyload varies, but lc held conctont for t..c

nxlo weight limit level nnd vchiclo longth otcpo within a highway system and census division.

National summary - - System 2, Interstate urbim.

lmum llraltu
/

f. '•>
Cost Item, nurobor of trucks end Singlc/tandcm axle wclfjht mnx

pavement depth
18/32 20/35 22/38 Zk/kl - /

•*

Step - 1962 legal wolght and length limits

Ki^hwny construction coat 1/ ZOO?, 972 £.0*3, O/? 2. 0/7, VS2 Z. 023,3VO 2,029, O 12

S^v.lT«lent uniform annual highway capital coat £/ /7S,ZVO /7S,Sas 775, #92 / 76, '/OS 776. 90

6

Equivalent uniform annual highway coat 2/ /2o, 6 0? /SO, 99V 7?/, 33/ /Si:, zsa 72Z. 936

Equivalent uniform annual truck operating coat £/ 362 O 2^ 357,3'20 376 V60 332.350 323
k

2SO
Total equivalent uniform annual transportation coat j-yf, 6?s S3 P. 37'/ 5-17, 99/ 3/V 6 00

v

5~0 6,20£
Dally number of trucks - I962/I99O V /766/y6oS: /y/o /yyj^ /3V//-7226 /2VP/39S/ 7/69/37/

V

Pavement depth (inches) 9.3/ 9.3? 9 6~o 9 6V 9.72

Step 1 - Maximum length of vehicle and combinations - feet 21 35/50/55/65

Highway construction coat i/

Equivalent uniform annual highway capital coat £/

Equivalent uniform annual highway cost 3/

Equivalent uniform annual truck operating coat 2/

Total equivalent uniform annual transportation coat

Daily number of trucks - I962/199O it/

Pavement depth (inches)

£ 002325 Z. Q//. 723
r/S. /o/

/So 470

333\ -703

S/J. ?73

/225/^/o35

9./?

775,56 6

720. 235
?2S,SCJ

30 6,339

/Z39/392A

9 27

Z. 0/3, S'/V 2 02/. 70 y\z.02 7, 728
773. 75/

/2/390
3/4,337
797. 7V7

/J79/^733
9 38

776.262\ /76.7A/

/22/07\ 72Z.2//

jr>3.firo\ Z96.S/3

7*3,907'< </79.32V
/>?7/3V72\/0£7/3210

9.3Z 9.65

Step 2 - Maximum length of vehicle and combinations - feet 2/ 35/55/60/65

Highway construction cost i/

Equivalent uniform annual highway capital cost 2/

Equivalent uniform annual highway cost 3/

Equivalent uniform annual truck operating cost 2/

Total equivalent uniform annual transportation coat

Dally number of trucks - I962/199O V
Pavement depth (inchea)

Z0O9Z93
773 /So
786 5V?
72502.3

S0S57Z
/22//s9S'Z

?-Z£

2 0/2.3A/

/ 73, yyS
/So. 937
J/ZZ77
y??, /2y

/2/3 /3S27

?~?s-

Z
r
0/6. 795
/'73 25}

72/, 77Z
?o2.ZZ2

779, 700

//33 /j/jf

9.V6

3022,6 7/

776. 376
/2Z /90

297,6 22

779. 872
/Q7Z/33X7

960

2 022 yog
777, 2'77

72Z. 2?7
229. 9/Z

V7Z .SD9

7003/3/7J

12L.

Equivalent uniform annual highway cost if

Equivalent uniform annual truck operating cost 2/

Total equivalent uniform annual transportation cost

Daily number of trucks - 1962/1990 it/

Pavement depth (inches)

Step 3 - Maximum length of vehicle and combinations - feet 1/ kO/ 55/65/65

Highway construction cost i/

Equivalent uniform annual highway capital cost 2/

2. 0//. /vy
/753VZ
/PO, 7//

Z96. 29/
777. 6>0S

9.VQ

Z.O/7.2Q9

/7S.6Q9

72/, 6) 92
Z29,767'

770. St Z
7/36 /J6Q6 7093 /3V65 /OVO 13296

M2.

ZO/2 662
775, 992

727, 7,36

Z2/,3y7

743. /S3

9.6Q

Z, 027,570

776. 5/2

72Z 357
Z7Z, £37

757. 99 1/

962/3073

?>7?

Z 030,333

777. 073

723. 6>6>4

Z65 777

772. 2/3

9o6 /Z279
9.22

Step k - Maximum length of vehicle and combinations - feot •?-/ '0/55/70/70

Highway construction coat i/

Equivalent uniform annual highway capital coat S/

Equivalent uniform annual highway cost 2/

Equivalent uniform annual truck operating cost 2/

Total equivalent uniform annual transportation cost

Daily number of trucks - 1962/1990 it/

Pavement depth (inches)

Z a// 660
/ 7-5'326
/20 755

29/. 7Z3

y7Z 772
7/2/ 73579

9.7V

Z 0/Y73/

/7S657
727. 773

Z2V.97Y
76 6>. o27
7072/37/0

9.33

2 0/9/96'

776
s
o77

72/, Z2Z
Z77.025
yss. 707
7025/5272

9£V

2 025 706,

/76,359

722. 7/73
Z62322
l/so, 75/

95V /3022

121.

Z03^,S7f
77/ O6-Z.

723 ///

Z6/39?
yyys-/o

29Z /2230

?.9z
1/ Includes coat of pavement and shoulders, bridge atructures, and earthwork and drainage.

2/ Calculated at 6 percent lntereat rate per annum and 20. years, 1965 through I98U.

3/ Includes annual coat of maintenance on surface and base, shoulders, and structures.

kj Number includes only trucks from class 2D upward through two trailer combinations; step through 2-tratltr,
5 axle and other steps through 2-traller, 9 axle.

2/ First figure is maximum length in feet of a single unit truck/second, tractor snjnltrailer combination/third,
tractive truck and full combination/fourth, tractor, semitrailer and full trailer combination.
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12-6

Sumnary of highway end truck operating cost, truck ADT, nnd pavement depth under a rango

of axle-weight limits ond of vehicle length limlto; rli?id pavement.

Koto: Combination of Methods 1-M and I* vrlth transition period and with payload increase. Entries apply

to one centerllne-mlle of new construction. Tons of paylood varies, but lo held constant for tho

axle weight limit level and vehicle length steps within a highway system ond census division.

National summary — System 3, primary rural

Cost Item, number of trucks and Slngle/tandcin axle weight maximum limlta
/
klpa

pavement depth
18/32 20/35 22/33 24/1*1 [ 26/44

Step

Highway construction cost \J

Equivalent uniform annual highway capital cost

Equivalent uniform annual highway cost 21

Equivalent uniform annual truck operating cost

Total equivalent uniform annual transportation

Dally number of trucka - 1962/1990 V
Pavement depth (inches)

- 1962 legal weight and length limits

2/

2/

cost

298V7

2

26.022

Z2 0OZ

S6, 0/8

8V.0Z0

36V /V6Q

9-/0

ziimL
26 06S
28.0^8

s£JUo
82 9Q8

3S3 /VV6

9. /J

Z9 9. 7S8
26 /3V
2?. /Z/

S3Y2S
81.3V

6

338 /yz^ 3/9 /^J
9-/7

joo.ssy
26.228
2822/
SAl2A_
£4 ILL

9,22

?o/, 8 7/

26,3/9

28J/8
SO. 9 92

JOZ /J8Z

7.27

Step 1

Highway construction cost i/

Equivalent uniform annual highway capital cost

Equivalent uniform annual highway cost 2/

Equivalent uniform annual truck operating cost

Total equivalent uniform annual transportation

Daily number of trucks - I962/199O it/

Pavement depth (inches)

Step 2

Highway construction coat i/

Equivalent uniform annual highway capital cost

Equivalent uniform annual highway cost dJ

Equivalent uniform annual truck operating cost

Total equivalent uniform annual transportation

Dally number of trucks - I962/199O zl

Pavement depth (inches)

Maximum length of vehicle and combinations - feet 21 35/50/55A-5

S/

2/

cost

29V, V/

9

ZS.6&9

27.&Y9
SO 233
zijtjz

JJ3 /V03 30Z /j89

8 73

29V 903 29S. 620 296.730\297.7V3
2S:7/I

27.69*/

Y9 8/Q

77.SOV

2-76

2S779
27.7{,£>

'72, 778
71,zW

287/370
2.79

23 870 2£ 9S9
27 8A3

,
27. 9S

8

V6. 9V2 ! 'js 92s.

7'/ 80S 1 73 g£3
268 /3</7 ,2SQ /SUA

28V 8.89

Maximum length of vehicle and combinations - feet 21 35/55/^30/6^

2/

2/

cost

29S 888

2S,797

Z7,177

48.8/6

^76rs$3_
3C//386

8.87

296,3 7

A

2^2-70

27.82J

47,877
7S,67Q

29/ /S73
8.90

297. 76Q 292.220 \299. 24/

2S9o8
27, 89s
46,36 7
7V.46Z

277, /3sV
$.9*/

26. 000
j 2d. 089

27.99/'

ys.306

73300
2S8/S3Z

AIL

J& 089
Wj/V'
74 403

2V/ /J//

f.Q3

Step 3

Highway construction cost i/

Equivalent uniform annual highway capital cost

Equivalent uniform annual highway cost U
Equivalent uniform annual truck operating cost

Total equivalent uniform annual transportation

Dally number of trucks - I962/199O zl

Pavement depth (inches)

Maximum length of vehicle and combinations - feet 2/ 40/55/65/65

cost

297
s
777

2S;96Z
27.9V2

VS 770

73.6S2

279 /3S?
9.QS

29$. 270
26 00£~

27 989

y4222
72. 8/0

26 9 /J47
9-08

299.063

Z6 . Q7Y
28.067
43.63/

7/. 772

ZSS/330
?'£

300. 73'/

26. 76?
28, 77,0

V2t
S3,

70. 6 9Z

239/309
9 77

J'o/ 766

26
s
237

28ZS(,

4/ 62Q
69. 876

223/290
9-2Z

Step 4 - Maximum length of vehicle and combinations - feet 2/ 40/55/70/70

Highway construction cost i/ 298729 299.22V 3oo. 6)23 3o/. 098 302, 736,

Equivalent uniform annual highway capital cost =J 26
s
6>7S 26. 08% 26 7S8 26 23-/ 26, 342

Equivalent uniform annual highway cost £/ 28.0ZS 28.07/ 28 7VS 22,24V 22.34/
Equivalent uniform annual truck operating cost =J 44,797 43.92-/ '/e, 7S6~ 77, 6 77 V4 720
Total equivalent uniform annual transportation cost 72

s
822 7/ 992 70 90O 6>f,92/ 69,72/

Daily number of trucks - 1962/1990 zl 273 /JSZ 27, V/SVO 2S0/3Z3 23V /S03 2/9 7 28V
Pavement depth (inches) 9-7V 9.77 9.2/ 9.26 9.3/

1/ Includes cost of pavement and shoulders, bridge structures, and earthwork and drainage.

2/ Calculated at 6 percent interest rate per annum and 20 years, 1965 through 1984.
%/ift

3/ Includes annual cost of maintenance on surface and baee, shoulders, and structures.

4/ Rumber Includes only trucks from class 2D upward through two trailer combinations; step through 2-traller,

5 axle and other steps through 2-trailer, 9 axle.

5/ First figure la maximum length in feet of a single unit truck/second, tractor semitrailer combination/third,

tractive truck and full combination/fourth, tractor, semitrailer and full trailer combination.



Table 12-1/7- Summary of highway and truck operating cost, truck ACT, and pavement depth under a ra.iga

of axle-weight limits and of vehicle length limits; rli?id povement.
1 P—7

Rote: Combination of Methods 1-M and k with transition period and with payload increase Entries upy-ly

to one centerllne-mlle of new construction. Tons of payload varies, but 1g held conotant for tiic

axle weight limit level and vehicle length steps within a highway system and census division.

National Summary - System k, primary urban

Cost item, number of trucks and Single/tandem axle weight maximum limits. klpa

pavement depth
18/ 32 20/35 22/38 2U/ 1*! 26/U

Step - I962 legal wolght and length limits

Highway construction cost i/ V7/3'/3 775, 5*70 ^77. ZJO */79. <//7 V87. SS/
Equivalent uniform annual highway capital coat 2/ V/ 5S6 s//. </60 <//. 607 W. 798 <<// 98/
Equivalent uniform annual highway cost 2/ */V. 6 7/ W. 78S 44.9VS '/s

s
/S3 */SJSS

Equivalent uniform annual truck operating cost £/ /J1
/, 6/0 /Z8, 790 /z /, 6 v7 7/5. ZZ/ 77Z, 063

Total equivalent uniform annual transportation oost /79. zt/ 7/Z. 97S /t 4 59Z 74 0,37</ 757, <-//S

Daily number of trucks - I962/I99O V 803 //Z9Z 758/72/7 707 //7JJ d,so//oyj 605/<?77
Pavement depth (inches) 9. /o 9/5 9.ZZ 9.Jo 9.^7

Step 1 - Maximum length of vehicle and combinntiono - feet 2J 35/50/55/65

Highway construction cost i/

Equivalent uniform annual highway capital cost £/

Equivalent uniform annual highway cost 2J

Equivalent uniform annual truck operating cost f/

Total equivalent uniform annual transportation cost

Daily number of trucks - 1962/1990 it/

Pavement depth (inches)

y7ZVX8 */7J
s
67?

V/,/9Y
74S09
778. /sz

76 Z 6/,/

4X8 ///!£,

X.9V

^/
r
Z98

W.6Z3
//</, OSZ
/S?.4>7S

657/706,/

9.00

V7S36 /

*//. VVV
*/4. 78£

70 9.873

7S/45S
62/ /7000

9-Q6

477S3Z 479. 4>SO

V/.634
44.989

47. 878

V5}789
7QS.Z97\ /7>z8z2
750, Z84 ! 7V8, 0/7

577 / 92S
\

s</o/fl 2

9.7/ 9. Z7

Step 2 - Maximum length of vehicle and combinations - feet 5/ 35/55/60/65

Highway construction cost i/

Equivalent uniform annual highway capital cost 2/

Equivalent uniform ar.nual highway cost 3/

Equivalent uniform annual truck operating cost 2/

Total /livalent uniform annual transportation cost

Daily number of trucks - 1962/I99O ii/

Pavement depth (inches)

yy 4 9z

V73 </vo

4/Z77

775: <7Z

5

/6 Q. 7/7
67S~//OfO

9.0/

V74.437,

47 38/

44 70

%

77/ Y37
756. 743

4VV//Q36
909

474^ 3ZS
4/.SZ8

W 86 6.

/O 73/ O

/SZ. ZZ4
669/977 565~/9Q4

SUA.

Y78. SOS
-7/7/8

VS 073
/03

:
'*/

7/F.Z6Q

69.Z3

'786. 4,33

4/ 9Q-/

4SZ74
ZOO 73Z
794. 00?
5Z9/8Y7

9.3Q

Step 3 - Maximum length of vehicle and combinations - feet 2/ ^0/55/65/65

Highway construction cost i/

Equivalent uniform annual highway capital cost ?J

Equivalent uniform annual highway cost 3/

Equivalent uniform annual truck operating cost 2/

Total equivalent uniform annual transportation cost

Dally number of trucks - 1962/1990 it/

Pavement depth (inches)

477.6/7

-V/6 4/

^4 954
/oy, 870

7/9, 8Z&
407/98'/

9 i/3

478. 833

4/ 7/7
*/S07Z

/o/. ZZ9

7V6.3Q7

S79 /934

f.48

VXo. 5-78

4/897
ys Z35
97,57,0

/"/< 795
5*77/88Z SO2 /m

9.5S

*/8Z 76 Z

y< 090
7S«/ys~

93.9/0

/3935s

9.63

'78V. 92./

'7Z.Z7X

*/5, 6 '79

9/, 77/
Z37.363

</74 /765
9 70

Step k - Maximum length of vehicle and combinations - feet 2J 40/55/70/70

Highway construction cost i/

Equivalent uniform annual highway capital cost §/

Equivalent uniform annual highway cost 2J

Equivalent uniform annual truck operating cost 2/

Total equivalent uniform annual transportation oost

Daily number of trucks - 1962/1990 V
Pavement depth (inches)

V78;//6

V/
s
62/

VY.999
77)3, VYo

7V8.V39

400/97/
9.V8

V793SS
V/ 79/
y.r, //(,

99, 22/
/V'/. 9/3
57Z /9ZZ

1£2_

+/87. Q55~

y/ 94/
</S-

:
Z79

94 74 7
/<//, V/4

9-60

V83. Z73
VZ. 75*/

^.429
9ZS/.9
732 OSS

syo/869 soz/ 80&
948

</2s*/3£

'/ZJZ3
7S.69/
90 57/
/34.062
469 / 7S3

9 7S

2oi

1/ Includes cost of pavement and shoulders, bridge structures, and earthwork and drainage.

2/ Calculated at 6 percent interest rate per annum and 20 years, 1965 through 1984.

3/ Includes annual cost of maintenance on surface and base, shoulders, and structures.

kj Number includes only trucks from class 2D upward through two trailer combinations; step through 2-trailer,
5 axle and other steps through 2-trailer, 9 axle.

2/ Flrit figure ia maximum length in feet of a single unit truck/second, tractor semitrailer combination/third,
tractive truck and full combination/fourth, tractor, semitrailer and full trailer combination.
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Table 12-1/V- Suniory of highway and truck operating coot, truck ATT, and pnver.xnt dojrth under a range
of axle-weight limits and of vehicle length limits; rl?id pavenont.

Note: Combination of Methods 1-M and k with transition period and with payioad Increase. Eatrleo apply

to one centerline-mlle of new construction. Tons of payioad varies, but lo held constant for tho

axle weight limit level and vehicle length steps within a highway system and ccnouo division.

National summary - - System 5, secondary rural

Cost Item, number of trucks and Single/tandcra axle weight maximum limits, klpo

pavement depth
18/32 20/35 22/38 2yia 26/U

Step - 1962 legal wolght and length limits

Highway construction cost i/

Equivalent uniform annual highway capital coat 2/

Equivalent uniform annual highway coat 2/

Equivalent uniform annual truck operating cost £/

Total equivalent uniform annual transportation cost

Dally number of trucks - I962/199O V
Pavement depth (inches)

/4YJ31 LdU&L l£LMl MtM&Mt.AZQ
/a. #13 /2 81* j£jfi& A3,?/>f

1
12A2J.

/3 387 13 4o6 I3.4l&\ l3.Jf3&
. }3.4*&

£4/ <?Jb

Zoo
a / si
8,0/

/6.6L8 <i.i7i is/*/ <t a<J8 %?/tr

*£ilt
l£2> 1 8.6?,

J/ / 74
?.*?

Step 1

Highway construction cost i/

Equivalent uniform annual highway capital cost

Equivalent uniform annual highway cost 2/

Equivalent uniform annual truck operating cost

Total equivalent uniform annual transportation

Dally number of trucks - I962/199O it/

Pavement depth (inches)

- Maximum length of vehicle and combinations - feet 2/ 35/50/55/65

S/

2/

cost

\/4*.1l£. /M./3I

UL£&
/a, Ml
23.380

tei_L2£
177

IL3A£
4MC,

33.61/

*3_/_8±

UL

£44.363
12, 7*S

mm
<ui£

33, 1£*_

&UM
7 71

J4C. */C
11,174

24AM9-
IZ 113.

1^.30 } 13, 32.1
1.614

\ £JR±
31.31*
*3 ill
1M.

22. 2&£l
41/74
111

Step 2

Highway construction cost 1/

Equivalent uniform annual highway capital cost

Equivalent uniform annual highway cost 1/

Equivalent uniform annual truck operating coat

Totaj qulvalent uniform annual transportation

Dally number of trucks - 1962/1990 it/

Pavement depth (inches)

Maximum length of vehicle and combinations - feet 5/ 35/55/60/65

2/

2/

cost

m&i

U4.4*4
/2,1/d

U12_
A3J.1A
£>/ /11

U4

/4£.*<?3

/3 . W
13.361,

q.jid

32w
*#/ 81
78*

1HM1
12J3&
/3,323-

3JL3A
22.4*8
jrf (8i*

1.8L

JMM1 UMldlA.
/a , //? te .

r*3

/3.1dl
I

I3.3LI

ZJ21
22 22.2

.
*-/ Lrt
181

SLaia

48 / 72j

7,88

Step 3 - Maximum length of vehicle and combinations - feet 2/ '0/55/65/65

Highway construction cost 1/

Equivalent uniform annual highway capital cost =/

Equivalent uniform annual highway cost 21

Equivalent uniform annual truck operating cost =1

Total equivalent uniform annual transportation cost

Dolly number of trucks - 1962/1990 ^
Pavement depth (inches)

IMJ21
UMjL
13. 43*
3LA12jl
22.410
*s £83

JL&L

142.2*8

lAfeL
/3.46V

8.141

22J31
J3 / 11

2.10

J4X43*
J3. 141

ULM1
2.4*3
31126
*&

t

/'76'

?./{

Ml 4*o

12M&
13.481

213/?

3I
:
£.23

4/./ 13

2.10.

MIM1
/2.119
£3*6l<
1UI

3/462
,

44 ! 44

ZJ£
Step k - Maximum length of vehicle and combinations - feet 5/ 1*O/55/70/70

Highway construction cost ±J

Equivalent uniform annual highway capital cost 5/

Equivalent uniform annual highway cost 21

Equivalent uniform annual truck operating cost 5/

Total equivalent uniform annual transportation oost

Dally number of trucks - 1962/1990 V
Pavement depth (inches)

/4821£>

/3 . U7
J3J*L

m„ji

UL

JMU/Al

J3.U4

*3 /I

8

?./!,

J48.S83

/2J1/L
J3JM
SJ7/

31. 2*1
s* / 14
£J3

148 111
/2.113
13.460

X. 0*1
31. &'fl

4£_U±
2./Z

/44,#/£>

/3, 191,

/3,*2Q
UM

2/, 310
UL££.

#./£,

l/ Includes cost of pavement and shoulders, bridge structures, and earthwork and drainage.

2/ Calculated at 6 perceat interest rate per annum and 20 years, 1965 through 19Q 1*-.

3/ Includes annuil cost of maintenance on surface and base, shoulders, and structures.

k/ Number includes only trucks from class 2D upward through two trailer combinations; step through 2-traller,

5 axle and other steps through 2-traller, 9 axle.

5/ First figure is maximum length in feet of a single unit truck/second, tractor semitrailer combination/third,
tractive truck and full combination/fourth, tractor, semitrailer and full trailer combination.



Table 12-lN- Summary of highway and truck operating coot, tnick ADT, and pnvcir.ont depth unucr a i^n-:c

of axle-weight limits and of vehicle length limlto; rigid povcii.cnt. TP-Q

Note: Combination of Methods 1-M and <* vrlth transition period ond vrith paylona incrcaoo. Eatrlco aprpiy

to one centerline-mile of now construction. Tons of payload varies, but la held conctant for tiie

axle weight limit level and vehicle length steps within a highway system and census division.

National Summary - - System 6, secondary urban

Cost item, number of trucks and Single/tandem axle weight maximum limits, kips

pavement depth
18/32 20/35 22/33 2k/kX 26/'U

/f3
. 1lL Ift. 072,

//,, 76? 11, 01*

Step - 1962 legal wolght and length limits

Highway construction cost 1/

Equivalent uniform annual highway capital coat if

Equivalent uniform annual highway coat jl

Equivalent uniform annual truck operating cost §/

Total equivalent uniform annual transportation cost

Dally number of trucks - 1962/1990 it/

Pavement depth (inches)

//. HA
_2UlL
ACJAL
117 /J16-0

$.60

ir.or4

21 7. 30

1

4C .
37J

Ifo 1230

7.6X,

mm.
/I. 330

1133!
37.344

/If, £7*1

J
{S0/'222

7. OS'

Jt/il. ill
11AJA
1LATL
2L2Mj

.At*, tfA.

11. 77

o

ILm
44.231 //f.M4
/M/j./3\/S7//if

r.os 2J2=l

Highway construction cost i/

Equivalent uniform annual highway capital cost §/

Equivalent uniform annual highway cost 1/

Equivalent uniform annual truck operating cost §/

Total equivalent uniform annual transportation cost

Dally number of trucks - 1962/1990 V
Pc.rement depth (inches)

8tep 1 - Maximum length of vehicle and combinations - feet H 35/ 50/ 55/65

m..3i7
tiL312>

11.134
2L m*
Mi £2£
muzl
171

U£*l*
ttj£L
IZJil
£L,3lh
M-M1

171 /2ll

U3_

171,2-/0

J7. 114

UU3£.
MjUI
43143

16.3/ 2/0

111

3O0. 4U'
LUll
17. s'm

2JU21
j/i.irt

&JJ3A
7- IS

JAUJA.
17 ISh
IXJM
M.dW
42.103

ijJ3/ is4
1X2

Step 2 - Maximum length of vehicle and combinations - foet 1/ 35/55/60/65

Highway construction cost 1/

Equivalent uniform annual highway capital cost 2/

Equivalent uniform annual highway cost 3/

Equivalent uniform annual truck operating cost 2/

Total equivalent uniform annual transportation cost

Dally number of trucks - 1962/1990 it/

Pavement depth (inches)

m.Mi
iLm
if. us
MJkL

_ 4LJ3.L
174/224-

1M

1UA1L
IlAJll
17.4IS

M* U2l
43.10/

/6f/jz/&

UL

1723b
N7.&7t jot>M

llM.
I8i3(>
JlJ/.Ml

43-201
U0IJ0*
jLZI-

JU4L
M. liS

JM. QM
1 7,'/?3

18. &k
3.?. &3

IJlUl2dJ3i±L l?Q

ZJz ld£

m . wh
Equivalent uniform annual highway cost V
Equivalent uniform annual truck operating cost 2/

Total equivalent uniform annual transportation cost

Dolly number of trucks - 1962/1990 it/

Pavement depth (inches)

L,M
If. W.
AMtiL.

. 41, 171
161

1
'2dZj

Ml

11/60
mjn

Step 3 - Maximum length of vehicle nnd combinations - feet 2l 40/55/65/65

Highway construction cost i/

Equivalent uniform annual highway capital cost §/
7MM
i7. 611

2LML
41.4is'
/*// iff

JjuL

II m
IZ.33L

21] 1.11

41,001

/J£/Jf£
8.0 1,

JM.A47
17, US
It Ml-
2L32A
4AJ22L

134- //13

IM

Jos'2£Z>

LL 21*

J 1. 4Id

4ajU1
12L / Ml-

2,13

111 . 111
16 42 1

12LM1

11.241
II. UA

I44M4

12 t>4<!

I1,3 $X>

Step U - Maximum length of vehicle and combinations

Highway construction cost i/

Equivalent uniform annual highway capital cost 2/

Equivalent uniform annual highway cost 3/

Equivalent uniform annual truck operating cost 2/

Total equivalent uniform annual transportation cost

Dally number of trucks - 1962/1990 hi

Pavement depth (inches)

feet

-J.3,6M 23.oU

l££l Jdp

IM.

1/ ko/ 55/70/70

/fo/ I12j

8, oL

18.3*3

^2.M$.

IMJ IS3

&J&

302.23C

17,132.
I*-M
2UIA

46,142 44.3/£ 4o. /&
133 / /7I

2.12.

lo£.J44
11,1/1-

18. U£
3 1. 19*

134/ /An
g./&

1/ Includes cost of pavement and shoulders, bridge structures, and earthwork and drainage.

2/ Calculated at 6 percent interest rate per annum and 20 years, 1965 through 1984. 2-^3
2/ Includes annual cost of maintenance on surface and base, shoulders, and structures.

k/ Number includes only trucks from class 2D upward through two trailer combinations; step through 2-trcller,
5 axle and other steps through 2-trailer, 9 axle.

2/ First figure Is maximum length In feet of a single unit truck/second, tractor semitrailer combination/third,
tractive truck and full combination/fourth , tractor, semitrailer and full trailer combination.
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Actually, because table 12-1N gives the results of

Methods 1-M, k-M, and, 6, it may be used in comparing the economy

of increases in axle-weight limits, vehicle length, and of

combined axle weight and length. The form of table 12-1N was

chosen because (a) it adapts itself to presentation of the

significant end products, (b) certain of the basic factors were

previously presented in the results of Methods 1-M and 4-M, and

(c) the decreasing highway costs from one length step to another

prevent calculation of a benefit-cost ratio.

In table 12-2N, a summary and analysis of table 12-1N shows

the ratio to the base values of the corresponding values at

increased axle-weight limits and vehicle length limits. The

values presented are (a) highway construction costs, (b) truck

ADT, (c) equivalent uniform annual truck operating cost, and (d)

equivalent uniform annual highway cost.

