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- This report should provide useful perspecti?es to transportaticn
agencies and legislative bodies respohsible for recommending changes
related to motor' vehicle sizes and weights regulations and policies.

This report was originally produced in 1968 but was not released for
publication until a thorough review of the findings and methodology was
completed. This review, titled "Summary and Assessment of Sizes and
Weights Report" (Report No. PHWA~RD-73-67) is a companion volume which

is required reading for anyone who seriously considers using the findings
reported in the subject report. The assessment extends the analysis,
examines assumptions made by Winfrey and others, and points out
particular limitatidns of the "Sizes and Weights" report.

This report demonstrates a substantial economic benefit to be obtained
by rebuilding the highway system to higher weight limits and advocates
an "immediate" implementation of policies to move in that direction,
In addition, vehicles hauling heavier loads would need to be designed
with adequate propulsion, braking, steering and suspension systems to
operate safely and efficiently with mixed traffic on the upgraded
highway system. However, any substantial increase in legal loads without
a massive program to update, monitor, and maintain the highway system
would create disastrous effects in many States, Many pavements would
need to be overlaid and bridges reinforced or posted for limiting
maximum loads. These consequences of an immediate increase in legal
vehicle size and weight restrictions without an investment to upgrade
the capacity of existing pavements and bridges were not analyzed.

Important related questions not addressed in this report:

1. 1Is it in the national interest to encourage further shift
of cargo from cther transportation modes to highways, even
when more economical?

2, How are the conclusions affected by increased fuel costs
and limited petroleum supplies?

Both of these questions have gained considerable importance in the years
following the original preparation of the report and should be considered
in evaluation of specific size and weight policies or proposed

legislation.
0-L0 - e FLld
. -Charles F. Sche;tey
Acting Associate Administrator

for Research and Development
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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&, 88th 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 Eighway Officials
vere 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 gquotations from House Document 354 (196k4) will
help to plsce 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 ultimste 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 1s suggested in the report.

On page 2, under Summsry and Recommendations, the report
states,

The resources of technical research available
for this report have been comsidersble; never-
theless, the field is so complex and the variables
50 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 avallable
from present research cannot jJustify greater
standards than those proposed in this report; a
pore comprehensive program of research and
iunvestigation must proceed to ensble future
standards to be related specifically to technical
criteria, and applicable to additional components
of the Federal-ald highway systems.

One important factor missing in all prior reports (except

the preliminary anslysis in House Document 354) 1s 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 1s the firast to explore thoroughly the economy of
the limits of vehicle dimensions and weights, considering both
highway coat and motor vehicle transport cost.

About 1945 the Highway Research Board appointed a
Comaittee on Economice of Motor Vehicle Size and Welght. This
coresittee is still in existence, though less active than it
%as up to about 1962. The long tenure of the committee
izdicates 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 Highwaey Research Bosrd Bulletin 9A on time
and fuel comsumption of trucks on grades and Bulletin 301
on the overall operating cost of lines=haul trucks.

This present 1968 report has as its main objectives
the development of the economlc and techmical guides essential
to policy and legislative considerations and the procedural
technigues for future research application. There is no
attempt (at least not a deliberste one) to recommend what
public policy should be or t¢ recommend changes in the Federal

and Stete laws. For this resson the AASHO policy on mextimum

dimensions and weights of motor vehicles as published Oetober 21,

1963, is not discussed.
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House Document 354 (1964) 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 frawe aud with or without a body for containing
goods or pecple; which may be towed or moved under its own
power over the highway. A paasenger car, s bus, a truck, a
traller, a tractor are separete ipdividual vehicles. Also,
the word vehicle &s uged generally includes any combination
of two or more separate vehicles such &s a tractoer and semi-

trailer or a truck and full trailer.

Vehicle Combination = Two oy more vehicles combined 8o

as to move over the highway as one train of connected vzhicles.
Unit - A single vehicle; one of the vehicles within a
vehicle combination.
Truck or motor truck - A single self-propelled

comperclal motor vehicle carrying its loed on its own wheels
and primarily desigued for the transportation of property or
commodities. When used as a general term, "truck” may refer
to any type of commercisl motor freight vehicle or combination
of vebicles.

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

constructed to carry only its own cargo and not equipped to

pull a trailer.

0«45
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Forrar wndt or power vehicle < A genaral term referring

1o &ny'vﬁhi@le eguipped with sn engine for propulsion and
érr&ngeﬁ to pull & treiler,

Tructor « & self-propelied wotor vehlcle designed
primerily for pulling semitrailerﬂ and constructed so as to
carry part of the welght and losd of & semitrailer. (A
tractor 1s bassically e motor truck with e short wheelbase and
no cerge body.)

Tractive truck - A motor truck comgstructed to carry a

carge body apd to pull & trailer. (A trailer pulled may be
either & semitrailer or & full traller depending on whether
the tractive truck iz eguipped with a semitrsiler fifth wheel
or a full traller pintle hosk.)

Trailer - A commercial motor vehicle designed to carry
carge end t0 be pulled by & tractive truck or & tractor. When
used as a generzl terik it moy mesn either & semitrailler, a
full trailer, or & pole trailer, sud moy be equipped with any
one of the various types of cargo bodles. (Trailers bullt as
msbile living quarters are Kunown a3 traller coaches and mobile
homes, but freguertly ers called bouse trailers.)

Semitrailer « A traller equipped with one or more axies
and comztructed go that a substentisl part of its welght ard
load is cavrried by the tractor or trastive track wailch pulls
the gemitroiler. A sepitiedller may have one Or move loade

cearylng exles locsted under tha resr half of the vehicle.
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A semitrailer with two axles grouped under the rear half of
the vehicle frequently 1z kuaown a3 & tandem-sxle semitrailer.

Full tvailer « A trailer constructed so that its

velght and loed rests on its own wheels. It may have two
or more load-carrying a.xlésa

Traller converter dolly « A short chassis assembly

consisting of axle and wheel assembly, tires, springs, frame
for lower Piftl wheel, drawbayr, and cther parts designed to
slip under the front ead 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
pc.me'r- vehicle, that are connected together for operation on
the road. 1In genersl, the name of each combination indicates
the types of vehicles thet are connected together in the
combination.

Double«trajler or tendem-trailer combination « A

tractor, semityailer, and full trziler. This combination
frequently is called a "double bottom" because it has two
cargo bodies.

Line-haul service - also called over-the-roed service--

A gepsars) term designating truck operations over interclty
and rurel highways. Such cperaticss mey include some minor
suxiliary off<highway operations, especially where the payload

is picked up fiom & loading aves off the public highway.
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’ *
Gom anle - Avle EOCun? baving teoe oF Rove axles

L e T

spaced Bowz then bD inshes sgert wed oo kore thew 96 inches
ég.&m. More penerally, tenden swles ere two axles spaced
about B8 luches wpard,

Curge, peyload, end freight « The wateriel coutents,
comsodities; or goods dun the truck body which ave belng hauled
and upon which the frelght taxiff is paid in ciwmon or
contract caryings.

Eupty welsght « The %m}m of the eatire vehicle or
vehicle c@m‘bimm@n with driver on the rosd withoubl any cargo,
or paylsad, but with any pecking materiel, racks and tools
usually hauled for convenmlence and net for revenns. Vehicles
cﬁrrying empty draus, pallets, crates, and other osrgo
contalners or leveling devices are classed as with load.

Tore welght - The weight of the entlre vehicle or
vehlele combinetion, erclusive of dyiver, passsngers, packing
spterial, cergn containers, cergd handling devices, and ell
objects nod & fixed pert of the vebhicle.

ADT » The mverage dally trafiic expressed in numbers of

ehicles of &1l cimsses wnless spoolficelly steted differently.
The dedly everoge 18 for the year unless stoted otherwise.

Benefitecoct ratlio ov B €. iatlo - Ao index of the

relative econosy of e slbernative as cowparsd 1o ancother,
expressed 88 the guobtlent rooulting feow dividing the egulve
alemt vniforn snnusl bonefit in dollars by the egulvalent

und form enneal cost in dollsye regalred 4o obtaln the benefit.

y
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E 18-kip axles - The nusber of single axles welghing

18,000 pounds which vould be equivalent to another number

of axles veighing more or less thsn 18,000 pounds, as messured
by their effect on the pavemsnt structure. A kip is 1,000
pounds . '

Motor vebicle memtinicmt « The totel 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 Wourds: ecsasny of truck Yransport; trucking
eosty truck dimensions; truck exle
welphte; legal lisdis of vehicle
dimenslons &nd welghle; economle
vebicle dimensions end welghts; high-»
waye end truck llzdts
Deterwlnlng the desirable maximom limits of dixensions
and welghts of motor vehicles is appromched on the basis of
the highway cost and the opsiratiug cost of wotor trucks, so
far as the factors of economy aere concerned. Vebhicle opera-
tions on the highway are concerned with the factors of gross
vehicle weight per net horsepower, braking distance, traffic
accldent frequency and severity, and highway capacity. The
placement of the vehicle on the roadway so far as the highway
- geomatrics are concerned is & factor consldered. Earthwork,
the pevement end shoulder structure; and individusl structures
are the three itewms of cenatiuction cost affected by any change
in vehicle axle welght or groms welght. Other itess of the
total highway, such a8 right-of-way, engiozerding, and treffic
facilitliea, are consldersd %o be unafiected by the Naximum
legel linite of dimensiocn and welght.
In the esonguy studles, exle welpghi, gross vehicle weight,
snd vehicle lemgth ere ennlyzed on the bagle of six highway
eysters consisting of the rurasl ssd whan systems within the

Interstate, priwsry and sccondpry bighvay systems. The work
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is further divided by the ten census divisions, which
approximetes a grouping of the States having the same limita-
tions of {imensione and weighis, even though these limits vary
considerably among all States.

The main basis of the amalysis 1s the 1962 data on the
truck weight studies counducted in 46 States. The axle weights,
groas weights, frequency distribution by class of vehicle,
number of empty vehlcles, snd the payload carried ‘per vehicle
are the main data utilized in these studies.

_ Considering all the factors inveolved in determining
the desirable limits of maximum vehicle dimensions and
welghte, the following general conclusions were reached:

1. From the standpoint of economy of transportation,
there are no major benefits to be geined by & vehicle helght
in excess of 13.5 feet, so that any highex limit than 13.5
feet does not need to be ereriously investigated at thils time.

2. A vehicle width of 102 inches &s a maximum is
desirable for the resmsons that it would lmprove the loading
facilities for certain modulsy-dimension products, and that
it would provide additional desirsble spsce at the rear axle
for lmprovement of the differential end the braking system,

3. Existing highways will accosmodate vehicle

combination lengths up to 65 feet including two tmilers.' On



the Intersiate system with full accass contyrol, couwbinmtions
100 feet long eve feasible uwtilizivg two LO-foot traillers.

k. There 1s considerabile ecousmy ilu oversll
transportation to be gainzd by wllkemweifgw iwits up to at.
least 26,000 pounds single and Uk ,000 pounds tandsm. The
benefit-cost ratio of such increases is siguiflcantly large--
sSay, somewhere between 3.0 and 20,.0--de¢pending upon the highway
systgm, the census division, and the charscter of the traffic
involved.

' 5. Incressing the maxisum length of vehicles up to 65
feet and permitting the combination of tractox, semitrailer, and
full trailer results in a decresse in truck operating cost up to
30 percent, with no measureble increase in highway costs..

6. Gross vehicle weight for combination vehicles 1is

economical up to 25,000 pounds.

7. During the 20-year pericd from 1965 to 1984, for the
22/38-kip desigus, highway construction ou the Interstate and
Federsl-aid primary systems would cost 0.5 to 1.9 percent more
than the estimuted totals wnder existing axle-welght limits. The
above percentages amount to $95,537,000 and $348,370,000,
respectively, for the 20-year pericd.

8. On all highways, the uze of the 22/38-kip axle-
welght linits would result ln a truck opsrating cost dacrease

of $36 billiou for the 20-year pericd, 1965 to 1984,
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A FEW FIRDIKGS IN BRIEF

The desirabvle 1lindts of dlmensions and welghts for
S uce vere found te be the following:
l. A vehicle height of 13.5 feet
2. A vehicle width of 102 inches
3. Maximum lengths on all highways of L0 feet for single-
unit trucks and trailers, 55 fest for tractor and

semitreiler, and 65 feet for any other combination of
vehlcles

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 1
BACKGROUND AND THE RESEARCH PLAN

The goal of this report is to present the results of
research designed to discover and evaluate the factors of trans-
portation economy involved in the legil maximum limits upon the
dirensions and weights of motoy vehlcles. The report attempts
10 provide the factusl basis for improved Judgwent as to the
requirenents for legislative and regutatory policy with respect

to th_eae limits and also for englneering design.

1. BACKGROUND

The geometrics of highway design have changed over the

years ito accommodate both larger volumes of vehicles and faster
moving vehicles and to incresse the safety of travel. As the

standards of deslign have been reised from year to yesr, vehicles

in the commercial group have been getting larger and heavier.
From time to time the States have changed their laws controlling

the maximum dimensions, meximm axle weights, and total vehicle
gross weights allowable on the highways. It is fully as logleal

to consider the economy of maximm limits oo dimensions and
welghts of vehicles as 1t is o revise from yesar to year the
standaxrd geometric design and the deslgn criteria that have been

adopted by the American Association of State Highway Offieials.
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Foy many years highway officlals aud mambers of
legislative bodies have been sware of the effects thet dimensions
an@ weights of vghicles have upon the traffic stiream, upon highway
cost, and upon txensportetion in gensral, ss well as ﬁpon the
economy of the ecountry, whiéh is dependent upon the movement of
goods and people. The United States Congress recognized this
element in yassing the 1956 Federsl-Aid Highway Act, when it

directed the Secrstary of Commerce in Section 108(k)

« « » to take all acticn possible to expedite
the conduct of a series of testis now planned
or being conducted by the Highway Research
Boaxrd of the Mational Academy of Sciences, in
cooperation with the Bureau of Public Roads,
the several States, and other persons end

- organizations, for the purpose of determining
the maxiwum desirable dimensions and weightis
for vehicles operated on the Federal-Aid high-
way systems, including the Interstate System,
and after the conclusion of such tests, but not
later tharn Marxch 1, 1959, to make recommendatiouns
to the Congress with respect to such maximm
desirable dimensione and weights,

A report carrying out the intent of Section 108(k) was
submitted to the Depmrtment of Commerce by the Bursau of Public

Roads in the fall of 1963. It was subsequently revised, updated
somevhat, and resubmitted iu Junvery 196h, v

Ly This report wes forwarded to Cougress by the Becretary of
Comscerce ou August 18, 196l. It was published as House
Document No. 354, 88th Cungress, 28 Session. ‘The title is ,
"Maximm Desirable Dimensions and Weights of Vehicles Operated
oa the Federal-Ald Systews.”



2. GENERAL CBJECTIVES ARL
CORTENT OF THIS REPORT

The present reyort ie iuvbendzd to carry forwerd the
eaxrlier (1964} work, avd it therefore covers the more recent
developmonts., The fectors considered were those dstermining the
econcmy of transportation and capnble of being quentified and
priced. They lnclude highwny construction and maintensnce ecosts,
motor vehicle operating ccst, end certain economic and service
aspects of the highvay transport industry, such as cargo handling
and fleet operations. If existing legal dimensional and welaht
limits on motor vehicles &re lucrsased, it will be solely
'beéu.use of the demand of the trucking indusiry, mede in the
conviction thet transport will be more economical at the higher
limits. If coversll econtmy of total highway tranesportation
costs -- ineclvding both highway and vehicle coste ~-- can be
achieved by any propesed change to higher liumits, the legisla-
tive bodies concerned must then cousider such a change with
respect to such factors as structures; geometrics, effects upon
passenger oar travel, effects upon other mudes of transportation,
and public polisy. Or the other hand, I1f there is no economy in
transportation &t higher limits, these other factors need not be

exauined.
The ecoucmy of transportation 1s, therefore, the most

important subjsct to be examined iu determining the desireble
legal lLimits on the dlaensicus and welght of moltor wehicles.

For this remson, in this stuly cousiderable effort has been
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devoted to making certala of the merits of {he two basle elements
== highway and vehicle costs =- &g determining factors in estab-
lighing what meotipunm limite are desiveble from the point of view
of the econouwy of transpoitation.

The objective was to make the sum of the two cost factors,
or the totel transyortation cost, a minlwum cohaietent with a
desirable level of service, of safety, and of provision for
serving the needs of the Mation socially as well as economically.
The highway cost problem furthex divides iteelf into two aspects:
(1) the cost of providing newly constructed highways to take
eare of incressed vehicle dimensions and welights as compared with
(2) the effects of increased vehicle dimensicns and weights upon
existing highways that are in acceptable condition for t.hé
operation of vshicles complylng with current laws regardiog
dimensions and weights.

Ho attempt was mede to evaluate the effects of increased
vehicle dimensionz and welghts upon such soclo-economie factors
&s land values, trade volumes, aiy pollution, and aesthetic
values. Neither is full treatwment given to the part played by
different modes of tramsporteticn, the effects on the general
economic growth of the countyy, or the development and uss of
resources. Bub the necessary limits upon the extent of this
etudy are not lutended to suggest thet such socilal and genersal
economic factors ere not relevant and important to the policy

issues involved. It is to be presumed that, based upon their



1-3
Judgment as to the relatiounships thaet such fachtors bear to the
desirable levels of meximue legal limite on the dimeneions and
welghts of motor velileles, the polley nekers will give them
thely proper waight in the polley decisions.

The changes in the technology of highway design, changes
in the menufacture of motor vehicles and thelr use, changes in
the character of industry, aud the rapid ineresse in population
and its centralization in urban areas have esch coutributed to
changes in trensport practice. Growth in population aud in the
Bation's total freight to be moved by all modes of transportation
are the two mein developments brloging about the well established
trends: increasing numbers and welghts of vehicles on the highwvay
and payloads carried per vehlcle.

The anslyals of the economy of vehlcle dimenslous and
welghts in thies report is based upon hauling & constant number
of tons of payloed on a given highway; This constant number of
tons was used becauses the relatlive economy at various levels
of dimension and welght limits cowdd not be determined unless
the usage factor was the sawe for all the conditions compared.

The resulting indieation of 2 reduced number of trucks in
the ADT at higher maximum limits ip nuo wey implies that, if the
legal limits were raised, the number of trucks operating on the
highway would in faeﬁ daclineg. Yo preduce such a result, a

fantestlc reduction in the mumber of trucks would be required
to overcome the effects of 1ﬁ§reases in populetion and in total
freight to be carrxied.
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In wost interclity commodity baul, greater economy of
motor vehicle movement 1s obtained fiom increased dimensions and
weights of vehicles in that the cost per paylosd ton-mile is
reduced as the gross vehicle weight increases up to some limit
such as 200,000 to 225,000 5’ per vehicle combination. It can be
safely assumed that any loweriung of the cost of freight trans-
port by highway will accelerate the increase in highway use.
Cost reductions will cause the highways to attract a greeter
share of the total freight movement and to generate new movements.

Nevertheless, increased payload per vehicle permits any
given total payload necessary to serve the population of the
country to be transported in fewer vehicles, slowing down the
rate éf increase that would otherwise occur and thus provid.:l.ng
an advantage to the traffic stream as a whole. Moreover, even
though the truck traffie is greatly increased at some disadvan-
tage to total traffic movement, the economy arising from higher
maximm dimensions and welghts of vehicles may be sc great that
society in general and the National economy might be better off

~for it. However, as mentioned earlier, it is not the purpose
of this report to discuss the soeclal and economic policles
involved.

Provi_s:l.on for legal use on the public highways of
vehicles having grestey dlmsnsions end axle-waight limits than

Y On a “"loaded gross weight basis" (Highway Research Board
Bulletin 301), these limits would be 160,000 to 180,000 pounds.
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were permitted under 1962 lswe would result in some inconvenience
tq or interference with the movemeut of smallex veblcles, particu-
lexly passenger ecavs. Bub such interference by larger and
heavier comserclal vehicles will be pertially or completely
offset by the fact thet fewer of these vehicles would be required .
to transport the same total tons of emrgo. Thus, to haul the
given tonnage of payload, the trade~off would be larger and
heavier vehicles for e reduced number of vehicles in the traffic
gtream.

However, the Nation's highways are deslgned to serve both
the passenger car and the truck, and the extent to which one
class of vehicle operates at the expense of another is one of the
policy questions outside the limits of this research. This is
not to say that the consequences of changes in the traffic dis-
tribution upon passenger ecare and other small vehicles 18 not a
factor to be taken lubo account when legislative bodies conslder
authorizing higher limits of vehlcle dimeneion and weight.

No considerstion iz given in this report to the military
end defense use of highways. The needs of the military with
respect to the limiting dimeunsions and walghts of vehicles is a
separate problen fxrom that of ithe requirewmsnts to satiafy dsy-
by-day clvilian needs. Primarily they constitute a policy matter,
not an economic or practical transport matter, and should be a

separate conslderation in Che wveilghiang of e&ny proposals to
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change the legislutioa contrelllog the Llimits of dimensions and
we;ghts of wvehicles.

Bus dimeusions and welghts ayve considered only pertially.
Full consideration is desirable, but because so0 much of the
informetion necessary to an adaquate amzlysis of thelr desirable
limits is not available, most of the analyses have omitted them.
On an axle-weight basis, the bus would be comparable to the
heaviest 2D truck, but their number on the highway is so small
that it would have little effect on the analysis for the
economy of axle weight. Only a fevw intercity buses have tandem
axles at the rear.

- Limits of diwmensions and welghts that are less than those
Iirevailins in 1963 in the majority of States are given very
little attention. It was ressoned that nothiug would be gained
by lanvestigating the deslrebility of limits less than the pre-
vailing ones, becsuse any changes to »aduce limits to the lowest
of those now prevaliling would not be even a remote possibility
and no economy or improvement 1n trensportation would result
from establishing limits at that level. This conclusion is
supported by the trend over the lest 4O yeaws, during which the
legal limits have, with minor execeptlons, moved steadily upward.
The increase over time directly reflects publie opinion and
policy and the recoganition of ihe increased economy and social

benefits to be gelned from the higher 1limits.

"



PARTTAT, SUMMARY OF THE JANUARY 1904 REFORT
"MAXTMUM DESIRABLE DIMENSIONS AND WEICHTS OF
VERICLES OPERATED ON THE FEVERAL-AID SYSTEMS"L/

The 1964 report inciudes much detuiled information and
diacusaion of the many faectors juvolved in determining the
desirable maxiwum limite of welghts aund dimensions of motor
vehicles. The reader is referred to the original publiecation
(House Document No. 354), because to sumusrize its 172 pages
would require more space than in wmmted in this condensed
report. The sumpary apd prilacipal conclusioans, however, are
given here. The swumery and recommendations of the Janvary

1964 report are reproduced below directly from House Dosument
No. 35h.

1/ Published as House Document No. 354, 88th Congress
2d Sessiocn, August 19, 196k,

2=1
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SUMMARY AND RECOMMENDATIONS

The summary and recommendations of the January 1964

report on the desirable dimensions and weights of motor

vehicles are reproduced below directly from House Document

No.

354.

MAXIMUS DESIRABLE DIMENSIONS AND WEIGHTS OF
VEHICLES _GPERATED ON THE FEDER‘AL-AID SYSTEMS
| SUMMARY AND RECOMMENDATIONS - |
From the technical point of view the effects of the weight and

dimensions of a' vehicle differ. Weight primarily affects the service-
ability and life of the paveihent and structures through the stresses it

- places upon them. . Overstressing decreases the serviceability and

hastens the reconstruction or replacement of highway faeilities.
Greater axle weight requires greater pavement thickness and stronger
bridges: Gross weight can be a eritical factor for bridges ¢arfying
vehicle combinations having short wheelbases. On the other hand,
increased lengths make possible greater gross weights. Vehicle size
affects the operations of highway traffic including the general behavior
of vehicles in the traffic stream. Greater width requires wider pave~
ment and bridges and greater length and height of vehicles require
inereased dimensions of highway geometric patterns and clearances.
In the absence of minimum performance requirements, weight can
also affect highway capacity; that is, a slowly moving vehicle affects
adversely the speed of others and hence the capacity of the roadway,
But basically axle weight affects the serviceability of & highway and
vehicle dize affacts its capacity. .

Tn setting dimensions and weight standards a mediation of various
values in conflict is necessary. -Any standard proposed must provide
for maximum safety of operations. Beyond this overriding need,
balances must be achieved withih major areas of consideration. There
must be a balance between the benefits inhecent in increasing stand-
ards, and the costs of providing for them: between larger wvéhicle
dimensions and the welfare of other users of the highway. The use of
public funds by Federal, State, county, and urban governments to
provide highway -facilities and' administration implies that miny
sectors’ of the public interesi beside commercial transportation are
involved in deferminstions of vehicle standardsé. There must be s
clear showing that increases in vehicle sizes and weights are in' the
public interest. Highway vehiele standards must also be weighed
in the balance with other modes of transportation to permit highway
trafisport to make its optirnum contribution in meeting the needs of
the Nation’s commertd, Such' tests will provide for the most efféctive -
use of our transportation resources. - - v e
Examitjation of the benefit-cost equations where available for the
various alternites ‘can ‘a&sist in'determining some of these balancing
points in the evaluation of standdrds; quantified benefits can bé offset
against comparable costs. Not legst among the considerations is the
ability or willingness of beneficiaries to pay the increased costs they
oechsion. ¢ B R S - S

1



2 DESIRABLE DIMENSIONS AND WEIGHTS OF VEHICLES

Structures compyising our present highways were designed for and
are maintained at a level of servicewbility to accommodate specific
vehicle dimensions and axle weights for a preselected period of time.
Most struetures built over the pest decade for the primery highway
systems are intended to accommodate greater vehicle standards and
provide better serviceability than those built in the decade following
World War II.  The initial{y selected period of service life of highway
structures is also the basis for the programing of funds which the
public makes svailable whether obtained from bond issuwes, user
charges, dedicated tax revenues, or other sources. Increases in vehicle
standards which occasion grester capaciiy or strengthening of highway
structures, or accelerated deterioration of their serviceability, cannot
be justified unless corresponding increases are provided in the revenues
required to meet the costs of highway widening, resurfacing, recon-
struction, and maintenance which they entail.

Balance is also desirable in the application of vehicle standards
both as to their scope and timing. Tﬁmugh annual model changes
automotive vehicles can be transformed from one to another dimension
and weight standard very quickly. The upgrading of an entire
highway system cannot be so casily provided. Prior to their con-
struction, highway structures must be designed to meet capacity and
strength requirement anticipated over their lifetime. Any abrupt
change in vehicle standards could possib}ljv bring about wasteful
obsolescence of technically and economically sound structures and
weaken the public’s continuing high investment in highway systems.
Further, while in tha interests of uniformity it is desirable to have
only ons vehicle standard for sll highway systems, it is not possible
at this time as o practical economic, technical, or legislative matter.
On the other hand, neither is it feasible to establish Federal vehicle
standards for certain highways unless as & minimum they comprise
8 very congiderable mileage of connected routes forming an interstate
systeri.

The resources of technical research available for this report have
been considerable; nevertheless, the field is so complox and the
variables so many that each conclusion is subjeet to important
qualifications. Furthermore the interrelationship between each con-
clusion 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;
& more comprehensive program of vesearch and investigation must
proceed to enable future standards to ba related specifically to technical
criteria, and applicable to additional components of the Federal-aid
highway systems.

ecomicendations for the standards of vehicles utilizing the Federal-
aid highway systems follow. ‘They provide for progressive imple-
mentation of increased vehicle standards over the next 3 years. The
are, therefore, predicated on the continued financial support b aIvl
participating governments of presently approved program levels for
the construction, reconstruction, maintenance, and operation of these
systeimns: L

1. With rvegard to the Federal-aid primary and secondary systems
and their respective urban extensions, there is need for additional
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important information regarding the serviceability and ecapacity of
critical structures comprising each comaponent of these systems, and
the makoup of the actual dimensions and weights of vehicles using each.
It is not feasible to recommend any Federal standards for vehicles
using these primsry and secondary systems unti} the required informa-
tion is obtained and analyzed.

2. Section127 of title 23, United States Code, specifies the maximum
axle weights, gross weight, and width of vehicles which the States shall
permit to use the Interstate System. The following recommendations
apply to the basic weights and widths specified in existing law:

a. That the existing maximum overall vehicle width of 96 inches
shall be retained through June 30, 1967.

b. That the existing maximum single-axle weight of 18,000 pounds
and tandem-axle weight of 32,000 pounds shali be retained through
June 30, 1967. ,

¢. That the existinf maximum gross weight of 73,280 pounds shall
be amended by providing that for a period, geginning 6 months follow-
ing the enactment of such an amendment to and through June 30, 1967,
the maximum overall gross weight of a vehicle shall be that given in
bridge table A on the following page for the respective number of
axles of the vehicle and the distance between the extreme axles of the -
group measured longitudinally to the nearest foot. The following
general formula is the basis for preparing bridge table A: '

- W=500 (LN/N—1+12N+32)

where W=maximum weight in pounds carried on any group of two
or more axles.
L==distance in feet between the extremes of any group of two
or more consecutiva axles,
N=number of axles in the group under consideration.
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TabLe 1(8).—Permissible groas loads for vehicles ¢n regular operation

Based on weight formula W=-500 (LN/N-- 1+ 12N 4-32), modified !
[Bridge table 4] ' :

Distance in feet be- Maximum load In pounds carrled on any group of 2 or meore consecutive axleg 3
tween the extremes :
of any group of 2 or -
more consecitive
axles 2 axles 3 axles 4 axles 5 axles 6 axles 7 axles 8 axles 9 axles

08, 500

t The permissible loads sre computad to the nearest 500 pounds.  The wandification consists of imiting the
maximum load on any single axle to 18,000 pounds.

1The following losded vehicles must not operate over 1544 bridpes: 3-82 (5 axle) wheslbase less than 36
feet: 2-81-2 (5 axle) with wheelbase less than 42 feat; 3-3 (6 axle) with wheelbago less than 44 foct; and 7-, 8-,
and G-axle vehicles regerdless of wheellese.
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5. It 15 rosoromended thet seotion 127 of title 23, United Ste
Clodds, bo further amonded to provids that thors be added to the
present provisions the following seven additional lmitations on the
dimensions of vehicles using the Interstate Bystem, to be effvctive 8
months after the enectiment of sueh smendiment: :

a. Moximom length of single-unit truck, 40 feet.

b. Maximum length of single-unit bus, 40 fest.

¢. Maximum length of semitrailer, 40 feet,

. Maximum length of trailer, 40 feat.

¢. Meximura overall lengih of truck-tractor and semiieailer,
i35 feet,

J+ Maximum overall length of all other combinations, 65 {eet.

¢. Maximuin overall height—-13 feet, 6 inches,

4. That in the intercsts of safety and the efficiont utilizetion of

hweys by ol types of vehicleg, performance standards be added to
dimension and weight standards prescribed in section 127 of title
‘United States Code, for vehicles operating on the Intersiate
steln.  Further that these Federal performance standards shall be
those preseribed by the Secretary of Commerce and published in the
Federal Register, and shall take effect on such date ac the Secretary
of Commerce shall determine, but in no case less than 1 yeer or more
than 3 years after section 127 has been amended to provide therefor.
These performance standards provided for by the amendment of
seetion 127 shall be: ‘

@. A minimum performance standard specifying 8 ratio of gross
walpht of the vehicle to the net horsepower of its engive available for
moversent of the vehicle,

b. A minimum performance standard for vehicle braking systems.
¢. A standard for the linkage betwoen combinations of vehteles.
5. That ssction 127 of title 23, United States Code, be further
maended to provide that effective July 1, 1967, and thereafter, the
foltowing standards shall be those of vehicles which the Stetes permit
te use the Interstate System: :

&. The maximum overall vehicle width shall he 102 inches,

#. The maximum single-nxie waight shsll be 20,000 pounds aud
maximom tandem-sxle weight shall be 34,000 pounds.

¢. The maximura gross weight shall be that given in tablz B on
the following page for the vespective number of axles of the vehicle
and the distence between the extreme axles of the group measured
longitudinally to the nearest foot. The following general formuls
it the bagis for prepering bridge table B:

W-—56G (],N/Nl o 128 -} 38}

whers ‘
W= maxinnun weight in pounds carvied on any geoup of two or
move axles. o ‘
fie==distonce in fead between the extremes of any grouw of fwe or
more congsrntive axles.
Ne=pumber of axles in the group under congideration.

W “

“

Reproduced from '
best available copy.
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Taerw L(b).—Fermissible gross loads for vehicles in vegjular operation
Baged on weight formula W=-500 (LN/N--1+12N-}-36), modified !
[Bridge table B]

Distanee in fest be- Maximum lord in' poundsTearried on snyfgroup of 2 or moro eonseeutive axleg
{ween the extremes
of any group of 2 or
more consecutive - B
axles 2axles | 8axles | daxes | baxles | Gexles | Toxles | Saxles | Qaxles
84,000 . —
34, 600 FRS RO NSO USRI, O SR
2911\ DR UUIURION RO EOIIN Y SRR IR,
34, 000 . - .
34,000 [ 42,000
39, 000 42, 600 ——
40,000 | 43,500
44,000 {_...____. —
45,000 £0, 090
46, 500 50, 500
46,500 | 51, 500
15 47,000 | 62,000 | _
18 -} 48,000 52, 800 88,000 | ______.
17. 48, 500 83, 50O 58,800 | .. ...
18 £0, 500 54,000 59,000
19 650, 000 54, 500 00,000 | cecannoc
20 51,000 | 55,600 | 60,500 | 66,
21 51, 500 56, 000 61, 000 88,
) S 5%, 60O 56, 500 61, 800 87,
23 53, 000 §7, 500 62, 500 68,
24 .. 54, 000 58, 000 63, 000 68,
25 54,500 { 58, 500 500 | 69,
T [ 55, 500 59, 530 85, 000 80,
18 36, 000 80, 000 65, 000 70,
28, 57, 000 60, 500 65, 500 71,
20. 57, 500 61, 600 66, 000 71, 500
30 58,500 | 62,000 | 66,500 1 72,000
a1 - 59, 800 62, 500 87, 500 73, 500
32 69, 000 63, 00 88, 000 73,000 78, 500 84, 50D 60, 000
33 —-{ 64,000 88, 600 74,000 70,000 85,000 90, 500
B . 64, 500 69, 000 74, 500 80,000 B5, 0%, 000
38, e - 85, 500 70, 000 ‘75, 0G0 80, 500 86, 91, 500
.......... 66, 600 70, 500 75, 500 81, 000 86, 500 92, 000
3. - 86, 500 71, 000 76, 000 81, 500 87,000 03,000
. T IV P, 87, 500 72,000 77,000 82,000 87, 500 93, 500
80 68, 000 7%, 600 7, 600 82, 500 , 500 o4, 000
40 _ R 68, 500 73, 000 , 000 83, 500 80, 609 84, 500
. R SUUNY ASROUI RO 84, b 73, 500 78, B0 a4, 600 89, 500 95, 000
42 70, 000 74,000 70,000 84, 600 90, 000 D3, 503
43 70, 500 75,000 80, 000 45, 000 90, 500 08, 000
44 71, 500 75,800 80, 500 85, £00 91, 000 96, 500
45 7%, 000 74, 000 81,300 84, 000 , 500 97, 500
46 N 73,500 [ 76,500 [ B1,500 | 87,000 2, 500 08, 000
47 - 73, 800 77, 500 832, 000 27, 500 03, 000 98, 500
48.. - 74,000 78, 000 83, 000 88, 600 93, 500 93, 000
49 | 74,500 78, 500 83, 500 88, 500 94, 000 99, 500
5. . 75, 600 %9, 000 84, 000 £9, 000 , 500 100, 000
Bl [ememmm el 76, 600 80, 000 84, 500 £9, 500 865, 600 100, 560
52, - 78, 600 80, 500 &85, 000 906, 500 86, 500 101, 109
53 77, 500 81, 000 88, 030 01, 000 96, 500 102, 000
78, 600 81, 500 86, 800 01, 500 97, 000 102, 500
. .| 78,500 82, BoD 87, 500 92, 000 o7, 103, 000
.................. 78, 500 , 000 87, 500 92, 500 98, 000 103, 500
. 80, 83, 500 88, 000 93, 000 98, 500 104, 0600
- . &, 80,000 } 04,000 | 96, 1M,
B e vvvimnima—. 85,000 89, 600 , 500 69, 500 108, 000
e 5, 90, 000 95,000 | 100, 500 105, 500

! The ipanmlsislge londs ns;l c(l)ml’;llltetd iég ggg nem‘ednt 500 pounds. The medification consists in Hmiting
the mazximum load on an; o Bxle to pourds,

1 The following loaded gehlgles must not operate over H15-44 bridges: 8-B2 (5 axles) with wheelbase less
than 38 feat; 2-81-3 (5 axle} with wheslbasa less than 45 feot; 3-3 (6 axle) with whestbase less than 45 feet;
eud 9-, &, and f-axle vehioles regardless of wheelbase.

6. That the Secretary of Commerce hall, in consultation with the
Governors of the States, develop a feasible program for the estab-
lishment of maximum vehicle stendards which are inclusive of all
enforcement, weighing scale or other tolerances.






CHAFTER 3

REVIEW OF 1963-67 LEGAL LIMITS ON
VEHICLE DIMERSIONS AND WEIGHTS AND
FACTQORS TO RECEIVE RESEARCH ATTENTION

A review of State and Federal legal limits on the
dimensions and weights of motor vehicles is esseutiasl to an
understanding of the research progyam unferlying this report
and the discussion of its results. The objective of the
review presented here is to demonstrate the following facts:

(1) There is a wide range from State to State in
specific legal limits on wvehicle dimensions and weights.

(2} The exlsting legal limits are sometimes without
obvious support in logle based oun thelr effects on elther
highway or transport operation.

{3) The varying specific limits cannot all be best,
that 18, in the best lnterests of the Mation and the individual
States.

(h) Teberstate trausport now must operate under a
variety of lavs snd regulatious, resulting in more costly
hewlage than would be the case under more nearly uniform laws.

(5} A& veview of existing limits indicates specific
aress where resefrch should be focused and the scope of that
research. 1
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1. STATE LEGISLATION, 1964 THROUGH 1967

Por kls repoxd, & coupletes gvalysis of the State legal
liwite on dimsusivos and wvelghte of wotor vehicles wvas wade as
of Decewber 3%, 19563. Thie etudy wis brought up to date in a
sumeayry fashion by & table published by the Bureau of Public
Roads as of Decewber 31, 1964. The 1964 inforwation was updated
fram secondsary souvrces insofayr ez it ves possible, tnd the
changes thiough Decembey 1967 ave given in table 3-2,

The period from the begluning of 1964 through 1967 wes
marked by the continuing spread smong the States of existing
légal maximusm l1imits of dimensious and weights of vehlcles.
Little change took place in width limits, which were already
almost uniform at 96 iaches throughout the Kation. Height limits
moved ¢loser to uniformity at 13.5 feet, with five States raising
their limlts to that point da 1955, two in 1966, aund one im 1967.
Among &ll the diwensional and weight fectors, leongth limits were
the subjects of the greatest legislstive activity. The present
trend 13\1n the direction of lucressiug comblbation length and
number of axles. Ia coatrast to the situation existing in 1963,
&ll the western States and much of the Midwest anow permit the
oparetion of the 65-fuvot, three-uslt combluatics. Iu addition,
dwo conbiguous ezstorn States have recently passed laws permitting
these ecmblimaticus to opevate, altbhough sueh oparation uili be
lizlted by the isolation of these States iun &n arca geoerally

forbidding it. Very little chauvge Look pluace iu welght ldwits.



Table 3-2. -- Summery of State legislation changing the limits of motor vehicle
dimensions and weights, January 1964 through December 1967

Note: This informetion is not guaranteed to be complete, end some interpretations are doubtful.
1 of 5
: 1 Change in legal requirement
State Ttem of
dimension or weight Yeer From- Fo- Applied to- Explanstion
Alsbsms Length, feet 1965 55 &C Tractor-semitrailers Added 5-foof permissible load extension.
Length, feet 1965 55 75 Houge-trailer combinations
Alsska f Helght, Teet 1965 12. 13.5 ——
Length, feet 1965 35 4o Single-unit trucks
Length, feet 1565 50 85 Other combipations
Maximum gross weight, pounds 1966 76,800 100,000 3-52-3 Aieaoss-the-board increages in gross welight
iimite. .
Arkanses Axle weighti 1955 - Permit Certain heavy baulers Specislly dssigned and with 18,000 pounds on
steering axle.
Lengkh, feet 1967 55 65 Otner combinations Effective 2-21-57.
CGalifornis width, inches 1965 100 Plywood haulers
i Heiuht, feet 1965 13 14 Auto traonsporters Single-trip or annual permit required.
Length, feet 1965 40 h-pxle transit-mix trucks
Height. feet 1967 13. 1k All commercisl vehicles Temporary provision to be effective from
13.-8<67 %o 1=1-70.
Coleredo Length, feet 1965 60 65 2-unit combinations On desigoated highwmys.
Connecticut | Length, feet 1965 50 55 Single-unit trucks
Length, feet 1965 MR kO Semitrailers
Length, feet 1965 50 55 Tractor-semitrailers
Maximum gross welght, pounds 1965 (73 ,Ooo)or Combinations Made absolute maximum including tolerance.
73,280
| Height, feet 1967 12. 13.5 Effactive 5-27-67.
_____ | Length, feet 1967 L 80 Pole vehicles

gt
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Table 3-2. == Summary of State legislation changing the limits of motor vehicle
dimensicus and weights, January 1964 through December 1967

.Note: This information is not gusranteed to be complete, and some interpretations are doubiful. 2 of B
[
Ttem of Change in legel reguirement
State dimension or weight
Year From- To- Applied to- Explanetion
Delaware Length, feet 1967 60 65 Other combinations Effective 8-2-67.
Length, feet 1967 60 70 Pole and piling trailers Effective B-2-67.
Length, feet 1967 60 65 Auto transporters ®efactive 8-2-67T.
Maximum gross weight, pounds 1957 16,000 65,000 3-axle vehicles Rffective 6-2-67.
Georgla Tength, feet 1964 35 55 Single-unit trucks
T.ength, fest 1964 Lo 55 Bus
Length, feet 1964 50 55 Tractor-semitrailer
Number of towed units 1964 1 NR -—-
Maximum gross weight, pounds 1964 63,280 73,280 -—
Howaii Axle weight 1967 - - Vehicles with 3 or more Nev table of axle weizhtes, effective T-1-67.
consecutive axles
Tdaho Length, feet 1967 65 98 3- or h-unit combinmatioas Effective 5-30-67, may be cperated on highways
designated by the Board of Highwey Directors
Illinois Eangth, feet 1955 &0 65 TST (stinger-steered only) | On designated higaways. Annuval permit required.
Length, feet 1967 - - 65-foot, trector-semitrailer| Effective 7-6-67, may operete on all d-iane high-
ways without & permit. Highway department msy
authorize operation on certain 2-lane roeds.
Indiana Length, feet 1965 55 65 3-unit combinations
Number of towed units 1965 1 2 ——
Width, inches 1967 96 114 Mobile-home, sectionalized-| Effective 3-7-67, may be operated under peruit.
bullding combinatious
Length, feet 1967 60 75 Seame as above. Same =8 above.




Table 3-2, == SummAry of State legislation changing the limits of motor vehicle
diwensions and-weights, Janvary 1964 through December 1967

Note: This informetion is not gusranteed toc be complete, and scme of the interpretations are doubtful.

Jof 8
State Ttem of Change in legal requirement
divension or weight
Yeax From- To=- Applied to- Explanation
" Iuva Length 1965 - - Vehicles over 50 feet long | Provision repesled prohibiting vehicles over
50 feet lonz from operating on highways with
paved surfaces less than 22 feet.
Kansas Length, feet 1965 35 k2.5 Single units Includiog trailers and semitrallers.
length, feet 1965 50 55 Tractor-semitruilers
Leugth, Teet 1965 b 65 Other  combinatioas
Number of towad units 1965 1 2
Width, feet 1967 8 10 Fertilizer dispensing
machines
Length 1967 - - ©5-foot coubinaticas Operatioa has been extended Ly State Highway
Commission to all highways oa the Stute systems.
Humbier of towed unlts 1967 - - Saddle-mount, tow-bar, or More than 2 towed vehicles prohibjited.
. full-mount comblnations
Kentucky Length, feet 1964 50 55 Tractor-senitrailers Maximum combioation length permitted. Full
trailers prohibited.
Axle-weight, pounds 196_’4 32,000 2 or more axles Limit when axles are spaced within 120 iaoches.
Height, feet 19636 - 13.5 All highways Forwerly applied only to designated highways.
Leagth, feet 1966 55 Mobile-home combiuation Effective 1~1-67.
Louistans Lengzth, feet 1960 55 60 Tractor-senitrallers Effective 7-27-66
Length, fest 1566 €0 65 Other combinations
Maine Axle welght, pounhs 1465 32,000 36,000 Tandem axles On highways other than the Interstate system.
Gross wejhid, pounds 1965 Lo, 000 46,000 Certain 3J-axle trucks Brakes on wheels of all axles; distance between
- extreme axles less than 16 feet; on highways
- e other than Interstate.