4. DISCUSSION OF THE RESULTS OF METHOD 6

The results of the analysis of economy of increases in

axle-weight limit indicate high probable economy, as shown by the

benefit-cost ratios in the lower right-hand corner of table

12-2N. The increases in vehicle lengths likewise result in

pronounced truck operationg economy, as shown by the index ratios

in the lower left-hand corner of table 12-2N. When the increase

in axle-weight limits is accompanied by an increase in the

vehicle length limits, the economy gained is still more striking.
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T»M« lff-2f«l Mffereno** *nd ratio* of blgbvar eoet, truoV oo«t, and ADT. lwlloeting tbe raUtlv* *oonoety of looraaaae la •Bl*-*wl«bt

llMl* •tvl la vehlol* ltar.Ui llnltftj ri«M («»«wiit.

•totei AIL ooata irt for on* centerllne-nlle of htfihvnjr. Conatruetlon coot includea coat of pHTem*nt and ahouldara, bridge atrvoturea,
and e*rthvork and drainage; ifliintemiic* co«t include* annual coat on aurface and ba»«, ahouldera and atruotur**- Truok AJ7f la
8tap la«lud*« In***** fro* a la a a 2D upward through tvo-tre«ler 5 eaj.* oth*r etepe through 2-trall*r T aula.

Based on results from methods 1-M and k as given in table 12-1.
National summry — System 1, Interstate rural

St«j> • Length

(1963 U»)

1 (35/50/55/65) */

» (35/55/60/65) ^

J (kO/55/65/65) 1/

» c>o/»/7o/To) y

(1962 Uv)

1 (35/50/55/65) y

a (35/55/60/65)
V

3 C>0/j5/65/65) ^

» (VJ/J5/TO/70) y

(1962 Uv)

1 (35/50/55/65) y

8 (35/55/60/65) 1/

3 (*>/55/65/65) ^

» (kO/55/TO/70) 1/

(1962 L*<)

1 (35/50/55/65) ^

2 (35/55/60/65) i/

3 (W55/65/65) ^

* C-O/55/70/70) ^

MimU/Undai •*!• «»lght lUlti, klpt

18/32 20/35 22/36 2V l'l 26/U

lnare««« (+) or d«ora*-e (•) In construction ooet fro» *»»•

&/3,//£

-V/^3

yt??3

-/,337

- jT</o

2,T?6

-//V37

4- Z

h'.Ug

4 7,0 "V

+ a
;
^6

r 4/,^/

^Spi'D

+7M17 +L,^35

+n;i'!Z

+ %M
+%hfZ

f l&,l5o

+u,m

hif/OoZ

-W\pll,-\\v;)lZ

+/^/?|-ff/,(o7

Ratio of construction co«t to be**

/.a 00

Lm
O'W
t>.m

L on£.

6.11*

//POO

LM£

/ £>//

Am/-

/-*t>7

A *of

0. m\ A 46A I. 077 \/.A2.0\ / M%

/•w
A 0/3

LAh
7.0/9

A 630

A.&UL

A.d24

7.6*7

Inoreae* (4-) or d*area*e (-) In equlraleot unlfora
annual truck operating eont froat baaa

232 piftj.

24AW

-33.5/0

-93m

3331

-2kJ6l

-J&1I

-wn

- $,w/

28m 'H&--33J/Z,

-3l6,b0

-47.121

'Win-M.lSft -62M\ -S3.3&A -5if,<?3£

-
A3J*7

-3$ 123

-42.ISL.

-/&M3

91ngl«/t«n<leii axl* nlgbt lUltt, kip*

18/32 20/35 22/38 8»/»l 26/U.

InorMM (+) or 4*or**i* (•) la 1962 troak APT tram %•••

/033'

dlL
zJZE.

-274

3d2-

- Jo

-Ji/1

-2J?2>

z^L

- 7SL

-ff*

2?£

333

-3z4
\ -3£*t \ '3tf

-/J23

~2<?l

-32<A

-369

M2_

'321'

-3/J '

-2/d2~-

-i/2Z->

Ratio of truok AIT to baae

Lmji

bdlb_

o_m_

6.1B0

6.971

fi-W/i

M£L
d.7d%

Ol*e

6-7S7

D-l2£

6.171

D-7ono.Ul\0-A^\Al2A\6.£92^

AMI
Mil
UH
d.MZ

AK1L

l>.A>g^

04$l

4 6/2-

Inaraaaa (4-) or dacreaaa (-) la agulralvtrt unlfora
aaoual hlgbwy ooat froat baa*

-4°.m

ft .
t-to

Ratio of equivalent unlfora annual
truck operating coat to boee

Aooo*

UU'
a.w.

fi.tth

o,18S

OML

6.M m

M4L
o.go£.

0.78/

MLS
6. t7&

A.?32

6-716,'

0,771.

d442>

D.VLb

0, ?3%

£>:H^
».77o

/).
cf27

0.967

0. Mb

/i,7^'

6.763

^,£t]

-383

-Mo
-//£,

+12/

-A6L

420

iUS

^L

±ML
-+391

-/c&JS

- 47 \+ 23 (A -t£/7\r /. !+7\ + I.M*/-

//,/f/

714-

i 927-

f 1,076

/. '/M

+ /.213

l.^2C'

7,677

Ratio of deoreaaa In aqulTalent unlfora annual truck op* rati 04
coat to locreeae la aqulralent unlfora annual highway ooat

&
Zj

D
*J

//f

47

77MX

*W4
oZAS.JL

az
76/.0

<?<A-7

SI. 2

/AX

3%£'

4/-1

&L*.

fc>l H4

9.1 .

-2^,6 ,j

3.8. &
J/.f

33-2j
U rir»t fl«iire It nilm lmiffOi In f««t of • •ln»[L« unit truck/teeond, tr«ctor teBltniUr eo«bln«tlon/thlr4, tnstlra tpwj» aad full

eortlnttlon/ fourth, tnotor, •enltnllsr *ad full trailer oonblmtlon.

Z/ nitfMjr oonotructlon oott a*ar*t>t, tbtrtfor*, tt>o r«uln mn hUol/ r>Tonbl«.



12-12
labia Lfl-3H- IHffaranoaa and ratio* of bUbvay eoat, tnjak oott, •ad APT, Indicating tb« r*Utl?« •eoooar of looraat** ! a«l»>-**Uh%

Llnlta and in rental* length ll»it«ti rl*..<3 pavement.

otai Alt eoeti are for on* ceoterllne-vlle of hl^hw^y. Construction coet Includes ooet of paTenrent and thouldnrt, bridge •truoturee.
and earthwork and dr*lna**| mlntenniice coot Includee annual cott on lurfnc* and bat*, •houldere and atruotiiraa. Trunk ADT la
Otap O includes true** fro*i olaae 2D upvard through two-trailer 5 axle, other atap* through 2-traller 9 axle.

Based on results from methods 1-M and k as given in table 12-1.
National summary -- System 2, Interstate urban

Step • Length

(196a U<)

1 (35/50/55/65) &

t (3v»/*>/«j> y

3 <"K>/5»/65/6J) I*

» (W)/»/T0/70) J/

(1963 Uv)

i (35/50/55/65) y

« (35/55/60/65)
^

3 (l>0/55/65/65) ^

» (VI/55/TO/70) 1/

(1962 Uv)

1 (35/50/55/65) J/

« (35/55/60/6J) i/

3 (W55/65/65)
^

* (*>/ 55/70/70) y

(1962 Lao)

1 (35/50/55/65) ^

3 (35/55/60/65)
'/

3 (to/ 55/65/65) ^

» (to/55/70/70) ^

Mnfla/Unda a«le v.lght llalte, kip*

18/32 20/35 22/38 2»/»l 26/*»

Inoreae* (+) or decree .a (-) In eonetruotlon oo«t from bae*

Baa*

2,00^.9 ?£

-/^fj

- ^
tIM
* l,UZ

+ 3,o<//

1M£
±J^
t£M

+i,h'i l
i

+3, SLL

± CZ/7

+ Wo
+ 4.7sit1.2lS\ilS,l&

V-/3.34?

+11,121

H2L13

>)4,&2.

-H9,//0

/W£3

*J#J3C

iJA,5S$ -336

+jg
r
jdd

Ratio of oonatruotlon cost to baaa

l> 000

A.m
/. 000

l.QQl

1,001

1. 00

1

/.oof

I. DDL

A004

/.tob

U03
Loot

AqoIxi.oozaAooAa oofUfi/fi
:

1.001

Loo(*

/, ooL

'A 00 7

7.06f
LM^i

/.aof

A 0A0>

Increase* (4-) or decrease a (-) In equivalent unlfora
annual truck operating coat frou baaa

MSMi
-34.W

3

43,0(3

-11,112,

-7L.3&3

-70, Id/*

-423*3,

-Sdffl

S3 1*'?-

-2UlC

-£1,121

-ms$

~iUv-%ffi

-?uti

-3f.13(*

-(,4,2$A>

-7d
t
3^S

-%M1

-717*8

MJ2A

Slngle/lende* a*le might ll*lle, tip*

18/32 20/35 K/38 ey«i 26/U

Inoreeee (+) or decree *e (-) lo 1962 truck AJJT from aaaa

AVM

=JJ1_

2d3

-333

-3&

-227

-26^

-373

-Z2.3

-A81

-3/3

-j/a-L

•*./?

361

-Jtf4

-418

- 3SB \-44l
I

-^/2
I

- g?4

—2f/.

-JJ1

J63

j££jl

Ratio of truck ADT to baa*

A 000

Mil
d.Ma

Q-7ft

UA2±

AM£.

(LUl

1U
0.7U\!)-73AoAl1

AM
0~.2d4

AM.

JlM-

Mfl
Mil
0-131

(LAA&

MIL

0.111

0-741

dJM
0.6 IS

D-6o$
Incrofl

aoounl
aa (+) or dacroaaa (-) la •?ulYia*rat unlfona
hlghvay coat fro* baaa

- 71,613

-7$J7<f

-1623^

-JdCPA
Ratio of equivalent unlfora annual
truck operating coat to bose

A 000

QML
oJlA

0, m>

km

AdlL

(lM£

0.1SL

A Ity

0-141

0.1S1

&JLL &-t*7

AUh
0. 76'3

OA?03

QMlAlK
0.80*1

d-141

o.n°l

Ull

0,78%

0.721-

0, 1/o

1MA&1

(3±

-&0

+Id2.

14&

+ 38S fq22~

Jtt>

-tJzV

t+'P'}

-) S3-

781

+ g£3

+ 1,027

1613

+ IUI

'Ml*

1/68/

+1.742

+ 1,174-

+J,347

+ 2.2.02-

+2. ZZ&

+2,J7^A'

+J,502-

Ratio of deoreasa In aqulvalaDt unlfora annual truck operating
coat to lncreaaa In aqulvBlent unlfora annual highway coat

-ii

*J

7^3.8

£23.0

27.8

173.)

134.0

ftfiJ

7S3.

7

23.3

8>6.2>

11.4

84.3

f4-1

31).

8

43>1

44 £
34-

L

33. C

A1.I

32.g

34.Z

41-7

J/A.£>

y rirat fLgura la aaxlmat length In feat of a elngl* unit truck/aecond, tractor aeailtrallar coaiblnatlon/tblra, traotlr* truck and full
eoBBlnatlon/ fourth, traotor, aenltraller and full trailer combination.

8/ ItLghvajr oonatruotlon oott 4ecrea«e, therefor*, the reaulta an hLghl> farorabl*.
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12*13
frble 12-3M- Mffarenoec and ratio* of blgbvay oott, truok ©oft, and APT, Iodic*,ting tbe relative t«oao«jr of lnareaeee la «Kl«-«»f«3it

LljBlie end In vehicle lenr.th I Lnltf* t rUjid pavenent.

Hotet All eoitt art for one oenterllne-mlle of hl^hvey. Construction cott Include* co*t of pavement and shoulder*, bridge structure*,
and <wtrthvorfe and dralna^ei m Inter* nee cont Include* annual coat on fiurface and baaa, ahouldar* and structure*. Truck ADT la
fltap Include* truoh* fro* olfl*t 2D upward through tvo-traller 5 axle, othar etepe through 2- trailer 9 aula.

Based on results
National

from methods 1-M and
summary -- System 3,

k as given in table 12-1.
primary rural

Bln*,le/tand*» axle «el<ht llalti, Mpe Single/tendea axle nltfit limit*, kip*

18/32 20/35 22/38 2»/»l . 26/W 18/32 20/35 22/36 2*/»l 2«/a*

Inoreaae (+) or decrease (-) In construction oo«t froei beee Inoreaee (4-) or <itni» (-) In I962 iruok AW froei aaee

o (196a u»)

2T2/'72 -r-V9> -4 1,7% -1 2,lC-> 4-3,39?

Beee

*3s4 -// -^ -4* -^i- '

1 (35/50/55/65) V
--y[4« -3

t&1 -2,112 -1.742. -121 -£l -^> -71 -<?£ ~/S4 •

• (35/55/60/65) 1/

--UaV -2,0% -1,3/2. -252. + 1lf -63 -73 -21 -77)t> -723 .

3 < to/55/65/65) 1/ -^r -J&»x fffi H,U2> -tiM -IS* -V ~J6j '/26 '747'

» C*/j5/70/TO) V -257 -f 752. v 1,551 WLZl, +3,U4 - ft -700 -JI4 -735) - 74*

Ratio of construction cost to baaa Ratio of truok ATT to baaa

(1962 lav)

I.DOO I.OflZ- /.*>/)*£ 7. 203 7. D7/ • LfiOD ft-Wo 0>ftf d-Stt

a\

0-230

1 (35/50/55/65) V 0.1U d.m 0,111 0.194 0.197* 0-Uo Q-?30 0.1M 0-l3h 6.L77

a (35/55/60/65)
^

A. Ml fi.113 0. W*'0-111 /. ODZ^ o.tay om 0J£1 Otftf 6.U>
3 (to/55/65/65) ^ AM /),m 1.002j 1,00^ i.doq. 7). ILL 0-131 o-lol 0.7,57 Ob 13

* < to/55/70/70) y
J-00l 1.00% /.DOS' 1.66*1 7.0/2-' 0. 766 0. 925' 0-L21 O.Ml Q-7,61.

Increase (4-) or daoreapa (-) In equivalent unlfon
annual truck operating coat froc baaa

Inor*a«a (4-) or aacrsaia (-) la aa^lTaaatrt unlfora
aoatnl hl^hvajr oott froa baaa

(1962 Uv)

Baaa

-/, /St -2,513 -4,127, -5-021

Baaa

28.002 +4£ +77J +JL71 f-3/t.
'

I (35/50/55/65) ^ -5. IIS -tA^ -7,540 -1*77. -76, 013 -353 -3t>8 -23L - /3J -44'

8 (33/55/60/65) */

-1.MJL -$,171 -Usl -/*. 7/2. -It, 7*4 ^.225- -771 -767 - s -t 87 •

3 (V)/55/65/65) ^
-/6.303 -11,196 -72.3^7 -73JSL '14.398 -60 -74 if? +7£8 '+2*4

* (to/55/70/70) */
-/l,22l -12,017 -13,263 -/4J4I -16,23$ f23 + &1 s/43 Vo2^2- + 321 •

Ratio of equivalent uniforo annual
truck operating co*t to base

Ratio of deoreasa In aqulraleat unlfora annuml truck operating
coit to Increase In equivalent unlfora annual blghwajr coat

(1962 lav)
t.ano o,m 6.164 o-M 4 I/O

—
'JtS.X 2/.

8

13.? 7S.1

I (35/50/55/65) ^
0.9b J cm 6JU o.m 6. ?2.0 JJ 47 < V *J

a (35/55/60/65) y ojn 0.2£4- 0.83] 0M*\ o.ffl. u :£J ^ 94 134.S-

3 (to/ 55/65/65) y bJlL o.m 0.111 a 7tf 0, 143. u *) Adl.L 36.4 S4-7-
* (to/ 55/70/70) ^

6J00 0.184 MM
1

0.144- 0.121 4*7.9 77S.3 92-1 Jt3 44.9
1/ flnt flgura It mlma length In feat of a ataxia unit trucK/aecond , treotor •ealtraller ooablnation/ thirl, traotln trvak and fuU

ooa»lnatlon/ fourth, tractor, atoltraller and full trailer eonblnatloo.

2/ «l«hvay aonatruetlon coat decraaea, therefore, the raaultt era hlshly farorable.
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T*ble LB-3N- Piffereneee end ratio* of blgbvar ooat, truok ooat, and APT, Indicating the relative eeoooenr of looreatee la aal**w«lght
llwitn *nd In vehlole lerv.Ut limit*: rigid pavem-nt.

la?tet All eoatt ere for on* eenterltne-Mle of hl^hvny. Construction eoet Includes oott of pv«m«nt and shouldera, bridge atruoturea,
end •*rthvorfc and drainage) mlntenMttce co»t lncludea annual eott on aurface end bate, ahoulder* and etruoturee. Truck AIT is
Step Include* truoha froit elm 2D upward through t*o-trallar 5 »*1« , other atep* through 2-treller 9 axle.

Based on results from methods 1-M and k as given in table 12-1.
National summary — System k, primary urban

8t*p - Length

(19^3 In)

1 (35/50/55/65) y

i <»/»/«o/6>) y

i (to/55/65/65) y

• (to/55/70/TO) V

(1962 Uv)

1 (35/50/55/65) 1/

a (35/55/60/65) y

J (to/55/65/65) y

» (*>/5>/T0/T0) V

(19&2 l»»)

1 (35/50/55/6?) i/

8 (35/55/60/65) ^

3 < to/55/65/65) ^

» (to/55/70/70) i/

(1962 Uv)

1 (35/50/55/65) -V

8 (35/55/60/65) ^

3 (to/55/65/65) ^

» (•«/ 55/70/70) ^

nlnaU/Undoi »»!• veUht llaite, klpe

lfl/38 20/35 22/38 2Vl 26/W

Inoreeee (4-) or d«cr«t« (-) In oonttruotlon eo*t froej ban*

V
r
A/J3y3

-/ *#

-#i

*?.2;V

+ f.»17

-&^

r>2^

/f,^

+J,&87

//^

j-ts&g

j-3,773\ +4,fm +L 7/z\ f I,f^ y // <?&

+ 6'07Y

fj,/*?

±Lin±M£
±M±

+ 7,20g

*£•**/

^,2?0

t/A 57$

Ratio of oonetruotlon coat to baae

^t?

M&L
h.W*

I, Ml

/ ^-3

Affl

/, 00

1

AM.

J.AOb

J.ODZ-

l^0_±

/.Q/3

/.Q0S\l.0// \/.M\jofi \j.M3

MIL

UQl
l.ttf

Ul8

1. 0/s

.

/. 01/

J.6/3

/.A22-

Inoresna (-4-) or deoreaae (-) In *qui relent unlfora
annual true* operating coat fron baaa

J3d.&io

-I&.4S8

-JU2L

-#-7ft

L
t4&-W>

-2t>,s& 'M.131

-23,113

-33.381

-27,260

-31, 774 'J^yrJS.m-^Ml YV4,2sl>

-/f.

-stl wr/
-213/3

-<3I, V*3

-3%£>£0 -jJoyOO

-31,181.

-33 878

-#2,8%

Ratio of equivalent unlfora annual
truck operating coat to baae

1.600

0,11%

Qj£L

QJ1±
0,%Z

O.^T-Oftoif

6-841

QJ2L
f),1b'l<D.l2i>

o,wAt>Ji4-

p. tilt,

MU.

M£L
0, 18

1

o.%l>

pun
o.m

dJ22z

0.1U

AM
MIL
dMI

81n«l«/taivl>a >xl* might 1U1U, kip*

18/32 20/35 82/38 «VW 26/u

lnore«»» (4-) or iHniii (-) Is 1962 trook ktrt fro* •*••

n*>

ilUL

-M
-M
-203

dk
~/H

1 7S±

-224

zM.
-187*

-)U

-2£L

231\-J>/,1\-JJJ

-J£3

-224,

-23X

'2?<f

^2l_
-363'

z*%L
-32?

-j&d.
Ditlo of truok ACT to b*>«

/.POO

AMI
UAL
iLteL

HI

AIM
dill

AJBl

A-22±

AM
am
Ll£l

Q.UI

am.
0- 1)1

0-M
1,23

O.Vl\o^%\di2£\7).^

A-lte

LAl2z
A-1&

f/m
Inoreeea (-f) or dacraaaa (-) la equivalent ualfortj
annual hlghm/ coat fro* baaa

M-&7/

-V&

±3J_

f£8£

+//</-

ziL

+3£

+40

1

+174

-t III

+ I9l

-f-st-'h

tJZ$ +44^ ~f6o2 -tt/8 +l.izd>

J-482.

j-3/f

f&2-

+ 774

+ &W
51$

i-toS"

+ <I78

Ratio of deoreaee la equlreleat unlfora annual truck operatlag
coat to lncreaae lo equivalent unlfora annual highway coat

•2J

1/3.L

h*4
14.6

J4.3

*J

CL2.0

X3.Z

¥7.3

222.J

739.7

d£.7

18X\ £3,

l

46-Z;

fl.Z,

78. L

S2.6,

St. if

33.o

dt.4

Sd-0

</3.<?

:

43.z>
y Firtt figure la sbkIkub length In f««t of a alngla unit truclt/tecond, tractor acnltralLar ooiblnatlon/third, traotlra truot «b9 full

eooblnatlon/rourth, traator, asnitraller and full trailer oonbinatlon.

8/ nichva/ oonatruotlon eott dacraaaa, tharafora, Uio raaulta era ol«bl> farorabla
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Table tf-tfJV- Mffsrenoea and ratios of highway oost, truok oott, and ADT, indicating the relative eoonowjT or Increases In a«le~weigb*

ll»tts and la vehicle Itvih ltrelt«i rUld pavement.

iotai All costs art for ona eenterline-nlle of htphvsy. Construction coot Includes cott of paT^rrxnt and shoulders, bridge structures,

and «*rthwort and dmlna^ij witntenance eo*l Includes annual coat on surface and base, shoulders and structures. Truck kUt la

Btep Includes truaks rron olass 2D upward through two-trailer 5 axle, othar tap* through 2-treller 9 a*le.

Based on results from methods 1-M and k as given in table 12-1(T

National summary -- System 5, secondary rural

nlnclt/Undm aidt »»lght llalta, kip* Sln«l*/Uin4» *xl« tll(bt lUdtt, kip*

iB/32 20/35 22/38 2Vl 26/W 18/32 20/35 22/38 aV»i 26/W

Increase (+) or decrease (•) In construction oo*t fro* baae Inaroai* (+) or d*ar*ai* (-) la 1962 traak km tram •*••

o (196a u«)
Daia

-T-I^g -f 313- +sin + 7V3
Bts«

64 -3 - ^T" - f -A3 •

I (33/50/55/65) y -/Ml -IrfdC -IJ34- -<**l -802 - > -jT - 7 -// -/^ "

• u>/»/«o/«» y
-1,681 - fw -T/o -ss# -34<t - 3 - & - 1 - 13 -/d, '

3 (to/jJ/65/65) y +**£ + 72/ + 892 M //3 +/, 33o - f - // -14 -If -20'

* c«/5j/to/to) y + 733 + 270 +lo;/C 1 1,26.x. +/.47J - f - 12- ~t4 -J* -jir
Ratio of construction cost to base Ratio of truok APT to baia

(1962 Uv)
l.ooo hot /. 001 . j.oot A. 00 6"

l.ono 0. ?S3 oin $.ffl 0.717

1 (35/50/55/65) y b.W 0-910 offlx 6.113 A. 19* f)M1 O.pJL t>Wl 0-M 0.774
'

« (35/55/60/65)
^

/). ni 6.914 O.IK d.fft, 0.112 i>.m O.M dttf 717 0-7*6

3 CiO/55/65/65) ^
Looif Loos' l.66t> A.oo2 Aoo<?' 0.9& o.m 0-781 0-7/j d.tM

* (M)/55/TO/70) J/

l.oof f.OOb 7o07 AOOl j.OAD O.LW om 6.7$} 6.7/1 d 172-
Inoraase (4-) or decrease (-) In equivalent unlfora
annual truck operating cott froa best

Inoraasa (-) or dacreata (-) la aqulraleat unlfora
annual highway ooat froai base

(1962 Uv)

Base

--??/ -6/7 -A 0Ac -/. 252.

Beta

/3. 3/7 1-/3 /-JLf ++1 +£<?

1 (35/50/55/65) i/
+ 61 -2A2. -&</ - W -w -/3^ ~/2-2, -/d£, -fc -A/,

8 (35/55/60/6J) */

-/ft -412 -832, -/,/*/ -/, 32$ -u -21 -if -^ -2.A,

3 (*o/55/65/65) ^
-!,&&> -1,321 -Lit* -A, 132. -2

f
Ad? -+S/ + ££ + 26 + /AO '+/c2d>

* CO/55/70/70) */
-/, /*-*> -W* -/,A>97 -2,0/7 -J, 198 +&>jt + 77 + 73 + //3 + A33

Ratio of equlralent uniform annual
truck operating coat to base

Ratio of decrease In aqulraleot unlfora annual truck operating
coat to Increase In equivalent unlfora) annual highway ooat

(1962 U») 7.000 0-171 0J31 ^m (\ 11k 22.4- 2/. 3 JO.f III'
I (35/50/55/65) ^

1.00 L 0M4 Af// 0,9*3 f)J$i
-2J

3J 3J 3) 2J

2 (35/55/60/65) i/

0,121 o.fti 0411 A n$ o.f& 14i 3J 3J 4J 3J

3 (VJ/55/65/65) ^
A.t9f O.ZM fi.Ho cut 0>m- 2d.

3

J6.C 2/1.2, 11.3 17. &

* C*/ 55/70/70)
^ d.m

t

bJ3l 6.2Dd out if. I J8.3 lll^ J7.8 /LS
y flr«t flgiir» li aaxlaui lmgth In fe«t of airvU« unit tnicK/tecond, tr«ctor (attnlUr eo»bln«tlon/tJilT4, tnotlr* truo» *ad full

eonblnttlon/fourUi tnotor, lealtrallcr ind full trailer combination.

2/ Motor vehicle operating cost increase, therefore, benefits are negative.

^/ Highway construction cost decrease, therefore, the results are highly
favorable.
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labia lff*3rV* Differences and rot lot of blgbver coot, truck oott
r
end APT, Indicating the relative eeoaoenr of looreeeee Is erle-wlght

Llclti end In Vehicle Urvlh lira Itat rigid p*Yetrwnt.

Hotei All coeta ere for one oenterllne-mlle of hl^hvny. Construction coet Includes cost of pavement and shoulders, bridge ttruoturee,
*nd .wrUivork and drMrsMej .ralnteneiice co«t Includes Annual cost on turfs, oe and bate, shoulders and struoturee. Trunk AOT la
Slap includes trunks from ol*ss 2D upverd through tvo-treller 5 ixli, othar atepe through 2-treller 9 aria.

Based on results
National

from methods 1-M and
summary -- System 6,

k as given in table 12-1.
secondary urban

ningle/tandea ««1« .sight limit*, tlpi Slngle/tandea nit «*l«bt ll«U«, kip*

18/32 20/35 22/38 2»/»l 26/W 16/32 20/35 22/30 ak/ki 26/u

Inoreae* (+) ot d*orea«e (-) In construction eo«t fro* bant Inornate (+) or <ttniit (•) la 1962 trunk ABT froa kite

(1963 law)

193/736 + X\t(o +*/,«<// + 8,053 4//,259

Bit*

111 -7 -11 "-29 -40
1 (33/50/55/65) y -US? + 674- +32J4- -/U7f + 9,6$

6

-M -26 -j4 -Sf -Sd '

a (33/35/60/65) y
-7,ofs -J,0if0 r-3,742. H.M +'*,'** -23 -jq -37 4? -S/

3 do/55/65/65) y +3~6> +1113 + 4,$7<j +8.1/7 il!,3lL -4o -M -S3 -63 -7/

» (W>/ 55/70/70) y +2^3 +2.381 J?68$ + 8, Boo +us&$ ~4^ -41 -££ -i4 -73
/

Ratio of oonatruotlon cost to baaa Retlo of trunk ADT to bait

(1963 Lev)

IJOO /oil 1.026
'

I.OJ/2. 7.oS2- 1.000 O'W 4-f/t 0.H5 6.117

1 (35/50/55/6?) 2/

0.112, 1.003 I. oil 1.03$ 7.060 * 640+ 6.tie Q.SZ1 611>

r

0,126 •

a (35/55/60/65) ^ o.iu LM* /•Oil I.D2L f.of£ 6MS OJte 6?l> 0.720. 0.17/

3 (<K>/55/65/65) 3/

1.600 /oil /. oz£ '

L0J/2- l.oM: 6.711 0-/U 0-pl o.m 71. lot//)

» ("0/55/70/70) V
1.661 / 0/2. 1.62.6, I.D*/3 /.off. on-] 6-76

1

O-Ul OIK 6.111
Inorease (4-) or decrease (-) In equivalent unlfom
annual truck operating coat from baaa

Inoreate (4-) or decrwta (-) la •aulralant unlfom
aooual hlshwny eoit froa bata

(1962 lav)

Baaa

-wo -1,711 -j.m -3,570

Baat

jute fJ204 +¥6-7 + 767 + 1,073

1 (35/50/55/65) V -2W -Wj -3.^3 -4Ml -jf;m -73£ + 67 +32S +6,30 +-937T-

a (35/55/60/65) y
-3,120 -3,3tf -4,IA° -im -JJ1S -IS -t7t>Z +3U +611 + 176

3 C-O/55/65/65) ^ -s-.m -6
S
766 -6.420 -vu -U2l j->£~ +jzo<7 ^j/CO + 772^ + 1,078

* C>0/55/70/70) J/ -SJte -6,*27 -IM -n,p£ -7.9o7. +J17 -f-^.2^ + W3 + 18*/ +1,615'.