¢-¢
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Table 3-2. -~ SummAry of State legislation changing the limits of motor vehicle
dimensions end weights, January 1964 through December 1967

Note: This informetion is not zuaranteed to be complete, and some of the interpretations are doubtful. kof 8
0
} Change in legal requirement
% Jter of
State dimension or weight
Year From- To- Applied to- Explanation
Maine Gross weight 1965 - Additions to Y-axle table
Welght tolerance 1965 10% Farm products and
refrigerated cargo
Gross weight tolerence 1967 - 10% Minersl transport vehicles | Effective 3-17-67, if meximum grose weight does
not exceed 110% of the registered weight or. of
the MGW permitted by the table cof axle-weight
1limits.
Maryland Height, feet 1965 12.5 13.5 —
Gross weight 1964 - - Tied to number of axles
Length 1965 - - Auto transporters May exceed 55-foot limit by overhang ol
. transported vehicles. '
Length, feet 1967 - as Tractor-semitrailer-traiier{ Pexmitted, effective 6-1-67.
Gross welght tolerance 1967 5% Vehicles transporting bulk
milk. MOW cannot exceed 73,280 pounds with tolerance.
Gross welght, pounds 1967 40,000 2-axle, single-unit dump
trucks The redius of operetion of these single-unlt
Gross weight, pounds 1967 65,000 3-axle, single-unit dump vehicles is limited. Effective 6-1-67.
trucks
Maesachusetts{ Length, feet 1966 50 55 Tractor-semitiailers Effective 9-2-65.
Length, feet 1967 - e} Buses Without special permit, effective 9-21-57.
Michigan Length, feet 1964 55 60 Auto transporters
Axle weight, pounds 1965 32,000 Tractor-semitrailers 2 tandem axie assemblies with single-axle
weights of 16,000 pounds permitted on
designated highways.
Length, - feet 1966 55 65 Other combinations No more than 11 axles. Effective 6-L4-65.

-\"“s
~






Table 3-2. -- Summery of State leglslation changing the limits of wotor vehicle

Hote:

dimensions and welghts, Janusry 1964 through December 1967
This information is not guaranteed to be complete, and some of the interpretations are doubtful.

5008

]

Chenge in legal requirement

Stat Ttem of
2 i= H A w
| dimension or weight Year From- To- Applied to- Bxplanation
T
Minnesota Length, feet 1967 NR 40 Single semitrailers Effective 4-22-67. Five-percent tolerance for
. vehicles transporting livestock, boats, or motor
vahicles.
Length, feet 1967 50 55 Tractor-semitrallers Effective 4-22.67.
Missouri Height, feet 1965 12. 13. -—-
Length, feet 1965 35 4o Single~unit trucks
Leagth, feet 1965 50 55 Tractor-semitrailers
Length, faet 1965 50 65 Other combinations
Length,. Teet 1965 &0 Auto trensporters
Length, feet 1967 65-foot double-cargo From operation on designated highways to cpera-
combinations tion on eli Interstate und State primary routes
plus an additionzl 5 miles to eud from such
routes.
Axle welght, pounds 1967 36,000 2-axle, tandem specisl Vzhicles transporting consiruction equipment
vehlcles and farm machinery. Chief engineer required
Axle welght, pocunds 1967 48,000 3~axle, tandem special to issue permits for such cperatlon, effectlve
vehicles 10-13-67. :
Montane Axle weight, pounds 1967 20,000 Single axles Effective 1-1~68 on highways other thao
Axle weight, pounds 1967 34,000 Tandem axles Interstate system.
Maximum gross weight, pounds 1967 105,000 AllL vehiclies
Nebrasks Length, fest 1965 60 65 Uther combinations
Nevada Length, feet 1967 R 40 Single units Effective 7-1-67
Length, feet 1967 MR 70 Vehlcle combinstions
Lengih, f'eet 1967 MR 105 Vehicle comblnations By rule and regulation of State highway department.




Table 3-2. -- Summary of State legislation changlng the limits of motor vehicle
dimensions and welghts, Janusry 1964 through December 1967

Note: This informetion is not guaranteed to be cémplete, and some of the interpretations are doubtful.

6 of 8
T
| Iten of ) Change in legal requirement
State i A
dinension and veight Year From- 1 To- Applied to- Explanation
New Hampshire! Length, feet 1965 - ko Buses on all highweys Formerly on designated highwmys only.
Length, feet 1965 - 55 Combinations Limit scheduled to expire in 1968 mede permanent.
New Jersey Length, feet 1964 53 55 Tractor-semitrailer May not exceed 50 feet including load when
semitrailer exceeds 40 feet.
Number of towed units 1965 1 2 ———
Length 1967 - - Single units 35-foot limit to include load.
New York Length, feet 1964 50 5% Tractor-semitrailers
. Length, feet 1964 50 55 Other combinations
) Height, feet 1966 13 13. ——-
Number of towed units 1966 - - Combinations Vehicles hauling disabled tractor-semftrallers
exempted frow 3=unit prohibition.
Length, feet 1966 55 60 Auto transporters
North Dakota { Length, fest 1965 60 65 Other combinatione On designated highways.
Ohic Axle weight, pounds 1965 {31,500 32,000 Tendem axles
Letgth, feet 1967 Lo NR Semitrailer Effective 8-11-567.
Length, feet 1967 35 40 Single-unit trucks
Length, feet 1967 60 65 Other combinations
Number of axles 1967 - 2 Interclty buses Now permitted to operate.
Oklahoma Length, feet 1965 35 {0 Single~-unit trucks
Length, feet 1945 50 55 Tractor-semitrailers
Length, feet 1965 50 65 Other combinations
| beugth, feet 1965 65 House-treiler combinations
| Number of towed units 1965 1 2




Table 3-2. =-- Summary of State legislation changing the limits cf motor vehicle
dimensions and welghts, January 1964 through Decemoer 1968

Hote: This information is not guRranteed to be complete, and some of the interpretations are doubtful. —
stat ‘Tten of Change in legal requirement
hs) 1-3 3
dlmension or weight Year From- To- Applied to- Explacation
Oklahoms Width 1967 - - Trailers Law sutkorizing permits for maaufacturers to
move trailers between 10 and 12 feet wide
repealed.
Oregon Height, feet 1967 13.5 1k Auto transporters By permit. Effective 8-2.67
Wheel welight limit, vounds 1967 G,000 10,000 Effactive 9-12-57
Axle welght, pounds 1967 18,000 20,000 Single axles On highways other than the Interztete
32,000 34,000 Tandem axles pystem. :
Permsylvan.ia Height, feet 1965 12.5 3. — Effactive 2-5-55
Length, feet 1965 50 55 Tractor-semitrailers Measurement of semitrailer length excludes
devices atteched to frond.
Length, Teet 1965 50 55 Other combinations
Rhode Island | Length, feet 1965 50 55 Tractor-samitrailere
Length, feet 1965 50 55 Other combinations Double saddlemount combinations permitted.
Reight, feet 1965 12.5 13. ——— :
South Ceroliraj Maximum gross weight, pouvnds 1967 32,000 35,000 2-axle, single-unit Effective 7-12-67.
vehicles
Axle velight 1967 - - Table of axle spacings.
South Dekote | Length, feet. 1967 35 40 Highway post-office buses Effective T-1-67.
Tennessee Length, feet 1967 35 ko Single-unit trucks Effective T-3-67.
Length, feet 1967 50 55 Vehicle combinations
Leugth, feet 1967 55 2] Auto transporters Extra 5 feet allowed for bumper overhang.
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Table 3-2. -- Summary of State legislation changing the limits of motor vehicle
dimensions and weights, Janusry 1964 through December 1967 ’

Note: This informetion is not guaranteed to be complete and some of the iaterpretations are doubtful. 8 of &
Tter of Change 1n legel requirement
State dimenaion or weight
Year From- To- Applied to- Explanation
Texas Length, feet 1965 35 4o Single units
Lengih, feet 1965 50 55 Tractor-semitrailers
Length, feet 1965 50 é5 Othexr combinations
Nurber of towed units 1965 1 MR -
Number of Lowed units 1967 3 3addlemount combinations
Yermant Axle weighl, pounds 1964 NS 22,h00 Single exle 23,500 with tolereace.
Axle weight, pounds 1964 o ws 36,000 Tandem axle
Maxims grnce ceight pounds 1964 66,400 73,280 Other combinations .
s Gross weight 1964 - - All trucks and combinatious{ Table of axle spacings added.
Virginia Lenygth, Teet 1966 50 5% Combinations Effective 2-28-66.
Number of units 1966 1 2 -—- ‘Permit from State Eighwey Coumission required.
Effective 6-27-66.
Washinzton Height, feet 1965 13. 1k Auto transporters
Length, feel 1967 60 0 Tractor and stinger-steered| With load. Without load, 65 feet.
semitrailer Effective 5-11-67. )
West Virginia | Height, feet 1965 12. 13. On designated highways.
Length, feet I 1985 35 40 3-axle trucks
Lengti:, feet 1965 50 55 All combinations
Wyoming Length, feet 1967 Lo 50 Single-unit vehicles Effective 5-19-67.
Lengtlh, feel 1367 65 70 Certain combinations Combinations hauling automobiles; concrete,

laminated, or steel beams; and one-piece pipe.
Also forest products or baled hay, under special
permit for from one month to one year.
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5. FEDERAL LIMITS AS OF TECEWBER

| Some State legifslatiw ectivity i the avrea of vehicle
dimension and weight limits has been generated by the Federal
limits with yaspect to the Interstate highway system. Undex
Subsection 108(j) of the Federal-Aid Highway Act of 1956 (Title I
of Publie Law 627, 84th Congress, uow codified as "Title 23:
Highways, lUn:I.ted States Cods"), Federal aid for the Interstate
highway system is limited to those Stater which prohibit use of
that system by vehicles having widths grester than 96 inches,
single axle weights above 18,000 pounds, tandem axle weights
aﬁove 32,000 pounds , and gross vehlcle weights above 73,280
pounds, except as higher State legal meximum iimits were in
effect on July 1, 1956.

These Federal limits apply only to the Interstaté highway
system and to the three factows of vehicle width , axle weight,
and gross vehlcle weight. By this Fedeml act, tylog certain
requlirements for vehicle dimensions smnd welghts to the alloecation
of Federal-aid highwsy funds for the Interstate highway system,
Federal law has in effect frozen these three factors at the
limits existing én July 1, 1965, For with the exceptior of
gross vehicle welight, the State maximgs liplts were already
eqm,l ‘to ox above those speeifisd in the 1956 act. In subsequent
yenrs, acd especielly in 1963, mauy Stetes yalsed their gréas
vehicle weight limite 4o meet the Fefexal muxiomm of 73,2080 pounds.
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3, of 102 inches; and 1, of 108 inches. Several States provide
for urban transit bus widths of 102 and 104 inches. See the
summary on the followlng page.

There is, then, no need to be concerned with widths less
than 96 inches, but the desirability of 102-, 10b-, or 108-inch
widths should be examined. The factors that determine the
desirable maximum limits are the following: (1) the transport
factors of commodity loading and freight terminal facilities,
(2) safety of traffic wlth respect to traific lane width,

(3) clemrance ou horizontal curves, and (4) lane width on
hofizontal curves. It is in terms of these transport and high-
way factors, therefore, that width of vehicle is examined in

Chapter .

B. Helght of Vehicles

As shown in the summary of vehicle helght limits on
page 3-15, 13.5 feet is the legal limit in 45 States, with 3
States below that limit, 2 above, and 2 not specified. One
State--California-~--with a base limit of 13.5 feet, in 1967
raised that Limit on a temporary besis to 14 feet, effective
until Japuary 1, 1970.

With such a preponderance of States in agreement on a
maximum vehicle helght of 13.5 feet, & limit less than this is
assumed to be undesirable. However, whether greater helght is
needed and feasible will be considered. Depending upon the
conclusion reached based on & 13.5-foot limit, the desirable

1imit could be 14 feet or more.
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VEHICLE WIDTH LIMITS

Summary of State Basic Limits
(December 31, 1967)

Limit, Kumber of
inches States

96
102

108
Total 5

R l-w &

Speclal Provisions
(In the tabulation below, the basic
width limit is shown in parenthesis.)

Colorado (96)

_ Buses, 102" on highways of surfaced
Idaho (96) width of at least 20° , or othervise
Indiana (96) " as administratively authorized.
Moutana (96)
Maryland (96) Vehicles loaded with hogsheads of

tobacco may be 103",

Vehicles in excess of 96' by special
permit in advance.

New Jersey (96) [|—
North Dakota (96)

New Mexico (96) On designated highways, 102"; body
96", additional 6" for tires only.
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VEHICLE HEIGHT LIMITS

Summery of State Basic Limits
(December 31, 1967)

Limit Number of
£4+. - in. States
12-6 2
13-0 1
13=6 Ly
14-0 3
NS 1
NR Y
Total 52

Special Provisioas

(In the tabulation below, the basic
height limit is shown in parenthesis.)

California (1k-0)  Limit in effect until
January 1, 1970.

Maine {13-6) Tocluding load, 1k-0.

Oregou {(13-6) On class AA or designated
highways; for log and lumber
trucks, 12-6 on all highways.
Auto transporters, 14-0, by

permit.
washington (13-6) For auto transporters, 1u4-0.
West Virginia (13-6) On designated highways; on

other highways, 12-6.



The factors affecting vehicle height examined in
Chapter 4 are as follows: (1) overhead structures on the
highways, (2) the most advantageous height for cargo stowage,
and (3) the vehicle height requirement for freight handling at
terminal facilities. The effect of additional height on the

tendency of the vehicle to overturn is & minor consideration.

C. Length of Vehicle

Two general groups of vehicles need to he considered
separately with respect to length limitation: (1) the single
unit and (2) the combination. The next several pages summarize
the length limits for five classes of vehicles: (1) the bus,
(2) the single~-unit truck, (3) the semitrailer or trailer,
(4) the tractor-semitrailer, and (5) the combination with two
or more cargo bodies.

For single vehicles, inecluding the bus, the maximum
legal length varles from 35 to 55 feet. For buses, tractors,
and semitrailers, 40 feet is the most frequent limit. For
single-unit trucks, the 35-foot limit has only a slight edge,
as the movement in the direction of the 40-foot limit
progresses., In 37 States no limit is placed on the trailer
alone.

The tractor-semitrailer is limited to 50 feet in
2 States, 55 feet in 3k States, 60 feet in 10 States, and 65

feet in 5 States. Other combinations are limited to lengths
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LENGTH LIMITS - BUS

Summayy of State Basic Limits
(December 31, 1967)

Limit, Number of
feet States
35 3
4o 38
42 2
2.5 1
45 2
50 1
55 4
R !

Total 52

Special provisions

{In the tabulation below, the basic
length 1imit is shown in parenthesis.)

Iowa (40)
Louisiana (40)
North Carolina {40)
North Dekota (40) — Less than 3 axles, 35'.
Ohio (%0)

South Carolina (40)
West Virginia (40Q)

———

Califoraia (40) Articulated bus, 60'.

Idsho (40) ~ On designated highways only.

Kentucky (35) On designated highways; on
other highways, 30'.

New Jersey (35) Or as prescribed by P.U.C.

New York {35) 40' for trackless trolleys and

buses of 7 or more passengers
by P.8.C. certificate.



LENGTH LIMITS - SINGLE-UNIT TRUCK

Summary of State Basic Limits
(December 31, 1967)

Limit, Number of
feet States

35
36
4o
W2
2.5
45
50
55

Total

\p

\I‘Onl\nl-'l-‘l-'l-'gl'—‘Rg

8 Includes Idaho. See below.

Special Provislons

(In the tabulation below, the basic
length limit is shown in parenthesis.)

Florida (35)
North Dakota (35) | Three-axle vehicle may
South Carolina (35) be LO'.

West Virginia (35)

Idaho (40) On designated highways; on
other highways, 35'.

Kentucky (35) On designated highweys; on
other highways, 26.5'.
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LENGTH LIMITS -~ SEMITRAILER OR TRAILER

Summary of State Basic Limits L
(December 3L, 1967)

Limit, Number of
feet States
35 1
Lo 11
L2 1
kp,5 1
45 1
NR 31
NS 5]

Total 52

1; Tabulation is based on the semitrailer limit in
cases where the limits on semitrallers and
trallers are different. For traller limits in
those cases, see the special provisions given
below.

Special provisions

(In the tabulaetion below, the basic
length limit is shown in pareathesis.)

New York (NR)
Florida (NS)

Iowa (NR) ]
New Jersey (NR) |_

Connecticut (L0
Kentucky (NR)

Minnesota (L0)

Nebraska (NR
Ohio (NR) j;]_

Tennessee (NR

Oregon (L40)

Full trailer, 35'

Two~axle trailer, 35°'
three-axle trailer, 40O'

Trailers allowed to
operete by permit only.

Vehicles designed for
bauling livestock, 45'

Full trailer, 4O*

On designated highways,
otherwise, 35'
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LENGTH LIMITS - TRACTOR-SEMITRAILER

Summery of State Basic Limits
(December 31, 1967)

Limit,
feet

0
22
60
65
70
Total

Number of
States

2
34
10

P

1

52

Special Provisions
(In the tabulation below, the basic
length limit is shown in parenthesis.)

Alabama (55)
Indiana (55)

Tdaho (60)
Illinois {55)

Iowa (55)

Kentucky {55)

Nevada (70)

Oklahoma {55)

Oregon (60) _
South Dekota (65)

Washington (65)

West Virginia (55)

Wyoming (65)

With loed extension, 60!

House-trailer and avto-
transport combinations

Auto transports, 65°

Tractor and stinger-steered
semitrailer, auto transports, 65'

Auto end boet transports on
highways with 22' surface width,
60'; ctherwise, 50'

On class AA highways; on other
highways, 45°'

Lengths up to 105' may be
authorized by the State highway
department,

Auto transports and oil field
equipment by special permit
only, 60°

On designated highways

Tractor and stinger-steered
semitrailer with load, 70!
On designated highways;
otherwise, 50°

Motor vehicles haullng logs,
utility poles, automobiles,
concrete or steel beams, and
one~plece plpe, 70’
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LENGTH LIMITS -
COMBINATIONS OTHER THAN TRACTOR-SEMITRAILER

Summary of State Basic Limits 1
(December 31, 1967)

Limit,
feet

50
55
60
65
T0
75
98

105

Total

NP

Number of
States

2
17

1
2k

ko 1o = 1 o

52

Y These are maximm limits, ineluding those available
for continuous operation for a specified periocd
under permit or for operation on designated highways.

Colorado 1355

Kausas (65)

Michigan (65) |

~ Idaho (98)

Illinois (65)

Indiana (65)

Iowa (55)

Kentucky (55)

Special Provisions
(In the tabulation below, the basic
length limit is shown in parenthesis.)

On designated highways

Three-unit combinaticns on
designated highways; otherwise,
65"

Three-unit combinations on four-
lane highways or such other highways
as are designated by the highway
department; 2-unit combinations
other than tractor-semitrailer,
60r

Three-unit combinations;
otherwise 55'

Three-unit combination mﬁy use
60' on highways with 22' or wider
surface; otherwise, 50'

On class AA highways; on other
bighways, U45'



LENGTH LIMITS -
COMBINATIONS OTHER THAN TRACTOR~SEHMITRATLER

Louisiana (65)
Maryland (65)
Pennsylvanua {55)

Michigan (70)

North Dekota (65)

Oregon (65)

South Carolina (55)

South Dakota (65)

Utan (75)

Sheet 2 of 2
Two-unit combinations only

Vehicles heuling poles, pllings,
structural uvnits, rowlng sheet,
ete., 70!

Permit required; good for aine
months

Three-unit combinations on
ggsignated highways; otherwise,
1

On desigpated highways by permit
unless a resolution 1s adopted

by the highway authority allowiang
operation of 65-foot combinations
on a regular besis without permwit.
Statutory limit of 60 feet on
Oregon routes 86 and 2L2.

House trailers, 60

On designated highways; a permit
is required for a 3-unit combina-
tion.

Limit is based on legal provision
that additional length granted by
permit cannot exceed the specifled
meximum (60 feet) by more than ’
25 percent,
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of 50 feet in 2 States, 55 feet in 17 States, 60 feet in

1 State, 65 feet or more in 29 States, and are not permitted
fo operate in 3 States. See the tabulation on the next page.
These limits cover a wide range, indicating a difference of
opinion as to what maximum length is desirable as well as a
lag in providing for changing conditions. However, there is
a noticeable clustering about the 55- and 65-foot limits in
the case of the truck with full trailer and the tractor-
semitrailer with full trailer;

The existing limits of up to 55 feet on the length of
single-unit vehieles suggest that conslideration should be given
to the economy of 40- to 55-foot meximm limits. For combina-
tions, the range of lengths from 50 to 100 feet should be con-
sidered. The 100-foot length is worthy of attention because
cowblination vehicles of this length are now operating on five
toll turnpikes. |

The factors related to the desirable length of vehicles
considered in this study include the following: (1) overtaking
and passing vehicles in traffic, (2) sight distance of other
vehicles and stabllity in traffic, (3) offtracking on curves,
(4) lane width, (5) pavement and structure design with respect
to numbers of axles and axle spacing, (6) stowage of cargo,
(7) flexivility of short or long vehicles, (8) number of
vehicles per combination, (9) feasibility of combining

vehicles, and (10) vehicle operating cost.



D. Number of Towed Vehicles

The makeup of the vehlicle combination is an important
factor to be related to the factor of length. Since all States
rermit a tractor towing & semitraller, the differences lie in
the question of what additlonal units are permitted to be towed
by & full truck or by a tractor-semitrailer. As shown on the
next page, 49 States permit a full trailer to be towed by e
éingle-unit truck (i.e., & combination of two cargo bodies,
one of which is a towed unit). A full trailer towed by a
tractor-semitrailer (i.e., a combination of two cargo bodies
iﬁ a three-vehicle combination with two towed units) is per-
mitted to operate in 32 States, although in some States the
operation may be limited in certailn respects.

The tabulation of State length limits for combinations
other than the tractor-semitrailer points up the substential
movement toward the 65-foot limit for two-cargo combinatioans.
Table 3-3 shows this development more specifiecally. Two
States—=New Haﬁpshire and New Jersey=-~permit three-unit combina-
tions, but are omltted from this table because of their lengih
restriction to 55 feet. The 65-foot, three-unit combination is
wniversally permitted in the West, and ls spreading eastward.
Delaware and Maryland enacted laws permitting it durlng 1967.