Ratio of equivalent uniform annual
truck operating coat to base

Ratio of deoreasa In aaulvalaot unlfona annual truck operating
coat to Increase lo equivalent unlfor* annual blghvaj coat

(1962 la«)
J. 000 6.113 d.14

o

o.lol fi-t/7
— 3.9 3.2 3.8 3.3

I (35/50/55/65) 3/

M9L 0.9o^ o.sn o.?47 d.ni
r

-y 47.S- /O.f 7-1 jr. 3

a (35/55/60/65) i/

0. 1oC o.ni o, n* d.nPi 6. tlf [H 3IZ, 7h 3 7-4 J.&

3 (»0/55/65/65) ^ o.ni ojoi.6.m 6.1$1} 0*ffl 7631-2 17.6" 73.8 9.3 7.)

» (*O/55/70/70) ^
0Jl%- 0.713 6.770 o>W 0,m 26,0.1 2C.$ /3.1 9.4 7.SL

•

y rirat tlgvort It a « tain length In feat of a ilngl* unit truck/ieeond, traotor aealtralleT combination/third, traotlvc trocS and full
eoablnatlon/fourtr traotor, acaltrallar and full trailer combination.

8/ FlflhvBT oonetructlon ooit decreaea, therefor*, tha r**ult* ar* hUhljr farorabl*.
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But the economy of the combined increases in length and axle-

weight limits is not the sum of the two individual economies,

hut usually less than the sum.

The extremely high benefit-cost ratios in the lower

right-hand corner of table 12-2N are the result of just slight

increases in the equivalent uniform annual highway costs. Any

such slight increase in costs is somewhat lacking in precision,

but when divided into the much larger sum of dollars of decrease

in truck operating cost (benefit) produces a benefit-cost ratio

too large to believe. Nevertheless, very high economy does

exist, as indicated by footnote No. 2 on the table (table 12-2N)

for those cells where the highway costs decrease with a combined

increase in axle-weight limit and vehicle length limit.

The national figures (combined 10 census divisions) for

each of the six highway systems offers a good picture of the

overall consequences of combined increases in axle-weight

limits and vehicle length limits. Table 12-4 is a national

summary showing the results separately for each of the four

length-limit steps. The benefit-cost ratios vary as follows:

System 1. Interstate rural 0.9 to 7-3

System 2. Interstate urban 9.7 to 24.9

System 3. Primary rural 9-2 to 21.6

System 4. Primary urban 10. 7 to 37.3

System 5. Secondary rural 8.8 to 33-9

System 6. Secondary urban 1.5 to 4.7
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Just why the 0.9 ratio occurs on the Interstate rural

system at the 2hjk\-kip limit was not investigated. Overall,

however, the benefit-cost ratios are exceptionally high.



CHAPTER 13

SUMMARY AND ANALYSIS OF THE ECONOMY OF VEHICLE
DIMENSIONS AND WEIGHTS BASED ON STUDIES MADE BY

A. T. KEARNEY AND COMPANY UNDER RESEARCH CONTRACT

During 1964 and 1965* A. T. Kearney and Company,

management consultants of Chicago, Illinois, under contract

with tne Bureau of Public Roads, made two studies to discover

the advantages to be gained by liberalizing motor vehicle

dimension and weight limits. This chapter outlines their

approach, taken independently from those of the Bureau of

Public Roads, and gives the main results of their studies.

The results of the consultant's studies were used by

the Bureau of Public Roads to conduct an engineering economy

analysis comparing the costs and related benefits of possible

liberalizations of motor vehicle dimension and weight limits.

Therefore, this chapter also presents a check on the economy

of motor vehicle dimensions and weights developed in analysis

Method 1 (Chapter 10).

1. PLAN OF STUDY

The 30 liberalized levels of dimensions and weights shown

in table 13-1 were the basis of the consultant's studies. It

was assumed that at each of these levels would be carried the

line-haul cargo tonnage transported by highway vehicles in i960,

broken down by the commodity density ranges shown in table 13-2.

13-1
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The average distance of haul and amount of load per trip

were used to estimate the total vehicle miles for each commodity-

density level. The average load per trip varied according to

the liberalized level of vehicle dimension and weight limits*

The total vehicle miles for each liberalized level of dimension

and weight is the sum of the vehicle miles of travel for all

commodity density ranges*

The approach by means of liberalizing dimension and weight

limits was based on the assumption that competitive factors

would force the highway transportation industry to select

a single type of trailer combination having the minimum number

of axles necessary to carry the maximum permissible load. This

assumption was the reason for the use of more than one class of

vehicle within a liberalized level. It permitted use of the

minimum number of axles for each commodity density range.

Of the total i960 line-haul tonnage transported in

highway vehicles, as shown in table 13-3* 67*37 percent was

found to be accounted for by the 19 major commodities represen-

ted by commodity density levels designated D, E, F, 6. and H

in table 13-2* General freight. 7*26 percent of the total

tonnage, is represented by commodity density levels A. B.

and Co All other tonnage, which includes kO additional miscellan-

eous commodities, amounted to 25*37 percent of the total* The

"all-other-tonnage " group was analyzed using the portion that

showed highway shipment characteristics similar to the average

for the I.e. C. certified carriers of general freight.
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Table 13-3* — Line-haul tonnages transported in highway vehicles,

by special classification, United States, i960

As grouped and analyzed by
A. T. Kearney and Company

Tons Percent
of total(add 000)

L9 Major commodities

ECC certified carriers of general freight*

111 other tonnage

Total i960 highway tonnage **

1,848,961

.199,228

696,257

2,744,446

67. 37$

7.26

25.37

100.00$

Sources

:

Class I and II data - Trine* s Blue Book of the Trucking
Industry , 1961, Trine Associates, Ltd., Washington, D.C.
Class III data - Selected Statistics of Class III Motor

Carriers of Property for the Year, i960 , Interstate

Commerce Commission, Washington, D. C.

** Intercity Freight Haulage, by Commodity, Shipping Density

and Type of Transport , i960, M. F. Kent, Highway Research

Board, 43rd Annual Meeting, Washington, D. C.
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For "both the 19 major commodities and the group comprising

all other tonnage, the consultant reduced the total tons to be

hauled by the tons moved on single-unit trucks carrying pay-

load weight less than could he carried using the i960 dimension

and weight limits* Table 13-4 shows the resulting line-haul

tons that would have been affected by liberalization of vehicle

dimensions and weights and the respective vehicle-miles and

ton-miles of travel* It should be noticed that there is an

effective ^0-percent reduction in the total tons hauled

(2.7V to 1.6k billion tons).

As shown in table 13-^, although the 19 major commodi-

ties represent two-thirds of the total affected line-haul

tonnage, they represent only one-third of the total vehicle

-

miles and ton-miles of travel* All other tonnage, accounting

for 22 percent of the total affected line-haul tonnage, also

represents roughly one-third of the total vehicle-miles and

ton-miles of travel.

2* CORRELATION OF VEHICLE-MILE ESTIMATES

Based on the year i960, the Kearney report estimated that

13*46 billion vehicle-miles of travel would have been affected

by vehicle dimension and weight liberalization. The figure is

based on reduction of the i960 total line-haul tonnage by approx-

imately kO percent, representing the tonnage moved in single

-

unit vehicles at payloads less than those possible using the

i960 vehicle dimension and weight limits. It is also based on



13-7

Table 13-4. — Estimated line-haul tonnage, miles of vehicle travel
and ton-miles that would likely be affected by vehicle
weight and size limit liberalization by special
classification, i960

As grouped and analyzed
by

A. T. Kearney and Company

Line-haul
tons

(add 000)

Miles of
vehicle
travel

(add 000)

Ton-miles

(add 000)

19 Major commodities

ICC certified carriers
of general freight (l)

All other tonnage group

Total

1,064,525

199,228

380,852

1,644,605

3,965,400

4,801,155

4,690,187

13,456,742

57,948,800

51,157,852

56,743,831

165,850,483

(l) Includes ICC reported data for general freight commodity groups

only. Other commodity groups transported by ICC certified
carriers are included in the 19 major commodities and the all
other tonnage data.
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liberalized level no. 1 (3-S2, 55-foot overall length, 40-foot

trailer, 96-inch width, 18/32-kip single/tandem axle weights)

at maximum payload conditions.

For comparison, the publication HIGHWAY STATISTICS for

i960 reports 61.3 billion vehicle-miles of travel on main

rural roads . The figure is based on all types of trucks and

combinations, including single units. It also reflects all

degrees of loading—empty, partially loaded, and fully loaded.

3. VEHICLE-MILE ESTIMATES

An illustration will convey a better understanding of

the technique used to estimate line-haul vehicle mileage saved.

If 450,000 pounds of freight were hauled 100 miles in 10 vehicles,

each effectively limited by dimension and weight regulations to

45,000 pounds of payload (5-axle semitrailer combinations with

gross vehicle weights of 73>000 pounds and empty weights of 28,000

pounds), the total line-haul mileage for these vehicles would be

1,000 miles. But if the vehicles were permitted to carry

50,000 pounds of payload each, it would take only 9 vehicles

to carry the 450,000 pounds a distance of 100 miles. Nine

vehicles times 100 miles results in 900 vehicle-miles which,

when subtracted from 1,000 vehicle-miles, equals 100 vehicle-

miles saved by the increase in payload carrying capacity from

45,000 to 50,000 pounds.

The miles of vehicle travel that could be and would

likely be affected by liberalizing of vehicle dimension and
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weight limits were projected by the consultant to the year 1990,

based on an average growth rate of 2.75 percent from I960.

These results are shown below in 5-year intervals:

Miles of
Years vehicle travel

(1,000)

1965 to 1970 81,414,603
1970 to 1975 93,241,973
1975 to 1980 106,787,544
1980 to 1985 122,300,926
1985 to 1990 140,067,986

Total 543,813,032

Based on an assumed starting year of 1965 for

authorizing increased vehicle dimension and weight limits—

recognizing that conversion to increased limits would be

authorized gradually by individual States—the consultant deter-

mined that a probable annual conversion rate of 10 percent, or a

total of 10 years, would be required before all miles of vehicle

travel were actually covered by increased vehicle limits.

Therefore, the following adjustments were made in the projected

miles of vehicle travel shown above, assuming that the 10-percent

conversion rate, or a 10-year period starting with 1965 would be

required before all States authorized the increased limits:

Adjusted
miles of

Years vehicle travel

(1,000)

1965 to 1970 24,865,975
1970 to 1975 75,099,323
1975 to 1980 106,787,544
1980 to 1985 122,300,926
1985 to 1990 lto,067,986

Total 469,121,754



13-10

The effects of liberalizing motor vehicle dimension and

weight limits to any of the 30 levels were determined for i960

in terms of the miles saved as a percentage of the 13,456,71*2,000

vehicle-miles of travel that could have been affected in I960.

The resulting percentages are shorn in table 13-5*

Based on the estimated rates of conversion by carriers

to utilization of the 30 levels of vehicle dimensions and

weights, the estimates in table 13-6 were made to show the

potential accumulated decrease in miles of vehicle travel up

to the year 1990 resulting from the line-haul transportation of

freight in maximum payloads.

k. SECOND STUDY

A. T. Kearney and Company performed under a second

contract for the express purpose of developing detail on trucking

operations helpful in the design of pavements and calculations

of operating costs for the line -haul trailer combination under

increased dimensions and weights*

A* Developing Possible Liberalization-
Universal Application

To relate the 30 levels of dimension and weight limits

to the degrees of pavement deterioration they cause, Kearney

converted their effects to equivalent 18,000-pound axle appli-

cations (E 18 kips) for each census division. For instance,

the Kearney report indicates that if highway freight in the

New England census division were hauled in trailer combinations
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Table 13-5* Estimated percent of miles of vehicle travel in line-haul
transportation of freight that would not have been required
in i960 under 30 levels of increased vehicle dimension and

weight limits^/

Liberal- Single/tan- Percentage of
ized dimen- Cargo-bcdy Number of Cargo-body dem axle- miles of
sion and length, cargo width, weight vehicle
weight feet bodies inches limits, kips travel
level no.

1 ko 1 96 18/32 4.1
2 22/38 7.6
3 26/44 16.

7

k 102 18/32 21.8

5 22/38 24.1
6

1

26/kk 25.6

7 27 2 96 18/32 11.9
8 22/38 17.4
9 26/44 28.1

10 102 18/32 34.1
11

|

22/38 37.7
12

1

26/44 40.6

13 I 96 18/32 14.6
Ik 22/38 20.0
15 26/44 31-4
16 102 18/32 37.8
17 22/38 41.7
18 26/44 ^5-3

19 ko 96 18/32 16.6
20 22/38 22.4
21 26/44 35-5
22 102 18/32 42.6
23 22/38 46.9
2k

1

26/44 50.9

25 27 2 1 96 18/32 17-7
26 22/38 23.9
27
28 id)2

26/44
18/32 m

29 22/38 51.3
30 26/44 55.3

l/ Based on summary report of A. T. Kearney and Co.
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Table 13-6. Projection from 1965 to 1990 of the potential decrease in
accumulated vehicle-miles of travel resulting from line-
haul transportation of freight in maximum payloads!/

Potential
Liberal-
ized dimen-
sion and
weight

level no.

Cargo-body
length,
feet

Number of
cargo
bodies

Cargo-body
width,
inches

Single/tan-
dem axle

weight lim-
its, kips

decrease in
billions of
vehicle-
miles of
travel

1 I\0 : f 18/32 Base
2 22/38 29.4 to 33-8

3 26/44 6O.7 to 70-0
4 102 18/32 58.5 to 83.4

5 22/38 64.7 to 92.2
6 26/44 68.7 to 97.9

7 27 2 96 18/32 32.3 to 46.0
8 22/38 47.2 to 66.6

9 26/44 57.O to 86.1

10 102 18/32 69.2 " 104.5

11 22/38 76.5 " 115-5
12 26/44 82.4 " 124.4

13
-.

10 96 18/32 34.1 to 55-8
14 22/38 46.7 to 76.5
•15 26/44 38.1 to 96.2
16 102 18/32 45.8 " 115-8

IT 1 22/38 50.6 " 127.8
18

1
26/44 54.9 " 138.8

19 40 96 18/32 38.3 to 63.5
20 22/38 52.3 to 85.7
21 26/44 43-1 " 108.8
22 102 18/32 51.7 " 130.5

23 22/38 56.9 " 143-7
24 26/44 61.4 " 155-1

25 27 I I 96 18/32 52.8 to 74.2

26 22/38 71.3 " 100.2

27 26/44 114.8 " 161.4

28 102 18/32 I08.3 " 177-5

29 22/38 119.8 " 196.3

30 26/44 129.1 " 211.5

l/ Based on summary report of A. T. Kearney and Co.
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of 55-foot overall length, with 40-foot semitrailers 96 inches

vide, tinder 22,000-pound single- and 38,000-pound tandem-axle

limitations, the total E l8-kip applications per mile of pave-

ment would average 84,000 per year or 230 per day.

Table 13-7 indicates that universal use of the 27-foot

doubles in combinations of 65-foot overall length and 102-inch

width on all highway systems in the East North Central census

division would produce 82 E l8-kip axle applications for every

100 E 18-kip axles it took in i960 to haul the same amount of

freight. The number of tons in each commodity density level,

as a percentage of the total tons hauled, varies for the

different census divisions* Therefore, the figures in table

13-7 are not necessarily representative of all census divisions.

B. Developing Possible Liberalization-
Separate Highway Systems

The phase of the second Kearney study related to separate

highway systems was based on the reasoning that, for over-the-

road operations, competitive factors would force the highway

transportation industry to select two classes of trailer combina-

tions, one of which would have the minimum number of axles

necessary to carry the maximum permissible payload on the primary

and secondary highway systems and the other class similarly

selected for higher gross loads on the Interstate system.
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Table 13-7 lists 12 of the 36 paired classes of trailer

combinations that vere studied by the consultant. In the right-

hand column are the ratios of total anticipated E 18-kip axle

applications of the paired classes to the total present E l8-kip

effect of liberalized level number 1 of the 36 paired trailer

-

combinations classes studied by the consultant. The table lists

those pairs having a ratio of anticipated to present E ld-kip

effect of less than 1.00. The lowest or most favorable ratio

shown is 0.73 for pairing of 27-foot double trailers (65-foot

overall length) and 27-foot triple trailers (100-foot overall

length), all of which are 96 inches wide.

5. APPLICATION OF THE KEARNEY FINDINGS

An important application of the results of the Kearney

studies is to serve as an independent check of the in-house

studies of the desirable dimensions and weights of motor vehicles

reported upon here. But in order to compare the Kearney results

with those obtained by the project staff, it is necessary to

translate Kearney's E l8-kip applications based on maximum

loading conditions to the E ld-kip axles developed in analysis

Method 1 (Chapter 10) on the basis of 1962 loading practice.

The following paragraphs outline the adjustments that were made

in order to attain comparability in results.

The E l8-kip axles reported by Kearney were adjusted to

account for traffic growth to 1965 from his base year i960.
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The average E lS-kip axles for the study period 1965 to 1984

were then determined using the electronic computer* The E l£-

kip axles for passenger cars and single-unit trucks vere also

added to Kearney's total, because they are Included In Method 1.

The base E 18-kip axles at the 18/32-kLp single/tandem

axle-weight level for the 40-foot semitrailer combination

(liberalized level number 1) in each census division was adjus-

ted to the E l8-klp values developed in Method 1 from the 1962

truck weight study at the 18/32-kip single/tandem axle-weight

level. The E l8-kip axles for each of the remaining liberalized

levels were adjusted by the percentage used for liberalized

level number 1. The costs of highway construction for pavement

shoulders , bridges, earthwork and drainage, and maintenance costs

were calculated as described for Method 1 in Chapter 10*

Loaded and empty vehicle -miles of travel were reported by

Kearney for each commodity density level* The motor vehicle

operating costs used were those developed in Chapters 9 sod 10*

The total motor vehicle operating cost for each liberalized

level of motor vehicle dimension and weight was obtained by

adding together the operating costs of all the commodity levels*

Two adjustments were made in the total operating cost of

each liberalized level of vehicle dimension and weight* To

adjust to a level representative of the study period, the costs

were multiplied by the ratio to the i960 E l8's of the total

average E 18-kip axles for the study period shown by the
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computer printout. Then, to adjust for correlation with

Method 1, the factor used to adjust E Id's to Method 1 was

also applied to motor vehicle operating costs. Benefit-cost

ratios were then calculated using the procedure described for

Method 1 in Chapter 10 • The results are shown in table 13-9*

6. ECONOMY OF HIGHER
AXLE-WEIGHT LEVELS

The range of benefit-cost ratios resulting from use of

the Kearney data for UO-foot single-axle trailers confirms the

range of benefit-cost ratios for increases in axle-weight limits

shown by Method 1. The benefit-cost ratios based on Kearney

data show economy in higher axle-weight limits for all vehicle

classifications studied. Only the UO-foot, double-trailer

combination indicated a low benefit-cost ratio. The reason

for this exception can be traced to the fact that, for the

40-foot double trailers at the l8/32-kip single/tandem axle-

welght level for vehicles 96 and 102 inches wide, two

liberalized levels of vehicle dimension and weight represented

limited conditions of payload weight for commodity density levels

A, B, and C. For other liberalized levels of vehicle dimensions

and number of trailers, at the above-stated conditions of vehicle

axle weight and width, payloads were limited as to cube for

commodity density levels A, B, and C, which range from to

27.5 pounds per cubic foot*
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For commodity density levels A, B, and C, which together

in this case account for some 75 percent of the total vehicle-

miles of travel, an increase in axle-weight limits usually

permitted the dropping of one axle, resulting in a lover gross

vehicle weight and thus lover operating costs. But the condition

of limited weight for the 18/32-kip single/tandem axle-veight

level for the 40-foot double trailers did not permit the dropping

of an axle when axle-veight limits were raised by Kearney

to the 22/38-kip single/tandem level. Therefore, the net result

of adding together the operating costs for all commodity levels

was an operating-cost Increase instead of a decrease.

7. INCREASED VEHICLE WIDTH

Increase in vehicle width from 96 inches to 102 inches

results in increased payloads for commodities that fill cargo

bodies as to cube: that is, when the vehicle is visibly fully

loaded by volume. But the increase in width—and thus the

increase in vehicle empty weight—decreases the allowable payload.

The two conditions in which cube-full and weight-full trailers

are increased in width are therefore economically counterbalancing.

Decisions as to the economy of increases in width for

specific vehicle classifications must be based on the net result

for all commodity density levels. In general, the benefit-cost

ratios in table 13-10, based on the Kearney data, show that it

would be economical to increase vehicle widths from 96 Inches to

102 inches.
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Table 13- 10 Ratio of incremental reduction in truck operating cost
to incremental increase in equivalent annual highway
C03t resulting from an increase in vehicle width from

96 inches to 102 inches on the Primary Rural Highway
System

Census Cargo body length (feet) Single/tandem axle veights in kips
Division and number of cargo

body unit3Region 18/32 20/35 24/411 26/44 26/44

1. Kj 40 ft. - single 44.1 28.6 21.9 20.1 19.3
27 ft. - double 24.6 52.0 * 283.3 9.8
30 ft. - double 21.0 * * x- *

1*0 ft. - double to.

9

17.6 8.0 to7- 5.8

27 ft. - triple lto5 - - - 7.4

2. MA. 40 ft. - single to.

3

27.3 22.9 20.5 23.1
27 ft. - double 14.2 24.3 9.2 66.9 16.0
30 ft. -'double 9.h - - - -

40 ft. - double 76.3 17.4 11.5 8.9 8.2
27 ft. - triple 7.9 - - - *

5. ENC 40 ft. - single 44.8 18.1 15.2 16.4 21.3

27 ft. - double 13.7 29.8 110.3 65.7 10.8
30 ft. - double 22.6 * J J J
40 ft. - double 32.6 14.2 8.4 78.7 6.9
27 ft. - triple 5-5 - - J 10.6

6. WHC to ft. - single 21.1 19.0 14.9 12.0 14.7
27 ft. - double 19.6 •X- * 31.6 8.1
30 ft. - double 24.6 -X- J - _

to ft. - double 12.4 26.2 28.4 16.2 6.9
27 ft. - triple 14.0 * - * 4.5

7. ESC 40 ft. - single 69.9 38.8 30.3 . 25.4 22.8
27 f-.,. - double 23.5 X- •X- # 12.0
30 ft. - double 26.7 X- J - J
to it. - double 34.0 1^.5 11.5 9-5 9-1
27 ft. - triple 21.6 - - -X- 10.9

8. VSC to ft. - single 39.7 34.7 22.1 20.5 28.3
27 ft. - double 12.1 -7-3 -0.3 16.6 19.6
30 ft. - double 57.^ - - - - -

to ft. - double 41.3 22.9 18.6 14.5 13.3
27 ft. - triple 20.3 - - - 15. ^

9. M to ft. - single 0.9 0.0 0.4 0.0 0.2
27 ft. - double 10.6 # * * to9
30 ft. - double 10.5 4.6 3-7 7.2 *

to ft. - double 7.6 25.8 52.6 30.3 11.1

27 ft. - triple 29.6 - - - 1.4

10. P to ft. - single -1.5 2.5 2.3 2.7 3.1
27 ft. - double 20.8 41.7 13.3 89.2 •X-

30 ft. - double 15.0 * * *• *

to ft. - double 14.4 0.6 0.5 0.4 4.7
27 ft. - triple # * •x- * 13.1

* Annual highvny costs decreased and annual motor vehicle operating costs
decreased.

- Annual highway costs decreased and annual ir.otor vehicle operating ccst3
increased by an equal or greater amount.

J Annual highway costs decreased and annual vehicle operating cost3
increased by a lesser amount.
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The only vehicle classifications for which increased

width is indicated to be questionable economy are the 27-foot

double and triple trailers and the 30-foot double trailer.

Reasons can be given for these conditions. For commodities

resulting in loads with limited cubes, there is a limit of

increased vehicle width and thus of payload and gross vehicle

weight where additional axles are needed in order to prevent

axle-weight overload. Additional axles mean lower E l8-kip axle

applications and highway costs but also higher practical maximum

gross vehicle weights and vehicle operating costs. Therefore,

for those commodity density levels where an increase in width

was accompanied by the need for an additional axle, there are

no benefits or decreases in motor vehicle operating costs. The

liberalized levels of motor vehicle dimension and weight that

contained one or more commodity density levels requiring addi-

tional axles for an increase in vehicle width from 96 inches to

102 inches are shown below:

Commodity
density
level 1/

Liberalized level number

96-inch

vehicle width

102-inch

vehicle width

Vehicle

classification

D, E

A,B,C.

A,B,C,D,E

E

8

15

26

27

11

18

29

30

27-foot doubles

27-foot doubles

27-foot triples

27-foot triples

1* See table 13-2 for types of commodities.
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The need for additional axles is the significant factor

in determining the economy of increasing width from 96 inches to

102 inches for the 27-foot trailers. For the 30-foot double

trailer combination, it vas found that a correction of the

Kearney vehicle empty weight to shew orderly increases in empty

weight with increases in vidth would cause the 30-foot double

-

trailer combination to show economy for increases of width

from 96 inches to 102 inches.

8. SUMMARY

The engineering economy analyses based on the studies

of A. T. Kearney and Company indicate that economy is to be

gained from the use of higher axle-weight limits than those now

existing. The analyses, therefore, verify the findings of

Method 1.

The analyses also indicate that general overall economy

can be gained by increasin vehicle width from 96 inches to

102 inches.

The A. T. Kearney and Company studies indicate that

there would be economic and service advantages for the trucking

industry in the use of trailers with double-cargo as compared

with single-cargo bodies. State legal overall length limits of

65 feet would be necessary before adequate double-trailer

combinations could be operated.



CHAPTER Ik

TRANSPORTATION FACTORS IN HAULING
2,000 TONS OF PAYLOAD ONE MILE AND

THE MARGINAL LIMITS OF VEHICLE WEIGHTS

Understanding of the significance of the results in

chapters 10, 11, and 12 on the economy of axle weight and

vehicle length may he enhanced by a study of the equivalent

18-kip axle applications and motor vehicle operating cost which

result from hauling 2,000 tons of payload one mile by each indi-

vidual class of vehicle and by hypothetical fleets. A logical

extension of both the analysis of the economy of axle weight

and vehicle length and of the 2,000 ton study is to determine

the ultimate limits of axle weight and gross vehicle weight

beyond which there would be no further economy of transportation.

1. EMPTY WEIGHT OF VEHICLES RELATED TO
AXLE-WEIGHT AND GROSS WEIGHT LIMITS

The trucking industry is desirous of keeping the empty,

or tare, weight of vehicle as low as is sound, consistent with

safety, dependability, reasonable operating cost, and suita-

bility to the cargo carried. As axle weight increases, the

vehicle empty weight must also increase to provide the desirable

14-1
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structural strength and braking ability. As the gross vehicle

weight increases, the weight of the power vehicle must also

increase to provide for the desired speed and acceleration.

A. Tare Weight of Tractors

Table 14-1 gives the tare weight of 2-axle and 3-axle

tractors for a range of practical maximum gross combination

weights from 25, OCX) to 280,000 pounds. This table was devel-

oped by reference to manufacturers ' catalogs and truck weight

data, and extended by judgment.

B. Weights of Empty Trailers

By reference to manufacturers ' catalogs and other

sources of information, table 14-2 was prepared to show the

average weight of empty trailers by length and number of axles.

In general, these weights correspond closely to the weight of

the closed-van trailer and to axle-weight limits of 18/32 kips.

From tables 14-1 and 14-2 it is possible to develop the empty

weight of any tractor-trailer combination according to trailer

length and axle arrangement.

C. Empty Weights of Various Vehicle Classes
at a Range of Axle-Weight Limits

The tare (empty) weights in tables 1^-1 and 1^-2 plus

other information were used as the basis for obtaining the

weights for specific classes of vehicles at specific lengths as

given in table lk-3 for the 18/32 kip axle-weight limit.
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Table 1*1-1 . — Net horsepower and tare weight of tractor related to
practical maximum gross vehicle combination weight
based upon truck weight studies, manufacturers* data,
and Judgment.

Practical
maximum
gross combi- Net available

horsepower

Tare weight of tractor, pounds 2J

nation weight
to be pulled,
1,000 pounds

2-axle 3-axle

25 128 6,220

30 138 6,800 10,300

4o 158 7,960 11,250

50 178 9,120 12,200

60 198 10,280 13,150

70 218 11,440 14,100

80 238 12,600 15,050

90 258 13,760 16,000

100 278 14,920 16,950

120 318 17,240 18,850

140 358 19,560 20,750

160 398 21,880 22,650

180 338 24,550

200 378 26,450

220 418 28,350

2*10 458 30,250

260 498 32,150

280 638 34,050

=» The tare weight reflects any added weight necessary for increased
axle-weight limits because of the resulting increase in practical
maximum gross vehicle weight.
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Table 14-2. — Weight in pounds of empty trailers for use
in combinations of vehicles at the 18/32
single/tandem axle-weight limits

Trailer width of 96 inches.