In addition to the total length of vehicle or

combination, the followlng factors are important with respect

to the number of vehicles per combination: (1) safety in the
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NUMBER OF TOWED UNITS
{December 31, 1967)

Number of States with restrictions
on numbey of towed vehicles
- by vehicle class
Legal .
restriction
One One full a/ Tiac';gr-se::é-
trailer & raller a
semitrailer full trailer ¥/
Not permitted -- d" 3 20
Permitted k2 39 22
Number not
restricted 10 - 10 - 10

a. Colorado and New Jersey permit towing of two full trailers.

b. Idaho permits three towed units, one of which must be a
semitrailer drawn by a tractor.

@, By order of the Commissioner of Highways and under annual
permit, Kentucky permits the truck with full trailler and
the tractor-semitrailer-trailer to operate on the Inter-~
state system, the toll roed system, and 10 miles over
connecting roads.

d. Connecticut requires a special permit.
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Table 3-3.--Comparative leugth liwits for two-cergs comblostions
in States permitting the opayetior of three-unit
combinations more than 55 feet long

1 of 2
. States permitting Type of two-carge combination
three-unit combinations .
longer than 55 feet Tractor-semitraliler- Truck-
as of December 31, 1967 full trailer full trailer
East of the west borderline (feet) (feet)
of Minnescta-Louisiana:
Delaware 65 &5
Illinois 1/ 65 60
Indians , 65 55
Towa , 60 55
Maryland 65 55
Michigan 2/ 65 55
Missouri 3/ 65 3/ 65
Ohio 65 65
West of Minnesota-Louisiana:
Arizona : 65 65
Arkansas 65 65
. California 65 65
Colorado 2/ 65 2/ 65
Idaho 2/ 98 65
Kanses 12:/ 65 2/ 65
Montana - /70 4/ 70
Nebraska &5 65
Nevada ' 5/105 5/105
New Mexico 65 65
North Dekota 2/ 65 60
Oklahoma 65 65
Oregon 6/105 ' 6/105
South Dekota 2/ 65 1/ 60
Texas 65 65
Utah 8/ 75 8/ 15
Washington 65 65
Wyoming 65 65

Alaska, Hawaili, and Puerto Rico exluded.

y Without permit on all four-lane highways and by ancusl permit
on certain two-lane roads. '

2/ On designated highways.

3/ On Interstate and State primary highways and five miles to and
from such highways.

4/ For vehicle including load under pexrmit good for nine months;
otherwise 60 feet. -
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Table 3-3.--Comparative length limits for two-cargo combinations
in States permitting the operation of three-unit
combinations more than 55 feet long 2 of 2

5/ By rulé and regulation of the State highway department; other-
wise, T0 feet. :

6/ Under permit for continucus operation of particular combinatious
on designated highways; certain highways are designated for
maximum vehicle leangths of 75 or 65 feet without permit.

%/ Not permitted except under annual permit

8/ Based on the legal provision that additional length granted by
permit for up to 90 days cannot exceed the specified meximum
(60 feet) by more than 25 percent.
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traffic stream, (2) offtracking on curves, (3) machanicel risk

at connections and braking, (4) adaptability in traneport

service, and (5) bandling at freight terminals.

L, LEGAL MAXIMUM WEIGHT LIMITS

On this and succeeding peges, the State linits ou axle
welght, single and tandem, and on meximur gross vehicle welght
are discussed. The various State legml limits with respect to
welght are summarized in three tasbulations thet appesry in this

section.

A. Euoforcement Tolerance
The basic statutory axle-weight limit 1s sometimes

inereased, in effect, by provision for an enforcement tolersnce.
Such a_tolerance is provided for in the law of 15 States. The
extent of the additional weight permitted by the enforcement
tolerance varies from State to State, but 1t 1s most often
expressed as a percentage (say, 2 to 10 percent) of the basic
statutory limit.

+ Analyses of the truck weight data indicate that the
transport agencies regularly utllize the enforcement tolerance,
since axles so loaded can operate legally. Therefore, the

legal limits considered in this report include the tolerance.

B, Single-axle Weight Limlts
In 22 States a maximun weight of 15,000 pounds is

permitted on single axles, including any enforcement tolerance.



AXLE-WEIGET LIMITS - SINGLE AXLES

Summary of State Basic Limits
(December 31, 1967)

Limit, Number of
pounds ¥ States
18,000

2
18,001 to 18,999
19,000 o 19,999
20,000 to 20,999
21,000 to 21,999
22,000 to 22,999
23,000 to 23,520
24,000
NS

2

\l'\’; ll—-‘i—‘w\OH\n\nt

. Total
1 Includes enforcement tolerence.

Special Provisions

(In the tabulation below, the basic
axle-weight limit 1s shown in parenthesis.)

Idaho (18,000) Por hauling timber products,

ores, aggregates, and agri-
cultural products, 18,900 lbs.

Illinois (18,000) Oun designated highways; on
_ other highways, 16,000 1bs.
Indiana (19,000) On designated highways,
22,400 lbs.
Kentuéky (18,900) On class AAA snd AA highways

Maine (22,000) Various exceptions up to 10
‘ percent above basic limit for
hauling forest and mineral
products and coustyuéetion
mterials

Wisconsin (19,500) On 2-axie trucks transporting
milk from farm to market or
heuling peeled or unpeeled
forest products, 21,000 lbs.
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Of these States, however, 2 {Idaho and Iilinois) allew
higher limits for hauling specified products or for travel on
sﬁecified highways. Therefore, only 20 States have an
absolute limit of 18,000 pounds on the weight of & single
axle. |

The range of legal weight limits for single axles i
from 18,000 pounds to 24,000 pounds, with 9 States in the
interval from 22,000 to 22,999 pounds &ud 5 States above
that level (including Puerto Rico without & specified limit).
Thus 14 States allow weights of 22,000 pounds or more for &

single axle.

C. Tandem-axle Welght Limits

The welight limlt of 32,000 pounds for tendem axles
prevails in 21 States. Of these States, 1 (Idsho) has a
higher limit of 37,800 pounds for hauling designated products,
so that only 20 States can be saild to have an absolute limit

of 32,000 pounds on tandem axles,

The range of legal weight limits on tandem axles is a
rather wide one, from 32,000 to 44,000 pounds. The tandem-
axle welghts in 10 States fall in the interval from 36,000 to
36,999 pounds, and 9 States (including Rhode Islapnd and Puerto
Rico with no specified limit) have limits greater than 36,999

pounds. It should be noted that the States do not follow a
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AXLE-WEIGHT LIMITS - TANDEM AXLES

Summaryy of State Basic Limits
(Decembex 31, 1967)

Limit
Rgunds .]:/

w N e W

N W e W N
g ¢&§888¢8¢
& JRKEUR

EESBBRRBLERY
§888888882%

Total

VRS

T e e

&
S

)

Rumber of
States

21

i =
n II‘\DI—'N!—‘NHOOW-QI‘O

1/ 1Includes enforcement tolerance.

Speclal Provisions

(In the tabulation below, the basic
axle-weight limit is shown in parenthesis.)

Idaho (32,000)

Indiana (33,000)

Vermont (36,000)

For hauling timber products,
ores, aggregates, and agri-
cultural products, 37,800 1lbs.

On designated highways,
36,000 1bs.

On a 3-axle tandem,
42,700 1bs,
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consistent ratio of tandem- to single-axle weight Liwmi:.
Some of the ratios are as follows: 33,600/23,520 = 1.43;
36,000/22,400 = 1.61; 32,000/18,000 = 1.78; and
40, 680/20,340 = 2,00.
D. Maximum Grozs Vehiclé

Weight Limits

Only four States now have gross vehicle weight limits of
iess than 73,000 pounds, and 15 States bhave limits of 76,000
pounds oy more. There is felr agreement between the gross
welzht limits and the sum of the legasl limits on the axles,

During 1963, about 17 States raised their gross vehicle
welght limits for the S5-axle tractor-semitrailer to 73,280
pounds, the limit provided for under Federal-sid legislation
as applied to the Interstate highway system. This 73,280~
pound limit is approximately equal to 32,000 pounds for the two
tandem-axie pairs and 9,000 pounds on the front or steering
axle, or 32,000 + 32,000 = 73,000 pounds.

The gross vehicle welght, as such, is not & factor
affecting pavement design. In the AASHO Interim Design
Formule, the design factor is based upon the axle weight and
the number of axle applications. Conseguently, so fer as the
gross weight is concerned, its limit could equal the sum of
the maximum limits of the axles.

In considering bridges, however, the gross vehicle

weight in relation to the spacing of the axles is important.
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MAXIMUM GROSS VEHICLE WEIGHT LIMITS

Summary of State Limits
{December 31, 1967)

Limit, Number of
pgunds-y ‘ States e

70,000 vto 72,999
73,000 to 73,999
76,000 to 76,999
78,000 to 80,000
86,400 to 88,000
100,000 to 105,000
No 1limit

Total

\'I-J'1 ||—-mmw~—-:'l’3-tr

Yy Maximm legal limit or the practical
legal limit for the 5H-axle semitrailer
or other combination, including double
trailer combinations, whichever is
greater. :

2 Puerto Rico is excluded.



Close spaclng of axles carryiog the legrl sxle welghts produces

greater stress on bridge structure than the espe sxles caryying

‘the same welghts but spaced farther apert.

Gross welght is, therefore, a factor to investigats, apd
the desirable gross weight meximum limit for the most commonly
used vehicles should be the sum of the legzal axle weights
adjusted for the lighter welght of the steering exle.
| For the closely coupled wehicle or the vehlcle with an
unéommonly large number of axles for its length, the gross
vehicle welght needs toc be considered in relastion to axle

specing.

5. CONCLUSIONS

Summary of the maximum limits of vehicle dimensions and
welghts for individual States suggests the following counclusions:

(1) Interstate commerce by highwsy has much to gain in
improved operations and economy from grester uvanlformity in
legal limits on the dimensions and welghts of motor vehicles.

{2) There is no easily found support for variations in
these limlits among States.

{3) Study of highway transport is needed to arrive at
the limlits on dimensions and welghts thet are desirable from

the point of view of the public interest as & whole.



CHAPTER 4

DESIRABLE MAXIMUM LIMITS ON
MOTOR VEHICLE DIMENSIONS

The dimensions of motor vehicles, which may be
considered separately from axle weight, coatrol the volume of
Ifreight that may be carried on a specific vehicle. From the
standpoint of the transport industry, vehicle width, height,
and length affect loading practices and terminal facilities.
From the standpoint of the pavement, they affect pavement and
shoulder width, overhead clearance of structures, safety and
traffic, and the movements of passenger cars. The desirable
limits of vehicle dimensions will be examined in this chapter
on the besis of these effects.

This chapter gives scant attentlon to the desirabllity
of dimensional limits less than those that now predominate Iin
the 50 States. The general trend in limits over time has been
upward, thereby enhancing transport economy. Industry does uot
want lower limits. For these reasons, no advantage could be
seen in iovestigating limits lower than the most frequently

used of the limits now prevailing.

4
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l. WIDTH OF VEHICLE

The prevalling maximum vebicle widih speclfied in the
l;ws of the States is 96 inches. {See page 3-1k.) The desira-
bility of additional width will be discusszed fivst from the
point of view of the tranéport ivdustry, involving factors
primerily concerned with the vehicle itself, and then from the
point of view of traffic factors, involving the relationship
between vehlicles in operation and the highvay over which they

travel;

A.‘ Transport Factors

The effects of additionsl width of vebicle upon transport
operations may be considered in two groups: (1) effects having
to do with requirements for cargo stowage end handling and other
transport operations end (2) effects on the chassis design of
the vehlcle.

From the standpoint of transport operations, the carriers
of freight see no need for as much as a foot of additlonel width,
or a total width of 108 inches, because it would prove imprecti-
cal for freight handling (not consldering safety of operstion on
the highway, of course). For example, such a width would require
8 certain amount of alteratlon to dock and terminal facilitles.
Thus, there is little apparent demend at this time for truck
widths greater than 102 or 104 inches.

A vehicle width of ;92 inches would offer cerriers & fair

degree of advantage over the 96-inch width. Experience indicates
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that the operation of vehicles this wide is advantageous and
feasible as well. Freight carriers have seen operations in 3
Sfates where 102 inches 1s the legal limit and in other States
that permit operation of buses having 102- to 1O4-inch widths.

Vehicles of this width could be loaded or unloaded
without much disadvantage in bandling or necessary remodeling
of dock and terminal facilities. While the additional 6 inches
above 96 offer no particular advantage for transporting bulky
or heavy commodities, for light-weight commodities such as
household furniture, the extra width has certain advantages.

But primarily, the 102-inch width would permit such cargo as
plywood in 8-foot lengths to be carried crosswise of the vehicle.
It ﬁight also work out better for goods of other dimensions or
any modular article that could be fitted into a width of 8 feet.
However, in order to allow for side wall thickness of the
vehicle and for clearance for handling cargo, an outside vehicle
width of 104 inches would be preferable to 102 inches.

From the standpoint of chassis design, the 102-inch width
would allow for excess width across the rear tires, since vehi-
cles now being manufactured are often more than 96 ianches at
that point. On deeignated highways, New Mexico allows the
additional width of 6 lnches to take care of the over-dimension
across the tires. Other States take care of it by liberal
enforcement of their width requirements.

Additional space for- the differential and braking

equipment in the design of the wvehicle at the rear axle would
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be a signlificant advantage of the 102-luch maxiwuom width. As

vehicles have become heavier and arc operated at higher spseds,
additional braking capascity hee bacome desirable. Gradvally
moct of the available space within the 96-inch ovevell clemxance
has been utilized on the driving axle. Therefore, & change to
102-inch width:would permit a better chassis design fron the
stendpoint of power transmissicn end bralking apparatus. This
advantage is in addition to the grester space in which to fit
tires without exceeding the legal limits on vehilcle width.
Another adventage of the grester width of vehicle would
be to make the vehicle more stable ageinst overturning forces.
The wider base without any rise in center of gravity would pro-

duce & safer vehicle.

B. Effect of Vehicle Width on Tiaffic

Vehicle placement studles and observation of the traffic
on the 10-foot lanes of 13th Street, N.W., Washington, D.C. ¥,
indicate that traffic for which 12-~foot lanes would be desirable
does operate successfully, altbough less efficiently, on 10-
and ll-foot lanes. Therefore, it is reasonsble to predict that,
at a vehlcle width of 102 lnches, traffic would not encounter
any major restrictions on 12-foot lanes on mulillane highwsys.
For example, it may be noted from the Highway Capacity Manuval
that 1llfoot lanes on multilane highways produce a capacity

reduction of only 3 percent from the 1l2-foot lane level, other
conditions belng satlisfactory.

"The Effect of Busses on the Twaffic Flow on Urbsn Arterials,”
2
Bureau of Public Roads, in progressa.
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On most existing urban street systems, particularly those
already being operated beyond their design capabilities, wider
vehicles may interfere somewhat with the freedom of movement of
traffic. On the other hand, vehicles of 102-inch width would not
comprise a significant pefcentage of the traffic stream in such
areas, assuming that the transition from 96 to 102 inches would
be a gradurl one during which the arterials and other main high-
ways accommcdating the bulk of the traffic would be improved
into multilane faclilities with 12~foot lane widths. The opera-
tion of the 102-inch vehicle on ramps and in short turning move-

ments is not particularly eritical.

C. Conclusion on Vehicle Width

The foregoing analysis indicates that there is no great
demand for vehicle width above 102 or 104 inches and that
vehicles 102 inches wide can be accommodated satisfactorily on
the highways. Therefore, so far as the remainder of this report
is concerned, the l02-inch width will be regarded s the desir-
able maximum limit.

The economy of iacreasing vehicle width to 102 inches 1is
discussed on pages 13-27 to 13=30. But to the extent that width
can be increased in view of the restrictive effects of highway
geometrics, highway safety, and sultable freight terminal facil-
ities, overall economy of such width is not as important a con-
sideration as are the factors of stowage of modular cergo and

aspace for power transmissioan and braking equipment.



4-6
2. HEIGHT OF VEHICLE

The factors relating toc the deslrable height of vehicle
will be examined individuelly. OFf lmpoxtance among these fao-
tors are, first, the clearances on the public highways at overe
head bridges, tunnels, other stiuctures, and wtllity lloes;
secondly, the clearances in privete and public terminal aveas,
dock fecilities, warehouses, and terminals in genersl; and
thirdly, the general trsnsport requirements for leading and
unloading freight from the standpoint of withstending stecking

to high levels.

A. Highway Overhead Clearance

The overhead structures on publie highways which would
not clear vehlcles of 13.5 feet in meximum height are becoming
fewer each year, as the older highwaye are rebullt to newer
standards of design. As indiceted by the present limit { Decerhar
1967) of 13.5 feet in Lk States, there is certainly no basic
restriction against the use on the highway systems of vehlcles
13.5 feet high, although higher vehicles may encounter 41ffi-
culties on a few highways because of overhead obstructions.
Therefore, since the 13.5-foot liwit 1s almost unlversally the
existing limit, examinatlon of any need for height above 13.5
tfeet, arising from the requirements of the transport lndustry,

1s in order.
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B. Transport Requirements

Most transport carriers and trajiler manufacturers see
no particular need at present for a legal height of vehicle
above 13.5 feet. The automobile carrier industry, however,
wants a higher limit. Thé experience of the industry so far
has been that, because of obstructions on some highways at over-
head crossings, some locatlons on urban streets, and existing
shipping docks and terminals, any height above 13.5 feet may
offer some difficulty. But this difficulty offers less
rastriction to transport than do factors in the transport
industry 1tself that have nothing to do with highway vertical
clearances.

A To consider the problem first with respect to the
covered-van type of trailer, industry has some difficulty in
stacking and unloading freight to the full inside height of
these vehicles. The considerations here are the difficulty of
stacking peackaged or cartoned cargo at greater helghts because
of the labor lnvolved and the difficulty of maneuvering the
right type of mechanical lifter to utilize any more height.
Another problem is the fact that certain kinds of cargo cannot
be stacked high, because it will be crushed under its own weight.

At present the practical height from the pavement ﬁo the
carge floor of large closed-van trailers is approximately 4.5
feet. For an overall vehicle helght of 13.5 feet; there is,

therefore, an inside floor-to-celling height of 9.0 feet less
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the thickness of thevroof structure. Commodities loaded im
van trallers are predominately merchandise freight or packaged
comnodities. This mesns that this freight is handled and
stacked by manpower. While packaged goods are incressiagly
assembled as & unit on pallets and handled by forklift trucks,
much LTL (less~tban-truckload) freight is handied and stoved by
manpover,

Inside a van traller or other cargo body, a man cannot
safely stack cartons or peckaged goods more then 7.5 feet high.
With forklift-pellet shipments, it mey be possible to stack
palletized loade to & helght of 8§ feet. To accomplish this,
however, the forklift truck requires for manipuletion about &
foot of headroom above the icad height. Foxr these types of
loadings, an 8.5«foot floor-to-roof height is necessary, but the
meximum useful storage height is about 7.5 feet, leaving ahout
2.0 feet between the cargo and the outslde roof level when the
overall vehicle height is 13.5 feet. This 7.5-foot height,
rather than the floor-to-ceiling height, should be used in cal-
culating the storage capaclity of & closed-van trailer.

There are one or more types of van trailers and some
cargos that can be loaded to nearly 9 feet high. Certaln bulk
vegetables, such as cabbages, can be stored nearly to the van
celling, 1f the permitted legal axle weight will allow it. On
the other hand, watermelons have a deflnite load helght limit

because of their franglbllity. Livestock carxriers can load hogs,
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sheep, and calves to .9 feet high in stock reack vans by using
an intermediate deck, upon which a second or top layer of animals
ni.y be loaded.
The haulers of household goods and furniture generslly
can use greater height of 'ce.rgo body. Household goods have a
loading density of about 8 pounds per cubic foot, and therefore,
exle welght seldom controls the total load. Because household
goods may be stacked to ceiling height in a van body, some
additional height above the 13;5 feet mﬁd offer an advantage.
The highway movement of such goods and other light commodities
is so small a percentage of total highway movement that higher
legal limits for this purpose alone are bardly Justifiable.
It must be realized that a fair amount of the cargo
hauled over highways 1s not necessarily hauled in & covered-van
type of body. The 13.5-foot helght of carge 1is also desirable
for other types of freight vehicles. Many kinds of machinery
ani special equipment are carried in open~top trailers or on
platform trailers. In'suc.h instances, the height of 13.5 feet
is sometimes used to advantage. One specific case is the trans-
port of automobiles by carrier. Some States allow a 1k.0-foot
height for hauling of automobiles.
C. Traffic Considerations Related
to Vehicle Height
The overturning tendency of a vehicle would be increased

if the vehicle helght were increased without a proportional
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increase in the vehicle wldt:. On the besle that & vehiole of
102 inches width could be suthorized by law, & slight increase

in vehicle height could also be suthorlzed withoui changing the
relative safety of the wvehicle from the stendpoint of cverturning.
On the other hand, inesmuch as there seems to be no preseut
demand for an incresse in vehicle helght above 13.5 fest, the
ceqter of gravity and overturnlng tendency &re not ap lmpoirtant
ractqr at this time. The adoption of a maximum width of 102 or
104 inches and retention of the 13.5-foot limit on height would

reduce the teandency to overturn.

Within practical limits, the height of the vehicle hes
little effect upon traffic safety or the operstion of othex

vehiéles. Unlike vehlcle width, helght does not restrlet sight
distance, except for an occasional view of an overhesd traffic
signal. At tops of grades, additionsl height of the vehicle
or of the driver's eyes sbove the pavemeni ls an gdvantage in
affording longer sight dlstance.

D, Summary and Concluslouns
on Vehicle Height

In viewing the traffic estresm as & whole, the commercial

vehicles on the highway that could use to advantege any cxcess

. helght above 13.5 feet would be primarily those classes of

vehicles hauling extra-tall mechanical equipment, autcmobiles s

or special appasrstus in open vans.
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The second use of the greater height of vehicle would
be in the hauling of household goods and furniture and other
low-density cormodities that could be stacked high. The bulk
of the haulage on the highway, however, is of types of goods
having such densities that the legal axle-weight limits are
reached before the interior height of the cargo body. Thus,
he;ght of vehicle ebove 13.5 feet would afford an advantage to
-1 comparatively small percentage of the total traffic on the
public highways.,

Bridges and tunnels with less than 13.5 foot height
clearance are growing fewer year by year. A legal height of
13.5 feet overall, from pavement to outside top of the vehicle
or to the top of the cargo, .1s all that is at present Justi-
fied on the basis of transport needs. There is no need at this
time for exploring the economics of transportation at vehicle

heights either lower or higher than 13.5 feet.

3. LENGTH OF VEHICLE

The oversll length of a vehicle combination and the
axle welght are the two most critical factors in the total prob-
lem of arriving at the desirable dimensions and welghts of motor
vehicles. The length and weight need to be considered together
to some extent, because as the length of the vehicle is
increased, the number of axles cen also be increased so that
addltional gross loads can be hauled without increasing the

meximum legal limit of axle weight. Furthermore, the length of
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the vehlcle 1s the mesns by vblch more cubsge copsaliy is Added
to cargo space (passengex space for buses) «- move than is

practical to add by ineveasing the width or height of the vabicle.

A. Factors of Vehicle Length to Considex

The length of vehlcle nesds to be considered from 4w
points of view: (1) the length of the individusl vebicle
(full truck, tractor, or trailer) ani (2) the overall combina-
tion length. The critical factors of wehicle length that
affect desirable opereations iIn the traffic streswm as well as
thé entire process of cargo handling sre primsrily as follows:

(1) "The length of the vehicle with respect to loading
and unloading at dock and warehouse facilitles.

(2) The length of the vehicle with respact o
horizontal turns and curves.

(3) The effect of the length of vebicle upon the
trafflc stream, with perticulasr reference to overtaking end
being overtaken and passed by other vehicles.

The length of & single vehicle or comblostion apd the
combination make=up are influenced by the commodities to be
hauled and the quality of the serviee to be rendered. For
instance, commodities such as liguida or granular bulk itenms,
capable of being rapidly loaded and unloaded, can be hauled to
advantage in trucks or tractive-truck-and-traliler coabinetious,
because the truck may be turned sround with minimum dock time.

Dry freight and bulky eguimpment, elow in being losded and
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unloaded, are best hauled in tractor-trailer combinations, so

that the tractor (power vehicle) need not be tied up during the
loading or unloeding time.

B. Length of Buses

As a generalization, it can be said that only four
States have a 35-foot limit for buses and 38 States have a 40-
foot limit. “.l'here is a trend to longer buses, and 11 States
now have limits of 42 feet or more. There 1s reason to explore
the 45-foot limit as a desirsble maximum,

The trend in manufacturing is toward intercity buses
seating more passengers and alsoc buses with restrooms and other
conveniences and comforts. This means longer buses. Further,
the trend is toward the tandem rear axle, even for school buses.
These trends indicate that & meximum length of k5 feet would
serve some useful purpose, yparticularly in allowing more pas-
senger seats in the three-axle bus, which caanot be loaded to
tandem-axle capacity in a length of 4O feet. ' |

About 27 States now allow & greater maximum leungth
(usually 5 feet) for buses than they do for single-unit trucks.
As discussed in a later section, 40O feet iz & practical maximum
limit for the length of single-unit trucks. Therefore, the
maximum length of bus would be 45 feet, if based on the "5 feet
additional" eriterion. Because of the favorable weight-power
ratio of the bus and its low count in the traffic stream, a

maximum bus length of 45 feet should not interfere unduly with

other traffic.
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C. Recquirements of Length and
Attitude of Transport Iniustry

The followlng diecussion is condensed frowm the report

of the A, T. Kearney Compaay to the Buresu of Public Roade:

In general, ...the highwey trsusportation
industry would be bettoyr served 1f cver-sll
equipment lengths were to be lncressed to permlt
the use of double traller combinstions. For the
most part, carriers reporied...ln the condvet of
this and other studles in the industry, that
ho-foot trailers represent the lsrgest single
unit that cen be efficlently opsreted (except in
certain areas) for the following reasons:

1. Longer trailers are too difficult to
maneuver.

2. Terminal docking space and shipper
facilities are inedaquate for longsy trailers.

3. Loading and unloading elapsed time is too
long and man~hours are lost with the added walking
associated with longer eguipment.

L. Streets and elleys of many older urban
areas present too many obstacles for trailers in
excess of 4O feet in length.

Although trailexrs of L5-foot lengih are now
used in certein aress of the country, as, for
exsmple, Floridse /and Uteh /, and might eventually
be used by scme carriers throughout the country
if legally permitted, they are generally felt to
be impractical for wide-scile usage by the trucking
industry for the reasons clted above.

Cerriers felt that single 40-foot trailers,
although stlll presenting & few maneuvering
problems in congested urbaun ercas, have proven
to be feasible, operations-wise. OSince single
40-foot trallers can presently be opsrated,
two LO-foot trailers in combinetion, which
would mean & 100-foot overall lepgth limik,
were felt to be practical since they could be
moved in double trzller combioatlons on con-
trolled access_multi-lene highwmys to a
perticular. ../interchange, thes/es [two/ siugle



trailer combinations to final destinations
[off the controlled access highways/.

Most operateors and all Western carriers
Telt that overall length limits for all highways
should be 65 feet. This length would permit
double trailer combinations (two 27-foot
trailers) to spread from the Western States,
where they are now legal, throughout the
remainder of the country. These individuels
were convinced that the direction of the
highway transportation industry must be toward
double traller combinations 1f it is to survive
in face of competitive modes of transportation.
They further felt that present /legal/ regula-
tions favor development [pnd use mﬁpof ...8lngle
Lo-foot treilers, which for reasons of customer
service, maneuverability and loading efficlency
are less desirable than 27-foot double trailer
comblmations. These contacts also pointed to
the obvious advanteges of breaking 27-foot
double trailer combinations at...central...
[rlaces] and /then/ using single 27-foot
cemitrailers with lesser powered city tractors
in metropolitan areas as compared to doing the
same with 4O-foot treilers.

It was suggested /by some carriers/ that
limited access multi-lane highways should allow
the operation of triple units of 27-foot trailers,
/a combination length of 95 to 100 feet/. Several
Western carrlers have made tests of such s unit
and found it to track well and present no apparent
problems. Actual operstions of triple 27-foot
trailers have been successful in Neveds.

We found interest among carylers in the
Wolfwagon concept. The wolfwagon is & train of
two or more stralght trucks, /complete single
units/, each with its individual power unit
and controls, which are coupled together and
operated by onz driver in the forward unit.
Individual units mey be dropped off en route, or
at destination, and since each unit is a separate
pover unit, an additional power tractor is not
required.

4-15
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D. Length of Trailers ez Monufoctursd

Since 1948 the length of treiler heving the grestost
ffequency of manufacture has moved upward frow the 20-19-30-
foot bracket in 1948 at 27.5 percent of the totsl production
to the 38-to-UO-foot bracket in 1962 st 82.k percent of totsl
production. See table hL-1.

This trend to 40-foot length is sitriking. It provss,
in general, that under existing legel limits the tramsport
demand may be for trailers longer then k0 feet. Howsver, since
no State that permits the larger commercial trailers tc operate
legally restricté trailer lengths to less than 35 feet and since
37 States d¢ not have a msximum length limit on the trailer
itself and another 14 States restrict the length to from 40 to
42,5 feet, the treneport industry could legslly use trailers
longer then 40 or even 45 feet, if 1t cared to do eo. Thus,
the manufacture of treilers confirms the conclusion of the Kearney
report (Staff Report No. 4) as to vehicle length that 40O feet is
an acceptahle length for trailers.

Trailers having 26~ to 28-foot lengths show s higher
percentage of total production in 1964 {hen those of sny other
length below 38 feet. But compared %o all trailers produced,
this percentage (4.4) is low, primarily becmuse in a single-
trailer combination the 27-foot length is not as econcomical as
the 40-foot length, and only nine States (all western as of 1964)

permit double treilers and the total combination length of



Teble i~l.-- Preands in tymiler lengths

Length 1948 1953 1956 1958 1960 1962 196k
Under 22 1.3 1.9% 3.84 . 1.6% L T% 0.1;
22-24 . 5.3% 1.6% 1.6% 2.5% .5% 2% 9.3%
2426 651. 1.8% 1.0% .5% 1.0% 9% 2.9%
26-28 18.8%. 1.14 64 1.06 6.4 1.3% b.4g
28-30 ‘—Z""la.s 3.2% .9% 2.0% 2.5% 6% 1.7%
30-32 23.9% { mh,ﬂp 2.0% 3.09 2.0% | 6% 1.2%
32-34 16.6% 58.7% 1k.8% 5.5% 2.8% 9% 0.7%
3k.36 - 18.9% 68.6% 6L.0% 16.6% 7-4% 3.3%
36-38 - 2.44 6.7% 8.5% 6.5% 2.4% 1.2%
38-40 - - - 10.0% 60.0% 81.8% 82.4%
4o-42 6" - o - 3.0% 1% 3.2% 1.1%
Over 42'6" - - - - - - 0.8%

Source: Truck Trailer Manufacturers Assoclation

L%
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65 feet required for two 27-foot trailers. The manufacture of
trailers 26 or 27 feet in length will increase, because about
15 States have legalized the 65-foot double trailer combinmation
since 1963.

The legal limit onrgross vehicle weight of 73,280 oxr
76,000 pounds is the major deterrent to more rspid development
of. the use of truck-and-full-traller and two-trailer combine-
tions in the West where the 65-foot length 1s legal. The 3-52
trailer combination with 18/32-kip axle limits can be loaded
to the gross veh;cle welght limit of 73,280 pounds. Adding s
full treiler to meke the two-trailer combination 3-52-2 op
3-52-k would give a waximum capacity of 109,000 or 137,000
pouﬁds, respectively, weights far above the legal limits.
Consequently, the trucking industry has not developed extenw
sive use of the 27-foot trailers in a 65-foot combinstion.
Because of the gross weight limit, the 3-52 combination is more
practical. The 27-foot trailer would vexry likely rise rapldly
in production and the 40-foot trailer decline, if the gross
welght limit should be raised to about 100,000 pounds.

Vehicle length limits permitting the use of trailers
30 feet long have adyantages. From the point of view of trans-
port, one factor determining the advantageous trallexr lquth
is compatibility with respect to maximum length of the individ-
val units comprising the combimation. Thus, the LO-foot

trailer can be combined with only & tractor, under & 65~ or
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TO=foot mesrimum 1engfh 1imit for the combinstion, It cannot
be used a8 a trailer to a tractive truck, except to an.
uneconomically short one. The 4O-foot trailer is usable in
tandem when the maximum combination length is 95 to 100 feet.

From the standpoint of the trucking industry, the 40-
foot and 27~-foot trailers are not compatible in combinations
using either tractor or tractive-truck power. If all the
States adopted a maximum combination length of 65 feet and a
tractive-truck length of 4O feet, the 27-foot trailer could be .
used for heavy-density cargos elther singly as a full trailler
behind & 35-footvtractive truck (also with a 27-foot body) or
paired as a semitrailer and full trailer in a combination
pdwéred by tractor,

There is some justification for the TO-foot maximum
combination limit that would permit two 30-foot treilers to be
used with a cab-over-engine tractor or one such trailer to be
used with a 37-foot tractive truck, The Tanoot combination
length is considered to be accepteble for use on all highways,
although not as acceptable as the 65-foot maximum.

E. BSumary of Length Requirements
of the Transport Industry

From the foregoing discussion it is readily apparent
that, if all of the States were to permit the double~cargo com-

bination with a maximum length of 65 feet, it would enable the
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carriers to use a flexible type of vehicle on all highweys.
The main length restrictions for all Stetes would be brougnht
iﬁto agreenent.

Little need is indicated for & single carge unii longer
than 40 feet. On the othér hand, two LO-foot carge units heve
been used successfully in & total comblnation length of arcund
100 feet on the five toll turnplkes vwhere thls type of vehiele
is permitted. For general use on all highwaye, the transport
industry would favor using 27=foot trailers in combinations of
65-foot length with two cargo bodles. Thus, two-cargo cowbi-
nations offer greater flexlbility and more cargo space than
the 40-foot single trailer. The total length of 65 feet has
pro?ed to be practical in those States now pexrmitting double

cargo units.

F. Vehicle Turaing Movement and Offtracking

Before cousidering length in relation to the offtracking
of vehicles, 1t might be well to look into the way oversll
vehlcle combination length 1s computed. With the cab-over-
engine design, as little as 4 feet is required from the front
bumper to the hack of the operator's cab, About 3 feet is
required from the back of the tractor cab to the nose of the
semitrailer. Then, with a semitrailer length of 27 feet, such
& tractor-semitraller comblnation would have a total length of

3k feet.
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If a second cargo body--a full trailler--were added, it
would require about 3 feet of space between the rear of the
forvard semitrailer and the nose of the following full trailer.
Agaln, using a full trailer length of 27 feet, the added
distance for the second cérgo body would be 30 feet. Therefore,
a 65-foot overall combination length would accommodate two
- 27-foot trailers in a 3~vehicle combination of tractor, semi-
trailer, and full trailer. But to provide for & sleeper-cab-
over=-engine design,ra trailer iength of 26 feet would be the
practical maximum length within an oversll combination length
of 65 feet. |
When pulled by a cab-behind-engine tractor, the LO-foot
tfailer body would produce an overall length of approximately
51 feet. This length is made up as follows: 8 feet from the
front bumper to the back of the cab, 3 feet to the nose of the
semitrailer, and 4O feet for the semitrailer. Using a double=
trailer combination made up of a semitraller and full trailer,
each 40 feet long, and a cab-behind-engine tractor, the overall
train length would be about 94 feet. With a cab-over-engine
tractor, the LO-foot double-trailer combination would be 90 feet
long. For some of the older-model tractors and towing connec-
tions, the combination length with two hO-foot trailers is about

105 feet.
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(1) Turning track widths summrized

Table 4-2 summrizes turning treck widths for various
classes end lengths of single-unit trucks and trailer combina-
tions at city street intersections (90-degres turn on 50-foot
turning radivs). It 4s significant that some of the longer
vehicles requiring excessive turnlng track widths on clty street
intersections can successfully negotimte the aloverleaf ramp
loops. However, on cloverleaf ramp loops, the 100- to 105-foot
double-trailer combinations rerire elther a longer radius of
curvature or pevement wider than 16 feet.

Teble 4-2 is based on a vehicle width of 96 inches., If
wider vehicles are considered, the respective values for turning
track width will increase by the additional amount above 96
inches. For instance, the turning track width for a vehicle
102 inches wide over the tires will be % foot wider than the
respective value indicated in table 4-2. Furthexmore, the
indicated value of lki feet for the 2-S1 and 3-S2 combinations
having an overall length of 60 feet would become 15 feet.

(2) Comparison of four different
trailer combinations

Semitrailers of L4O-foot length are satisfactory for
total trailer combination lengths of 50 and 55 feet. The 50-
foot overall lengths can bé attained with cab-over engine
tractors; and the 55-foot overall lengths, with cab-behind-

enzglne tractors.
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Table h-z.--fEMWning track widths for various classes and lengths
of vehicle combinations on c¢city street intersections
and interchange ramp loopse :

wildth in feet

: Turning track
Overall Overall
Vehicle Nurbez length | wheelbase | City sireet

Class a:ies in in %;ggr:ection

urn on

Teet feet | o-rt.radius

of curvature)
2D or 3A 20or 3 (35 22 13.2
40 25 13.7
Lo 35 18.2
(45 ko 16.6
251 T I e -
(55 50 22.5
60 55 25.5
2-82 (ho 29 16.5
45 33 17.2
2-s2 4 (50 37 17.9
(55 4o 19.1
(60 N7 21.0
Lo 35 18.2
, (hs Lo 18.6
3~52 5 50 b5 20.1
;55 50 22.5
60 55 25.5
55 50 16.2
' . (60 55 16.5
2-51-2 5 65 60 17.4
70 65 18.5
75 70 19.9
90 85 24 .k
( 95 90 26.2
3-52-4 9 iloo 95 28.0
| 105 100 30.1
(110 105 32.8

Interchange
ramg loop
(270° turn on
165-ft.radius

| of curvature)

el vl ol =~
FWOLFO WW

NWOD® POV FE VIOFND—- +0UVWw-l VMOoEW® wie

ol ~ el il FEEHEE PHEM
EE55E BEBBS RGREB EEBBG

See Reference 67, STEVENS, Tignor, and Lojacono.
Calculations for Trailer Combinations.
Ro. k&, October 1966.

Offtracking
Public Roads, Vol. 34,
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As may be seen in table L-3, a double-trsiler cowbination
made up of two 27.5-foot trailers in an overall length of 65
feet has & narrower turning track width than the 55-foot single-
trailer combination. In fact, two 30~-foot trailers 1o & douvble-
trailer combination TO feét in overasll length heve s narrower
turning track width than the single L40-foot semitrailew
combination. Thus 1t appears that for manipulation on primary
roads and on some commerclal streets, the use of two 30-fuot
trailers in & combination TO féet long is as practleal as s
slogle=-traller combination 55 feet long.

In table 4-4, comparisons are made of the same series
of traller combinatlons for 270-degree turns ocn 100-foot,
165;foot, and 225«-foot turning radii such as may be found ath
the ramps of cloverleef intersections of multilane, divided
highways with a limited number of ingress and egress points and
with acceleration and deceleration lanes. The offtrackling of
the trailer combinations and their resulting turning track
widths are a little greater than for 90-degree turns. It 1s
obvious that 65- and 70-foot double-trailer combinations ean
travel such ramps as easily as the 55~-focot combinstion with a
single 4O-foot semitrailer. 1In addition, on ramps permitting
165-foot and 275-foot turning radii of the l00-foot, double
Lo-foot~trailer combination, the turning track width is not
excessive. However, the turning track wildth of this 100-foot

combination on the 1L00-foot turning xadiue is so wach as to bar



Table 4-3.-- Comparison of turning track widths on 90~degree turns
- required by various practical trailer combinations

Turning track width in feet on

Class of trailer Lengths of  |Overall length 90-degree turns
combination trailers of combination |- . ,
(feet) (feet) '50' Turn Rad. | 100' Turn Rad. | 165' Turn Rad.
2.51, 3-52 4.0 55 22.5 16.5 12.9
2-81-2 27.5 65 17.4 13.0 11.0
2-51-2 30.0 70 18.5 14.0 11.5
3-52-4 40.0 100 28.0 21.5 16.2
Table L.k - Comparison of turning track widths on 270=-degree turns
required by various practical trailer combinations
Turniong track width in feet on
Claps of tyailer Lengthe of Oversll length 270-degree turns
combination trailers of combination
(feet) (feet) 100' Turn Red. 165' Turn Rad. 275' Turn Red.
2-51, 3-S2 %0.0 55 17.0 13.2 12.0
2-51.2 27.5 65 13.4 11.2 10.5
2~51-2 30.0 T0 14,3 11.8 10.8
3-52-4 4.0 100 2L .4 17.2 14.0

-4
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the use of this turning radive st miltilanz, separated
interchanges on freeways.
(3) Discussion and conclusiens on vehicle
length as related to offtracking
Overall length and 'the effective wheslbase of
semitrailers and full trailers 1s the most ifwmportant factor in

the offiracking and turning track wildth of trailer combinations.
Tractors are generally made short, whether cab~over-engine

(COE) or cab-behind~engine (CBE). However, it can be expected
that the industry trend will continue to be towards CCE tractors
in order to obtain the maximum poesible cargo-space lengths in

the traller bodies.
Total length of 40 feet with & meximm wheeslbase of 33
to 35 feet is about the maxiwmum that should be permitted for

single semitrailers or full trxailers in either double- or
single~treiler combingtions. For single~unlt {trucks, similar
lengths also appear desirable. The 40-foot overall length
appears to be an optimm maximur for single-unit trucks, since

they must maneuver through city streets of varlous widths.
When trucks are used as the tractive power vebleles of

fruck-full-trailer combinations, the optimum overall truck
length may be less than 40 feet, to permit a proper balancing
of load capacity with the full trailer in a combination that is

within the overall legal length limit. Because of the various
possibllities for arranging single and tandem axles on truck-

full-trailer comblnations, it is dlflicult to prescribe an
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optinmm length for the tractive truck, except to say that it
should have a total length less than U0 feet. The cargo bodies

on the tractive truck and the full trailer should be about the

same length.
G. Effect of Length of Vehicle
on the Traffic Stream

Increasing the maximm legal length of commercial
vehicles may affect other traffic and the design of highways in
the following ways:

(1) Longer combination vehicles may have greater ten-
dency to offtrack laterally at thelr rear ends, thus taking up
slightly more pavement width. Offtracking always exists on
curves, but may also be found on tangents.

(2) The longer the vehicle, the more restricted is the
view aheed that is available to the drivers of following or
approaching vehicles.

(3) The longer the vehicle to be passed, the greater
the distance required to overtake and pass it, thus requiring
longer passing sight distances.

(¥) On four-lane, divided highways, long combination
vehlcles overtaking and passing each other on plus grades
(usually at speeds much slower than the desired speed of
pessenger cars) will block both lanes for a longer time than
is requlired for shorter combinations.

The transverse movement of the rear wheel tracks of a

moving vehicle, especilally when decelerating from high speed,
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offers some reason for concern to the drivers of trsilinz
vehicles or vehicles attempting to pass on 2-lane, bildirse-
tional highwmys. Besides having psychologicel effects upon
the following or approaching drivers, such movement would
decrease the effective hofizontal free distance betveen passing
vehlcles. For vehicles well maintalned and properly operated;
this factor has been of no importance in the States permitiing
combinations 65 feet long. HNeither has it been an objectionable
condition in the operation on toll turnplkes of 100-foot double
trailers.

On high«crowned pavements, there is a tendency for the
right rear vheel of a vehicle to offtrack to the right. This
offtfackins may require steering the left front wheel near the
center line or left lane live 1in order to keep the vehicle
within its own lane. Because the condition of high crown is
not widespread on the highweys where the vehicle 65 feet or
longer is apt to travel, this factor need not be given furiher
conslderation. The transverse movement of the rear end of a
long vehicle or its offtracking on high-ercwned pavement is
not sufficiently great to cause concern for traffic safety or
the movement of other vehlcles.

On 2-lane bidirectional highways, the length of a
vehicle restricts the view around 1t of drivers of following ox
approaching vehicles. The reported experience in States now

having 65-foot legal length-limits for cowbination vehicles
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indicates that, at léast up to the 65-foot maximum, the length
factor is not important in restricting the view avallable to
drivers of other vehicles.

The five toll highway authorities that permit double-
trailer combinations of about 100 feet in length report success=-
ful operation of these vehicles on their L-lane, divided high-
ways. The item of view around long vehicles, therefore, should
not be a factor restricting vehicle length up to 100 feet on
* divided highways.

The longer the vehicle to be passed on the highway, the
greater is the passing distance required. The greater the
required passing distance, the longer the sight distance that
is needed, especially where the vehicles to be accommodated
have greater length than is belng sllowed for in the design
vehleles used to determine the factor of sight distance. Passing
sight distance is required only on 2-lane, 2-way roadways. Only
stopping sight distance need be provided on k-lane, divided
highways.