Weight of dollies: single-axle, 2,600 pounds;
two-axle, 5,000 pounds.

Trailer
length, feet

Semitrailer Full trailer

1 axle 2 axles 2 axles 3 axles 4 axles

20 6,300 8,900

22 6,570 9,170

24 6,840 9,440

25 6,975 9,120 9,575 11,720 14,120

26 7,110 9,310 9,710 11,910 14,310

27 7,245 9,500 9,845 12,100 14,500

2d 7,380 9,690 9,980 12,290 14,690

30 7,650 10,070 10,250 12,670 15,070

32 7,920 10,450 10,520 13,050 15,^50

35 8,325 11,020 10,925 13,620 16,020

4o 9,000 11,970 11,600 14,570 16,970

42 9,270 12,350 11,870 14,950 17,350

*5 9,675 12,920 12,275 15,520 17,920
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Table ik-k gives the empty weights of the single-unit trucks

2D and 3A and of the tractor-semitrailer series for the range

of axle-weight limits from 18/32 to 60/95 kips.

The increase in tare weight with increased axle-weight

limits was extended from the 18/32 limits by the use of the 1963

truck weight data. A plot was made of truck empty weights

versus practical maximum gross vehicle weights. The practical

maximum gross vehicle weight that would exist at each axle-

weight level was obtained by first determining from the graph

the increment of tare weight for each increment of practical

maximum gross vehicle weight based on the next higher axle-

weight limit.

D. Practical Maximum Gross Vehicle Weights

To calculate the number of vehicles required to haul

2,000 tons of payload and the operating cost of these vehicles,

it is necessary to determine the practical maximum gross weights.

For this computation, the practical maximum gross vehicle weight

is defined as the sum of the maximum legal weights of the load-

carrying axles plus the weight on the front, or steering axle.

Table 14-5 gives the practical maximum gross vehicle weights

for the same series of classes of vehicles and axle-weight

limits as were used in table ik-k.
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2. EQUIVALENT 18-KIP AXLE APPLICATIONS AND
VEHICLE OPERATING COSTS RESULTING FROM
HAULING 2,000 TONS OF PAYLOAD IN DIFFERENT
CIASSES OF VEHICLES AND FLEETS

Added understanding of the interrelationships of axle-

weight limits, E 18-kip axle applications, and cost of motor

vehicle operation can he gained hy studying each class of

vehicle and vehicle fleet under hypothetical conditions. In

the following analyses, the role of each class of vehicle in

hauling 2,000 tons of payload freight is ohserved first in

single vehicle classes, then in three fleets composed of dif-

ferent classes of vehicles.

A. Concept and Basic Provisions

A general conception of the relationship of the factors

of (l) legal axle-weight limits, (2) E 18-kip axle-weight appli-

cations (applications of equivalent 18,000-pound single axles),

(3) number of trucks eliminated under higher axle-weight and

gross vehicle-weight limits, and (4) motor vehicle operating

costs can be gained by considering these four factors in rela-

tion to haulage of a specific number of tons of payload, such as

2,000 tons (4,000,000 pounds) by the following classes and combi-

nations of vehicles: (l) each of eight different classes of

vehicles (scheme l); (2) single-unit trucks, 40-foot semi-

trailers (scheme 2); (3) single-unit trucks, 40-foot semi-

trailers, and double 27-foot trailers with an overall vehicle

combination length limit of 65 feet (scheme 3)j and (4) single-
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unit trucks, 40-foot semitrailers, and double *K)-foot trailers

with an overall combination length limit of 100 feet (scheme k)

The eight vehicle classes that were analyzed either

separately or in combination are listed below:

1. 2-axle, 6-tire single-unit truck (2D)
2. 3-axle, single-unit truck (3A)

3. 3-axle tractor-semitrailer combination (2-Sl)
k. 4-axle tractor-semitrailer combination (2-S2)

5- 5-axle tractor-semitrailer combination (3-S2)

6. 5-axle tractor-semitrailer-full-trailer
combination (2-S1-2)

7. 7-axle tractor-semitrailer-full-trailer
combination (2-S2-3)

8. 9-axle tractor-semitrailer-full-trailer
combination (3-S2-4)

This analysis assumes that the 2,000 tons of payload are

moved one highway mile with the appropriate number of empty

trips and trips with full and less than full payloads. For

purposes of further approach to reality, it may be assumed that

these 2,000 tons of freight are hauled in one day. This tonnage

approximates that which is now hauled daily over many routes on

the rural primary systems.

It was assumed that, for the transportation of the 2,000

tons of highway freight in each part of the study, each vehicle

class is loaded identically in relation to payload capacity.

The loading distribution used, from the standpoint of weights,

was as follows:

1. 33$ of the vehicles move empty,
2. 17$ of the vehicles move one-fourth loaded,
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3- 30$ of the vehicles move three-fourths loaded, and
k. 20$ of the vehicles move fully loaded.

Varying empty weights (see table 14-6) — depending upon

the scheme of hauling the freight being considered — were sub-

tracted from the practical maximum gross weight (table 14-5) to

get the maximum payload weight capacity for each vehicle class

at each of the five axle-weight levels.

Using these maximum payload weights per vehicle, the

pounds of payload at empty weight, one-fourth loaded, three-

fourths loaded, and fully loaded were determined. These pay-

loads at various degrees of loading were vised for two purposes:

(l) to calculate an average payload for each class of vehicle

at each axle-weight limit and (2) by adding them back to the

empty weights, to get the gross weights at the four levels of

loading at increased axle-weight limits.

By dividing the number of tons that a particular class

of vehicle is to haul by the average payload for that vehicle

in table 14-7, the number of vehicles in each class required

to transport the 2,000 tons of highway freight was determined.

These numbers of vehicles then were distributed according to

the assumed degree of loading in order to calculate the total

number of E 18-kip axles by vehicle class.
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B. Scheme 1: Hauling 2,000 Tons of Freight
by one Vehicle Class

One way to study the desirable dimensions and weights of

motor vehicles is to assume that the 2,000 tons of highway

freight move between points A and B in each of eight classes

of highway freight vehicles and at five different axle-weight

limits. Instead of moving the freight in a fleet of mixed

classes of vehicles, the freight movement in one class of

vehicle is assumed, to provide a comparison of the relative

efficiencies of each of the eight vehicle classes.

It will be noted in table 14-8 that, under 18/32-kip

axle-weight limitations ( 18,000 pounds for single and 32,000

pounds for tandem axles), the fewest vehicles (91.51) required

to haul 2,000 tons of highway freight would result from using

the 3-s2-^ vehicle. In addition, it should also be noted that,

of the six trailer combinations, the 3-S2-4 vehicle would

transmit to the pavement the fewest E 18-kip axles (189.67) in

carrying 2,000 tons of payload.

It will be noted further that the 3-S2 vehicle, with

two tandem axles and a steering axle, has 189.42 E 18-kip axles

at 18/32-kip limitations, which increases to 1*82.10 at 26/44-kip

limitations, an increase of l$k percent. The 2-S1-2 vehicle,

with four single axles in addition to the steering axle, has

232.42 E 18-kip axles at the 18/32-kip limitations, increasing

to 758.93 at the 26/44-kip limitations, an increase of
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227 percent. The 3-S2 vehicle would transmit to the pavement

3-77 E 18-kip axles per vehicle, while the 2-S1-2 combination

would transmit to the pavement 6.kk E 18-kip axles per combi-

nation at the highest weight limitation studied (26/¥i-kip

axles) and 1.05 and I.38 E 18-kip axles per vehicle, respective-

ly, at the lowest weight limitations studied (18/32 kips).

Table 14-8 indicates that at all five axle-weight levels

the lowest cost of moving 2,000 tons of highway freight one mile

is obtained through the use of the 3-S2-4. The most costly

trailer combination is the 2-S1. The most costly of the eight

classes of vehicle is the 2D single-unit truck.

C. Schemes 2, 3, and k: Hauling 2,000
Tons of Freight in Fleets made up of
Several Classes of Vehicles

Three hypothetical fleets (schemes 2, 3, and h) composed

of several classes of vehicles were envisaged for the purpose

of transporting 2,000 tons of freight between two points one

mile apart. The efficiency of these fleets is based upon both

cube ( cargo-volume capacity) and weight requirements and is fore-

cast with respect to loaded and empty vehicle loadings observed

at truck weighing stations in 1963.

For this study, each class of vehicle was assumed to

travel empty 33 percent of the time; one-fourth loaded, from the

standpoint of axle weights, 17 percent of the time; three-fourths

loaded 30 percent of the time; and fully loaded only 20 percent

of the time.
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(l) Distribution of the 2,000 tons
among the various vehicle classes

The shipping densities of cargo are the key factors in

selecting the economical vehicle when both axle-weight limits

and number and length of cargo bodies are considered. The

2-S1 combination under an l8/32-kip axle-weight limit will

utilize its 2,262 cubic feet of usable capacity when loaded

with commodities of density less than 11^ pounds per cubic foot

(pcf). The 2,262 cubic feet is based on an exterior trailer

length of 40 feet, height from pavement to exterior of roof of

13.5 feet, an exterior width of 96 inches, and a maximum inside

cargo space height of 9.0 feet with an assumed inside loading

height of 7*5 feet. Commodities weighing llg pcf or more must

travel in 2-S1 combinations less than visibly fully loaded

because of axle-weight limits.

Similarly, the 2-S2 combination cannot legally (under

18/32-kip axle limitations) travel with a visibly full load of

commodities weighing more than about 16 pcf. The 3-S2 combina-

tion can legally travel with visibly full loads of commodities

weighing up to 21 pcf but above that weight this vehicle must

travel less than fully volume-loaded. See tables 14-10 and

14-11 for the maximum product densities for visibly fully

loaded vehicles.

By increasing the axle-weight allowances from 18/32 to

26/44 kips, the cutoff points above which full cubage loads

could not legally be carried would be raised from 11^ to 16^
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Table 14-12. -- Distribution of 2,000 tons of payload by 5-pound
shipping density groups and an estimate of the
total cubage required to haul the 2,000 tons of payload

Percentage Cumulative Distribution Cubage
Shipping of total percentage of 2,000 tons required for
density, intercity of inter- of highway 2,000 tons of
pcf freight in city freight freight highway freight

I960 1/ in i960 1/ (tons) (cf)

5- 9-9 1.30 1.30 26.0 6,980
10- 14.9 3.15 4.45 '63.O 10,120
15- 19-9 O.58 5.03 11.6 1,330
20- 24.9 1.71 6.74 34.2 3,047
25- 29.9 4.34 11.08 86.8 6,324

30- 34-9 3.79 14.87 75.8 4,672
35- 39.9 5.29 20.16 105.8 5,650
4o- 44.9 9.25 29-41 I85.O 8,716
1*5- 49-9 10.44 39.85 208.8 8,801
50- 54.9 5.34 45.19 106.8 4,072

55- 59-9 8.65 53-84 173.0 6,023
60- 64.

9

o.ll 53.95 2.2 70
65- 69.9 1.12 55.07 22.4 664
70- 74.9 0.48 55-55 9-6 265
80- 8^.9 0.17 55.72 3.4 82

85- 89.9 0.03 55.75 0.6 14
90- 94.9 2.98 58.73 59.6 1,289

100-104.9 33.52 92.25 670.4 13,087
105-109.9 0.27 92.52 5.4 101
110-114.9 0.26 92.78 5.2 92

115-119.9 0.50 93.28 10.0 170
130-134.9 1.45 94.73 29.0 438
145-149-9 I.96 96.69 39.2 532
155-159.9 0.02 96.71 0.4 5

160-164.9 0.08 96.79 1.6 20

165-169.9 0.04 96.83 0.8 10
180-184.9 0.10 96.93 2.0 22

185-189.9 2.20 99-13 44.0 469
195-199.9 0.01 99-14 0.2 2

215-219.9 0.04 99.18 0.8 7

220-224.9 0.24 99.42 4.8 43
225-229.9 0.55 99.97 li.o 97
310-314.9 0.03 100.00 0.6 4

TOTAL 100.00 2,000.0 83,218

1/ Source: Based on Table 2 of report, "Intercity Freight Haulage,

by Commodity, Shipping Density and Type of Transport, i960," by

Malcolm F. Kent, Highway Research Record 82, Higlr-'ay Research

Board.
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pcf for the 2-S1 combination, from l6 to 23 pcf for the 2-S2,

and from 21 to 29? pcf for the 3-S2.

Table 14-12 indicates that on the basis of weight only,

1.30 percent of commodities moving by highway transport have

shipping densities of less than 10 pcf; 4.45 percent, less than

15 pcf; 5*03 percent, less than 20 pcf; 6.74 percent, less than

25 pcf; and 11. 08 percent, less than 30 pcf. Therefore, using

the 3-S2 combination with a J*0-foot body, slightly more than

5.03 percent of all commodities hauled, or only those of a

density of less than 21 pcf, could be hauled as a visibly full

load without exceeding an 18/32-kip axle-weight limit. Under

an axle-weight limit of 26/44 kips, close to 11. 08 percent of

all commodities, or those of less than 30 pcf, could be hauled

as visibly full loads without exceeding the axle-weight limits.

Scheme 2 is based on the use of vehicles with single

cargo bodies. The proportion of the 2,000 tons of freight to

be carried by each of the five vehicle classes affected by

increases in axle-weight limits is based upon the results of

the 1962 truck weight study. Because gross vehicle weight

limitations have been raised in 19 States since 1962, the 3-S2

vehicle is now supplanting the 2-S2 vehicle. For this reason,

it is assumed in this analysis that the vehicle-miles reported

for the 2-S2 vehicle are indicative of the future 3-S2 travel

and vice versa.

The vehicle classes and the proportion of the 2,000 tons

assigned to each vehicle are as follows:
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SCHEME 2

Vehicle class Highway freight
(Tons)

2D
3^
2-Sl
2-S2
3-S2

220
80
1^0
680
880

Percent

11
4

7
34

2,000 100

In a fleet with mixed single- and double-cargo bodies,

the tonnage of cargo to be hauled will be divided between

single- and double-cargo vehicles and combinations on the basis

of transport requirements and economy. The vehicles with single-

cargo bodies will not be entirely supplanted by the double-cargo

vehicles, should the double-cargo combination be authorized

where it is not now permitted.

The distribution of the 2,000 tons of freight among

the vehicle classes, when 27-foot double-cargo-body combina-

tions are included in the fleet, is based partly oa vehicle

class distribution in States allowing both single- and double-

cargo-body vehicles and partly on experience in Michigan where

both 7- and 9-axle and more combinations are found. The

assumed distribution of the 2,000 tons to a fleet with 27-foot

double-cargo combinations is as follows:
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SCHEME 3

ilcle class Highway freight
(Tons)

2D 220
3A 70
2-S1 130
2-S2 280
3-S2 300
2-S1-2 200
2-S2-3 400
3-S2-4 400

Percent

11.0
3-5
6.5
14.0
15.0
10.0
20.0
20.0

2,000 100.0

In the above distribution, the single-unit trucks

(2D and 3A) are assigned 14.5 percent of the total tonnage;

the single-trailer combination vehicles (2-S1, 2-S2, and 3-S2),

35«5 percent; and the double-trailer combination vehicles

(2-S1-2, 2-S2-3, and 3-S2-4) , the remaining 50.0 percent.

For the 2-S1 combination, there still is a need of commodities

weighing up to 10 pcf , and for the 2-S2, commodities weighing

I5i to 22^ pcf

.

The tons of cargo assigned to each vehicle type in this

combined 40-foot single- and 40-foot double-cargo-body fleet are

as follows:

SCHEME 4

Percenticle class Highway freight
(Tons)

2D 220
3A
2-S1

70
100

2-S2 220

3-S2
2-S1-2
2-S2-3
3-S2-4

260
230
420
460

11,.0

3.• 5

5.0
11,,0

13 ,0

11,.5

21,,0

24.0

2,000 100.0



14-24

(2) Comparison of number of vehicles
and E 18-kip axle applications

The number of vehicles necessary to carry the assigned

tons of payload was obtained by dividing the total pounds of

freight by the average payload per vehicle considering all

degrees of loading from empty 0f full. For example, in scheme 2

the 12 ,249-pound average payload of the 2-SI, under single 18-

and tandem 32-kip limitations, when divided into 140 tons,

resulted in 22.86 2-S1 combination vehicles required to carry

this assigned tonnage for the single-cargo-body fleet.

Table 14-13 shows that, for each vehicle class in

schemes 2, 3 and 4, the number of vehicles needed decreases as

the axle-weight limits increase. Also, it is evident that,

although the number of vehicles required decreases, the E 18-

kip factors for the heavier axle weight results in increased

E 18-kip applications.

(3) Comparison of vehicle operating costs

For scheme 2, for which single-cargo-body vehicles were

used in the transport of 2,000 tons of freight at the 18/32-kip

axle-weight limits, total operating costs were found to be about

14 percent higher than for scheme 3, in which double-cargo-body

combinations 40-feet in length were used. As shown in table

14-13, at the 18/32-kip axle-weight limits, the cost per mile

to move 2,000 tons of highway freight is $97-36 for the
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single-cargo-body fleet, $85. kO for the fleet with 27-foot

double trailers, $85.35 for the fleet with 40-foot double

trailers. Similar costs for these three fleets under the

26/44-kip restrictions are $75-24, $68.28, and $60.23, respec-

tively. This reduction in motor vehicle operating cost of

approximately 23 percent for the three fleets at the 26/44-kip

axle-weight limits results from carrying the same payload in

fewer vehicles at the 26/44-kip axle-weight limit than are

required at the 18/32-kip axle-weight limit.

3. MARGINAL AXLE-WEIGHT LIMITS BASED ON ECONOMY
OF TRANSPORTING 2,000 TONS OF PAYLOAD

The analyses of the economy of axle-weight limits, as

presented in Chapter 10, indicate that there is overall trans-

portation economy in axle-weight limits above the 26/44-kip

limit used in these analyses. It is desirable, therefore, to

extend the analyses to still higher axle-weight limits. In

order to gain some indication of the axle-weight limits above

which no further economy may be expected, the 2,000 ton pay-

load study was extended to 6o/95-kip limits using a hypothetical

fleet.

A. Concepts and Procedures

As a first approach to determining the marginal limits

of vehicle axle weights above which no further transportation

economy could be achieved, the 2,000-ton study described in the

preceding section was extended to higher axle-weight limits.
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The results apply only to the primary rural system in the

East North Central census division, which was chosen for

analysis

.

The analysis is based on hauling 2,000 tons of payload

one mile on a newly constructed highway. The axle-weight

limits used are as follows:

Single/tandem, pounds Single/tandem, pounds

18,000/32,000 32,000/53,000
20,000/35,000 36,000/59,000
22,000/38,000 40,000/65,000
24,000/41,000 44,000/71,000
26,000/44,000 48,000/77,000
28,000/47,000 52,000/83,000

60,000/95,000

The distribution of payload among the classes of

vehicles in the scheme is the same as previously given in

table 14-13- The loading distribution between empty and full

payload, also is the same as stated on page 14-21. The vehicle

empty weights and practical maximum gross weights were taken

from tables 14-4 and 14-5. The average payloads per vehicle

for each class of vehicle and the three schemes of fleet com-

position are given in table 14-14.

The E 18-kip axle applications, highway costs, and

maintenance costs were calculated according to the procedure

developed in Method 1. Table 14-17 gives the motor vehicle

operating costs per vehicle-mile for the axle-weight limits of

28/47 kips and above.
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B. Results of the Analysis

Table 14-18 sets forth for each scheme the number of

vehicles by class, the total motor vehicle transport cost, and

the number of E 18-kip axle applications for each of eight

levels of axle-weight limit. A general observation from the

table is that, as the axle-weight limit moves upward from

28/47 kips to 60/95 kips, the number of vehicles is reduced to

about half the initial number, and the E 18-kip axles are

increased about 10 times.

The benefit-cost ratios and the basic highway and motor

vehicle costs are given in table 14-19 for the full range of

axle-weight limits from 18/32 kips to 60/95 kips. For all

three schemes, the incremental benefit-cost ratios decrease

with increasing axle-weight limits. The marginal axle-weight

limits are about 56/89, 52/83, and 52/83, respectively, for the

three schemes. The ratios are plotted in figure 14-1.

As mentioned at the beginning of this section, the

analysis applies to hauling 2,000 tons of payload one mile in

hypothetical fleets of vehicles under the highway costs per-

taining to the primary rural system in the East North Central

census division. Since the overall economy of increased axle-

weight limits depends upon the number of trucks (ADT) and the

fleet composition by vehicle class, this type of analysis would

lead to different results with smaller or greater total numbers

of tons of payload to transport. The answers, however, are
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helpful in gaining some insight into the ultimate limits of

axle weight beyond which no further economy could he expected.

Attention is called to table 14-5 giving the practical

maximum gross vehicle weights for each class of vehicle for

axle-weight limits up to 60/95 kips. The highest gross vehicle

weight in this table for axle-weight limits of 52/83 kips is

3^+7-1 kips for the 3-S2-4 combination, or well above the gross

vehicle weight of 225 kips, the point at which the trucking

costs in cents per payload ton-mile cease to decrease. However,

because all trucks do not move fully loaded as to weight and

because, in a total fleet of several classes of vehicles, many

vehicles would have far lower practical maximum gross weights

than would the 3-S2-4, gross weights above the maximum for the

limit of transport economy could prove economical in the total

fleet of vehicles.

k. MARGINAL GROSS WEIGHT LIMITS BASED ON
ECONOMY OF TRANSPORTING 2,000 TONS OF
PAYLOAD

The preceding Section 3 attempts to determine the upper

axle-weight limits beyond which no further transportation

economy is to be expected. Economy is based upon the highway

costs combined with motor vehicle operating costs. It is

logical to determine as well the ultimate, or marginal, limits

of gross vehicle weight, or that point where no further trans-

port economy would result from further increases in gross

vehicle weight.



14-37

A. Concepts and Procedure

Higher gross vehicle weights may be obtained by adding

axles to the vehicle combination without increasing the maxi-

mum limits of axle weight. The adding of axles can be achieved

by adding trailers to a chosen basic power tractor. Thus, the

2-S1 class of tractor-semitrailer could be successively increas-

ed in total gross combination weight by adding a second, third,

fourth, and sixth trailer. This is the process followed, using

the 2-S1, 2-S2, and 3-S2 semitrailer combinations as basic

vehicles

.

Unlike the analysis for the marginal axle-weight limit,

the marginal gross vehicle-weight limit cannot be achieved con-

sidering the highway cost. This statement is true because when

the axle-weight limits are held constant and the gross vehicle

weight Increased by adding trailers, there is no appreciable

increase in the highway cost. In fact, in most of the cases

tried, the highway cost actually decreased as the gross combi-

nation weight of the vehicle increased. Consequently, the

marginal gross vehicle weight has been determined without

reference to highway cost.

Essentially, the marginal gross vehicle weight is

simply that gross vehicle weight, or that loaded gross vehicle

weight, at which the cost of transporting goods reaches a

minimum in cents per ton-mile of payload. This marginal loaded
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gross weight is given by Hoy Stevens 2J as approximately

180,000 pounds, which would correspond to a practical maxi-

mun gross vehicle weight of 225,000 pounds, based upon an

80-percent ratio of loaded gross weight to practical maximum

gross vehicle weight.

B. Results of the Analysis for
Marginal Gross Vehicle Weight

Figure 14-2 gives the transport cost in cents per

payload ton-mile for the 2-S1, 2-S2, and 3-S2 vehicle

classes with successive numbers of trailers up to gross vehicle

combination weights of about 400,000 pounds expressed in terms

of the practical maximum gross weight based upon the 18/32-

kip single/tandem axle-weight limits. Curves based upon the

Stevens 33-67 percent payload distribution are also given. It

should be noticed that the difference between the Stevens

payload distribution and the 33-17-30-20 percent distribution

gives a decidely lower cost in cents per payload ton-mile for

the 33-67 percent distribution. This would be expected, be-

cause the number of trips to haul 2,000 pounds would be fewer

with the 33-67 distribution than with the 33-17-30-20

distribution

.

The analysis for the marginal axle-weight limits

indicated that they were about 52/83 kips single/tandem axle-

2J
Hoy Stevens, Line-Haul Trucking Cost Upgraded, 1964,
Highway Research Record No. 127, Highway Research
Board, National Research Council, 1966, p. 19.
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weight limits. If the marginal axle weight found in that study

is plotted in terms of gross vehicle weight, there is indica-

tion that the marginal practical maximum gross vehicle weight

would be about 314,000 pounds, somewhat higher than was found

in the marginal gross weight study. In any case, both the mar-

ginal axle weight and the marginal gross vehicle weight are

appreciably higher than are apt to become legal in the fore-

seeable future.

C. Concluding Analysis with Respect to
Marginal Gross Vehicle Weight

It is to be expected that intercity highway freight

carriers will continue to find that the use of several

classes of vehicles is desirable as a means of getting the

most efficient operation in hauling different commodities dif-

ferent distances. Therefore, a specific marginal gross vehicle

weight for the heaviest probable single class of vehicle to be

used in a fleet would not indicate that such marginal gross

vehicle weight would be attained by each separate class of

vehicles within the fleet, or that it would not be an advantage

to load higher than the marginal limit. It probably would be

true that, because of the dropping off and picking up of trailers

en route and other characteristics of transport operation, the

trucking industry would find it advantageous on certain trips

to start with an initial gross vehicle weight that is higher

than the marginal gross vehicle weight, since there would be no

significant increase in cost per payload ton-mile.
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5. MARGINAL ALT FOR ECONOMY OF
INCREASED AXLE-WEIGHT LIMITS

Because the pavement design depth is a function of the

number of E 18-kip axle applications and the number of axle

applications is a direction function of ALT, it is reasonable

to expect that the economy (benefit-cost ratio) of increased

axle-weight limits would vary with the change in ALT. The

following study of the marginal ALT for economy of increased

axle-weight limits shows that there is a minimum ALT below

which the benefit-cost ratio is less than 1.0, and that there

appears to be no upper limit to economy as ALT increases.

A. Scope of Study

An examination of the benefit-cost ratios resulting

from Methods 1, 1-M, 2, and 3 discloses that, in general, lower

ratios will be obtained with lower ALT. A positive conclusion

is not readily apparent, because traffic composition, pavement

design criteria, construction prices, and other factors besides

ALT vary among highway systems and census divisions. Therefore,

a study of marginal economical ALT was made for each of the

10 census divisions and each of the six highway systems , The

results are summarized and reported in table lU-20 as a National

average for each highway system and for each of four intervals

of increased axle-weight limits. The study was based entirely

on increases in axle-weight limits and did not consider

increases in motor vehicle width, length, and gross weight.
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B. Concept and Approach to Solution

For any given increase in axle-weight limits, a

reduction in ADT (when the same total tons of payload are

hauled) will result in the same percentage reduction in truck

transport costs and in £ 18-kip axle applications to the

highway. The B 18-kip highway construction-cost relation-

ship is not a straight line function, and the net result of

reducing ADT for a given increase in axle-weight limits is a

percentage reduction in annual highway costs that is less than

the percentage reduction in ADT and transport costs. Therefore,

for any given increase in axle-weight limits, trial and error

reductions of the ADT can be made to determine that marginal

ADT which results in a benefit-cost ratio of 1.0.

An advantage in using the design concept of minimum

pavement thickness (Method 1-M) for the marginal ADT analysis

is that the increment of annual highway costs for a given

increase in axle-weight limits will remain constant for any

decrease in ADT volumes. Therefore, for a given increase in

axle-weight limits, the percentage by which the incremental

annual benefit has to be reduced to equal the incremental annual

highway cost is equal to the reciprocal of the benefit-cost

ratio. The ADT volume at the lower axle-weight level multi-

plied by this percentage gives the minimum economical ADT for

the increase in axle-weight limits.
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C . Results

Table 14-20 lists the marginal ADT's for the four

intervals of change in axle-weight limit for the six highway

systems and for the composite of the 10 census divisions

(national average) . The figures under the column headed

Method 1-M are the marginal ADT's based on the minimum pave-

ment design concept.