In addition to requiring longer sight distance, longer
combinations perhaps infliet some additional expense upon
passenger cars in pessing meneuvers. In the first place, they
might prevent passenger cars from pessing for longer per;ods of
time than would shorter trucks. When the cars did pass, in
order to complete the pessing maneuver, they would have to main-
tain a higher speed for & longer time and distance or accele;ate

for a longexr time.
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Passing sight distance might require some upwerd
revision, perhaps in the neighborhood of 10 to 20 percent, if
sﬁbstantially longer vehicle combinations (say, longer than 60
to 70 feet) are allowed on 2-lane, 2-way highweys. For example,
consider a vehicle combinétion L0 feet longer than is presently
allowed, traveling 50 milea per howr. If such a vehlcle were
pessed by a car averaging 20 miles per hour faster, the passing
car would require 140 feet of extras distance in the left lane
in order to pess successfully..

Alsoc to bg considered, though not readily evaluated
without research, is the psychologlcal effect of long combina-
tions traveling in the higher speed ranges of, say, 40 to 60
miles per hour. Because of fear or ilnability to judge the
distence required, drivers of trailing vehicles might possibly
refuse to accept passing opportunities with adequate sight
distance. Certainly the decision to pass involves more margin
for error with long combinations than with shorter ones.

On L-lane,divided highways, even on plus grades as low
as 1 percent, heavy trucks and combilnations often overtake and
pess slower moving vehicles. When the overteking vehlcle has
power for a gain of only 5 miles per hour over the speed of the
vehicles being passed, such & passing movement holds up all
those vehicles behind whose drivers wish to travel faster then
the speed of the passing truck or combination. In this situas-

tion, additional delay both to the passing vehicle and to the
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blocked vehicle willrresult, should longer vehicles be
permitted. The consequence 1a the same 1n effect as that pro-
duced by the passing maneuver on 2-lane highways, but is not
often thought of, because the slow vehicles stay in the right
lane--that is until they move out to pass a slower vehicle.

H. Summary and Conclusions
on Vehicle Length

The desirable lengths of vehicles as indicated by the
discussion presented in this chapter are summarized as follows:

The single-unit truck and the trailer unit of L4O-foot
meximm length afe satisfactory both from the point of view of
industry requirements and highway use.

 Although the hO-foot trailer is at present standard for
industry, this length has been dictated more by the existing
maximum limits of length and of gross vehicle weight as estab-
lished by State law than by its mexrits in the light of transport
requirements. industry prefers two 27-foot trailers in com-
bination to the single 40~-foot trailer.

Combinations with two cargo bodies are in demand by the
transport industry because of thelr economy in line-haul opera-
tion, their flexibility in terminal operations, and their
convenience and economy in the urban distribution of cargo.

The 65-foot maximum combination length hes proved
successful in the Western States, and the 100-foot combination

has been successful in operation on toll highways,
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Highway systems as they now exlist can accommodate the

65-foot combination length with proper regard to highwey design

and geometry and to traffic safety. Some slight cost to

passenger cars and light trucks may result.

Without considering the number of axles per vehicle or

per combination or the axle spacing in feet, the foregoing

discussion of the requirements of the transport industry, the

offtracking of vehicles on curves, and the factors of highway

safety indicate that the folloﬁing maximum lengths of vehicles

are desirable:

(1) For use on all highways and streets:

al

b.

c.

Bus with a maximm length of 45 feet.
Single-unit truck with maximu length of
Lo feet.

Single semitrailer or full trailer of 40
feet maximum length.

Tractor-semitreiler combination (single
cergo body) with maximum overall length of
55 feet, including & semitrailer of LO-foot
maximm length.
Tractor-senitraller-and-full-treiler
combinations {double cargo trailers) with
a maximum overall length of 65 feet,
including two trallers of 27-foot maximum

length eack.
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Truck-and-full-trailer combinations (two
cargo bodies) with a maximum overall length
of 65 feet.
Two Wolfwagons in combination, not to exceed

60 feet in overall length.

For use on muliilane, divided highways with

controlled access (Interstate system):

a.

Tractor-semitrailer-and-full-trailer
combinations (double-cargo trailers)

with maximum length of 100 feet, including
two trailers of a maximum length of 40 feet
each.

Tractor-semitrailer and two full trailers
(triple cargo units) with a maximum

length of 100 feet.

Three Wolfwagons in combination (three cargo

units) with meximum overall length of 90 feet.






CHAPTER 5

EFFECTS OF GROSS VEHICLE WEIGHT ON
MOTOR VEHICLE PERFORMANCE IN TRAFFIC

From the point of view of highway safety, the
performance of motor vehicles on the highway and the coanse-
quences of that performance to all other vehicles in traffic
are 1nv61ved. in the consideration of desirable maxlimm vehicle
dimensions and v}eights. Performance may be satisfactorily
messured in terms of accelerating and speed ability (ratio of
groéa weight to net horsepower) and braking ability (decele-
ration and stopping distance).

Accelerating ability is a safety factor in traffic,
particularly as it enables a vehlcle to accelerate rapldly from
low speed and to maintain near traffic speed on plus grades.
The weight-horsepower ratio is an index of the ability to
accelerate and to maintain traffic speed. Braeking ability,
usually measured by the distance required tc stop from an
initial speed, is also a safety factor iun traffic. Accldent
experience is a third factor to be examined in the light_of the

wvay traffic safety is influenced by vehicle dimensions and

weights,
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1. FIELD SURVEYS OF VEHICLE WEIGHT,
HORSEPOWER, AND BRAKING FERPORMANCE

Since about 1941, the Bureau of Public Roads aud the
State highway departments have conducted periodic surveys of
the weight, horsepower, and breking performsnce of motor
vehicles. In 1963 some additional surveys were conducted
especia.lly for this project on the desirable dimensions and
wights of motor vebicles. Some review of these surveys made
ia 1949, 1950, 1955, and 1963 and the methods used is presented
next.

The 1955 study included the brake testing of 862
commercial vehicles in Califoranie, Merylend, and Michigan.
Heorsepower information was obtained at the seme time.

The field testing and survey in 1963 was conducted at
or neaxr the same roadside locations in Califoxaias, Maryland,
and Michigan tha.t were used in 1949 and 1955. The brakes on
952 vehicles were tested, and the gross welght and horsepower
data were obtained on 1,026 commercial vehicles.

The pertinent horsepcwer is the net horeepower: the
gross brake horsepower of the engine less the horsepower
required to opsrate the normal accessories, suck as fan, air
compressor, generator, and muffler. The net horsepover is that
horsepower which is available at the clutch, or its equivalent.
As a general average, the net horsepower is about 90 percent

of the gross brake horsepower.
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2. VEEICLE GROSS WEIGHT AND NET HORSEPOWER
The results of the analysis of gross weight and net
horsepover f£ur 1963 are presented in some detail and compared
with the results for 1949, 1950, and 1955, to show the trend

of the welght-power ratlo over time.

A. Results of Survey of Welighi-Power Ratio

A summary of the horsepower, weight, and welght-power
ratio for each vehicle type is shown in table 5-3 for the 1963
br_ake tests. There is a definite increase in the gross weight,
net horsepower, and weight-power ratio as the number of axles
per vehicle increases, up to five axles. For five or more axles,
the measures tended to remain fairly coustant. The presenta-
tions in table 5-3 show that hill-climbing ability and
accelerating ability as measured by the weight-horsepower ratio
vary widely between and within vehicle classes.

The smaller weight-power ratios for each vehicle class
were generally for empty vehlcles with large eungines. For
example, an empty 3-52 vehicle weighing 29,100 pounds had a
net engine horsepower of 310 and a weight-power ratio of 94,
the smallest for this vehlicle class. The net horsepowexr of 310
was the largest observed for any vehicle in the sample obtailned
in the 1963 étudy. ‘

A separate analysis was made of the 1963 data

considering only loaded vehicles. For this analysis, all empty



Table 5-3 .--Range and average of the gross weight, net horsepower, and
weight-power ratio for all commercial vehicles weighed in the 1963 test.

Gross weight, pounds Net horsepower Weight-power ratio
Vehicle class
Renge Average Range Average Range Average
_ ALL VEHICIES
25 - single tired | 2,585- 11,120 | 4,795 50-165 109 2k-128 W
2D - dual tired 5,700- 31,410 13,230 80-198 136 h2-287 97
3 11,000- 47,410 | 22,785 95-222 157 71-282 145
2-81 13,000- 45,400 2 630 118-230 165 8k-304 149
2-82 15,900~ 64,805 39,030 110-238 172 8o-427 227
. 3-82 22,010~ 94,650 50,625 128-310 184 94701 75
3-2 22,5%00- 78,200 48,070 128-250 184 93-511 261
2-51-2 2,500~ 82,770 59,595 130-235 186 111-59%0 321
Cther 1 16,000-132,570 54,995 153-288 188 88-625 292
LOADED VEHICLES ONLY
! 2 - single %ired 3,270~ 11,120 5,275 653-165 108 20-128 49
2 - dual tired 6,020- 31,10 15,425 80-198 136 15267 113
3 11,000~ b7,h10 27,460 95-222 157 S2.282 175
2-81 14,500~ 45,400 28,700 118-230 167 20- 30k 172
2-52 19,270- &4, 205 bl 625 110-235 172 120-427 259
3-82 27 ,240- 94,650 60,775 13%-255 185 151-70% 329
3-2 49,600~ 78,200 73,150 150-209 182 329-511 403
2-81-2 36,600- 82,770 73,685 13h-235 185 203-590 398
Other | 16,000-132,570 - | 67,285 133-23h 137 38-625 359
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trucks were exclud.edv from the sample. A vehicle was considered
loaded if 1t carried any cargo or payload, regardless of the
amount.

As would be expected, the net horsepower for ail
vehicles (table 5-3) was nearly the same as for loaded vehicles
only. The larger weight-power ratios were for heavily loaded
vehicles with smell engines. For éxample , one 3-32 vehicle had
8 gross welght of 94,650 pounds and a net engine horsepower of
135, giving a welght-power ratio of 70L, the largest ratio for
any vehicle in the 1963 study. This particular vehicle was
operating under a special permit, because of tandem axle weighis
in excess of the legal limit for the State in which it was
opeﬁating.

The cumulative frequency distributions of the welght-
power ratios for the various vehicle classes for 1955 and 1963
are shown in figures 5-2 and 5-3, respectively. These curves
inelude all vehlcles and again i1llustrate the wide range in

performance among and wlthin the vehicle classes.

A sunmary of the 15, 50, and 85 percentile values of
the cumulative frequency distributions of weight-power ratlic for
1955 and 1963 is shown in table 5-4. Considerable reduction
has occurred between 1955 and 1963 in the ratios for all vehicle

classes. The percentage decreases shown in the table are

perticularly significant.
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Table 5—13@.‘:-Cmpar:llon‘or percentile ﬁlms from cumlative

frequency distributions of weight-power ratios for all

commercial vehicles weighed in 1955 and 1963

" g-§

Weight-power ratic in pounds per horsepower

Vehicle class 15 percentile 50 ‘percentile 85 percentile -
s | 1963 | Foroomtase | gu55 | ag63 | Tartenta®® la9s5 | 1963 | Treceeses
28~ single tired b1 32 22 58 | b2 28 85. 56 3
2D~ dual tired 73 6k 12 135 87 36 208 | k2 32
3A 132 8 33 245 | 135 45 06 | 208 32
2-81 161 108 33 256 1 133 h8 376 | 20k LT3
2-82 186 126 21 300 218 27 - ho6 | 327 19
Other 232 138 b1 oo | 278 30 531 | h28 19
3-82 - 157 - -} 212 - - { 3T -
2-81-2 - U5 - - 360 - - k31 -

|




Figure 5-4 presents the cumulative freguency
distributions of weight-power ratios for vehicle classes 3-52
and 2-51-2. These curves have been separated out of the "other"
curve for 1963 data shown in figure 5-3. The irregularity in
the curve for the 2-Sl-2 vehicles is caused primerily by the
fact that nearly all of the vehicles were either empty or
heavily loaded. Only five of a total of 51 vehlcles in this
class had gross welghts within the range of 35,000 to 70,000
pounds.

Cumulative frequency distributions of the welght-power
ratio in 1963 for loaded vehicles only are shown ian figure
5-5, by vehicle class., The curve designated as "other"
includes all vehicle combinations with 5 or more axles. The
3-52 and 2-51-2 vehicles are included in this "other" curve,
but have also been shown separately because they are the
largest groups making up the "other" curve.

Table 5-5 presents a summary of the 15, 50, and 85
percentile values of the cumulative frequency distributions
of the weight-power ratios for the loaded vehicles in 1963.

Figure 5-6 illustrates the trend in weight-power ratios
from 1949 to 1963. The curves are based on average data for
all commercial vehicles weighed in the brake studies of 1949 s
1955, and 1963. The average ratios for all vehicles in the
1950 truck weight survey sample are also plotted in figure 5-6,

as indicated by the triangular symbols. It is apparent that
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Téble 5=5. —= Percentile values from cumulatlive frequency distrlbutioans
of welght-power ratios for loaded vehicles in 1963.

Vehicle class

Weight-power ratloc in pounds per horsepower

15 percentile

50 percentile

85 percentile

25 - single tired
2D - dual tired
3A
2-51
2-52
Other

3=-82

2=51-2

37
75
110
7
180
251
247
338

b5
106
125
116
- 252
355
315

60
157
243
223
346
452
408
L5k

ZL-9
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the average ratios for the 1950 truck weight survey closely
follow the curve for the 1949 breke test dats.

The reduction in the weight-horsepower retics from 1949
to 1955 amounted to about 15 pereent for gross welghts less
than 40,000 pounds. Above that weight, the change decresssd
to about 8 peroent at 80,000 pounds. From 1955 to 1963, thse
reduction amounted to about 25 percsut for gross waeights up to
40,000 pounds. The change gradunlly decreased to about 16
percent at 80,000 pounds gross weight.

The 1963 dats vere also analyzed using only the loaded
trucks. The curve obtained closaly approximated the curve
which included all trucks. At weights less than 40,000 pounds,
the difference in the two curves amounted tc 2 percent or |
less. Above that weight, the two curves wcr§ ddentical.
Therefore, the curve for the 1963 dsta in figure 5-6 is
representative of the loaded vehicle claasificetion &s well
as of all vehicles.

Table 5-6 shows the trend in the average weight-power
retios by vehicle class from 1949 to 1963, In general, there
is agreement between the percentage changes 19h9 to 1955 and
1950 to 1955. All vehicle types showed & reduction in the
ratios4from 1955 to 1963, with the larger percentege reductions
observed for the 2-axle dual-tired txucks, 3-axle trucks, and

the 2«51 tractor-semitrailer. The overall reduction between



Table 5-6. -- Comparison of average weight-powver ratios for all vehicles, by
vehicle class, for 1949, 1950, 1955 and 1963

Vehicle class Rumber of vehicles Average weight-power ratios | nﬁ*::::;:f;ﬂ:::u:::gga
1949| 1950 | 1955 ' 1963 1949 1950 . 1955 1963 | 1949-55 . 1950-55 . 1955-53L
28 - single tires 19} 239 99} 130 81 75 57 h 30 24 23 |
2D - dual tires 275] 3,6k2 | 272 312 | W2 | 135 12 9T 0 -5 P
n B| 23| 61| ke | e | 2w | em | ws| -2 | 5 7
2-51 228 3,900 117 | 108 291 204 264 9 | 9 10 Ly
2.82 © 87| 1,991} 145} 217 369 357 301 227 18 16- 25
3-82 45| 483 ST 12 | k2| s 348 275 18 15 21
2-3, 3-2, and 2-81-2 51| 136| TL| 78 | 394 | 384 118 300 4 -9 28
Dther Bl 72| 3| 21| w8| = 37h 292 13 1 20
Total vehicles 782' .10,726 862 | 1,026 |
Weighted averages | se0 | 253 208 165 12 10 28

GT-6
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1949 and 1955 was about 12 percent. The corresponding
reduction from 1955 to 1963 was approximetely 28 percent.

The percentage of all vehicles weighed in 1955 and
1963 that could not meet various welght-power levels are
eonpgred in table 5-7. Thé percentages for vehicle classes
3-52 and 2-31-2 are not shown for 1955 because of insdequate
sample sizes. In 1955, 50 percent of the vehlcles with five
or more axles and 14 percent of the total sample had weight-
pover ratios greeter than 400 pounds per borsepower. Ia 1963,
only 20 percent of the vehicles with five or more axies and
5 vercent of the total sample had welght-power ratios greater
than 400.

Table 5-8 shows the percentage of the loaded vehicles
sampled in 1963 thet could not meet various performance levels.
In 1963, 30 percent of the loaded vehicles with five or more
axles and 8 percent of the total sample of loaded vehicles had
weight-power ratios greater than 400.

B. Significance of Welght-Horsepower Ratios with
Respect to Desirable Maximum Welght of Vehicles

Table 5=9 gives the net horsepower required to glve a
ratio of gross vehicle weight to net horsepower of 400 for
several classes of vehicles at five levels of meximum axie
weight. The ratioc of 40O pounds per net horsepower is suffi-
cient to meintain the vehicle speed at a miolmum of 20 miles

per hour up a 3-percent gréde and 1is generally considered to



Table 5-7. -- Percentage of all vehicles weighed in the 1955 and 1963 tests
that could not meet indicated performence levels

Percentage of vehicles with weight-power ratios greater than
Vehicle class 25002 | 300:1 | 3500 | boost | 4s0.1 500:1

1955 | 1963 | 1955 ) 1963 | 1955 | 1963 | 1955 | 1963 | 1955| 1963 | 1y55 | 1963

S ~ single tired -—- -—- —-— -— -—— -—- -— -—- -—— —— .—u ——
1D - dual tired 3] --- I N R R il el Bt Bl BT BT B
3A 48 10 21| --- 2| === ] =} e | eme] emm | eem | aee
2-S1 53 2 34 1 20| u- 10| === 2 emm | eme | =ee
2.82 66 37 50 21 34 10 17 3 5 - 1 -——-
A1l other combinations{ 82 55 13 L6 62 34 50 20 35 10 22 T
3-82 57 38 - 23 12 5 2
2-51-2 67 65 55 28 12 6.
Iotal vehicles 38 20 29 1k 20 9 1k 5 8 2 'y 1

L1-6



Table 5-8.

Percentage of loaded vehicles weighed in 1963
that could not meet indicated performance levels

Vehicle class

Percentage of loaded vehicles with
welght-power ratios greater than

25 =« single tired -
2D - dual tired»_
3A
2-51
2-52
-Others

3-82

2-81-2

Total vehlcles

250:1 300:1 350:1 400:1 450:1 500: 1]
i2 ——— — — ——— _—
L 1 - -—- -——- -
51 29 14 4 - -——-
85 71 52 "30 15 9
8k 59 34 17 ( A3
97 ok 80 Lo 18 9
33 23 15 8 3 2

8L-§



Table 5-9. -- Net horsepower required for a weight-power ratio of 40O pounds
per horsepower for different classes of vehicles and a range
of maximum axle-weight limits.

Maximm axie-weight level single/tandem, kips

Venicle - 18/32 - 20/35 - 22/38 - 2h/L1 - 26/ 4k
ela ros8s ross rosg aqeictc] rOSs
98 weight, Horse- | yajont, | Horse- weight, | HOTBE- | yeiont, | HOTse- | poyqng | Borse-
kips bower kips power kips power‘ kips power kips power
2D 25.4 64 28.2 71 31.0 78 33.8 85 36.6 92
3A k1.6 104 5.7 114 48.8 122 52.4 131 56.0 140
2-81 k3.7 109 48.1 120 52.3 i3 56.4 141 60.5 151
2-52 58.5 146 63.8 150 69.0 172 4.3 186 79.6 199
3=82 3.7 184 80.0 200 86.3 216 . 92.6 232 98.9 247
2.2 62.6 156 68.8 172 75.0 188 81.2 203 87.4 218
2-3 76.6 192 83.8 210 91.0 228 08.2 246 105.4 264
3-2 7.9 195 85.3 213 92.6 232 100.0 250 107.4 268
2-51-2 '80.7 202 88.9 222 97.1 243 105.3 263 113.5 | 284
2-82-2 95.3 238 10k.7 262 11k.1 285 123.5 309 132.9 ¢ 332
2-52-3 109.3 273 119.7 299 130.1 325 140.5 351 150.9 377
3=52-4 138.0 345 150.3. 376 162.6 ko6 17h.9 37 187.2 68

61-6
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be the maximm acceptable for all highways. Because of the
l;isher general speed of traffic now as compered to the speed
when the 20 mph and 3-percent grade Vcriterm were developed,

a lover ratio is to be p:eferred, at least for all vehicles of
5 axles and leas. |

The foregoing tables and figures show a trepnd since
1949 to lower welght-power ratios such that in 1963 the
vehicles of 73,000 pounds gross weight hsd an average of 400
pounds gross welght per net horsepower.

Because the power is anow aveilable, ludustry could
rapidly shift to the 400-pound ( or lower) ratio. At any gross
weight limit above about 80,000 pounds, the trucking industry
would most likely use only uew equipment especially designed
for the higher gross welgbhts. The welght-horsepower ratio
would not then be held high because of the hauling of high
groes welghts with old, low-power tractors. The five toll
authorities have been successful in enforeing thelr power
requirements for the 100-foot long double trailers at gross
weights of about 125,000 pounds. The gross weights in table

5=12 are now authorized on the indicated toll turnpikes.

3. BRAXING FERFORMANCE OF COMMERCIAL VEHICLES
The commercial vehicles tested for braking performance
were grouped according to vehicle class (visual axle arrange-

ment), capacity group (manyfacturers gross weight rating), and
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Table 5-12. -- Turnpike or toll highway exceptions to normal
limits on vehicle length and gross weight

Maximm Maximum
, combination gross ~Number of
Turnpike width length, . eombination units in
feet . welght, combination

pounds .
Indiana Toll Road 96 98 127,400 3
Kansas Turnpike | 96 105 130,000 3
Massachusetts Turnpike 102 98 127,400 3
New York Thruway 96 108 127,400 3
Ohioc Turnpike . 96 | 98 127,400 3
Pennsylvania Turnpike 96 70 | 73,280 2

Y combinations exceeding 73,280 pounds required to have special hauling permit
from Turnpike Commission.
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brake system type. The braking performence of like or slmilar

vehicles was then compared for fhe respective groupings.

A. Braking Performance by Vehicle Class

The differences in braking performance as attributed to
different classes of vehlcles are apperent In figure 5-7, which
shows freguency distribution curves for the combined distance
réqpired for brake system application and for braking decelers-
tion and the distribution of maximum deceleration attalned for
various classes of vehicles. The curves indicate the braking
petformance as a percentage of vehicles by vehicle class that
stopped within a given distance or reached a deceleration of &
given ox greater value when simulating an emergency stop from
20 mph. It should be noted that the decelerations measured were
not sustained throughout the stops, but were the maximum decele-
rations indicated during the stop.

In figure 5-8 the improvement from 1941 to 1963 in
braking distance performance for various classes of vehicles
is shown at the 15-, 50-, and 85-percentile levels. In general,
the braking performance improved during the years, both through
a reduction in the distance required to stop and through a
decrease in the variability of breke system application and

braking distance as found for all similar classes of vehlcles.
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B. Capacity Groups and Weight Groups

Any changee reflected in the braking performance should
't;e compared with the weight of the vehicles sampled to deter-
mine whether or not such changes might be attributed to weight
rather than to the brakiné gystem or to the ‘veh:l.cle sample. In
table 5-13, the average weight and the average brake system
applicatlion and braking distance are glven by class of vehlcle
for the vehicles tested in both 1955 and 1563. For some vehicle
classes the average gross welght varied little from that found
in the 1955 study; other vehicle classes varied considerably.
Part of the variation in average gross welght can be explained
strictly on the basis of the chance of selecting vehicles to be
tested that differed appreciably in weight. But part of the
variation can also be attributed to the fact the commerciml
vehicles tested in 1963 were not the same makes, models, or
body designs as those tested in 1955.
€. Braking Performance Compared

to the Uniform Vehicle Code

The Raticnal Committee on Uniform Traffic Laws and
Ordinances specified in its "Uniform Vehicle Code" the minimum
deceleration and the maximum breke system application and
braking distance vaelues, both factors based on simulating of
emergency stops from 20 mph. As shown in table 5-1k4, & large
percentage of vehicles met the Code's requirements. The vehicle

classes which compared less favorably with the Code requirements



Table 5-13. -~ Average vehicle welght and brake system application and braking

distance (BSABD) for vehicles tested in 1955 and 1963

1963 1955
: . Average Average , Average Average
Vehicle class Number of } gross BSABD |Number of | gross BSABD
vehicles wveight, {from 20 mph,|vehicles | weight,|from 20 mph,
- pounds feet ' pounds feet
Single-unit trucks: - -
2-axle, very light 118 4,740 22 107 5,200 Pl
2-gxle, other very light 297 13,100 28 293 14,200 31
3-axle h3 16,600 34 73 28,400 39
Truck-tractors with semitrailers; : ‘ _
2-51. 103 24,500 33 129 32,100 ko
2-52 199 39,000 36 153 hO;hOO L2
. 2«83 2 32,600 ko none - -
3-s2 100 50,300 38 66 - 53,700 k6
Trucks with full trailers;
2-2 2 42 800 ko~ 16 45,900 . 51
3-2 26 49,000 L1 k6 63,900 " 5k
Truck-tractors with semitraillers
and full trailers: >
2-81-2 Lo 59,800 b7 Ly 59,700 56
2-82-2 5 75,400 50 7 62,200 54
2-82-3 L 88,800 Lo 2 52,000 al
3-51-2 1 52,200 31 1 78,600 L3
3=52~-2 2 37,000 37 none - -
3-53-5 2 132, 58 none - -

9¢-§



Table 5-14. -- 1963'nrnke test results compared to the Uniform Vehicle Code

Deceleration BSAKD Y
' UVC re ement, Vehicles within UVC requirement Vehicles within
Vehicle class feet/sec./sec. requirement, feet ’ requirement,
' _ percent perceat
1963 T 1955 1963 1955

2-very light ik 100 100 30 97 84
2-other 14 98 94 40 95 8k
3 14 91 85 ko 75 53
2-51. 1k 97 83 50 97 81
2-82 1k 9L 82 50 ol 80
3-52 14 89 76 50 92 64
Truck-full trailer 1k 80 51 . 50 86 38
Tractor~semitrailer-full traile 1% 79 69 50 T1 41

Y Brake systen application and braking distance.
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vere the truck-full-treiler and the tractor-semitrailer=full
trailer combinations. However, there is evidence that when the
brakes on these large vehicle comblirnstions ars adjusted properly,
they o«n meet the Code requirements. Fbr exaple, two 3-53-2
vehicle combinations were tested, each welghing approximstely
133,000 pounds. The two tractors were the same meke, model,
and year, and the brake system utilized in sech was an air-
mechanical type. One combination reguired 69 feet in whick +o
stop from 20 mph, wheress the other stopped in 48 feet, or 2
feet under the Uniform Vehicle Code reguirement.
D. Braking Performance in
Relation to Axle Welght

Not all vehicle classes could be considered in the axle-~
weight analysis, because either the number of vehicles of &
given claes was too small or the welghts carried oo the priacipal
load-carryling axles varied excessively. Only the classes 2, 2-51,
aud 2-52 vehicles could be emalyzed with respect to axle weight.
The results of the anslysis of classes 2 and 2-S1 vehicles were
compared with the results of similar vehicles from previous
studies.

Figure 5-10 illueirates the performance of classes 2 and
251 vehicles for the brake studies corducted in 1949 , 1955, ancd
1963. In generel, improvements have been found iu the
braking performance for these vehicles esech yeer the studies

have been performed. In prepering figure 5-10, only the
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principal losd-ezrrying axles and not the steering exlss were
considered. For the class 2 single-unlt vehicle, the rear
aﬂes were grouped 1ato increments of 4,000 pounds, and the
braking performance was then computed for these groups. The
performance wes plotted af the mid-point of the welght group.
The same &nalysis waz conducted for the 2-51 vehicles. However,
only those combinations were considered in which the welghits of
the tractor drive axle and the trailer axle fell within the
same 4,000-pound grouping.

Pigure 5-11L 1llustrates the braking performence for
the 2-82 and 3-52 combinations. In preparing the curve for the
2-52 combipation, only the weight on the tanden axles was con-
sidéred.. The tandem axles wers grouped into increments of
4 000 pounds, and the performence was then computed for each
group. The performance was plotied in filgure 5-11 at the
mid~point of the weight group. |
E. Brzking Performance without

Brakes on the Steering Axle

In their motor vehicle regulstions, the Interstate
Commerce Commission and verious Sitatss permit certain venicles
to operate without brakes on the eteeving axle. In the 1963
brake test, a nurber of combination vehicles were tested that
did not have front wheel brukes (See teble 5-15.) With the

exception of the 3-82 vehlcle, a rather large difference in
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gross welght existed between the comblinmticns which bhad and
those vhieh did not have brakes on the steering axle. Conse-
quently, the poorer performance for the combinations without
front wheel brakes cannct be entirely &ttribuﬁeﬂ 4o the facth
that one axle was not braked, but would be influenced in addi-
tion by the weight differential.

In 1958 the Mational Safety Council's Committee on
Winter Driving Bezards conducted tests on dyry pavement for empby
combinetion vehicles both with and without breked steerlng axles.
Table 5-16 shows i1ts findinge in terms of the brake systewm appli-
cation and braking distance found when emergency stcps were mede

from 20 mph for both breking conditions.

L. SUMMARY AND SIGNIFICANCE OF THE BREKIRG FACTORS

The foregoing test of ﬁraking distance may be summarized
as follows:

1. Since 1955 the brake aystem epplication and braking
distance has been reduced by 2 to 3 feet for the very light
2-axle vehlcles and by 10 or more feel for some heavier two-
trailer combinations.

2. All vehicle types showed higher values for decelsr-
ation in 1963 then for 1955, For light 2-exle trucks, the
values were 5 percent higher and for the heavier 2-treiler combi-

nations, 15 percent higher.



Table 5-16 .--Braking performance vith end without

brakes on the steering axle

BSABDYAn feet from 20 mph

Vehicle _w(e}ros:

- ¢lass ight, All axles | Steering axle
pounds | “yraked not braked

3-2 22,300 21 25

2-31-2 22,090 26 31

Y Brake system application and braking distance.
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3. The variability in brake system appllcetinn snd
bra.king distance hes continued to decresse over time for all
classes of vehicles.

k. 1In 1963 & greater percentage of vehicles were capable
of meeting the Uniform Vehicle Code reccommended by the Estlonal
Committee on Uniform Traffic Laws snd Ordingnces than in 1955,
both with respect to byeke system application and brakiog distance
and with respect to deceleration.

5. Brake system application and braking distance has in
general decreased since 1955, regardless of the vehicle class,
weight group, or capacity group.

6. An axle-weight analysis revesled that the brake
system application &nd braking distance for siwmller axle
weights decreased by approximately 3 feet from 1963 to 1955
{or both 2-axle, single-unit vehicles and for 2-51 combinations.

7. The 1963 test results indicate that the brake systenm
application and braking distance at 20 mph is greater by 4 %o
6 feet when the steering axle is not braked as opposed to when

it 1s braked.



CHAPTER 6
HIGHWAY SAFETY

Highway traffic accldents are the composite result of a
countless number of factors. To isolate the influence of the
factors of vehicle dimension and weilght on accident experience
and then to predict the accldent experience with increased
vehicle dimensions and welghts is a most difficult task. There
follows, however, an attempt to aécomplish this task wlth the
meager facts that can be assembled.

1. ANALYSIS OF ACCIDENT EXFERIENCE-~-
FREQUENCY AND COST OF ACCLDENTS

In assessing the highway safety aspects of the various
highway systems and motor vehicles of different dimensions and
weights, data have been develojed from accident cost studies
conducted in Illinois, Massachusetis, New Mexico, and Utah.Y
These studies, based on Statewlide accldent experience, were

designed to measure costs directly attributable to traffic

Y Cooperative studies of the Bureau of Public Roads and State
highway departments as follows: Passenger car studles--Massachu-
setts, 1953; New Mexico and Utah, 1955; and Iliinois, 1958. Truck
studies--Massachusetts, 1955; New Mexico, 1956; Utah, 1957; and
Illinois, 1958.
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accldents. More specifically, the coats determined lncluded
those incurred by vehicle owners, drivers, and passengers of
aﬁtomobiles and trucks and by pedestrians who may have bezn
involved. The ares of investigation included all costs oceca~
sioned through property dammge, persoval injuries, work-time
loss, loss of use of vehlcle, services of attorneys snd
attendant fees, and other coet items of an intangible nature
for which accident victims were compensated through tort action.
A. Accldent Frequencies and Cost
Related to H;ghway Systems

Table 6-1 illustrates that accident-involvement and cost
rates were considersbly higher for passenger cars than for siogle-
unif trucks and vehicle comblnations. Among trucks, the combi~
nation class had the most favorable accident-involvement rates,
although acecident cost rates were somewhat higher than for
single-unit trucks. In this and subsequent comparisons, it
should be kept in mind that more thanr half of the single-unit
trucks involved 1n accldents were panels and pickups.

A rural-urban comparison of accident Involvement and
cost rates shows a relationship of spproximately four accidents
involving pessenger cars in urban areas to one accident in rural
areas. Accident costs per vehicle-mile in urban areas were more
than double those in rural areas. The invelvement ratio for

trucks was about five uwrban accidents to one yural accldent,



Table 6-1.-- Accident~involvement and direct~cost rates for passenger cars, single-unit trucks, and vehicle
combinations, classified by rural and urban accident location and highway system57

Rural Urban Statewide
' Kccident Cost o1 | cciden I CO8L OL Accident Cost of
Vehicle ciassand =~ involvements accidents |involvements accidents |[involvements accidents
highway system per per . per per per per
10 million 10 million 10 million 10 miliion 10 million 10 million
vehicle-miles|vehicle-miles|vehicle-miles|vehicle-miles|vehicle-miles{vehicle-miles
Passenger carss .
Federal-aid primary, . . - 123 $U5,565 Lol - $ 90,868 245 - $ 65,203
Federal-aid secondary, . 149 39,090 517 120,328 222 55,289
NOﬂ-Federal-aid. ¢ o & @ 205 51.1,,.‘87 67h 116,h78 578 103,709
‘All highway systems. . 1,8 46,53k S8l © 108,517 Lo3 " 82,830
Single-unit trucks:
Federal=-aid primary. . . 73 3,1l 283 27,618 137 ' 30,040
Federal-aid secondary. . 67 17,915 225 48,265 87 - 21,782
© Non~Federaleaid. « « ¢ & 116 23,597 L81 40,332 3u8 | 3h,218
All highway systems. . 83 . 26,598 - Lo7 36,521 222 30,825
Vehicle combinations: . :
Federaleaid primary. . . L2 26,748 212 65,965 83 35,569
‘Pederal-aid secondary. . Lo Ls, 12k 146 - 23,796 57 Lk,881
Non-FEderal"aido I ) 9h . hh,197 51.8 lls,267 ’.L].O hh,993
All highway systems. . Ls 31,240 333 56,497 140 39,540
All trucks: : : R
Federal-aid primary. . . 63 29,81) 265 37,042 | 122 31,662
Federal-aid secondary. . é5 2h,h411 237 15,930 87 27,235
Non-FedEral-aida ¢« & & @ 118 21[,956 h89 h1,096 357 ) 35'358 )
All highway systems. .| 76 27,631 399 39,802 208 32,587

1/Data were obtained from cooperative motor vehicle accident cost studies of the Bureau of Public Roads and

State highway departments as follows: Passenger car studies--Massachusetts, 19533 New Mexico, 19553 Utah, 1955;

and Illinois, 1958. Truck studies--Massachusetts, 1955; New Mexico, 19563 Utah, 1957; and Illinois, 1958.
: _ o
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and the cost rates were approximately 45 percent higher in
urban areas than in rural aress.
B. Accldent Occurrences of

Loaded and Empty Trucks

Table 6-2 provides & comperison of accident-involvement
rates for loaded and empty trucks of four vehicle clesses. On
a Statewide besis, accident-involvement rates for each clase of
truck, vhen operated loaded, wers greater than twlce the rates
of those iavolved 1in accidents vhen empty.

For either loaded or empty trucks, the frequencies of
accidents in wrban areas were three or more times those in
rural areas, and with the exception of 3-axle, single-unit
trucks, the cost rates in urban areas exceeded those in rural
areas. On rural highwaeys, loaded trucks bad substantlally
higher involvement rates than empty trucks. In urban areas,
the difference was somevhat less for some classes of vehlcles,
but loaded trucks had a conslstently higher lovolvement rate
than empty trucke. Vehicles capable of carrying the heaviest
gross loads, 1. e., combinations having four or more axles had
the lowest accldent-involvement rates of all truck classes. No
doubt, regulation of carriers, better treined drivers, and a
higher level of management contribute to the lower accldent

rate for the heavier vehicles.



‘l‘able 6-2 --Accident«-involvement and direct-cost rates » r_loaded and empty trucks, 'by‘
vehicle class gnd rural snd urbso location j I

. Rural Urban Statewlde
Accident Cost of Accident Cost of | Accicdent o8t of
involvements accidents [involvements accidents |involvements accidents

Yehicle e¢lassa per per per

; per per : per ‘
‘10 million 10 million 10 million 10 million .| 10 million 10 million
vehicle-miles|vehicle-milesivehicle-milesivehicle-miles|vehicle-miles |vehicle-miles

Single-unit trucks:

2-axle trucks-- . ) ' : .
Ioadeds « ¢« s o o ¢ o ¢ o & 113 $32’955 h98 $h0’162 311 S $36 718
Empty o 3 « o o o o o 2 » 63 21,731 286 32,830 135 25,528
Subtotals ¢« ¢« « o & « s & ’ 82 . 26,095 1.[08 37,027 . 227 L 30 7}45
3-axle trucks-- , : - : - '
Loadede « « ¢« ¢ o o &2 & o o 183 . 66,786 510 33,527 312 52,11x
EMPLY « o « « o o o 5o o o Lk 18,692 291 7,066 1% - 13,621
Subtotale + o o o s o « o 115 43,169 - 103" 20,672 21,8 : 33,306
All single-unit truck CH :
loaded. ¢« o ¢« ¢ ¢ «. ¢ ¢ ¢ ¢ & 116 ‘ . 31.1,2,.',6 h98 39,978 31'4 - 37,221
EMPLy » « o « o o = o o s o o 62 21,659 287 31,928 SR - 25,192
Total « « o « ¢ s o o o '« @ 83 26,598 . L07 - 36,521 222  30,82%

Truck combinations: -
J-axle Iractor-semitrailer--

Toadede o ¢ ¢ v ¢ s & o 2 @ 76 k2,431 576 77,106 309 58,312

EMpty o o o o o o o o o o » .20 - 16,892 2Ll 33,497 103 . 23,422
Subtotale « o « o o o o o 57 3h,oo9 485 65,1h 210 47,610

Other vehicle pombinations-- : ;

Loadeds o o = o « = + « o o L6 735,933 294 | 56,692 - 114 h,6%

EMpty « » o o 0o v v o o s s - 3 18 667 16 | 39,6L7 51 | 24,883

. ' Subtotal. « « & 4« 4 o o . Ll 30 312 232 £0,738 92 36,067

; Allvehicle jcombinations: . : ' :
‘\\ anded, ¢ o & o b & 6 e 8 o o 5’4 . 32,555 hlh 65,393 173 ’-169769
Wb EmpEY e o e s 0 s s e 0 e e 28 18,218 . 160 37,535 7 24,470 .
v Total o o o s s 4 0 a8 o4 L5 31,240 333 56,497 7140 39,540

1/Data were obtained from cooperative motor vehicle accident cost studies of the Bureau of Public Roggs ‘and State
highway departments as follows: Massachusetts, 1955; New Mex:.co, 1956; Utah, 19573 and Illinois, 19 :
o
: ]
; \n



6-6

C., Accident Frequencles and Costs
Related to Gross Vehlcle Welghts

Trucks of the heaviest registered gross welghts hsd the
lowest accldent frequencies and the highest accident cost rates,
as shown in table 6-3. This trend simply follows that shown in
table 6-2, in which vehicles are classified on the basis of
visual types. Truck ccmbinatlons with four ox more axles would
fall in the weight category above 41,000 pounds., Teble 6-3 adds
the elemeﬁt of accident severity. For each severity class, with
increased registered welght, there is an upward trend ia the
accident costs pér 10 million vehicle-miles of travel.

With increased registered weight, truck involvements in
vhich one or more persons were fatelly injured show an upward
trend per 10 million vehlcle-miles of travel. Nonfatal-injury
involvements have rather consistent rates for all weight groups,
and except for the weight group from 24%,00L to 41,000 pounds,
the trend in "property-damage-only' involvement rates is down-
ward with lncreesed registered welght. An lnvestigstion of the
relatively high rate of property-damege-ouly involvements for
the 24,001-41,000-pound weight group indicated that vehicles
used in construction and clty delivery service were largely
responsible.

D. Accldent Frequencles and Costs
Related to Type of Accldent

Accident frequencies and costs per 10 million wvehicle-

mliles of travel, by type of accldent, are shown separately for



~ Table 6-3,.«-Murber of trucks involvnd in traffic eccldents,
trick maceidents, and involvement nnd cost rates,

of mceident and, regletered gross weight of trucks 1

direct costs of
clnssified by severity

Number of Direct Accident ‘ -
Registered gross trucks in- Cost involvements Accident cost
welght of trucks volved in of per ‘ per
{pounds) accidents Track 10 million 10 million
Accidents - | vehicle-miles vehicle-miles

FATAL‘INJURY ACCIDENTS

12,000 and under.. | 174 $94L0,961 0.1 $2,218
12,001-211,000...., 68 105,190 .36 2,1L9
"2h,001-41,000. e 00 37 130,349 7 2,721
M)OO]-‘72)OOO-tooo 62 330 920 -79 IJ,211
TOtal‘.o.-.“l‘. Bbl 1 807 h?O 0)-16 2,!.'1]5
NONFAT ~INJURY ACCIDENTS
12 000 and under.. 9 518 [$6,608,277 22 $15,576
12,001-21;,000,.... 2,192 1,285,468 13 6,819
2h 001-41,000, ... 968 625,881 20 13,065
h1,001-72 000.,... 1,608 1,365,119 21 17,371
Total,.veesevioee| 1,566 9,88L,7h5 20 13,371
PROPERTY- DAMAGE-ONLY ACCIDENTS
12,000 and under., 86,861  |$6,09L,971 205 1k,366
12,001-20;,000, 4000 37,615 3,098,978 200 - 16,439
2);,001-11,000,.... 13,177 962,803 27 20,098
11,001-72,000,.... 11,348 3,106,015 1l 39,52)
Totaleeeorvavens 149,001 - |13,262,767 202 17,9L0
ALL ACCIDENTS
12,000 and under., 96,553  [13,6LL,209 228 $32,159
12,001-2h, 000. ssse ho,175 h) ?89, 636 213 25, l'-lO?
24,001~11,000, ..., | 14,182 1,719,033 296 35,884
}1,001-72,000. .... 13,018 1,802,054 166 61,106
Total...eseosess| 163,928 | 2L,95%,932 222 '33,756

_1/ Data were obtained from cooperative motor-vehicle-accident cost studies
©of the Bureau of Public Roads and State highway departments as follows:
Massachusetts, 1955; Utah, 1957; and Tllinois, 1958 (New Mexico data were
excluded becsause trucka are not registered on the basis of . gross wvehicle

weight).
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single-unit trucks and vehicle comhinations in table 64,
Accldents lnvolving single-unit trucks or vehicle combinationsg
and one or more other vehicles were the most fregquent type of
encounter. For single~unit trucks, angle and turningemovement
collisions ranked highest'in frequency as well as 1n cost on a
vehicle-mlle basis, followed by the group deslgnated head-on,
rear-end, and sideswipe collisions. Among accidents involving
vehicle combilnations, hesd-on, rear-end, and sideswipe colli-
slons as a group ranked highest, with angle and turning-
movement collisions a close second.

Perhaps the most significant finding from the comparison
of accident types is the high accident cost rates for coumbing-~
tions involved in moncollision accidents. Although the frequen-
cies of noncollision accldents were rather low, such occurrences
tended to be costly. Extensive damage to equlipment and cargo
undoubtedly accounted for this finding.

E. Intersectional and Nonintersectional
Accident Locations

Accident-involvenent and cosf rates are compared in
figure 6-3 on the basis of intersectional and nonintersectional
accident locations. As would be expected, in yural areas the
nonintersectional accident involvemeunts and costs per 10 million
vehicle-miles of travel exceeded the rates for intersectional
accldents for both single-unit trucks and vehicle combinations.