Table 14-21 shows the effect on the marginal ADT of

variations in the minimum pavement design depth. For a given

increase in axle-weight limits, the marginal ADT decreases as

the minimum pavement depth increases. The marginal ADT's for

the primary rural highway system were calculated on the basis

of the minimum pavement design concept (Method 1-M) , construc-

tion costs for the East North Central census division, and

average ADT for the study period 1965 to 1985.
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Table llj-20. - - Marginal ADT's based on Method 1-M,
rigid pavements, and the concept of
minimum pavement design depth - National
average, or composite of 10 census divisions

Increase in single/tandem Highway system Method
1-M

Method
axle-veight limits, kips

No. Name 1

18/32 to 20/35 1 IR 91^ 1,082

2 IU 1,390 1,631

3 PR 1^7 397

k PU 299 kk3

5 SR 31 lk2

6 SU 87I+ 1,090

20/35 to 22/38 1 IR 1,070 1,237

2 IU 1,675 1,928

3 PR 177 ^32

k PU 3^3 5^
5 SR 39 170

6 SU 1,026 1,269

22/38 to Zk/kl 1 IR 1,307 1,W
2 IU 2,058 2,322

3 PR 217 hQQ

k PU 468 708

5 SR 53 209

6 SU 1,255 1,528

2^Al to 26/kk 1 IR 1,932 2,151

2 IU 3,1^0 3A53
3 PR 356 7^2

k PU 953 1,363

5 SR 102 353

6 SU 1,981 2,365
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rTable 14-21. —Marginal ADT's for various minimum
pavement design depth based on Method 1-M,

for the East North Central census division,
rigid pavements, and the primary rural
highway system, using the average ADT for
the study period 1965 - 1985

Increase in single/tandem Minimum pavement design depth, inches

axle-weight limits, kips r 8" 9" 10"

18/32 to 20/35'

20/35 to 22/38

22/38 to 24/41

24/41 to 26/44

413

434

449

696

245

256

290

^59

156

183

224

357

107

129

162

256





CHAPTER 15

DISCUSSION, SUMMARY, AND CONCLUSIONS WITH
RESPECT TO DIMENSION AND WEIGHT LIMITS

Chapters 10 through ±h report on the investigation of

the economy of vehicle dimensions and weight with particular

reference to axle-weight limits and overall combination length.

It is desirable now to review these chapters in their over-

all concept,, meaning, and significance of results.

1. LACK OF UNIFORMITY OF STATE LAWS

Difficulties for the trucking industry in interstate

cartage are inherent in the State-to-State range of variation

in the limiting legal vehicle dimensions of width, height, and

length; in axle-weight limits from the low of 18,000 to 23,520

pounds for a single axle and from 32,000 to 44,000 pounds for a

tandem axle; and in gross vehicle-weight limits. Furthermore,

there is no sound engineering, economic, or industrial basis

for the wide variation in legal limits of dimensions and

weights. Economy of highway freight transportation could be

significantly increased if uniformity of legal dimensions and

weights could be achieved. This report on the desirable

dimensions and weights of motor vehicles supplies a substantial

15-1
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foundation for use in establishing the desirable limits of

vehicle dimensions and weights in each State.

2. TOLERANCES AND ENFORCEMENT

In several States, three factors exist having the same

effects that would result from increasing axle-weight limits

above the nominal, or basic, limits usually referred to.

These factors are (a) the higher axle-weight or gross weight

limits for local products of agriculture, forestry, or mining;

(b) the enforcement tolerances (as high as 13 percent); and

(c) overloading practice combined with weak enforcement efforts.

Relatively, certain States would not experience many

additional E lB-kip axle applications to its pavements if the

special limits for local products were made universal, and if

the maximum axle-weight limits with tolerance were made the

universal legal limits. These two changes combined with effec-

tive enforcement would provide for higher axle-weight limits to

the benefit of transport without adding a significant increase

in loading on the highways, certainly up to the 20,000/35,000-

pound axle-weight limit.

3. BASIC FACTORS SUPPORTING THE RESEARCH

The economy of highway transportation as calculated

includes in all eases the highway construction costs, mainte-

nance costs of the highway, and the cost of operating trucks

over the highways. In all calculations, the additional cost of
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highway construction for an increase in axle-weight limits was

charged 100 percent against the benefit of decreased trucking

cost within the 20-year analysis period, even though the addi-

tional cost of earth work, of the pavement base and surface, and

of structures was for a type of work that could be expected to

last for 50 to 75 years.

The analyses reported in Chapters 10 through Ik are

believed to indicate the minimum economy to be expected. All

factors on which the economy depended were conservatively

determined

.

k. THE CROSS VEHICLE-WEIGHT LIMITS

Specific attention is called to the inconsistency of the

State and Federal limits on gross vehicle weight and the limits

on axle weight, length of vehicles, and the number of axles.

The purpose of the gross vehicle-weight law is particularly to

protect bridges, and this purpose is not achieved in a State

having a gross weight limit of 73,280 pounds and l8/32-kip axle-

weight limits and permitting a conbination vehicle with double

cargo units. With the 65-foot combination with double cargo

units, economy depends upon hauling gross weights higher than

73,280 pounds or even 76,000 pounds, the limit common in the

western States. Even if single axles were used exclusively,

a reasonable gross limit for the 65-foot tractor with double

trailers would be 82,000 pounds.
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5. IMPLICATION OF HIGHER AXLE-WEIGHT LIMITS,
GROSS WEIGHT LIMITS, AND VEHICLE LENGTHS

The highway systems existing today are composites of a

wide range of structural capacities, considered from the view-

point of their adaptation to truck axle-weight applications. It

is not feasible to determine just what would happen to existing

highway systems under legal provision for higher weight limits.

It is logically concluded, however, that the economy indicated

by the axle-weight limit study on one mile of new construction

would apply equally well to existing highways.

As the pavements on existing highways reach a state of

structural deterioration calling for reconstruction, it is

presumed that the proper authorities would provide the desirable

improvement. This action is in conformity with the practice

over the last 1(0 years, which have experienced a continuous

building and rebuilding of the roadways, including the replace-

ment of structures. Over the last several years, the State laws

have been modified from year to year to provide for higher

limits of vehicle dimensions and weights. Therefore, if the

States now having the lower dimension and weight limits desire

to increase these limits to the levels existing in adjacent

States, they would simply be repeating history and would con-

tinue to replace their highways as they have done in the past.

The economy of vehicle length is great and can be

achieved without increasing highway costs, particularly with
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the use of the double 27-foot trailers drawn by a tractor under

a limit of 65 feet.

6. HIGHER LIMITS FOR ACCESS-
CONTROLLED HIGHWAYS

Although the 65-foot, or possibly the 70-foot, limit on

vehicle length for combinations is desirable for use on all

highway systems, it is reasonable to allow a greater length

limit, and consequently a higher gross weight, on the Interstate

highway sytem and on other routes with comparable standards of

design. The experience on toll highways in Kansas, Indiana,

Ohio, New York, and Massachusetts, where double 40-foot trailers

are permitted to operate at an approximate length of 100 feet

and gross vehicle weight of 125,000 pounds, has proved this

operation to be successful. Toll authority reports indicate, on

the whole, no interference with traffic, safe operation from the

point of view of accidents, and high transport economy.

On these toll highways, no provision is made on the

property of the toll authorities for making up and breaking

down the double trailers at toll gates. If the 100-foot long

double trailer were permitted on the entire Interstate system,

public authorities or the private trucking industry would need

to provide for a marshaling yard close to the Interstate inter-

change to avoid using the long combination on highways that are

not divided or not fully access-controlled.
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7- ECONOMY OF AXLE WEIGHT

The calculated economy of increasing axle-weight limits

is high, particularly for the Interstate and primary highway

systems under Method 1-M, in which minimum depths of pavement

structure were used. It is established that overall highway

transportation economy will prevail with increased axle-weight

limits up to as high as 26/kk kips. The rate of return in

proportion to the highway cost necessary to achieve these bene-

fits is expressed in benefit-cost ratios on the order of 3 to 20.

8. SENSITIVITY OF FACTORS

In the analysis of the economy of axle-weight limits, the

sensitivity of certain factors in controlling highway construc-

tion cost, the benefit-cost ratio, and E 18-kip axle applications

was remarkably great. In the beginning no attempt was made to

be precise or to develop smooth trends in the number of vehicles

of each class at the different levels of axle-weight limit.

Furthermore, the calculation of the E 18-kip axle applications

was not controlled precisely. The earlier calculations using

Method 1 indicated the sensitivity of these factors, but the

cost was redone in some instances to provide for carrying the

number of vehicles and E 18 factors to tenths. Also, preliminary

checks were made to provide for a smooth transition of these

factors from one level of axle-weight limit to the higher ones.
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The pavement construction cost was found to be sensitive

to the one-hundredth of an inch of pavement depth. That is,

the final pavement construction cost would show an appreciable

change in dollar value with the sensitivity of 0.01 inch of

pavement and shoulder depth. For a mile of highway, this in-

significant degree of depth is blown up considerably. Likewise,

the number of vehicles was sensitive to both the E 18-kip

application and the motor vehicle operating cost.

9. MARGINAL LIMITS OF WEIGHT AND AJZT

Although some difficulties were experienced in

developing procedures for determining the marginal limits of

weight and ADT, results were obtained indicating that the single/

tandem axle-weight limits beyond which no further increases in

the economy of highway transportation can be expected were about

44/70 kips. The marginal gross weight limit is approximately

200,000 pounds per combination. In both cases, these marginal

limits are so far beyond today's practical limits that there is

little possibility that they would be seriously considered for

new legislation. These marginal limits have value, however,

because they show that any axle-weight limit in the neighborhood

of 26/44 kips and any gross weight limit in the area of 125,000

pounds (the present limit on toll highways where the double

40-foot cargo units are permitted) should achieve the economy

that this study indicates is attainable.
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The study to determine the average daily traffic volume

below which the increase in axle-weight limit would not produce

a gain in economy indicated that ADT's as low as 500 will result

in economy at higher axle-weight limits. On 2-lane, bidirec-

tional secondary highways/ an increase to 26/44-kip limits

would give a benefit-cost ratio of 1.0 at an ADT of about 500

vehicles of all classes. For the primary rural highway system,

a 4-lane divided highway with an ADT of 2,000 would produce a

benefit-cost ratio of 1.0 for the 26/H-kip limits.

10. MINIMUM PAVEMENT DEPTH
AND MARGINAL LIMITS

Method 1-M for determining axle-weight economy was

developed to correct for the fact that the AASHO interim pave-

ment design guides used in this study often resulted in a

depth of pavement structure less than that currently considered

adequate by the highway departments. Because the AASHO design

formula produced design depths at the higher axle-weight limits

that were still materially below today's State minimum depths,

in applying Method 1-M an increment of pavement depth was added

to the minimum depth for each increase in axle-weight limit.

The marginal ADT—that ADT at which the benefit-cost

ratio would be 1.0—could not be calculated on a normal basis,

because the marginal ADT is so low that the pavement design

depth resulting from the design formula is far below the mini-

mum design depth considered to be practical The scheme used
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in Chapter Ik, however, results in a reasonable approximation

of the marginal ADT.

In theory , as the ADT decreases , the pavement design

depth, pavement costs, and the total dollar volume of transport

benefits decrease, all in some ratio to each other that is not

a constant. Therefore, it can be expected that the marginal

ADT is a low traffic volume. In the opposite direction, the

marginal axle-weight limits are high (46/70 kips), because the

pavement design depth increases more slowly as the ADT (E 18-kip

axle applications) increases, while at the same time the pavement

cost decrease in dollars per cubic yard in place.

11. RAMP WIDTH FOR 102-INCH
VEHICLE WIDTH LIMIT

The estimated highway construction cost to match

increased axle-weight limits would not require any increase in

the cost of interchange ramps and other comparatively narrow

facilities. For a change in vehicle length, however, the

off-tracking may necessitate wider paved lanes on some inter-

change ramps or on sharp corners in some urban areas . The

analyses using Method k make no allowance for this possible

increase in highway cost, but it is recognized that such

increases might come about. The cost increase, however, would be

relatively small.

Because of the difficulty of getting a reliable measure-

ment, the economy of vehicle width has not been developed in
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detail. Chapter 13, in which the study by the A. T. Kearney

Company is discussed, gives some indication that there is modest

economy in the change to 102 inches of vehicle width. This

economy is not priced out on the basis of increased highway cost

for increased vehicle width, because the general geometries of

design are now adequate to provide the necessary safety for the

102-inch width.

Where existing traffic lanes are less than 12 feet,

reconstruction will normally be to widen enough lanes to accomo-

date the 102-inch width, even though the 96-inch width may

likely continue to be the legal maximum. It should be recog-

nised that ramp design and construction for the 102-inch wide

vehicle may require wider pavement than would the 96-inch limit.

Again, no estimate of this cost has been made because it would

be relatively small.

12. TRUCK ADT

In all of the analyses for the economy of increased

vehicle weight and length, there is an indicated reduction in

the average daily traffic of trucks from the 2D (2-axle,

6-tired, single unit) upward. In actual practice, it is

probable that this decrease in daily truck traffic will not

actually materialize. Two factors may prevent it from taking

place. The normal growth in truck use to serve the needs of

growing industry and increasing population would normally

prevent any decrease in truck ADT. Second, if trucking becomes
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more profitable with increased limits of vehicle dimensions and

weight, such increased profitability is apt to induce greater

use of the highway by heavy trucking.

13. PROBABLE ACTUAL USE OF HIGHER LIMITS

In the analyses of axle-weight economy and of the economy

of combination length, it is assumed that the same number of

tons of payload would be hauled at the increased levels of axle-

weight limit and length as would be hauled at the existing limits

This assumption is one not likely to be realized for a reason

already discussed: any liberalizing of vehicle limits on dimen-

sions and weights probably will result in increased use of the

highways by heavier trucks. However, in order to determine the

relative effects of increases in limit, it was essential to hold

constant all factors except the change in the limit of weight or

dimension.

As the States approach uniformity in limits, a change

made by any single State will affect trucking practice in

adjacent States. If a State has low legal limits, trucks

operating between that State and surrounding States having

higher limits will not be able to take full advantage of those

higher limits. The maximum weight or maximum dimensions used

by truckers in interstate travel is controlled by the State

having the minimum limit. The analyses for economy of vehicle

weight and of vehicle length do not take into consideration

these probable changes in trucking practice.
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14. FEASIBILITY OF DOUBLE- AND
TRIPLE-CARGO COMBINATIONS

A combination made up of a tractor, a semitrailer, and a

full trailer with the conventional type of axle arrangements

could have a total of nine axles: the front (or steering) axle

and four sets of tandem axles. This type of axle arrangement is

common on the toll highways permitting the 100-foot long combina-

tion with 40-foot double trailers. A question arises whether,

considering the mechanical and operational features of the

vehicle, the 9-axle combination using 27-foot trailers for a

total length of 65 feet is practical. The trucking industry may

know the answer, but this report merely raises the question.

The combination of tractor and three 27-foot long trailers

in an overall length of 100 feet is a practical one that has

proved satisfactory in test runs in Idaho and Nevada. The triple-

trailer combination should, however, be restricted to divided

highways with full control of access.

15. EFFECT ON PASSENGER CARS

Increased vehicle weights and lengths may affect

passenger car traffic as much favorably as unfavorably. On the

favorable side, the passenger car will be required to pass fewer

and slower-moving trucks, because of the fewer trips required to

transport a given tonnage of cargo. This is particularly true

for an increase in axle-weight limits, but it is equally true

for double-cargo combinations that could theoretically reduce by
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half the number of combination vehicles. The net result of

using the double-trailer as opposed to the single-trailer

combination is, therefore, a reduced total length of all trucks

to be passed by passenger cars, although individual truck length

to be passed might be 65 feet instead of 50 feet.

A greater number of trucks having heavy gross weights

might have to be passed on plus grades, provided that the

weight-horsepower ratio does not increase. The present trend

is toward lower weight-horsepower ratios in vehicles operating

on the highway and those being manufactured.

16. THE BENEFICIARIES OF HIGHER LIMITS
ON VEHICLE DIMENSION AND WEIGHT

It is easy to conclude that increased vehicle dimension

and axle-weight limits would result in benefits to the owners

and operators of the vehicles taking advantage of the more

liberal limits. In the end, however, it may be assumed that at

least a fair share of these benefits would be passed on to the

public at large. About 25 percent of the haulage of freight on

the public highway is done by common carriers whose tariff

schedules are regulated by State regulatory commissions and the

Interstate Commerce Commission. If higher dimension and weight

limits permitted these carriers to earn substantially more profit,

the regulatory commission would reduce the tariff schedules.

Again, in private industry, where haulage is done by private

operators carrying their own goods, general competition would
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control wholesale and retail prices to some extent. There is

no reason to expect the competitive economic laws to operate

differently in the transportation industry than they do in the

manufacturing and distribution industries.

Consistent with general public policy, cost responsibility

of the users of the highway should be assigned on some equitable

basis related to cost incurred and benefits received. There is

ao great a margin of benefits over costs that any properly

allocated additional tax burden on the heavier trucks that would

utilize higher axle-weight limits would still leave then with

substantial net benefits.

IT. SHORTENING OF SERVICE LIFE
OF PAVEMENTS, RESULTING FROM
INCREASED AXLE-WEIGHT LIMITS

The shortening of the years of service life resulting from

increased axle-weight limits was not used in any of the analysis

methods adopted for this study. Instead, the effect of any in-

crease in E l8-kip axle application was taken care of by increas-

ing the pavement depth. Of interest, however, is table 15-2,

giving the reductions in service life for Method 1-M from the

design life of 20 years. The reduced service life calculated

is the elapsed time in years that it would take for the pave-

ments to have received the total number of E 18-kip applications

that would be received in 20 years under a lower axle-weight

limit.



Table 15-2. — Shortened years of average service life with increase in

axle-veight limits for Method 1-M with transition

15-15

Highway system
Single/tandem axle-weight limits, tips Single/ tandem axle-weight limits, tips

and pavement type
18/32 20/35 22/38 24/41 26/44 18/32 20/35 22/38 24/41 22/44

East Horth Central West South Central

1. Interstate rural

Rigid 20.0 17. 4 15.3 13.6 12.2 20.0 16.4 13.8 11.9 10.5

Flexible 20.0 15-7 12.8 10.7 9-2 20.0 16.2 12.6 U.6 10.2

2. Interstate urban

Rigid 20.0 18.

U

17.1 15.8 14.8 20.0 18.1 16.4 15.1 13.9

Flexible 20.0 18.3 I6.9 15.6 14.5 20.0 18.9 17.9 16.9 16.0

3. Primary rural

Rigid 20.0 19-5 19.0 18.5 18.1 20.0 19-2 IB.

4

17.7 17.1

Flexible 20.0 17.4 15.3 13.5 12.1 20.0 17.6 15.7 14.0 12.7

4. Primary urban

Rigid 20.0 19. 4 I8.9 18.4 18.0 20.0 19.0 18.2 17.4 16.6

Flexible 20.0 17.1 15-0 13.2 11.9 20.0 17.4 15.4 13.8 12.6

5 . Secondary rural

Rigid 20.0 19.8 19.6 19.3 19-1 20.0 19-8 19.6 19.3 19.1

Flexible 20.0 19.4 18.8 18.2 17.6 20.0 19.4 16.8 18.2 17.6

6. Secondary urban

Rigid 20.0 19-6 19.3 18.9 18.5 20.0 19-6 19.3 18.9 I8.5

Flexible 20.0 19.1 18.1 17.0 16.0 20.0 19-0 18.0 17-1 16.2

Mountain Pacific

1. Interstate rural

Rigid 20.0 18.4 16.9 15-6 14.4 20.0 16.8 14.4 12.5 u.o

Flexible 20.0 19.6 19.2 18.8 18.3 20.0 16.7 14.3 12.5 11.1

2. Interstate urban

Rigid 20.0 17.5 15-5 13.9 12.6 20.0 17.9 16.1 14.5 13.3

Flexible 20.0 19.2 I8.5 17.8 17.1 20.0 18.6 17-4 16.3 15.4

3. Primary rural

Rigid 20.0 19.5 19.0 18.5 18.0 20.0 19-1 18.2 17.4 16.3

Flexible 20.0 19.8 19.7 19.5 19.2 20.0 13.2 16.6 15.3 14.2

4. Primary urban

Kigla 20.0 17.7 15.8 14.3 13.1 20.0 10.2 16.7 15.4 14.3

Flexible 20.0 19.2 18.4 17.7 17.1 20.0 17-7 15-9 14.5 13.4

5. Secondary rural

Rigid 20.0 19.8 19-7 19-5 19.4 20.0 19.0
'

19.6 »., 19.3

Flexible 20.0 19-9 19.8 19-6 19.5 20.0 19.6 19.2 18.6 18.4

6. Secondary urban

Rigid 20.0 19.3 18.6 18.0 17.4 20.0 19.0 », 17.2 16.5

FlexiLl3 20.0 19.4 18 , »., 17.9 20.0 17., 15-6 14.1 12.9
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18. NATIONAL SUMMARY OF METHOD 1-M

On the bottom lines of table 15-3 are the benefit-cost

ratios for Method 1-M for each of the six highway systems. The

National average ratios in this table offer a better indication

of the overall economy of the increased axle-weight limits than

is obtainable separately for each of the 10 census divisions.

As may be expected
_, the secondary urban system has the lowest

benefit-cost ratios ranging from 2.1 to 5.6. The high ratios

—

up to 55.7 on the primary urban system—again indicate that the

trucking cost reductions are many times the highway cost in-

crease for the full range of axle-weight increases up to 26/44

kips.

19. ANNUAL REDUCTIONS IN
TRUCK OPERATING COSTS
BY HIGHWAY SYSTEMS

The analyses for economy of axle-weight limit by Methods

1, 2, 3> 4, and 6 were made on the basis of one highway mile of

new construction. It is of considerable importance to explore

the truck operating costs on an annual basis for the entire

highway system mileage. In tables 15-4 and 15-5 for Method 1-M

and tables 15-6 and 15-7 for Method 4 are found the system

mileages, truck-miles, and truck operating costs for the ADT's

of 1965 and 1984. Tables 15-4 and 15-6 give daily values for

the basic information. Tables 15-5 and 15-7 give the base

totals for each of the two years for length step and the

yearly differences from this base to the higher axle-weight

limits on the right of the base entries.
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An examination of tables 15-5 (axle weight, Method 1-M)

and 15-7 (length steps, Method 4) discloses phenomenal annual

reductions in truck operating costs. A change from the 18/32-

kip limits to 20/35 kips would have resulted in reductions for

1965 from $25.2 million on the Interstate urban system to $249.7

million on the primary rural system. For all six systems, the

combined reductions are $623-9 million. For 1965 and the 26/44-

kip limits, the combined six-system reductions are $2,703-9

million. For 1984 the truck operating-cost reductions range up

to four times those of 1965. The differences between 1965 and

1984 result from the forecast of truck AMD and traffic

composition.

Comparing tables 15-5 and 15-7 shows that from length

step to step 1 the change to the 65-foot maximum length of

vehicle combination reduces the truck operating cost two to

three times as much as does the change in axle-weight limit from

18/32 to 20/35 kips. This length change from step to step 1

for 1965 results in cost reductions of $43-4 million (secondary

urban system) to $74l-7 million (primary rural system) and

$1,227.8 million (all systems). These cost reductions are for

the single years 1965 and 1984. For the entire period from 1965

to 1984, they would be approximately 20 times the average for the

two years.
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CHAPTER 16

HIGHWAY FINANCING REQUIREMENTS UNDER
INCREASED AXLE-WEIGHT LIMITS

Any increase in the legal limits of axle weight would

no doubt be accompanied by some additional highway construction

cost for the structure of pavements and bridges on existing

systems in order to provide the necessary strength to carry the

heavier axles that would follow such an increase in axle-weight

limits. Therefore, some estimate is called for of the addi-

tional financial requirements for highway construction that

would result from increased legal limits on axle weight.

1. BASIC CONCEPT AND APPROACH

An estimate of the additional financing required for

highway construction under laws permitting higher axle weights

can be made by using the material in Chapter 10 as the basis

for estimating the additional construction cost per mile of

highway. There remains , however, the necessity of estimating

the number of miles of existing highway that would be con-

structed, reconstructed, or resurfaced, in a given time period.

It has been assumed that any increase in the allowable weights

of axles would result in thicker pavements and stronger bridges,

16-1
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and, therefore, in a greater cost in dollars per mile of

highway construction. The analysis of the economy of axle-

veight limits indicates the additional costs per mile to be

expected.

It is logical to assume that the heavier axle weights,

when applied to pavements not specifically designed for such

axle weights would cause the pavement to reach a stage war-

ranting reconstruction or resurfacing sooner in calendar time

than it would were it not subjected to the higher axle weights.

Since the original pavement design in Chapter 10 was

based upon the specific number of E ld-kip axle applications in

the 20-year period, the shortening of the service life of the

pavement over the years to reach a PSI of 2.0 in 20 years can

be calculated by determining the date at which the number of

£ ld-kip axle applications accumulated would be the same under

the higher axle-weight limits as under the lower limits. This

time interval, beginning January 1, 19^5 > vas calculated for

each of the 5 axle-weight limits at the same time that the com-

puter calculated the pavement design and pavement cost. In

calculating the finances required under different levels of

axle-weight limits, analysis Method 1-M was used for determin-

ing the adjusted average service life and the added cost of

construction or reconstruction at the higher limits.

The second major factor that had to be determined was

the total miles of highways to be reconstructed each year for
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the 20 years "beginning January 1, 19&5- The approach to this

estimate was to determine the amount of existing construction

on each of the highway systems in terms of the ages, or vintage

years, of construction of its several segments and the miles

remaining. By applying to the miles of original construction

"by vintage years a retirement distribution or survivor curve

of the appropriate average service life, a theoretical retire-

ment from existing pavements and the miles remaining by ages

could be forecasted year by year. Assuming, then, that the

retired mileage of pavements would be replaced by reconstruc-

tion or resurfacing and that the highway system would be

extended by adding lanes and increasing centerline mileage year

by year, it is possible to develop a new-construction, recon-

struction, and resurfacing program for the 20-year period from

1965 through 198^ for each highway system considered.

In order to apply the basic method, it was necessary to

determine by pavement type the lane-miles constructed during

each year and the lane-miles existing at the beginning of each

year for each highway system and for each of the ten census

divisions. Further, it was necessary to determine the shape

of the survivor curves and the average service life to be

applied to each vintage year of construction by pavement

surface type, by highway system, and by census division.
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2- ASSEMBLY OF HISTORICAL DATA
ON PAVEMENT CONSTRUCTION TO 1964

The forecast of the requirements for pavement

replacement from 1965 through 1984 depends upon the age and

surface type of pavements existing on January 1, 1965. An

estimate of these ages and mileages as of 1965 depends upon the

year-by-year constructed mileage in prior years. Therefore, a

first step in a projection of construction activity from 1965

through 1984 -was to assemble the historical data on construc-

tion "before 1965.

Data on annual lane-miles of construction "by surface

types and by census divisions were obtained from construction

tabulations furnished by the Program Analysis Division,

"Highway Statistics," and other sources. The lane-miles, con-

structed are given for the East North Central census division

in table 16-1 together with the type survivor curve and average

service life, as an illustration of how the data for each census

division were handled.

3. SELECTION OF SURVIVOR
CURVES AND SERVICE LIVES

Through the Statewide highway planning surveys, starting

in 1935 and continuing to the present, several of the State

highway departments made studies to determine the service lives



TABLE 5*5-1 -- ESTIMATED LANE-MILES OF HIGHWAY CONSTRUCTION AND REL.ATEO TYPE SURVIVOR CURVES I" l6—

5

FUR FIVE AXLE-WEIGHT IIMITS

CENSUS DIVISION, 5 EAST NORTH CENTRAL 1 Of 5
YEAR LANE-MILES TYPt SURVIVOR CURVES FOR EACH S I NGLE

/

TANDEM
BUILT AXLE-WEIGHT LIMIT

18/32 20/35 22/38 2*/*l 26/**

SYSTEM 1 INTERSTATE RURAL SURFACE-TYPe GROUP, 00

19*7 25 SI 12.0 SI 9.* SI 7. 7 SI 6.* SI 5.5
19*9 29 SI 12.0 SI 9.* SI 7.7 SI 6.* SI 5.5
1950 103 SI 15.0 SI 11.7 SI 9.6 SI 8.0 SI 6.9
1951 31 SI 15.0 SI 11.7 SI 9.6 SI 8.0 SI 6.9
1952 I 13 SI 15.0 SI 11.7 SI 9.6 SI 8.0 SI 6.9

1953 1B0 SI 15.0 SI 11.7 SI 9.6 SI 8.0 SI 6.9
195<! 26 SI 15.0 SI 11.7 SI 9.6 SI 8.0 SI 6.9
1955 26 SI 15.0 SI 11.7 SI 9.6 SI 8.0 SI 6.9
1956 31 SI 20.0 SI 15.7 SI 12.8 SI 10-7 SI 9.2
1957 33 SI 20.0 SI 15.7 SI 12.8 SI 10.7 SI 9.2

I960 *Z S2 20.0 S2 15.7 S2 12.8 S2 10.7 S2 9.2
1961 35 S2 20.0 S2 15.7 sz 12.8 S2 10.7 S2 9.2
1962 186 S2 20.0 S2 15.7 S2 12.8 S2 10.7 S2 9.2
1963 198 S2 20.0 S2 15.7 S2 12.8 S2 10.7 S2 9.2
196* 168 S2 20.0 S2 15.7 S2 12.8 S2 10.7 S2 9.2

SYSTEM 1 INTERSTATE RURAL SURF ACE - TYPE GROUP, *

19*7 13 S* 17.0 S* 1*.B S* 13.0 S* 11.5 S* 10.*
19*8 32 S* 17.0 S* I*.

8

S* 13.0 S* 11.5 S* 10.*
19*9 26 S* 17.0 S* 1*.8 S* 13.0 s* 11.5 S* 10.*
19 50 132 S* 18.0 S* 15.7 S* 13.8 s* 12.2 S* 11.0
1951 121 S* 18.0 s* 15.7 S* 13.8 s* 12.2 S* 11.0

1952 98 S* 18.0 s* 15.7 S* 13.8 s* 12.2 S* 11.0
1953 126 S* 18. s* 15.7 S* 13.8 s* 12.2 S* 11.0
195* 215 S* 18.0 s* 15.7 S* 13.8 s* 12.2 S* 11.0
1955 197 S* 20.0 s* 17.* s* 15.3 s* 13.6 S* 12.2
1956 *25 S* 20.0 s* 17.* s* 15.3 s* 13.6 S* 12.2

1957 259 S6 20.0 S6 17.* S6 15.3 S6 13.6 $6 12.2
1958 *ll S* 20.0 s* 17.* S* 15.3 s* 13.6 S* 12.2
1959 *56 S* 20.0 s* 17.* s* 15.3 s* 13.6 S* 12.2
I960 1161 S* 20.0 s* 17.* s* 15.3 s* 13.6 S* 12.2
1961 11*2 S* 20.0 s* 17.* s* 15.3 s* 13.6 s* 12.2

SYSTEM 2 INTERSTATE URBAN SURFACE-TYPE CROUP, 00

19*7 3 SI 12.0 SI 11.0 SI 10.1 SI 9.* SI 8.7
19*8 11 SI 12.0 SI 11.0 SI 10.1 SI 9.4 SI B.r
19*9 63 SI 12.0 SI 11.0 SI 10.1 SI 9.* SI 8.7
1950 3* SI 15.0 SI 13.

T

SI 12.6 SI 11.7 SI 10.9
1951 13 SI 15.0 SI 13.7 SI 12.6 SI 11.7 SI 10.9

1952 26 SI 15.0 SI 13.7 SI 12.6 SI 11.7 SI 10.9
195 3 3* SI 15.0 SI 13.7 SI 12.6 SI 11.7 SI 10.9
195* 2 SI 15.0 SI 13.7 SI 12.6 SI 11.7 SI 10.9
1955 60 SI 15.0 SI 13.

T

SI 12.6 SI 11.

T

SI 10.9
1956 29 SI 20.0 SI 18.3 SI 16.9 SI 15.6 SI 1*.9

1957 3 SI 20.0 SI 18.3 SI 16.9 SI 15.6 SI 1*.S
1958 51 SI 20.0 SI 18.3 SI 16.9 SI 15.6 SI 14.5
1959 13 SI 20.0 SI 18.3 SI 16.9 SI 15.6 SI 14.3
I960 27 S2 20.0 S2 18.3 S2 16.9 S2 15.6 S2 1*.5
1961 6 S2 20.0 S2 18.3 S2 16.9 S2 15.6 S2 1*.5

1962 < S2 20.0 S2 18.3 S2 16.9 S2 IS.

6

S2 14.5
1963 S2 20.0 S2 18.3 S2 16.9 S2 15.6 S2 1*.5
196* 27 S2 20.0 S2 18.3 S2 16.9 S2 15.6 S2 1*.5

SVSTEN 2 INTERSTATE URBAN SURFACE-TYPE CROUP, J

19*6 2 S* 17.0 S* 15.7 S4 14.5 S4 13.3 S4 12.6
19*9 27 S* 17.0 s* 15.

T

S* 1*.S S* 13.3 S* 12.6
1950 26 s* 16.0 s* 16.6 S4 15.4 S* 1*.3 s* 13.3
1951 25 s* 18.0 s* 16.6 S* 15.4 s* 14.3 s* 13.3
1952 77 s* 18.0 s* 16.6 s* 15.4 s* 14.3 s* 13.3

1953 91 s* 18.0 s* 16.6 S4 13.4 S4 14.3 S4 13.3
195* 15 s* 16.0 s* 16.6 s* 15.4 S4 14.3 S4 13.3
1955 T* s* 20.0 s* 18.* s* 17.1 S4 13.6 S* 14.8
1956 *1 s* 20.0 s* 18.* s* 17.1 S* 15.8 S4 14.8
1957 13* $6 20.0 S6 18.* S6 17.1 S6 15.8 S6 14.6

1956 31 S* 20.0 s* 16.* S* 1T.I S4 15.8 S4 14.8
1959 87 s* 20.0 s* 18.* s* 17.1 S4 15.8, S* 14.8
1960 66 s* 20.0 s* 18.6 S4 17.1 S4 15.8 s* 14.8
1961 1*8 s* 20.0 s* 16.4 S4 1T.1 S4 15.8 s* 14.8
1962 108 s* 20.0 s* 16.*

'

S* IT.

1

S* 15.8 S4 14.8

1963 122 S3 20.0 S3 16.4 S3 17.1 S3 15.8 S3 14.8
196* 279 S3 20.0 S3 16.4 S3 IT.

1

S3 15.6 S3 14.8

1* THE DESIGNATION SUCH AS 13-20 INDICATES AN 13 SHAPE OF THE CURVE AND
A 20 YEARS AVERAGE SERVICE LIFE.
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TABLE 16-1. ESTIMATED LANE-MILES OF HIGHWAY CONSTRUCTION ANO RELATEO TYPE SURVIVOR CURVES !•
FOR F|VF AKLE-HEIGHT LIMITS

1923
192*
1925
1926
1927

1928
1929
1930
1931
1932

1933
193*
1935
1936
1937

1938
1939
19*0
19*1
19*2

19*3
19**
19*5
19*6
19*7

19*8
19*9
1950
1951
1952

1953
195*
1955
1956
1957

1958
1959
I960
1961
1962

1963
196*

LANE-MILES
BUILT

CENSUS DIVISION, 5 EAST NORTH CENTRAL

TYPE SURVIVOR CURVES f"oR EACH S I NGLE / TANDEM
AKLE-WEIGHT LIMIT

2 of 5

18/32 20/35 22/38

SYSTEM 3 FEDERAL-A10 PRIMARY RURAL

2*/*l 26/**

SURFACE-TYPE GROUP, F

5*7 S3 7.0
6 S2 8.0

68 S* 8.0
us L3 6.0
21* L3 5.0

58 S3 9.0
82 S3 5.0
58 S3 5.0
5* S3 5.0
38 LI 5.0

12 LI 5.0
268 LI 5.0
3*2 LI 5.0
320 LI 5.0
376 LI 9.0

10** L* 9.0
768 L5 9.0
350 L2 6.0
372 LI 8.0
**2 LI 7.0

452 LI 8.0
590 LI 7.0
*36 L2 7.0
*68 LI 7.0
570 S3 7.0

530 S3 10.0
556 S2 10.0
5*6 S3 10.0
*90 Ll 12.0
399 LI 1*.0

*28 Ll 1*.0
*76 Ll 1*.0
5** L2 10.0
*t* L2 10.0
*10 L2 10.0

2 36 L2 10.0
*oo L2 10.
318 S3 10.0
290 S3 10.0
166 S3 10.0

127 S3 10.0
61 S3 10.0

THE DESIGNATION SUCH AS I

A 20 YEARS AVERAGE SERVICE LIFE.

6.1 S3 5.3 S3 *.7 S3 *.2
7.0 S2 6.1 S2 5.* S2 *.8
7.0 S* 6.1 S* 5.* S* *.H
5.2 L3 *.6 L3 *.0 L3 3.6
*.3 L3 3.8 L3 3.* L3 3.0

7.8 S3 6.9 S3 6.1 S3 5.*
*.3 S3 3.8 S3 3.* S3 3.0
*.3 S3 3.8 S3 3.* S3 3.0
*.3 S3 3.B S3 3.* S3 3.0
*.3 11 3.8 Ll 3.* Ll 3.0

*.3 Ll 3.8 Ll 3.* Ll 3.0
*.3 Ll 3.8 Ll 3.* Ll 3.0
*.3 Ll 3.8 Ll 3.* Ll 3.0
*.3 Ll 3.8 Ll 3.* Ll 3.0
7.8 Ll 6.9 Ll 6.1 Ll 5.*

7.8 I* 6.9 L* 6.1 L* 5.*
7.8 L5 6.9 L5 6.1 L5 5.*
5.2 L2 *.6 L2 *.o L2 3.6
7.0 Ll 6.1 Ll 5.* Ll *.8
6.1 Ll 5.3 L 1 *.7 Ll 4.2

7.0 Ll 6.1 Ll 5.* Ll *.8
6.1 Ll 5.3 Ll *.7 Ll *.2
6.1 L2 5.3 L2 *.7 L2 *.2
6.1 Ll 5.3 Ll *.7 Ll *.2
6.1 S3 5.3 S3 *.7 S3 *.2

8.7 S3 7.6 S3 6.7 S3 6.0
8.7 S2 7.6 S2 6.7 S2 6.0
8.7 S3 7.6 S) 6.7 S3 6.0
10.* Ll 9.2 Ll 8.1 Ll 7.3
12.2 Ll 10.7 Ll 9.* Ll 8.5

12.2 Ll 10.7 Ll 9.* Ll 8.5
12.2 Ll 10.7 Ll 9.* Ll 8.5
8.7 L2 7.6 L2 6.7 L2 6.0
8.7 L2 7.6 L2 6.7 L2 6.0
8.7 L2 7.6 L? 6.7 L2 6.0

8.7 L2 7.6 L2 6.7 L2 6.0
8.7 L2 7.6 L2 6.7 L2 6.0
8.7 S3 7.6 S3 6.7 S3 6.0
8.7 S3 7.6 S3 6.7 S3 6.0
6.7 S3 7.6 S3 6.7 S3 6.0

8.7 S3 7.6 S3 6.7 S3 6.0
8.7 S3 7.6 S3 6.7 S3 6.0

INDICATES AN L3 SHAP E OF THE CU^VE ANO
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TABLE 16-1. -- ESTIMATED LANE-MILES OF HIGHWAY CONSTRUCTION AND RELATED TYPE SURVIVE* f'.MVF$ 1»
FOR FIVE AXLE HEIGHT LIMITS

CENSUS DIVISION, 5 EAST NORTH CENTRAL Of J
YEAR LANE-MILES TYPE SURVIVOR CURVES FOR EACH SI NILE /TANDEM

BUILT AXLE-HEIGHT LIMIT

18/32 20/35 22/38 2*/*l 26/**

SYSTEM 3 FEDERAL-AID PRIMARY RURAL SURFACE-TYPE GROUP. 00

1923 *671 S3 1*.0 S3 12.2 S3 10.7 S3 9.* S3 8.5
192* 75*9 S3 21.0 S3 18.3 S3 16.0 S3 1*.2 S3 12.7
1925 7768 R3 16.0 R3 13.9 R3 12.2 R3 10.8 R3 9.7
1926 **91 R3 17.0 R3 1*.8 R3 13.0 R3 11.5 R3 10.3
1927 922* S3 1*.0 S3 12.2 S3 10.7 S3 9.* S3 8.5

1928 6030 S3 1*.0 S3 12.2 S3 10.7 S3 9.* S3 8.5
1929 886 S3 11.0 S3 9.6 S3 8.* S3 7.* S3 6.6
1930 931 R* 13.0 R* 11.3 R* 9.9 R* 8.8 R* 7.9
1931 938 S3 10.0 S3 8.7 S3 7.6 S3 6.7 S3 6.0
1932 1012 S3 13.0 S3 11.3 S3 9.9 S3 8.8 S3 7.9

1933 987 L3 11.0 L3 9.6 L3 8.* L3 7.* L3 6.6
193* 11*6 L3 10.0 L3 8.7 L3 7.6 L3 6.7 L3 6.0
1935 1032 S3 12.0 S3 10.* S3 9.2 S3 8.1 S3 7.3
1936 1319 S3 16.0 S3 13.9 S3 12.2 S3 10.8 S3 9.7
1937 1320 S3 1*.0 S3 12.2 S3 10.7 S3 9.* S3 8.5

1938 1295 S3 12.0 S3 10.* S3 9.2 S3 8.1 S3 7.3
1939 129* S3 10.0 S3 8.7 S3 7.6 S3 6.7 S3 6.0
19*0 1*13 S2 13.0 S2 11.3 S2 9.9 S2 8.8 S2 7.9
19*1 1555 S2 12.0 S2 10.* S2 9.2 S2 8.1 S2 7.3
19*2 1*16 S3 10.0 S3 8.7 S3 7.6 S3 6.7 S3 6.0

19*3 1671 S3 1*.0 S3 12.2 S3 10.7 S3 9.* S3 8.5
19** 16*9 S3 15.0 S3 13.0 S3 11.* S3 10.1 S3 9.1
19*5 1527 S3 12.0 S3 10.* S3 9.2 S3 8.1 S3 7.3
19*6 173* S3 1*.0 S3 12.2 S3 10.7 S3 9.* S3 8.5
19*7 312* S2 15.0 S2 13.0 S2 11.* S2 10.1 S2 9.1

19*8 2777 S3 13.0 S3 11.3 S3 9.9 S3 8.8 S3 7.9
19*9 2982 S2 13.0 S2 11.3 S2 9.9 S2 8.8 S2 7.9
1950 2201 SI 1*.0 SI 12.2 SI 10.7 SI 9.* SI 8.5
1951 2189 S2 13.0 S2 11.3 S2 9.9 S2 8.8 S2 7.9
1952 2391 S2 13.0 S2 11.3 S2 9.9 S2 8.8 S2 7.9

1953 1B89 SI 12.0 SI 10.* SI 9.2 SI 8.1 SI 7.3
195* 2296 SI 12.0 SI 10.* SI 9.2 SI 8.1 SI 7.3
1955 2256 SI 11.0 SI 9.6 SI 8.* SI 7.* SI 6.6
1956 25*1 S2 16.0 S2 13.9 S2 12.2 S2 13.8 S2 9.7
1957 3192 S2 16.0 S2 13.9 S2 12.2 S2 10.8 S2 9.7

1958 **62 S2 16.0 S2 13.9 S2 12.2 S2 10.8 S2 9.7
1959 3189 S2 16.0 S2 13.9 S2 12.2 S2 10.8 S2 9.7
1960 *250 S2 16.0 S2 13.9 S2 12.2 S2 10.8 S2 9.7
1961 3252 S2 16.0 S2 13.9 S2 12.2 S2 10.8 S2 9.7
1962 29*9 S2 16.0 S2 13.9 S2 12.2 S2 10.8 S2 9.7

1963 2702 S2 16.0 S2 13.9 S2 12.2 S2 10.8 S2 9.7
196* 13*5 S2 16.0 S2 13.9 S2 12.2 S2 10.8 S2 9.7

THE DESIGNATION SUCH AS L3-20 INDICATES AN L3 SHAPE OF THE CU1VE AND
A 20 YEARS AVERAGE SERVICE LIFE.
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TABLE !$_! .. ESTIMATED LANE-MILES OF HIGHWAY CONSTRUCTION ANO RELATED TYPE SURVIVOR CURVES !•
FOR FIVE AXLE-WEIGHT LIMITS

CENSUS DIVISION, 3 EAST NORTH CENTRAL |i jyf
1 C

YEAR LANE-MILES TYPE SURVIVOR CURVES FOR EACH SI NGL E / TANDEM
BUILT AXLE-WEIGHT LIMIT

lfl/32 20/35 22/38 2*/*l 26/**

SYSTEM J FEDERAL-AID PRIMARY RURAL SURFACE-TYPE CROUP. J

1923 3033 S3 29.0 S3 28.3 S3 27.5 S3 26.9 S3 26.3
1<)2* 2286 S* 28.0 S* 27.3 S* 26.6 S* 25.9 S* 25.*
1925 1368 S3 28.0 S3 27.3 S3 26.6 S3 25.9 S3 25.*
1926 1112 S3 27.0 S3 26.3 S3 25.6 S3 25.0 S3 2*.*
192T 1232 L3 28.0 L3 27.3 L3 26.6 L3 25.9 L3 25.*

1929 2088 L* 28.0 L* 27.3 L* 26.6 L* 25.9 L* 25.*
1929 1T88 S3 26.0 S3 25.3 S3 2*.

7

S3 2*.l S3 23.5
1930 2196 S3 26.0 S3 25.3 S3 2*.

7

S3 2*.l S3 23.5
1931 2106 R3 28.0 R3 27.3 R3 26.6 R3 25.9 R3 25.*
1932 2128 S3 26.0 S3 25.3 S3 2*.

7

S3 2*.l S3 23.5

1933 1350 R3 27.0 R3 26.3 R3 25.6 R3 25.0 R3 2*.*
193* 656 »3 27.0 R3 26.3 R3 25.6 R3 25.0 R3 2*.*
1935 306 R3 25.0 R3 2*.* R3 23.7 R3 23.2 R3 22.6
1936 258 R3 23.0 R3 22.* R3 21.8 R3 21.3 R3 20.8
1937 6*0 R3 25.0 R3 2*.* R3 23.7 R3 23.2 R3 22.6

1938 258 S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1
19»,9 380 S3 28.0 S3 27.3 S3 26.6 S3 25.9 S3 25.*
19*0 ue S3 28.0 S3 27.3 S3 26.6 S3 25.9 S3 25.*
19*1 260 S3 16.0 S3 17.5 S3 17.1 S3 16.7 S3 16.3
194.2 160 S3 18.0 S3 17.5 S3 17.1 S3 16.7 S3 16.3

19*3 36 S3 16.0 S3 15.6 S3 15.2 S3 1*.B S3 1*.5
19** 126 S3 15.0 S3 1*.6 S3 1*.2 S3 13.9 S3 13.6
19*5 136 S3 26.0 S3 25.3 S3 2*. 7 S3 2*.l S3 23.5
19*6 120 S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1
19*7 735 S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1

19*6 1187 S3 18.0 S3 17.5 S3 17.1 S3 16.7 S3 16.3
19*9 1289 SI 19.0 SI 18.5 SI 18.0 SI 17.6 SI 17.2
1950 1*96 S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1
1951 1531 S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1
1952 1763 S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1

195J 1137 S3 20.0 S3 19.3 S3 19.0 S3 18.5 S3 18.1
195* 13*7 S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1
1955 1227 S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1
1956 1*07 S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1
195T 1130 S3 20.0 S3 19. 5 S3 19.0 S3 18.5 S3 18.1

1958 382 S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1
1959 617 S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1
1960 695 S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1
1961 36* S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1
1962 562 S3 20.0 S3 19.5 S3 19.0 S3 18.5 S3 18.1

1963 1021 S3 20.0 S3 19.* S3 19.0 S3 18.5 S3 18.1
l?6* 213 S3 20.0 S3 19.

»

S3 19.0 S3 18.5 S3 18.1

SYSTEM * FEDERAL-AID PRIMARY URBAN SURFACE-TYPE GROUP, F

193* 10 LI 5.0 LI *.3 LI 3.7 LI 3.3 LI 3.0
1937 *5 LI 9.0 LI 7.7 LI 6.7 LI 6.0 LI 5.*
1938 3* L* 9.0 L* 7.7 L* 6.7 L* 6.0 L* 5.*
1939 6 L5 9.0 L5 7.7 L5 6.7 L5 6.0 L5 5.*
19*0 3 L2 6.0 L2 5.1 L2 *.5 L2 *.o L2 3.6

19*1 2 LI 8.0 LI 6.9 LI 6.0 LI 5.3 LI *.e
19*2 1 LI T.O LI 6.0 LI 5.2 LI *.6 LI *.2
19*3 3 LI 8.0 LI 6.9 LI 6.0 LI 5.3 LL *.8
19** 6 LI 6.0 LI 5.1 LI *.5 LI *.o LI 3.6
19*5 10 L* 7.0 LV 6.0 L* 5.2 L* *.6 L* *.2

19*6 10 LI 7.0 LI 6.0 Li 5.2 LI *.6 LI *.2
19*8 10 S3 7.0 S3 6.0 S3 5.2 S3 *.6 S3 *.2
19*9 22 S2 6.0 S2 6.9 S2 6.0 S2 5.3 S2 *.8
1951 1* S3 10.0 S3 8.6 S3 7.5 S3 6.6 S3 6.0
1952 5 LI 1*.0 LI 12.0 LI 10.5 LI 9.3 Ll- 6.3

1957 18 LI 1*.0 LI 12.0 LI 10.5 LI 9.3 Ll 6.3
1950 6 LI 1*.0 LI 12.0 LI 10.5 LI 9.3 LI 8.3
1959 * L2 8.0 L2 6.9 L2 6.0 L2 5.3 L2 *.8
I960 6 S3 10.0 S3 6.6 S3 7.5 S3 6.6 S3 6.0
1963 S3 10.0 S3 3.6 S3 7.5 S3 6.6 S3 6.0

196* 3 S3 10.0 S3 8.6 S3 7.5 S3 6.6 S3 6.0

THE DESIGNATION SUCH AS L3-20 INOICATES AN L3 SHAPE OF THE CURVE ANO
A 20 YEARS AVERAGE SERVICE LIFE.
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TABLE 16-1 -- ESTIMATED LANE-MILFS OF HIGHWAY CONSTRUCTION AND DELATED TYPE SURVIVOR C'JRVEl 1»
FOR FIVE AXLE WEIGHT LIMITS

CENSUS DIVISION, 5 EAST NORTH CENTRAL 5 Of 5

LANE-MILES TYPL SIjrvi\fOR CURVE S FCIR EACH SINGL E/TANOIEM

BUILT AXLE WE IGH1 LIMIT

18/32 20/35 22/38 2*/*l 26/**

SYSTEM * FEDERAL-AID PRIMARY URBAN Surf a; F-TYPE GROUP , 00

272* 13 10.0 L3 8.6 L3 7.5 L3 6.6 L3 6.0
89 S3 12.0 S3 10.3 S3 9.0 S3 7.9 S3 7.2

111 S3 12.0 S3 10.3 S3 9.0 S3 7.9 S3 7.2
103 SI l*.0 S3 12.0 S3 1C.5 S3 9.3 S3 8.3
19 S3 12.0 S3 10.3 S3 9.0 S3 7.9 S3 7.2

233 S3 10.0 S3 8.6 S3 7.5 S3 6.6 S3 6.0
277 S2 13.0 S2 11.1 S2 9.7 S2 '8.6 S2 7.T
253 S2 10.0 S2 8.6; S2 7.5 S2 6.6 S2 6.0
231 S3 10.0 S3 R.6 S3 7.5 S3 6.6 S3 6.0
29T S3 i*.o S3 12.0 S3 10.5 S3 9.3 S3 B.J

*57 S3 15.0 S3 12.9 S3 11.2 S3 9.9 S3 8.9
19 S3 9.0 S3 T.7 S3 6.7 S3 6.0 S3 5.*

755 S* 1*.0 S* 12.0 S* 10.5 S* 9.3 S* 8.3
37* S2 15.0 S2 12.9 S2 11.2 S2 9.9 S2 8.9
350 S3 U.O S3 9.* S3 8.2 S3 7.3 S3 6.6

398 S2 11.0 S2 9.* S2 8.2 S2 7.3 S2 6.6
**0 SI l*.0 SI 12.0 SI 10.5 SI 9.3 SI 8.3
299 S2 13.0 S2 11.1 S2 9.7 S2 8.6 S2 7.7
338 S2 13.0 S2 11.

I

S2 9.7 S2 8.6 S2 7. 7

232 SI 10.0 SI 8.6 SI 7.5 SI 6.6 SI 6.0

366 SI 10.0 SI 8.6 SI 7.5 SI 6.6 SI 6.0
2* S? 15.0 S2 12.9 S2 11.2 S2 9.9 S2 8.9
57 S2 15.0 S2 12.9 S2 11.2 S2 9.9 S2 8.9

685 S2 15.0 S2 12.9 S2 11.2 S2 9.9 S2 8.9
614 S2 15.0 S2 12.9 S2 11.2 S2 9.9 S2 8.9

7*5 S2 15.0 S2 12.9 S2 11.2 S2 9.9 S2 B.9
228 S2 15.0 S2 12.9 S2 11.2 S2 9.9 S2 8.9
1112 S2 15.0 S2 12.9 S2 11.2 S2 9.9 S2 8.9
*90 S2 15.0 S2 12.9 S2 11.2 S2 9.9 S2 8.9
*76 S2 15.0 S2 12.9 S2 11.2 S2 9.9 S2 8.9

193*
1935
1936
1937
1938

1939
19*0
19*1
19*2
19*3

19**
19*5
19*6
19*7
19*8

19*9
1950
1951
1952
1953

195*
1955
1956
1957
1956

1959
I960
1961
1962
1963

196* *58 S2 15.0 S2 12.9 S2 11.2 S2 9.9 Si 8.9

SYSTEM * FCDERAL-AID PRIMARY URBAN SURFACE-TYPE GROUP, J

193* *20 R3 27.0 R3 26.3 R3 25.5 R3 2*. 8 R3 2*.

2

1935 21* R3 25.0 R3 2*. 3 R3 23.6 R3 23.0 R3 Zz.s
1936 262 R3 23.0 R3 ZZ. * R3 21.8 R3 21.2 R3 20.6
1937 260 R3 25.0 R3 2*. 3 R3 23.6 R3 23.0 R3 zz.*
1938 198 S* 16.0 S* 15.6 S* 15.1 S* 1*.7 S* 1*.*

1939 266 S* 31.0 S* 30.1 S* 29.3 S* 28. 5 S* 27.8
19*0 180 S3 31.0 S3 30.1 S3 29.3 S3 28.5 S3 27.8
19*1 21* S3 17.0 S3 16.5 S3 16.1 S3 15.6 S3 15.3
19*2 172 S3 17.0 S3 16.5 , S3 16.1 S3 15.6 S3 15.3
19*3 7* S3 16.0 S3 15.6 S3 15.1 S3 1*.7 S3 1*.*

19** 106 S3 16.0 S3 15.6 S3 15.1 S3 1*.? S3 1*.*
19*5 1*8 S* 26.0 S* 25.3 S* 2*.

6

S* 23.9 S* 23.3
19*6 13* S6 1*.0 S6 13.6 S6 13.2 S6 12.9 S6 12.6
19*7 2* S* 1T.0 S* 16. 5 S* 16.1 S* 15.6 S* 15.3
19*8 7* S* 17.0 s* 16.5 S* 16.1 S* 15.6 S* 15.3

19*9 1** S* 17.0 s* 16.5 S* 16.1 S* 15.6 s* 15.3
1950 130 SI 19.0 SI 18.5- SI 18.0 SI 17.5 SI 17.1
1951 117 S3 20.0 S3 19.* S3 IB.

9

S3 18.* S3 18.0
1952 106 S3 20.0 S3 19.* S3 18.9 S3 IB.* S3 16.0
195S 128 S3 20.0 S3 19.* S3 IB.

9

S3 18.* S3 16.0

195* 15* S3 20.0 S3 19.* S3 18.9 S3 18.* S3 18.0
1955 176 S* 20.0 S* 19.* S* 18.9 S* IB.* S* 18.0
1956 2 39 S* 20.0 s* 19.* S* 18.9 S* 18.* S* 18.0
1957 15* s* 20.0 s* 19.* s* 18.9 S* 16.* S* 18.0
1958 238 s* 20.0 s* 19.* s* IB.

9

S* 18.* S* 18.0

1959 311 s* 20.0 s* 19.* s* 18.9 S* 18.* S*~ 18.0
I960 300 s* 20.0 s* 19.* s* 18.9 s* IB.* S* 18.0
1961 298 s* 20.0 s* 19.* s* 18.9 s* 18.* S* 18.0
1962 366 s* 20.0 s* 19.* s* 18.9 s* 18.* S* 18.0
1961 256 s* 20.0 s* 19.* s* 18.9 s* 18.* S* 18.0

196* 259 s* 20.0 s* 19.* s* 18.9 s* 18.* S* 18.0

THE DESIGNATION SUCH AS 13-20 INDICATES AN L3 SHAPE Of THE CURVE AND
A 20 VEARS AVERAGE SERVICE LIFE.
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in years of their pavements "by surface type. By reference to

these reports in the files of the Bureau of Public Roads and

to published papers, a selection of typical survivor curves and

service lives was made for each vintage of construction from

1920 to 1964 for each of the four highway systems and ten

census divisions. Table 16-1 indicates the final selections

for the East North Central census division. The word final is

used because in some cases it was necessary to run some prelimi-

nary calculations to test the validity of the survivor-curve

selection, as explained in a later section of this report.

Adjustments were made to accomplish approximate agreement of the

calculated lane-miles of pavement surviving with the lane-miles

surviving as of January 1, 1965 as reported in "Highway

Statistics .

"

The so-called "road life" studies, which have been

carried on by several State highway departments, used as their

basic references a technique published in 1935 hy the Iowa

State College Engineering Experiment Station under the title,

"Statistical Analyses of Industrial Property Retirements."

In this publication, 18 typical survivor curves were developed

for a variety of physical properties . These curves are shown

in figures 16-1, l6-2, and 16-3.
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4. HKXJECTION TO 1984 OF THE YEARLY
LANE-MILES CONSTRUCTED AND SURVIVING
UNDER THE BASE AXLE-WEIGHT LIMITS

By applying the survivor-curve selections to the

historical year-by-year construction "by surface types, a fore-

cast of the lane-miles of construction prior to 1965 that would

survive in service yearly from 1965 through 1984 was obtained.

To estimate the total yearly construction from 1965 through

1984 requires an estimate of theyearly extensions of the system

in lane-miles existing in addition to the retirements (to "be

replaced) as obtained from the calculations of the surviving

lane-miles

.

A. Lane-miles in Service
Yearly 1965 through 1984

In conformity with past experience, the mileage of a

given highway system may be expected to increase more or less

yearly, 1965 *° 19^4. This increase in centerline mileage

(and lane mileage) would require, in addition to reconstruc-

tion and resurfacing, yearly construction replacing retirements.

In order to provide for such extensions of the highway systems,

a "control lane mileage" was established for each surface type.

The overall system mileage for the Federal-aid primary system

from 1965 to 1984 was established in approximate conformity with

the forecasted increase in vehicle-miles of travel that was used

in Chapter 10.
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The control lane-miles by surface type, given in table

l6-2, were set on the basis that the low and intermediate types

would be replaced with high-type pavement and that the mileage

of high-type pavement would increase. Some adjustments of the

first estimates of future control lane-miles, selected survivor

curves, and past annual construction were necessary in order to

produce a reasonable number of existing lane-miles year by year

from 1965 to 1984.

B. Control Lane-miles
by Surface Types

Surface-type classifications for 1965 to 1985 are based

on the overall average for the period i960 through 1984. In

the event that control mileage for a particular surface type

tended to decrease, the input control was held constant at the

1964 level. This action was required because of the manner in

which the computer program was written. The projected decrease

in surface-type mileage was provided for by scheduling the

retirements for replacement by surfaces of a higher type with-

out changing the classification used by the computer. Such

decreases in control mileage occur in the lower surface-type

group (F) and represent changes to higher surface types.

Therefore, these retirements during the 1965 ^° 19^^ projected

period are priced at the construction cost of the high type of

surface

.
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TABLI 16-2. -- FBCVJBCTHI LAJfE-MTXBB OT HI0BVAY8 IK S1KVICE
DBCmBW Jl, 196k THROUGH 196k BT CE7BUB DmBIOR AJID 8UR7ACB TIPS*'

ShMt 1 of k

SYSTE" 1, INTERSTATE RURAL

CENSUS OIVISION
1. 2. 3. *. 5. 6. 7. 8. 9. 10.
NE MA SAN SAS EHC WNC _, ESC VSC H P

SURFACE -TYP(
:
croup r*/

196* 309 288 873
1965 3C9 c 288 873
1966 3C9 288 873
1967 C 3C9 c 288 873
1966 C 3C9 288 873
1969 3C9 2ee 873
1970 3C9 288 673
1971 c 309 288 873
197? c 3C9 288 873
1973 3C9 c 288 873
197* 3C9 c 288 873
1975 n 3C9 c 288 873
1976 3C9 288 873
1977 3C9 266 873
1978 c 3C9 0' 288 673
1979 c 309 288 873
I960 3C9 288 873
1981 3C9 c 288 873
1982 c 3C9 288 873
1983 c 309 c 288 873
198* 3C9 0. 288 873

SURFACE -TYPE CROUP GO

196* 1333 516 931 29*8 101* 1623 2379 3626 8888 29*2
1965 1555 629 1287 3659 11** 2000 3250 *16C 11009 3637
1966 1777 7*2 It** *3 70 127* 236C 3 6 50 *S53 12669 *228
1967 1999 85* 2C01 5001 1*0* 2720 **50 5727 1*329 *819
1968 2220 966 2358 5792 1535 3100 5025 6501 15989 5*10
1969 2**1 1078 2715 650* 1666 3*60 5575 7275 176*9 6001
1970 2662 1190 3C7? 7216 179 7 3R10 6125 ec*9 19309 6592
1971 2e83 1302 3*29 7928 1926 *180 6675 8787 20969 7183
1972 310* ' 1*1* 3786 86*0 2059 *558 7222 9525 22629 7773
1973 3318 1509 *122 9*21 2202 *9*9 768* 103* J 2*68 3 8*61
197* 3533 16C5 **58 . 1C2C1 23*6 53*0 85*6 11 161 26737 91*8
1975 37*9 1701 *791 10979 2*89 5733 9212 1196* 28790 9837
1976 3839 17*9 *850 11236 2527 5853 9*00 1232? 29777 1015*
1977 3928 1 796 *909 I 1*97 256* 597* 9589 1266C 30762 10*70
1978 *018 18*3 *968 I 1757 2602 609* 9778 12999 317*8 10788
1979 *108 1891 5027 12017 26*0 621* 9967 13337 32733 1 1105
1980 *197 1938 5C86 12276 2677 6335 10155 13675 33719 1 1*21
1981 *287 19e5 51*5 12535 2715 6*55 103** l*C 13 3*70* 11738
1982 *377 2033 520* 1279* 2753 6576 10533 1*351 35691 12055
1983 **66 2080 5263 L305* 2790 6696 10722 1*69C 36676 12371
198* *555 2127 5322 13313 2828 6816 10910 15028 37662 12688

SURFACE-tYPE CROUP J

196* *68 2087 5 76 1626 7758 6293 1801 2725 1333 1755
1965 56* 2532 761 1952 8950 7191 2 26P 3C1 3 1521 2217
1966 660 2976 986 2276 10050 8089 26*0 3*16 1670 2610
196 7 756 3*20 1191 26C0 11100 6987 2980 3619 1619 3003
1968 852 386* 1396 29 2* 12075 9865 3280 *223 196 7 3 396
1969 9*8 *3C8 1601 32*8 13025 107B3 3575 *62 r 2115 3789
1970 10** *752 1806 3573 13975 1 1681 3850 5C3I 2263 *162
1971 11*0 5196 2011 3858 1*925 12579 *125 5*16 2*11 *575
1972 1235 56*0 2217 *223 1566 1 1 3*60 *392 5601 2559 *968
1973 1320 6021 2*13 *60* 16965 1*6)5 *79* 6299 2791 5*07
197* 1*05 6*C2 2610 *9e6 18068 15791 5197 6796 3023 58*7
1975 1*92 6786 2805 5366 19173 16955 560? 7298 3256 6?8a
1976 1527 69 7* 2e*o 5*93 19*63 17311 5717 750* 3367 6*90
1977 1563 716* 2875 5620 1975* 17667 5832 7711 3*79 669*
1978 1599 7353 2909 57*6 200** 18023 59*6 7916 3590 6895
1979 163* 75*1 29** 5873 2033* 183 79 6051 8122 3702 7097
1980 1670 7730 2979 6000 20625 18735 61 76 8328 381 3 7300
1981 1 706 7920 3C13 6127 20915 19091 6291 8535 3925 7502
1982 1721 81C8 30*8 625* 21205 19**7 6*05 67*1 *036 770*
1983 1777 H297 3C82 6380 21*96 19603 6520 69*6 *l*8 7907
198* 1813 8*86 3117 6507 21786 20159 6635 9153 *259 8109

1/ The projection* frcei 196^ to 1972 ere baaed on eatleiated 197? system lane-adles
obtained from the Interstate Report" Branch. Projection* to year* after 1972 have
been b*#ed on estimated rehlcle-allea of trevel on the system frost the Planning
Serrlcea Branch.

2/ Type; P vu phased out aa retired end replaced by higher type flexible pavement

.

The original 1964 lane-alles were carried forward to avoid adjusting the

computer program.



16-17

TABU 16-2. -- P*OJKTH> UUB-MIUB OT HIOBVATS H 8BTIC1 .

BBCBSJW 31, 196* THROUGH 196* BT CBBUB DmfllO" AID SUWACS TTPfi/

Sheet 2 of *
SYSTEM , URBAN

YEAR CENSUS OIMISION
1. 2. 3. *. 5. 6. 7. 8. 9. 10.
NE H« SAN SAS ENC MIC ESC hSC P P

SURFACE -TYPE GROUP fil

l<>**

146%
1966
196 7 c

1968
1969 c

1970
1971
1972
1973
1974 c
1975 c
1976
1977 c
1978 CI

1979
1980 0. t>

0"

1981
1982 c

1983 c
198*

SURFACE -TYPE GROUP 00

1964 *1* 257 109 81 288 152 226 786 M7 398
1965 52* 316 165 551 350 208 261 929 *6 1 *93
1966 63* 375 221 621 *35 2*9 312 1112 565 588
1967 7** *35 277 691 5*0 290 377 1296 69 683
1968 85* *95 333 762 665 331 **9 1*80 773 778
1969 96* 555 390 833 795 372 530 166* • 77 873
1970 1C7* 615 **7 90* 9*0 *13 617 ie*e 981 9*8
1971 1183 675 50* 975 1090 *53 709 2C25 1085 10S3
1972 1292 735 561 10*6 125* *93 801 2203 1192 1162
1973 1392 781 613 1139 1355 535 8 7* 2387 1301 12*8
197* 1*95 827 66* 1231 1*57 576 9*8 2571 1*10 1335
1975 1596 873 717 1325 1558 618 1021 2755 1523 1*21
1976 163* 9C0 739 1392 1612 635 1065 2833 1581 1*52
1977 1672 928 761 1*60 1666 652 11C8 2911 18*0 1*83
1978 1711 9~55 783 1527 1719 669 1151 2989 1699 151*
1979 17*9 983 805 1595 1773 686 119* 3C68 1757 15*5
1980 1787 1010 827 1663 1827 703 1237 31*6 1816 1576
1981 1825 1037 8*9 1731 188C 720 1280 322* 187* 1606
1982 1663 1065 872 1798 193* 737 1323 3302 1933 1637
1983 1902 1092 89* 1566 1987 75* 1367 338C 1992 1688
198* 19*0 1120 916 1933 eo*i 771 1*09 3*58 2050 1699

SURFACE'•TYPE GROUP J

196* 17* 93* 306 *63 1356 1065 380 1C19 193 1823
1965 231 1155 *50 *95 1586 1226 *I9 115* 23* 2116
1966 288 1376 59* 527 1886 13*3 77 1328 275 2*09
196 7 3*5 1597 738 560 2230 1*6C 5*7 1502 316 2 702
1968 *02 1818 882 593 2600 1577 627 1676 357 2995
1969 *59 20*0 1027 626 3000 169* 713 1850 398 3288
1970 516 2262 1172 659 3*00 181* 809 2C25

,

39 3581
1971 572 2*8* 1317 692 3830 1928 908 2193 *80 387*
1972 628 2706 1*62 725 *269 20*5 1009 2361 522 *172
1973 678 2875 1596 789 *615 2217 1102 2558 570 **83
197* 726 30*3 1732 85* *959 2391 1195 2755 18 *793
1975 776 3212 1867 918 5306 2 566 1287 2952 6 7 5103
1976 79* 331* 1925 965 5*88 2636 13*1 3C36 9 3 521*
1977 813 3*15 1983 1012 5670 2706 1395 3120 718 5325
1978 831 3516 20*1 1059 585* 2777 1*50 320* 7** 5*35
1979 850 3617 2099 I 1C6 6036 2 8*7 150* 3287 770 55*6
1980 869 3718 2157 1152 6218 2917 1559 3371 795 5657
1981 887 3820 221* 1199 6*01 2987 1613 3*55 821 57AB
1982 906 3921 2271 12*6 6583 3068 1667 3539 8*6 5879
1983 92* *022 2 3 29 1253 6766 3128 1721 3623 872 5989
198* 9*3 *123 2387 13*0 69*8 3198 17 76 3707 898 6100

1/ The projections froa 196* to 1972 in baeed on eatlasted 1972 sjrstea lane-allee

obtains* froa the Interstate Reports Branch. Projection* to years tft«r 1972 here

been based on estlaated Tehlcle-alle* of travel on the systea froa the Planning

Berrleee Branch.

2/ Type t »ae phased out as retired and replaced by higher type flexible paTsasat .

The original 196* lane-alles were carried forward to avoid adjusting the
ooaputer prograa.
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tabli i6-e. — pnojwrmi Lure-xnJB or noavAre a ssmcj
ECCBffin 31. 196* TSROUOH 196* BY COTBUB DIVISIOH ATO 8URTACS TTPBV

SYSTE" 3, FEDERAL-AID PRIMARY RURAL

CFNSUS DIVISION

Sheet 3 of V

1. 2. 3. *. 5. 6. 7. 8. 9. 10.
NE M» SAN SAS ENC UNC 6SC fcSC P

SURFACE -TYPE CROUP F2/

196* 2786 *302 1573 7560 3266 25371 7*09 11366 7622 6*05
1965 2786 *302 1573 7560 3266 25371 7*09 11366 7822 6*05
1966 2786 *302 1573 7560 3266 25371 7*09 11368 7622 6*05
1967 2786 *302 1573 7560 3266 25371 7*09 11366 7622 6*05
1968 2786 *3C2 1573 7560 3266 25371 7*09 11368 7622 6*05
1969 2786 *302 1573 7560 3266 25371 7*09 11368 7622 6*05
1970 2786 *302 1573 7560 3266 25371 7*09 11368 7*22 6*05
1971 2786 *302 1573 7560 3266 25371 7*09 11368 7622 6*05
1972 2786 *3C2 1573 7560 3266 25371 7*09 11368 7422 6*05
1973 2786 *302 1573 7560 3266 25371 7*09 11368 7*22 6*05
197* 2786 *302 1573 7560 3266 25371 7^09 11366 7622 6*05
1975 2786 *302 1573 7560 3266 25311 7*09 11368 7422 6*05
1976 2786 *302 1573 7560 3266 25371 7*09 11368 7622 6*05
1977 2786 *302 1573 7560 3266 25371 7*09 11368 7622 6*05
197B 2786 *302 1573 7560 3266 25371 7*09 11368 7422 6*05
1979 2786 *302 1573 7560 3266 25371 7*09 11368 7422 6*05'

1980 2786 *3C2 1573 7560 3266 25371 7*09 11368 7*22 6*05
1981 2786 *302 1573 7560 3266 '25371 7*09 11366 7422 6*05
1982 2786 *302 1573 7560 3266 25371 7*09 11366 7422 6*05
19B3 2786 *302 1573 7560 3266 25371 7*09 11366 7422 6*05
198* 2786 *302 1573 7560 3266 25)71 7*09 1 1366 7422 6*05

SURFACE -TYPE GROUP GO

196* 7682 16065 12216 25258 37096 37*66 23067 32919 32589 18025
1965 7930 16325 12360 25765 372*1 38033 23338 332*6 33000 18BB9
1966 8152 16580 12660 26500 37600 388*0 23525 337CO 33600 19900
196 7 83*0 16830 12975 27700 38625 397*0 23690 3*2*0 3*300 20875
1968 8500 170*9 13385 29225 39650 *0590 23830 3*6*C 35350 21B00
1969 8628 17280 13795 3C650 *0800 *1350 23950 35*75 36850 22710
1970 8733 17520 1*160 31975 *207C *19*9 2*061 36 120 38500 2 3609
1971 8796 17700 1*500 33125 *2800 *2*50 2*171 36725 *0100 2**09
1972 8860 1 79C0 1*835 3*175 *3300 *2820 2*281 37200 *1600 25207
1973 8927 18090 15110 35075 *3700 *3188 2*391 37650 *3050 25999
197* 8996 18275 15350 35875 *399C *3*98 2*501 36C75 ***00 26725
1975 9063 18*50 15565 36550 **250 *3783 2*611 38*70 *5650 2 7*50
1976 9130 18620 15715 371C0 ***75 **058 8*721 3e660 *6750 28135
1977 919* 18780 15860 37625 **650 **323 2*831 39235 *7750 28790
1978 9258 189*0 16000 38125 **825 **568 2*9*1 39605 *8*18 29*10
1979 9319 19080 161*0 38625 **980 **808 25051 39975 *9000 30000
1980 9379 19222 16278 39102 *5108 *5008 25162 *03** *951* 3057B
1981 9**2 19)20 16375 39*75 *5225 *5208 25280 *C550 50000 31100
1982 9505 19**0 16*50 39825 *5390 *5383 25398 *C700 50*10 31590
1983 9566 19520 16520 *C169 *5600 *5558 25516 *0831 50820 32068
198* 9631 196C0 16580 *050* *5850 *5733 256J* *0952 51200 32500

SURFACE -TYPE GROUP J

196* 21*1 12899 3301 5572 19932 2*168 507* 7920 *18 20*3
1965 2170 12980 3385 5897 2008 7 24)68 512* 6133 **2 2078
1966 2198 13160 3*50 6137 20525 2*763 51*9 e39C **3 2135
1967 2218 13370 3503 6327 21l*C 25175 5173 6710 *8* 2192
1968 2238 13620 3552 6*97 21850 256CC 5197 9C97 50 3 2255
1969 2258 13780 3598 66*7 22650 25999 5221 9*9C 521 2318
1970 2275 13957 36*0 6772 23522 263*9 52*5 9823 535 2381
1971 2289 1*070 3682 6897 23850 26525 5269 9978 5*6 2***
1972 2302 1*2*0 3723 7022 2*100 26665 5293 10098 557 2 50 7

1973 2315 1*360 3763 7130 2*290 26600 5317 1C198 567 2568
197* 2327 1**90 3803 7230 2**50 26925 53*1 1C285 576 2628
1975 2339 1*600 38*3 7330 2*590 270*0 5365 10362 58* 26B6
1976 2350 1*700 3881 7*30 2*715 27150 5369 10*37 592 27*0
1977 2361 1*800 3917 7515 2*825 27260 5*13 1C51C 599 2792
1978 2372 1*880 39*9 7600 2*920 27360 5*37 1C575 606 28*1
1979 2382 1*950 3979 7675 25010 27*56 5*61 1C637 612 2890
1980 2392 1 50*7 *00* 77*8 25098 275*6 5*86 1C697 A18 293*
1981 2*02 151CO *022 7820 25180 27626 5511 10732 623 297B
1982 2*12 15160 *039 78P0 25300 27706 5536 10765 628 3018
1983 2*23 15225 *C5* 79*0 25*25 27781 5j62 10795 632 3055
198* 2**6 15275 *06H 8CC0 25550 27859 5588 ioe2c 636 3090

1/ fctlneted on the built of projection* reported Id Table 11-19 of staff report, Stuij
IMBber 1.

2/ type T wm phaaed out a* retired end replaced by higher type flexible paTeaeat. The
original 1964 lane-Bile* vera carried forward to avoid adjusting the computer progrea

.
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196*
1965
1966
1967
1968
1969
1970
1971
1972
1973
197*
1975
1976
1977
1978
1979
1980
1981
198?
1983
198*

196*
1965
1966
1967
1968
1969
1970
1971
1972
1973
197*
1975
1976
1977
1978
1979
1960
1981
1982
1983
198*

TABLK 16-2. -- PROJKTH) LAH-HIU3 OF BTCHWATB Dl SWVIC1 .

rjBCBffiH* 31, 196* THF0U01I 1984 BT CWSUB DIVISIOI AID SURTACK TTPBi'

F«g« * of «

1.

KE

125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125

3*07
3**0
3*80
3520
3561
3617
3676
3728
3783
38**
3910
3579
*C*8
*117
*187
*257
*327
**I0
*500
*590
*680

SYSTEM *, FEDERAL-AIC PRIMARY URBAN

CENSUS 0! VI SION
2. 3. *. 5. 6. 7.
MA SAN SAS ENC MNC ESC

SURFACE-TYPE CROUP F?/

175
175
175
175
175
175
175
175
175
175
175
175
175
175
175
175
175
175
175
175
175

***0
*528
*580
*650
*710
*790
*860
*9*0
5015
5090
5168
5268
5360
5*66
5568
5676
57P6
5880
5992
6100
6218

83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83

336
336
336
336
336
336
336
336
336
336
336
336
336
336
336
336
336
336
336
336
336

35

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35.
35
35
35

2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7
2*7

SURFACE-TYPE GROUP GO

1568
161*
1660
1706
1752
1798
18*3
1885
1927
1969
2011
2053
2C95
2138
2181
222>>

2267
2313
2359
2*05
2*51

2699
272*
27*9
277*
2809
28*9
2891
2956
3026
3102
3178
326*
3355
3*56
3557
3657
3757
3857
3957
*057
*157

6518
6760
6910
7010
7075
7110
71*3
7165
72*0
73*0
7*60
7590
7750
7915
8080
8265
8*59
8615
8780
8960
9150

1971
2039
2063
2088
2113
2138
2163
2201
2239
2277
2315
2353
2391
2*29
2*68
2507
25*6
2597
26*9
2701
2753

19*
19*
19*
19*
19*
19*
19*
19*
19*
19*
19*
19*
19*
19*
19*
19*
19*
19*
19*
19*
19*

2781
2865
2930
2975
3020
3032
30*2
3065
3100
31*0
3190
32*5
3300
3300
3*25
3*90
3556
3616
3676
3736
3796

222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222

3630
3760
385C
39*0
*CO0
*C5C
*10C
*1*0
*180
*220
*270
*330
**18
*502
*590
*692
*790
*870
*960
5C**
5138

52
52
52

52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52

19*5
2060
2160
2230
2295
2350
2385
2*20
2**5
2460
2*75
2*95
2525
2565
2610
2665
2727
2788
2852
2918
2980

83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
63

2211
2280
23*8
2*18
2520
2620
2715
2815
2912
3013
3118
3218
3320
3*25
3530
3638
37*0
3850
3950
*060
*163

SURFACE-TYPE GROUP J

196*
1965
1966
1967
1968
1969
1970
1971
1972
1973
197*
1975
1976
1977
1978
1979
I960
1981
1962
1983
198*

622
6*0
652
660
667
672
676
68*
692
700
709
718
728
738
7*8
758
770
78*
798
613
826

5606
5678
5751
5838
5925
6028
6138
6239
6350
6*71
6580
6701
6632
6952
7060
7210
7339
7*60
7621
7763
7905

9**
9*6
953
96*
977
990
100*
1018
1038
1056
1078
1100
1123
11*6
1173
1196
1225
1252
1277
1302
1327

7*6
768
791
81*
837
860
863
906
929
953
977
1001
1025
10*9
1073
1097
1121
11*7
1173
1199
1226

*230
* 38 1

**75
*5*0
*565
*585
*595
*650
*715
*785
*855
*9*0
5030
5125
5225
5330
5*36
5530
56*0
5750
5865

3175
3278
3365
3*51
3516
3556
3596
36*6
3696
37*6
3796
38*6
3898
3950
*015
*090
*167
*2**
*321
*398
**75

686
710
725
738
7*9
753
758
763
771
782
79*
807
821
835
6*9
863
877
891
905
919
933

2060
212C
2160
2180
2200
223C
2250
2280
2300
2320
23*C
2360
2380
243C
2*8C
2533
2582
2636
268C
2722
2778

1*3
153
160
165
169
173
176
176
180
182
183
18*
185
187
189
191
193
196
198
202
206

1556
1708
1800
I860
1900
1935
1950
1960
1970
1990
2025
2060
2100
2150
2200
2250
2311
2 360
2<>22

2*93
2558

1/ Irtlattad on tfc* buli of jwojaetlos* r*port«d la Tibia 11-19 of stiff rvport, Btvty

8/ ?5rj» F ^» I*—* ovt ** retired ad replaMd by bl«h«r type flexible pamm i.i t . Tb»
ori«lesl 196* \mm Mil— mn carried forwd to erold edjurtlaj the ooaputer progw
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5. TOTAL CONSTRUCTION EXPENDITURES
YEARLY FROM 1965 THROUGH 1984

One additional input to the computer was required for

estimating the total highway construction expenditures from

1965 through 1984: the costs per lane-mile of new construction,

reconstruction, and resurfacing. The computer also required

instructions on how to compute for each of the 20 years the

number of lane-miles of new construction, reconstruction, and

resurfacing. These three basic factors were determined next

for each of the four highway systems and for each surface type.

A. Base Construction Cost

The base highway construction costs are given in

Chapter 8. Tables 8-9, 8-10, and 8-11 were used for the base

costs for the study of financial requirements from 19^5 to 1984.

B. Construction Cost of New Highways

New construction cost for each system for 1965 to 1984

is restricted to the yearly increase in lane-miles as indicated

by the control lane-miles. Price factors for new construction

that are applicable to the Interstate systems are not the same

throughout the 20-year project period. After 1972 all new con-

struction was priced at a lower cost than those lane-miles

projected from 1965 through 1972.

All Interstate-system new construction costs for the

projected years through 1972, were obtained from table 8-10
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(Chapter 8) and were divided by four (reducing four lanes to

lane-miles) to give the cost per lane-mile at the base axle-

weight limit. The costs of new construction per lane-mile for

the projected period from 1973 through 1984 were obtained in

the same manner as those for 19^5 through 1972 but include only

pavement costs from table 8-9. It was assumed that the

Interstate system will be completed during 1972 and that the

increased system lane-mileage for each year thereafter will

result from increased traffic lanes
;
not from increased system

centerline length.

New construction costs by surface type on the Federal-

aid primary system were treated in much the same manner as

Interstate-system costs were
;
but with one factor applied

throughout the projected (1965 to 1984) period, and a factor

of two instead of four used to produce lane-mile cost. The

reduced lane mileage factor was required, since the existing

Federal-aid primary system averages approximately 2 lanes per

mile. See tables l6-3 and l6-k for the cost per lane-mile of

new construction on the Interstate system and table 16-6 for

the cost for the Federal-aid primary system.

C. Reconstruction Cost

For flexible and rigid pavements on Interstate systems 1

and 2, a "ratio" of National reconstruction cost per centerline

mile was devised by comparing the Nationwide reconstruction
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cost furnished by the Office of Engineering with the

corresponding cost taken from table 8-10. This step vas nec-

essary owing to the differences in the cost estimates of these

two reports. Since the cost of reconstruction contains little

right-of-way activity, 90 percent of the right-of-way cost was

excluded from the costs taken from table 8-10. The end product

of this first step was then applied to the total system costs

found in table 8-10, resulting in total system costs per

centerline-mile for each individual census division.

The reconstruction price factors for all systems, surface

types, and axle-weight groups that are outlined in this section

of the report apply equally to all projected years of the study.

See table 16-5 for the lane-mile cost of reconstruction on the

Interstate System. The comparable costs for the Federal-aid

primary systems are given in table 16-6.

These increments of construction cost for the higher

axle-weight limits were added to the base costs to arrive at

the results given in tables l6-3 to 16-6. The added construc-

tion costs include the costs of small drainage and earthwork,

pavement structure, shoulders, and bridges.

6. SPLIT OF TOTAL YEARLY CONSTRUCTION INTO
NEW CONSTRUCTION, RECONSTRUCTION, AND
RESURFACING

A somewhat arbitrary scheme, but realistic in concept,

was used to determine separately the amounts of new
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construction, reconstruction, and resurfacing for each year

from 1965 to 1985 • The scheme is "based primarily on past con-

struction years.

New construction on the four highway systems from 1965

to 1985 was determined to be the yearly increase in the control

lane mileage. Reconstruction and resurfacing combined is equal

to the total mileage retired each year. The method used to

divide the total retirements (replacements) into reconstruc-

tion and resurfacing was based on the age of the retirements

(year built) and the surface type.

The Federal-Aid Highway Act of 1956 established a bench

mark year in design standards. Although the standards are

particularly applicable to the Interstate system, they also have

increased the importance of long-range traffic requirements for

newly designed primary mileage. The year 1957 , when the new

design criteria took effect, was selected as the transition

year for all four highway systems. For Systems 3 and k, Federal-

aid primary rural and urban, an additional transition year, 19^*6,

was used in order to take into account the differences in design

and construction before and during the World War II years.

On Systems 1 and 2, Interstate rural and urban, all

retirements of all surface types constructed before 1958 are

classed as reconstruction. All retired lane-miles from construc-

tion vintages of 1958 and later are classed as resurfacing. The
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percentage breakdown between reconstruction and resurfacing for

the Federal-aid primary rural and urban systems varies for each

surface-type group as follows:

Surface type

Vintages of 1946
and earlier

Vintages of
19*7-1957

Vintages of
1958-198^

Recon-
struction

Resur-
facing

Recon-
struc-
tion

Resur-
facing

Recon-
struc-
tion

Resur-
facing

Group F

Group GO

Group J

100

90

85

10

15

90

60

50

10

1*0

50

10 90

100

100

7. SELECTION OF SERVICE LIVES AND SURVIVOR
CURVES FOR INCREASED AXLE-WEIGHT LIMITS

One of the concepts of this analysis is that, under

higher axle-weight limits for the period of 1965 to 1985, the

pavements constructed before 19^5 would reach a state of physi-

cal wear warranting reconstruction or resurfacing some years

sooner than they would without the increase in axle-weight

limits. For all vintages before 1965, the average service life

was adjusted for each axle-weight level above the base condi-

tion by the ratio of the E 18-kip axle application at the base

condition to the E 18-kip axle application at each increased

level of axle-weight limits. These reduced service lives are

given in table l6-l. Because the pavement design is a function
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of the total E 18-kip axle applications over a specific period,

it is reasonable to adjust this specific period of time used in

design proportionally to any change in the total E 18-kip axle

applications

.

For all vintages 1965 to 1985, no adjustment in service

lives is required. The analysis method provides for deter-

mining separately the 20-year capital outlays for each axle-

weight level. Therefore, all construction, reconstruction, and

resurfacing within the 20-year period reflected pavement designs

for a particular axle-weight limit. The final comparison, then,

was between levels of capital outlay required from one axle-

weight limit to another. The effects of increased axle-weight

levels show up in the increased construction cost of the

complete highway.

The pavements from 1965 to 1985 with 20-year service

lives are perhaps of higher structural quality than are many of

the older pavements existing on the highway systems. It would

follow, then, that some of the existing pavements would perhaps

experience a greater shortening of service life than that given

in table 16-1. But no adjustments were made to correct for any

possible error in this procedure, because no easily applied

method of doing so was conceived. Not knowing the structural

quality of existing pavements of their present serviceability

index (PSI) precluded making any adjustments on the basis of

these factors.
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8. COMPUTER CALCULATIONS AND PRINT-OUTS

The main computer print-out Is table 16-8 (for East

North Central census division only) showing the total dollars

of capital outlay for each highway system, census division, and

axle-weight level for each year from 1965 through 1984.

The minus differences on the lefthand side of table 16-8

occur when the more rapid retirements in the early years at the

increased axle-weight levels bring about greater construction

activities during the early part of the projected period and

lesser amounts in the later years than would have been the case

had the present pavement design and resulting retirement rates

prevailed. These pavements that are retired more rapidly in the

early years with increasing levels of axle-weight limit are

replaced with 20-year pavement of a high type designed for the

specific axle-weight limit—pavement having a much slower rate

of retirement than that of earlier vintages. Thus, under the

higher axle-weight limits, replacement construction is speeded

up in the early years and then slowed down in the middle and

later years, as compared to the replacement schedule under the

base condition.

The yearly totals of capital outlay from 1965 through

1984 in table 16-8 are summed to get the 20-year totals shown

on the left-hand side of table 16-9. On the right-hand side of

table 16-9 are shown the 20-year totals of the present worth at

6 percent of each of the yearly capital outlays. These present
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worth totals afford a better comparison of the effects of axle-

weight limits, because they are expressed in terms of an equiva-

lent common year: 1965.

Tables 16-10 and 16-H for the East North Central census

division give the dollar capital outlays year by year separately

for new construction, reconstruction, and resurfacing. It may

be noted from table 16-11 that over the 20-year period the dollars

of capital outlay shift from reconstruction in the early years to

resurfacing in the later years.

9. DISCUSSION OF RESULTS--
20-YEAR FINANCIAL REQUIREMENTS

Construction costs at the five levels of axle-weight limits

were given in table 16-8 for the East North Central census divi-

sion and for the rural and urban Interstate and primary highway

systems

.

A. Interstate Systems 1 and 2

From table 16-8, it may be observed that the annual

construction outlays for the Interstate rural system at all axle-

weight limits are highest for the year 1965 and that they decrease

to 1972, when they suddenly fall to a much lower figure. The

construction program on Interstate rural and urban systems was

set to provide for completion of the system by the end of 1972.

After 1972 the construction on the Interstate system is only

that necessary for adding some additional lanes and for resur-

facing retired mileages of prior vintages.

Figures l6-k and 5 for the Interstate rural system in

census division 5, East North Central, show the total capital

outlays from 1965 to 1985 as a percentage of what they are
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rigure 16-4 ana 5. -- Total annual capital outlays, 1965 to 1984, for each Increased axle
weight limit expressed as a percentage of the base axle velght limit
(I8/32) for the Interstate and federal- aid primary rural systems,
Census Division 5, bit North Central.
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forecasted to "be on the basis of the existing axle-weight

limits—l8/32-kip6. For the 20-year period, capital outlays at

the base axle-weight limits are shown at 100 percent levels on a

horizontal line.

The highest percentage increase in construction costs

for the period from 1965 to 1985 is for the 26/44-kip axle-

weight limit. Beginning with 1976 on the rural system and

1975 on the urban system, there is a decrease in total construc-

tion costs as compared with the prior years. In the comparison

of the base axle-weight limit with the 20/35 increased axle-

weight limit, this decrease occurs in 1977. The maximum

increase in construction costs —139 percent of the base costs

—

occurs in 1973 on the urban system for the 26/44-kip limit. The

minimum costs —51 percent of the base costs-- occurs in 1977

on the urban system.

The total Interstate-system costs for the 20-year period

are first controlled by the arbitrary scheme of completing the

construction of the system by the end of 1972 at a uniform

yearly rate. Thereafter, the annual construction cost, which

is largely for resurfacing, is controlled by the shape of the

survivor curve and the 20-year service life applied to the prior

construction vintages. Some construction of additional lane-

miles after 1972 is assumed to accommodate the increase in

traffic volume on the Interstate system.
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B. Primary Systems 3 and k

The Federal-Aid primary rural system in the East North

Central census division is shown in table 16-8 to have

increasing capital outlays from 1965 through 1970 when a

decrease starts, continuing to about 1981 before a second

increase sets in. Again the cyclical behavior is a result of

the increasing and decreasing rates of retirements of old

pavements according to the retirement distribution based on

the frequency curve and mileage of the original construction

of the early vintages. Unlike the plan for the Interstate

system, the primary system construction, 19^5 "t° 1972, is a

direct result of the retirement of the earlier vintages and

the schedule of controlled existing mileage provided for in

the computer input. These controlled mileage inputs provide

for a general increase in the existing lane-miles on the system

from 1965 through 1984. All of the increase in controlled

mileage is considered new construction. Reconstruction is

largely the replacement of retirements from construction of the

vintages before 1957-

The greater amounts of reconstruction compared with the

overall outlays explain a change from the trends noted for the

Interstate system. The result is that, for the rural system,

the increased axle-weight limits produce their greatest effects

on construction cost in the early years. The highest percentage

increase over the base condition is 1^0 percent in 1965, with the
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perceatage tread decreasing to a low of 70 percent of the base

level in I98O. The decreasing cost begins in 1973 for the

20/35-kip axle-weight level and 1971 for the 26/44-kip level.

On the Federal-aid primary urban system, the trends are

similar. Greater cost effects are found at the higher (26/44)

axle-weight limits. The percentage is lowest in the early

years, increasing to a high of 127 percent of the cost at the

base axle-weight limit in 1968 and then progressively decreases

to a low of 87 percent in 1977- This difference from the trend

on the rural system where the greater cost effects were found

in the first years is assumed to be due to the higher design

standards of the urban pavements and less mileage of early

vintage on this system as compared with the rural system.

Table 16-8 as well as figures 16-4 and 5 show the

pronounced shortening of average service life of existing pave-

ment starting in 1965 to account for the probable more rapid

reduction in the structural adequacy of the pavements under

axle-weight limits increasing to 26/44 kips. But once the

system mileage has been paved with pavement having a 20-year

life and designed for the higher axle-weight limits, the capital

outlays naturally decrease.

C. Percentage of Capital Outlays
Required for Hew Construction,
Reconstruction, and Resurfacing

Figures 16-6, l6-7, 16-8, and 16-9 for the East North

Central census division and the four highway systems show the



_l6^5



16-U6



16-47

psas-istf



l6-U8[ X %



16-49

percentages of the total capital outlays, year "by year, divided

"between new construction, reconstruction, and resurfacing. The

percentages for the primary system are somewhat different than

for the Interstate system.

Each additional lane-mile of the Interstate system being

a "new" mile of road designed to a high standard, there is rela-

tively little reconstruction activity on either the rural or

urban system (0 to 4l percent on the rural and to 64 percent

on the urban) as compared with the Federal-Aid primary system

(5 to 88 percent on the rural and 1 to 81 percent on the urban).

New construction activity is heavy throughout the projected

period on both the Interstate and Federal-Aid primary systems

but at different periods of time.

The 1972 planned completion date of the Interstate system

results in the domination of new construction during the first

ten years with a period of low activity in 1975, when because

of increased projected traffic on the system, new lanes for

added traffic capacity would be built, thereby increasing new

construction activity. During the midpoint of the projected

period, reconstruction contributes the most to the total capital

outlays

.

On the Federal-Aid primary system, reconstruction of

old highways is the emphasis in the early years (1965-1972),

particularly on the urban system. New construction on the

rural system is on the rise in the early years and tends to
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stabilize between 1962 to 1981, when projected traffic would

require new construction for increased traffic capacity. For

the urban system, the trend of new construction is a decreasing

one between 1965 and 1971, when the projection of urban versus

rural travel results in a reversal of this downward movement in

new construction outlays that holds throughout the remainder of

the projected period.

Resurfacing activities on the Interstate rural and

urban and Federal-Aid primary rural and urban systems are

generally similar, both requiring small amounts of total

capital outlay (0 to V7 percent for the Interstate and 3 to 26

percent for the Federal-Aid primary system) . In both cases

there is a continuous upward trend in the early years and a

leveling out or decreasing movement in the closing years of the

projected period.

These general trends are merely more rapid as the axle-

weight limits are increased. In other words, where increased

axle-weight limits result in greater amounts of reconstruction

and resurfacing in the early years, because of the decreased

service lives of these early vintage mileages, a lesser amount

of reconstruction and resurfacing is required in the later

years.

The effects of increased axle-weight limits on new

construction are negligible, since only the pricing of the con-

struction is increased, not the service lives, as is the case
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with mileage already existing ( reconstruction and resurfacing

activities)

.

D. 20-Year Total Capital Outlay

Table 16-9 sums up the yearly capital outlays in

table 16-8 for the full 20 years for each of the four highvay

systems and ten census divisions. The left half of the table

is the forecasted actual capital outlay and the right hand

section of the table is the present worth, at 6 percent per

year interest rate, of the yearly capital outlays summed up

for the 20 years.

A comparison of the 20-year totals for the higher

axle-weight limits with 20-year totals for the base axle-weight

limits indicates the additional financing required over the

20-year period, should the higher axle-weight limits be adopted.

It should be recognized that in table l6-9 the first four census

divisions have no capital outlays for the l8/32-kip limit

because their existing base axle-weight limit is higher.

Likewise, the New England and Middle Atlantic census divisions

have no base capital outlays for the 20/35 axle-weight limits

because their limit is approximately 22/36 kips.

E. Capital Outlays on a National Basis

Table 16-12 gives on a national basis the 20-year

totals of the 10 census divisions from table l6-9 and the

outlays at the higher axle-weight limits expressed as a
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percentage of the base limits. These national totals of

capital outlays for the 20 years from 1965 through 1984 for the

increased axle weights range from 100.2 to 104.0 percent of the

base capital outlays without axle-weight limit increases. On a

dollar basis, these increases would amount to $46,354,000 for

Interstate urban 20/35 kip limits, and $738,088,000 for the

Interstate rural, 26/kh kip limits. On a yearly basis, these

increases in 20-year totals would average from $2,317,700 to

$36,904,000.

Another comparison of the financing required under the

four increased axle-weight levels is afforded by reducing the

20-year total capital outlays for each system to outlays per

year per lane-mile of highway. The comparisons are given in

table 16-13, showing the extreme differences in system cost

and the relatively insignificant effects on total outlays

obtained by increasing axle-weight limits. The greatest cost

is found for the 26/44 axle-weight limit for all systems. By

system, the Interstate urban requires the greater outlays. The

greatest incremental differences are found between the 22/38

and 24/41 axle-weight limits. The only deviation from this

trend is on the Federal-aid primary rural system, where the

increase in axle-weight limit from 24/4l to 26/44 produces the

highest incremental cost, $22.
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£able 16-13. --Dollars cost of construction per lane-mile per
year for the 20-year period 1965-19814. for each
axle-weight limit—National averages by highway
system

Based on lane miles in service December 31* 1984
(in dollars)

Single/tandem axle weight limits, Kips
System

18/32 20/35 22/38 24/1+1 26/44

System 1. Interstate Rural

System 2. Interstate Urban

Subtotal

System 3' Federal-Aid Primary Rural

System 4. Federal-Aid Primary Urban

Subtotal

Grand Total

4,523

19,4l8

7,Ml

3,651*

8,754

4,309

5,243

4,567

19,465

7,455

3,672

8,785

4,330

5,270

4,609

19,516

7,499

3,693

8,817

4,352

5,298

4,661

19,573

7,552

3,711

8,866

4,374

5,330

4,705

19,620

7,597

3,733

8,910

4,398

5,361
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10. PROBABLE CONSTRUCTION PROGRAMS AND
REPLACEMENT OF BRIDGES

Table 16-8 illustrates a year-to-year variation in the

financial requirements for different axle-weight levels,

including the "base level. It is not likely that any State

highway department would want to provide such unequal year-to-

year construction money immediately as higher axle-weight limits

are permitted, with decreasing requirements in later years. As

a practical expedient, the highway departments would carry on

a program of gradual upgrading through reconstruction and

resurfacing, as money became available. Further, it is prob-

able that some additional maintenance expenses would be

required to improve temporarily the quality of service of many

miles of pavement pending the year when they could be recon-

structed or resurfaced to adequate structural quality, as

provided for in this analysis.

It is probable that the construction outlays indicated

in tables 16-8 and 16-9 may be somewhat deficient in provision

for the replacement of structures of older vintages or for

strengthening their structural quality for service under

conditions of increased axle-weight limit. However, provision

is made in the base construction cost per mile for construction

of completely new bridges on all mileage of new construction

and reconstruction.
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What and how many bridges would need to he replaced or

strengthened for safe movement of traffic operating under higher

axle-weight limits cannot he determined without a more detailed

inventory of the bridges on the system. It is reasonable to

expect that, under the increased axle-weight limits up to

22/38-kip limits, no bridges on the Interstate system and few

on the primary system would require replacement or strength-

ening. At the 2kjkl.-kip and 26/44-kip levels, a large number

of bridges would need to be replaced or strengthened.

Certain bridges of inadequate structural strength for

the higher axle-weight limits could be expected to be posted

against higher loads until they could be brought up to standard.

This practice would be comparable to present general practice

of the States in protecting bridges of unsatisfactory structural

strength against prossibly damaging loads. Such posting would

not greatly interfere with truck transport, however, because

the heavier trucks are more apt to travel on roads having

bridges of adequate design. This condition could be expected

at all limits probable except for the 24/^1 and 26/44-kip

limits

.

11. AASHO REPORT ON THE PAVEMENT
EVALUATION SURVEY—1962

In November 1962, the Committee on Highway Transport of

the American Association of State Highway Officials submitted
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its "Report on the Pavement Evaluation Survey." 1/ This report

was intended to show the effects of increased axle-weight

limits in decreasing the remaining life of existing pavements

and to show the added dollars required to resurface the pave-

ments as needed. The study was made "by 39 States in accordance

with the Manual of Instructions issued "by the Committee on

Highway Transport in August 1962.

The AASHO study was restricted to resurfacing, the need

for which was predicated on the PSI (present serviceability

index) at the time of the study and as forecasted for ten years,

with and without increases in axle-weight limits. Each State

made the study for its State highways on a lane-mile basis.

The axle-weight limits used were as follows: present base

limits, 20/35 kips, 22/38 kips, and 24/42 kips.

The concepts and factors in the AASHO study vary so

widely from those in this 1966 study of the desirable dimensions

and weights of motor vehicles that any comparison of the final

dollar requirements would probable lead to wrong conclusions.

Some of these differences are set forth as follows:

1} American Association of State Highway Officials. Pavement
Evaluation Survey, by Committee on Highway Transport.

R. R. Bartelsmyer, Chairman. 917 National Press Building,

Washington, D. C. 20004. November 1962.
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AASHO STUDY BPR 1966 STUDY

1. For each axle-weight 1. The first year (1965) v&s

limit, all route sections assumed to be a normal

belov a PSI of 2.0 were construction program. No

resurfaced in 1963. catch up of deficiencies

was provided for.

2. Highway costs include 2. Highway costs include new

resurfacing only. construction, reconstruction,

and resurfacing.

3- Study made State by 3. Study made on Federal-Aid

State for 39 States on systems grouped by census

State highways grouped division.

by basic axle-weight

limits.

k. Enforcement tolerance not

considered.

5. Resurfacing needs based

upon the decrease in the

PSI.

k. Enforcement tolerance

included in determining

current axle-weight limits.

5. Reconstruction and

resurfacing needs based upon

retirement of prior construc-

tion as calculated from

survivor curves.
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12. TWENTY-YEAR CAPITAL OUTLAYS COMPARED
TO REDUCTIONS IN TRUCK OPERATING COSTS

The truck operating costs presented in table 15-4B

permit comparisons of 20-year truck operating costs with the

20-year highway capital outlays given in table 16-12. The first

of two types of comparisons is shown in the left section of

table l6-l4 for each of four highway systems and the four

systems combined. This section of the table shows the reduc-

tion in 20-year accumulated total truck operating cost compared

with the 20-year accumulated incremental capital outlay for

highway construction resulting from an increase in axle-weight

limits. The figures are based on increases from the l8/32-kip

single/tandem axle-weight limits to each of four higher axle-

weight limits. The ratio of the truck operating-cost reduction

to the increment of capital-outlay increase was shown for each

of the increases in axle-weight limit.

A second comparison is shown in the right section of

table 16-14. Here the reduction in truck operating costs and

the increase in capital outlays for each of the 20 years, caused

by an increase in axle-weight limits, have been discounted at a

6-percent interest rate to present-worth values and the results

totaled. The ratio of the truck operating-cost reduction to

the capital-outlay increase was then calculated for each change

in the axle-weight limit from the base l8/32-kip single/tandem

axle-weight limit.
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The ratios shown in table l6-lh are not directly

comparable to the benefit-cost ratios in Chapters 10, 11, and

12. In these chapters a mile of highway construction was the

basis for determining the benefit-cost ratio. Here in chapter

16 we are dealing with yearly capital outlays and with both

operating costs and capital outlays related to highway systems

on a nationwide basis.

In table l6-l4, the capital outlays late in the analysis

period are charged out against the motor vehicle cost redtictions

without regard to service life. In other words, the analysis

would not include construction outlays from which benefits will

be derived after the study period. Also, at the end of the

20-year period, the systems would be in a condition of high

quality under the design standards required for each axle-

weight limit. From then on, the rate of capital outlays to

highway-system renewal will be much less than for the 20-year

study period.

Note that, in table l6-l4, the ratios are high, varying

from 12.3 to 65.9 for the direct capital outlays (top section)

and from 8.6 to 26.7 on the present-worth basis. These ratios

are in harmony with those for Method 1-M in Chapter 10, and they

serve as an additional check on the reliability of findings.

This analysis includes only axle-weight increase.

Should the increase in vehicle length to Step 1 (Chapter ll)

also be included, the resulting ratios would be at least

50 percent greater.
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13. COMPARISON OF REPORTED CAPITAL OUTLAYS FOR
1964, BY HIGHWAY SYSTEM, WITH REQUIREMENTS
UNDER HIGHER AXLE-WEIGHT LIMITS

A comparison of what highway construction would cost

under increased axle-weight limits with what the construction

cost under the existing limits for the year 1964 is presented

in this section. The approach is simply to compare, for each

of six highway systems and 10 census divisions, the total

dollars of actual outlay for construction in 1964 with the cost

of constructing the same number of miles at the per-mile cost

computed by analysis Method 1-M for economy of axle-weight

limits.

A. Assembly of Basic Information

Table 16-15 gives the miles of rigid and flexible

pavement built in 1964 and the estimated incremental cost for

this same mileage if it had been designed for each of the four

levels of axle-weight limits above the base limits for each of

the six highway systems and 10 census divisions. These incre-

mental costs are the result of Method 1-M on economy of axle

weight presented in Chapter 10. The costs include the pavement

structure, shoulders, bridges, and earthwork. Table 16-15 also

gives the total capital outlay for highway construction in 1964

under the then existing axle-weight limits.

Table 16-15 does not present a true relationship of the

miles built and total capital cost in 1964, because the
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reported capital cost includes projects for which no paving was

constructed. This discrepancy is on the conservative side,

because the total miles assumed to have been paved in 1964 at

the higher axle weights produce a higher total incremental

cost above the actual cost than would the correct mileage of

paving.

Table 16-15 also gives the computed total system capital

cost for each of the four higher axle-weight limits. In the last

four columns, these final costs are compared on a percentage

basis with the reported 1964 capital costs.

B. Comparative 1964 Capital
Costs for the Six Systems

On a census division basis, the ranges of percentage

increase in construction costs in 1964 over actual costs for

increased axle-weight limits are as follows:

System
Single/tandem axle weight limits, kips

18/32 20/35 22/38 24/41 26/44

1. IR 0.3 to 0.9 0.3 to 1.8 0.3 to 2.7 0.6 to 3-5

2. IU 0.0 to 0.3 0.0 to 0.6 0.1 to 0.9 0.1 to 1.1

3. FAFR 0.3 to 3-4 0.6 to 6.9 0.4 to 10.4 0.9 to 13.7

4. FAFU 0.2 to 0.5 0.4 to 1.2 0.3 to 2.4 0.6 to 3-6

5. FASR 0.2 to 2.4 0.3 to 4.8 0.1 to 7.^ 0.3 to 10.0

6. FASU 0.5 to 3.1 1.1 to 6.3 1.2 to 9-5 2.1 to 13.5
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The above tabulation indicates that on a percentage

basis the least affect of increased axle-weight limits is found

on Systems 1 and 2, Interstate rural and urban. The percentage

increases in cost are the greatest on Systems 5 and 6, Federal-

Aid secondary rural and urban, with the urban having the greater

percentage increase. The reason for this trend can be assumed

to be the much higher standards of design for the Interstate

system compared to the secondary system, thus creating greater

need for improvement on the secondary system when higher axle-

weight limits are applied. Lane for lane, in the axle-weight

economy study, all six systems have the same basic design,

varying only by the E 18-kip axle applications. The higher 1964

construction costs on the Interstate system provide for a much

higher dollar amount for the percentage base than do the lower

1964 costs on the secondary system.

A review of table 16-15 indicates no general trend on a

census -division basis. It is noted that the greater costs, on

a percentage basis, are found in those census divisions

(5 through 10) having the 18/32-kip limits. This is disproved

to some extent for the East South Central census division,

where the general trend indicates the least effects of increased

axle-weight limits on rural systems. As would be expected, the

greater the axle-weight limit increase, the greater the cost

differential

.
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On a national basis the comparative construction costs

in table 16-15 are summarized as follows to show the dollars of

added cost in 1964 if the construction had been designed for the

higher axle-weight limits:

Increase in National Construction Cost for 1964 Compared
with Actual Costs for Higher Axle-Weight Limits

In 1,000 Dollars

Highway System
Single/tandem axle-weight limits

in kips

18/32 20/35 22/38 24/41 26/44

1. Interstate rural 7,410 15,525 25,581 34,798

2. Interstate urban 1,131 2,534 fc,l99 5,950

3- Federal-Aid primary rural 11,939 27,076 43,541 59,071

4. Federal-Aid primary urban ... 2,125 4,688 7,721 10,614

5. Federal-Aid secondary rural 4,360 10,096 16,222 22,441

6. Federal-Aid secondary urban 797 2,087 3,699 5,303

All systems 27,762 62,006 100,915 138,177

The total dollars for each highway system in this

tabulation are relatively small sums, considering the total

mileage involved. Should all the 1964 construction have been

designed for the 22/38-kip axle-weight limits—the approximate

maximum limits now legal in any state—the increased construc-

tion outlay would have been only $62,006,000, of which

$27,076,000 would have been for the Federal-Aid primary rural

system.



CHAPTER 17

GENERAL SUMMARY AND EVALUATION

At the risk of some repetition, a few final comments

are presented in this chapter to add to the reader's under-

standing of the subject and to aid him in evaluating the

results of the research reported upon.

With only minor exceptions , this report on the

desirable maximum dimensions and weights of motor vehicles

fulfills the initial research plan for it. The several studies

included in it not only developed suitable methods of research,

but achieved both qualitative and quantitative results for

each of the variable factors related to the desirable dimen-

sions and weights. This statement does not mean, however,

that there are not many factors still needing study.

1. GENERAL SUMMARY

The analysis of the State laws and the truck weight

studies indicate two significant factors needing improvement.

The first is lack of uniformity among the States in maximum

limits on dimension and weight, and its unfavorable conse-

quences to the costs of highway transportation. The second

17-1
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factor is the high percentage of vehicles with overweight axles

and excessive gross weights. Overloading combined with liberal

enforcement tolerances, higher legal limits for certain commo-

dities, and unprecedented issuing of special permits for trips

made by overdimension and overweight vehicles actually have

nearly the same effects on the pavement as would be expected

from an increase in legal limits without tolerance and without

legal exceptions for hauling of certain local commodities.

Without doubt, unexpectedly high economy can be realized

by increasing axle-weight limits, gross weight limits, and

vehicle length limits. The indicated economy is so high that

its existence should not be questioned. The additional annual

outlay for highway capital construction occasioned by immediate

increase in motor vehicle weight limits would be small

—

perhaps one percent—in the expenditures for highway construction.

The fear on the part of many individuals and the public

at large that increased vehicle weight limits would quickly

destroy existing pavements is not in agreement with past expe-

rience. Axle-weight limits have been raised over the last 45

years from about 8,000 to 23,500 pounds per single axle and,

during this time, the number of heavy axle applications and

their average weights applied to the pavements have increased.

Yet over the 45 years that these increases have been experienced,

improvement and reconstruction of highways for this reason alone

has been a gradual yearly factor. The highways have been
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financed from year to year without pinpointing any particular

part of the financing that has resulted from increasing axle

and gross weight limits.

In the event that the State laws were altered to provide

for higher axle-weight and gross weight limits, it is not likely

that an increase in the rate of deterioration of highway pave-

ments would he specifically noticed. The analysis, however,

shows that any expected increase in the rate of reconstructing

pavements that might result from increased weight limits would

"be many times offset by a decrease in the cost of highway

trucking operations.

It may be taken for granted that the highway trucking

industry will continue to grow, both to meet the demands of

increasing population and to provide improved quality of service.

The rate of growth might be retarded or prevented by changes in

technology or through the development of improved modes of

transport that are more competitive with highway truck trans-

portation. It was not the purpose of this report to investigate

such matters, but they are mentioned here only to emphasize the

potential and the fact that there is no immediate foreseeable

end to the need for providing increased facilities for highway

trucking operations, with or without changes in axle-weight

limits.

The research findings in this report point to a high

economy for the 3-unit combination with a length limit of 63 or
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70 feet and a gross weight limit of about 110,000 pounds. A

gross weight-limit increase does not necessarily mean an

increase in highway costs, provided that a control is placed

upon axle weight and axle spacing together with the overall

length of the vehicle.

With approximately Ik States legalizing the 65-foot

long combination in 1965, 1966, and 1967, it may be concluded

that other States will follow in 1968. So ideal a vehicle

from the point of view of transport operation is the 65-foot

long combination that its eventual spread to the eastern and

southern States may be taken for granted, especially since such

vehicles could be permitted without Increasing highway costs

and perhaps with no net detriment to traffic as a whole. The

move to the eastern seaboard has begun with recent (1967)

legislation in Delaware and Maryland.

2. EVALUATION

Again it is emphasized that unless overall highway

transport costs per payload ton-mile are reduced or the service

values of highway transport are greatly increased, there is no

solid basis for Increasing the legal maximum dimension and

weight limits. A sizeable economy to be obtained by increased

vehicle length and weight limits would still remain, even after

discounting heavily the reductions in truck operating costs to

be achieved with the increased limits arrived at in this
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research and increasing somewhat the estimated highway costs

that would result. In other words , although the policy followed

herein was conservative (low benefits and high costs) , even

should the trucking "benefits be cut in half and the incremental

highway costs doubled, worthwhile economy would still be found.

This statement is made because of some uncertainty as to just

what would be the trucking practice and fleet composition under

increased limits of dimension and weight. These factors were

determined by sound logic and careful procedures, but other

analysts may come up with different results. A more thorough

examination of the effects on bridges may be in order, partic-

ularly for the longer combinations with variation in axle

arrangements

.

Because in many instances, the AASHO pavement design

formulas produced pavement design depths materially less than

are now being used by the States, some question may be raised

as to whether the analysis by Method 1-M reaches the correct

answer. But here again the margin of economy is so great that

the question is only academic.

The analyses in Chapter 16 leading to an estimate of the

highway financing required for the period from 1965 to 1985,

with and without increases in axle-weight limits, may justly be

questioned. Although the total dollar requirement may depart

from what other analysts would estimate, the differentials

between the requirements with and without increases in
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axle-weight limits are sound. The yearly distribution of

reconstruction and resurfacing over the 20-year period is just

one of many probable results, depending upon the procedures

adopted to estimate the yearly needs for reconstruction or

resurfacing

.

Continued studies of the subject of the desirable

dimensions and weights of vehicles will no doubt lead to

improvements in methodology and greater proof of certain con-

clusions, but this report offers a substantial and reliable

basis upon which to consider highway-department and other

public policies and State and Federal laws affecting the dimen-

sions and weights of motor vehicles.
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