On the other hand, & comparison for urban areass shows that



Teble 6-h.-eAccident-involvement end direct~cost retes for singl
_classified by type of accident and by highway systenm

ei?nitrtrucks

and vehlcle combinations,

Federal-aid primary system Cther hipghway systems A1l hipghway systems
T.ype’ of',accident- Pural Urban Rural Urkan Rural Urtan
: Single-| ¥enicle | Single-| vehicle | Single-| vehicle | Single-| vehicle | Single- vehicle Single-
unit combi- unit ‘cembi- unit ‘combi- unit corbi- unit comoi- unit cembia
trucks { natisns { trucks | rations | trucks | nations { trucks | naticng | trucks | naticns | trucks | mations
WUMBER OF TRUCKS DIVOLVED IN ACCIDENTS PER 10 MITLION VEHICLE-MILES
Cpllision with other motor vehicles:
Eead-on...cevrenencrassnes 0.9 0.3 0.5 0.3 1.6 0.7 2.2 - 1.2 0.3 1.6 0.2
7.3 1.2 77.9 70.7 9.5 L.7 77.6 70.0 8.3 6.9 77.7 70.L
. 25.2 .81 19.3 b9.8 2h.6 23.8 150.9 201.2 2L.9 1c.2]  Wwo.7 1.7
S1CeSWIPC.urusrnsraseevsrorrernaas 9.1 5.5 28.2 u8.0 6.7 1.8 18,6 Lé.9 8.0 s.k L2.0y | L7.5
OthEr 2/ eecencocaneasnvanann wiesel 2.4 Lol * 381 9.5 6.7 0.9 1L5.9 106.1 L.k L3 111.1 50.9
Single vehicle collisions: ) X : : : ‘
PedestrionS.ceccsiecsoanues seracas 0.1 0.1 1.3 0.8 0.3 0.1 7.0 1.8 0.2 0.1 5.2 ]_..2
¥oveable or moving objects........ 1L 4.8 6.6] - 5.3 17.6 .1.8 15.7 30.2 .3 5.2 12.7 3.$
Fixed objlectS,eaveacvrescscoaracas 6.2 1.1 5.1 13.5 8.11- 1.1 10.9 33.8 7.1 1.1 $.0 22,3
Ton-collision involvementS...ceevsae 9.7 9.9 5.8} .. 1.k 21.3 2.7 8.2 .7 15.0 11.7 7.4 . 9.8
‘All aceident involvementS.e.evo... .72.5i L1.8]. 282.8 212.2 95.L 66.4 Lé6.9 Lg3.7 83.5 45.2 L07.5 .9
DIRECT COST OF ACCIDENT INVOLVEMENTS PER 1€ MILLION VEHICLE-MILES .
Collision with other motor vehieles;: ' | ) X
Fead-on.sevncuunna. creannne veseewe S 1,2h20 $ 12860 § 252, $ 5,597} 3 1,311 $ 7191 8 1,205 -1 $1.27L) 31,218 3 B57F 5 3.157
Rear-enduisesiusovsceasncrcacncacas ) 1,881 2,801 7552 5,8L0 1,13L 3237 5,395] 11,895 1,537 2,850 £051 5,1;;6
angle and turning movements,.,.... | 10,448 h 1y 1looh! 26,119 L,987 8500; 16,3t2; 10,7684 7,9L7 b,702 15285 19,56k
SidesWipe.cerarecneancocnncanacass 6,282 1,708, 1380 2,168 867 Lg18 1,863 3,102 3,780 2,10 1707 2,553
OtEer 2/uiiviisnnrronancesnssnnns 512 L18 1214 969 Lo 188| 5,601 2,885 L1l 387 L1586 1,791,
Single vehicle collisions: i .
Pedestrians.......... cacreeneen . 5| 138; 1305 1,119y - 253 o3| - L,88¢ 2,388 16 309 3733 1,663
Voveable or moving obiects. ... ..., 1,22} 1,297 677 L128) 3,777 3359 2 3851 31E76 2.398 1,5751 1834 .ozl
Fixed cbjects....... cessavass seees | 1,488 '20”1 1262 6,986| 2,553 S8 1,923] 6,659 1,976 1,815 1710 6.6L6
Nor-collision inveolverments.......... a,oéé 11.970 973| 13,037 6,00k 237531 1.159 2,293 7.027| 16,233 | 1099) B.L31
5}1 accident involvementsS,,...oe..| 31,11 25.7&4 27618] 65.945] 21.295 16657¢ L0,751] 143,882 26,598 31,240 36521 56,&97%

=/ Datg were obtained from cooperative motor vehicle eccident-cost studles of the Buresu of

S5tate highwey departments ess follows:

Publie Roads snd

2 Includes parking maneuvers, backing in traffic lespe, and c¢-11iding with parked vehicles.

Megsachusetts, 1855; New Mexdico, 19563 Utah, 1957; and Iliinois, 1958.

6-9



-Federal-aid prinsry highways:

Intersectional accidents
Non-intersectional accidents
- A1l other highways:

Intersectional accidents

Fen-intersectionil accidents

Tederal-aid primary highways:

Tntersectionsl accidents

Hon-intersectional accidents |

-A11 cther highways:

Intersectional accldents

Honwintersectional accidents

N

1

RURAL - 1

Single-unit trmcks Hai

//////// |

Accident Cort per 10 Million Vehicle-miles

Aystea and on all _other bighuay systems,

F 18'“1'3 6"’3 J.....'rmk {nvolvement and diz-ecb-co-ut ratos for intersectional and non-intergectional ascidents oscurring on the Federal-ald prﬂ.marj

iy

23 . -- . R o
toed Y] v . N i ] 1
* Jehicle combinations % /WW Vehicle combinations % posy
3 Tiiﬁfﬁifiw...«,.A...“:::::: ............... S :
V) WWW
t t L } Y : { I 1 {
0 L0 B0 LT T L0 60 120 160 200 2h0 230
(Accident Involvements per 10 Million Vehicle-miles - . .
. - .
J RURAL - T T ¥
A 1 3 . 1 H \ : L !
0 510,000 &20,300 7 530,000 30,000 510,000 520,000 333,000 ShOlOGO 350,000 Se0, 000 O



6-11
involvement and cost rates did not vary greatly between

intersectional and nonintersectlonal locatlons.

F, Summary and Significance of Findiﬁgs

Findings of the four-State analysis of traffic accident
frequencles and cost point to the following general observations:

(1) Roads and streets of the highest classification, the
Féderal-aid primary system, had the lowest accident frequencies
per‘vehicle-mile of travel compared with all other road systems.
When accidents did occur on the Federal-aid primary system they
tended to be more severe and costly.

(2) Among classes of vehicles, passenger cars
experienced the highest accident-involvement rates, and were
followed in order by single-unit trucks and vehicle combinations.
A further comperison of accident cost per vehicle-mile indicated
the fnllowing highest-to-lowest sequence for the three classes
of vehicles: (a) passenger ecars, (b) vehicle combinations, and -
(c) single-unit trucks. Limiting the comperison to the two
mejor classes of commercial vehlcles, vehicle conblinations had
the most favorable accident~involvement rate, but accldent cost
per vehicle-mile was higher.

(3) A rwral-urban comparison of accident occurrence per
vehicle-mile for passenger cars indicated a ratio of one accident
in rural areas to four in urban areas; for single~unit trucks, a

ratio of one to five; and for vehicle combinations, one to seven,
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Accldent~cost rates in urbsn aress excesded those in rursl arsss
by the following percentages: passenger cars, 133 percent:
Bingle-unit trucks, 37 perceant; and vehicle combinations, EL
percent.

(4) Regardless of axle configuration, commercial
vehlecles had substantislly higher sccldent-involvement and cost
rates when traveling with loads than when traveling emply.

(5) Commercial vehicles of the hesviest registered gross
veights had the most favorable accldent-lovolvement rates, but
accident cost lnereased with gross weight. The general observa-
tion follows that drivers of the heaviest vehicles were more
successful in avolding accidents, but when they were involved,
the éccidenta tended to be more severe. Both vehicle and cargo
value are factors contributing to severity.

(6) The most common types of accidents for both single-
unit trucks and vehicle comblnations were encountered with one
or more cther motor vehicles. Angle and turning-movement colli-
sions ranked highest in frequency. OSecond in order of frequency
were Tear-end collisions. Of s8ll types of accldents involving
vehicle combinatlons in xurasl aress, noncollision accldenis
ranked highest on a cost per vehlcle-nmlle bgsis. In urban areas,
angle and twrning movement collisions ranked highest. Fo: single=-
unit trucks, the cost rates for angle and turning-movement colli-

sions ranked highest ian both rural and urbasn locations.
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(1) Freqpencies of intersectional acecidents in urban
areas involving either single-unit trucks or vehicle combina-
tions were approximately equal to nonintersectional accidents.
Accident-cost rates assoclated with intersectional accildents,
however, tended to bhe higher than for nonintersectlonal accidents.
2. ANALYSIS OF THE FROBABLE RELATIONSHIP

OF INCREASES IN VEHICLE DIMENSIONS AND
WEIGHTS TO ACCIDENT EXFERIENCE

The preceding analysis of the frequency and cost of
highway traffic accidents offers practically no help in
defermining what effects on highway safety would result from
increasing the limits of dimensions and welghts of motor
vehicles. The hundreds of subfactors contained in the four
principal factors--the driver, vehlecle, highway, and environ-
ment-~almost preclude a reliable conclusion of the true role of
any changes in legal maximm vehlcle dimensions and welghts in
promoting highway safety. However, the following sections
discuss the probable consequences, and untll accldent analyses
can be afforded & better factual basis, judgment must rest upon
logicael reasoning from meager facts.

Because of the complex interaction of the many factors
involved 1n highway safety, it is most difficult to trace the
relationship between the accident experience of the heavy
single-unit trucks and combination vehicles and thelr dimensions
and weights. Over the years, by decreasing the welght-horse-

power ratio to give higher speeds on grades and by improving
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octhexr features of both vehicle design and vebicle opexatiouns,

the safety record of the heavy trucks has been continuously
improved.

A. Vehicle Dimensions acd Highway Safety

The height of the thicle has 1little effect upon the
safety pexformance of single-unlt trucks and combination
vehicles in the traffic stream. Height, however, does tend to
mask the view of traffic signals from other vehicles,» It is
true that vehicle helght has some effect upon the center of
gravity, and therefore might contribute to overturning accidents.
Generally speeking, freight vehicles are loaded with suck heavy
material. that the vehicle height in itself is seldom a factor
in raising the center of gravity to a point high enough to
induce overturning of the vehicle.

An increase in overall width from 96 to 102 inches will
somewhat reduce the overturning tendency. In sddition to this,
the additional width of vehicle will permit the development of e
better braking syster and adequate room for the proper width of
tires without exceeding the meximum limit.

As compered to 96 inches, a width of 102 inches probably
will result in some accldents that otherwise wowld not happen.
Accidents are caused by split-second tlming of events and frac-~
tional inches of relative spacing of vehicles and fixed objects,
The larger any vehicle is the more it restricis the view from

other vehicles. Reasoning from these premises could lead to
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the conclusion that 102 inches of vehicle width as compared to
a maximum width of 96 inches will increase rather than decrease
the number of vehicle accldents. However, these factors as
causes of an .ncrease in accidents reshlting from increasing
vehicle width to 102 inches may be offset by the improved
braking system and rear axle design along with reduced overturning
tendency.

The important factor with respect to vehicle length is
its effect on the behavior of the vehicle in traffic. The be=
bavior in traffic refers primarily to keeping the vehicle in the
difect line of travel, that is, free from swerving or departures
from the normal wheel track. It 1s true, however, that off-
tracking of the vehlcle in turning movements requires attention
from the viewpoint of safety.

In addition to the offtracking as measured in terms of
the wildith of pavement or lane required to enable the wheeltracks
to remain within the pavement width or lane width, the effects on
other traffic of offtracking of the rear axle of a truck must be
considered. On four-lane divided highways with flatter curves,
there is little encroachment upon the adjacent lane because of

offtracking on curves.

B. Two- and Three-Unit Combinatlons
In the accident records there is little experience indil-
cating the relative degree of safety of & single-unit truck, a

two~-unit tractor combination (tractor and semitrailer), two-unit
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tractive truck (full truck and full treiler), sud a three-unit
combination (tractor, semitrailer, and full trailasr).

The combination vehicle of twe or three units may have
some tendency, under certain conditions, to swerve when it is
heavily braked. This swerving ie preventable by the use of
proper towlng connections that have been devaloped. AlL
vehicles have a tendency to track slowly to the left or to the
rright as they progress down the highwsy on & tangent section.
This tendency is becmause of short undulation in the pavement
profile, the effects of wind, and the effects of steering-wheel
pressure. The longer the vehicle the more tendency there is
for its lateral displscement {c be widened from the true for-
ward tangent path. These laterel movements are not unsafe for

traffic in a lane that is 12 feet wide.

C. Weight of the Vehicle

The gross weight of the vehicle 1s a factor primerily
affecting braking or stopping distance and the minimum speed
on plus grades. The heavy vehicles nov have adequate breke
systems to take care of all meximum loads within a stopping
distance thet is in agreement with the Uniform Vehicle Code.
In addition, brakes have been developed to give adequate
stopping diatances for vehlcles with a total groas vehlcle
welght of roughly 125 kips, or that weight now found on toll

turnpikes where 1l00-foot vehicles are permitted.
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The weight-hoz;sepower ratio of around 400 pounds per net
horsepower is adequate to permit a vehicle to ascend a 3-percent
gi‘ade at a minimum speed of 20 mlles an houxr. The horsepowers
available and those immedietely projected by industry indicate
that with increased weight of vehicles up to 125 kips total
gross weight, adequate horsepower is available to enable the
vehicle to maintain a minimm speed of 20 miles an hour on a

3-percent plus grade.

D. General Considerations - Vehicle and Driver

o The high cab of the truck gives the operator a better
vision forward, as well as to the left, right, and backward on
the left. This additional sight distance compensates somewhat
for the shorter stopping dlstance of smaller vehicles. The
driver of the high-cab vehlcles can see objects at crowns of
hille and around curves to better advantage than can the passen-
ger car driver.

The usually high welght of trucks per square inch of
contact between the pavement and tire gives a high utilization
of potentlal frictionmal force, which in meny cases is much
superior to that of passenger cars. These heavy vehicles skid
less and lose tracticon less than do passenger cars.

E. Effect of Highway Design on the
Safety of Line-haul Freight Vehicles

From the viewpolnt of traffic safety, the geometrilcs
of highwey design~-so far a”is present standards and practices
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are concerned«-do n.oﬁ ecoptribute more to highway accldentz ou
the part of line-hauvl vehicles than they do to acecidents in-
volving other vebicles. The lane widths seem to be adequate,
sight distances are relatively adequate, and for the speeds uged,
the curves and corners are usually adequate from the standpoint
of accident prevention. Strictly from the point of view of the
traffic-accident factor, line-haul vehilcles can operate on
current highways with about the seme relative degree of safety
as can other vehicles.
F. Effects of Line-haul Vehicles
Upon the General Traffic

The width of line-haul vehicles has some effect upon
tﬁe passing of trucks by faster moving vehicles on two~lane
highways. It is perhaps true that some pessenger car drivers
night be hesitant to overtake and pess a truck 102 inches wilde,
when they might more readily pess & truck 96 inches in width.
However, for all ordinary usage the l2-foot lane affords the
necessary safety for overtaking and pessing 102-inch wide
vehicles. On the 4-lane divided highways, the factor of width
up to 102 inches would give rise to no partlicular problems of
highway safety. Where lanes are less than l2-feet wide, the
clearance may be less than 1s desirable, but here generally the
ADT will be light and the truck percentage low. |

The length of vehicles is also an element that would

affect the overteking and passing mensuver of slower moving
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vehlclez. The longer vehicle to be passed would make necessary
& slightly longer passing time and distance and also would
restrict somewhat the general view of passenger car drivers,
perticularly on curves, thereby restricting thelr tendency to
pess.

One of the advantages of greater length, however, is to
rgduce the total number of comblnatlions on the highway. Under
& 65-foot maximum length, 1t would require fewer vehicles to
haul the same total gross tons of payload than under a maximum
length limit of only 55 feet. It probably is safer to pass one
combination 65 feet long then to pass two shorter vehicles each
separately operated.

G. Accident Experilence with Double-Trailer
Combinatlons oa Toll Turnplkes

The experience of some of the toll turnpikes, with
reapect to the operation of double-cargo combination units
consisting of a tractor and two WO-foot trailers, is some
indieation of how safe such operations can be. One of these
opersators hes reported the following facts of 1lis operation:

(1) In four yeers of operation, 95 thousand loads of
freight in twin-cargo bodies have been moved, averaging 10
million trailer-miles pexr year.

{(2) The drivers have operated 43 million trailer;miles

with an accident frequency of over 1,500,000 trailer-miles per
mishap of any kind. This compares with a total system accident
frequency of 270,000 mlles pexr accident.
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(3) Only 10 of the 29 secidents oceurring in this
period were classified as preventable. Total dnsurance clsims
peid ia the four years amounted to less than $28,000 or $7,000
a year.

(4) 7he drivers operating out of the Manchester head-
quarters averaged 5,540,000 trailer-miles before becoming in-
| vqlved. in an accident of any kind. The Albapy drivers operated
2,450,000 consecutive miles and the Boston drivers 3,768,000
{railer-miles without an accident.

H. Test Operations in Idsho with
Double and Triple-Carge Units

In the fall of 1964, the State of Idaho Department of
Highways issued its resesrch report No. 35 under the titie
"Highway Operations with Truck Trailer Double and Triple Units."
The following highlights of the publication &re reproduced here
becauce of thelr pertinency to this report on the desixable
dimensions and weights of motor vehilcles.

The operations were with tractors pulling double L4Q=
foot trailers and triple 27-foot trallers. The leongth range
was from 94 feet to 96 feet in total. The freight carriers
were engaged in regular operations. The only difference was
that certain observations and recordinzes were made for these
particular test operations. The gross loads ranged up té
134,900 pounds on & S5-axle tractor-semitrailer with a h-axle

Cfull trailer.
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The test units were passed by lighter traffic without
any particular difficulty. Seventy percent of the traffic
passed the unit in less than 16 seconds, and 95 percent of the
light vehicles passed in less than 20 seconds. The heavier
units (that 1s, other trucks and house trailers) took from 12
to 40 seconds to pass the test vehicle, with nearly all of them
requiring more than 25 seconds.

The tracking of the trallers was relatively smooth,
except for the triple tréilers that were hooked together with
8 pintle-hook hitch. With this hitch the third trailer had a
tendency to weafe back and forth, causing some swaying of the
cab. Braking of the unit stopped this sway. The combinations
using the airlock hitch held the units firm under all conditions.
The double-cargo combinations gave no indicatlor of swaylng at
all.

The traffic flow on the 4-lane sections of the
Interstate system appeared to be unaffected for the traffic
volumes encountered. Modern 2«lane sections having adequate
sight distances and cllimbing lanes on the longer hills caused
only slight delays and rarely caused anyone to follow more than
2 or 3 minutes before a passing opportunity occecurred.

All 2-lane sections having limited sight distance and
no climbing lanes on longer hills did create delays, and.often
several vehicles would be delayed until sight distance

permitted passing. The worst areas for delay to traffic occurred
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on plus grades when the test vehilcles were moving comperntively
slowly. This was particulaxly true in sections whers the
climbing speed for the test vehicle wss 8 to 15 miles an hour.
3. SUMMARY AND EVALUATION OF TEE

FACTOR OF HIGHWAY SAFETY

Whether or not &n increase ir the maximun legal limit
. of axle welghts would chenge the acecldent experience of motor
trucks is not disclosed by the avellable analysis of accldent
experience. The same conclusion 1s resched with respect to
gross vehicle welght and for the same reesons. Although teble
6-3 shows a higher involvement rate per 10 million vehicle
miles (296) for the registered gross weight class of 24,001 to
41,000 pounds as compared to the rate (213) for the 12.001-to
2k ,000~pound class, the conclusion is not velid that this
increase in accildent rate from 213 to 296 is a direct result
of the increase in registered gross weight. These two vehicle
weizht classes are each composed of different types of vehicles
in different types of usage on wsuny highway systems.

The reasonableness of the foregoing conclusion is proved
by the fact thaet the highest regletered gross welght class,
41,001 to 72,000 pounds, has an involvement rate of 166 acci-
dents per 10 million vehicle miles. Moreover, the conclusion
would not be valid that gross weights above the L1003 to
72,000-pound class would result in an acecident-involvement

rate of lesz than 166 per 10 million vehicle miles.
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It follows then that there is little evidence now
avallable to support any conclusion with respect to what effect
an increacse in maximum legal limit of axle weight or gross
vehicle weigl.t would have on accident fates in traffic. It is
likely, however, that any increase in gross weight of trucks
would result in a higher cost per accident, principelly because
of higher investments in the vehicles and in the cargo carried.
But such an increase probably would not be an increase per ton-~
mile.of payload transported.

Teble 6-U4, although showlng a decreased accident-
1n§olvement rate for vehicle combinetions as compared to single-
unit trucks, cannot be interpreted as predicting a lesser acci-
dent rete for two- and three-cargo units as compared to elther
single-unit trucke or one-cargo-unit tractor-semitrailers.

Here again, there are so many varlables lavolved that any con-
clusion may reasonably be questioned. The single-unit truck
class involves so many 2-axle trucks not affected by any
increase in vehicle dimension or weight limits that the compar-
ison of single-unit trucks with vehicle combinations is not
usable in a study of the desirable dimensions and weight of
vehicles.

As the newer year models of trucks enter the txaffic
population and the earlier models are retired, the performance
==gcceleration and deceleration=--of vehicles in the traffic
stream will be improved, even though no further gains are made

in design.
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Although ro conclusion cen be stated with certainty
regarding the influence of increased legal moximum limits oo
acecident involvement rates, the limited evidence does not
indicate that the resulting accident retes would be above thoss

novw prevailing, particularly on a payload ton-mile bacis.



CHAPTER 7
ANALYSIS OF THE 1962 TRUCK WEIGHT STUDY

Any study of the desirable vehicle dimensions and
welghts 1s greatly enhanced by reliable information on the dimen-~
sions and weights of the vehic;es using the highways, especially
information with respect to their axle weights. Fortunately,
this information is available. The 1962 truck weight data are
discussed in this chapter for two reasoms: (1) in order to
deve].ox: a better kncwledge of -the classification and weights of
vehicles on the highway and of the comparative weight préctices
with respect to current legal maximums and (2) in order to
present the basic date used in the analysis of the ecc;nomy of

dimensions and welghts of motor vehlcles.

1. FLAN OF THE TRUCK WEIGHT STUDIES

Bach year, as part of their ananual collection of
information for the Federal-aid highway planning projects, the
several States weigh vehicles at permanent and temporéry welgh-
ing stations. The main information collected is the vehicle
classification of each vehicle and axle or tandem pair of axles,

whether the vehicle is with cargo or empty of cargo.
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Reliable weights (axle and gross) ave obhained froz the
weight data for each clase of vehicle except passenger cars &nd
buses, which are not weighed. The traffic volume and classifi-
cation are obtained from the vehicle count. These two sets of
data combiped to produce a good vehicle welght study for each

welghing station.

2. AXLE-WEIGHT DISTRIBUTION

The AASHO pavement desigp formulise are based on the
application to the pavement of equivalent 18,000-pound single-
axle loeds. The standard tables preseating the resulis of the
truck weight studies report the axle-weight frequencles by exle-
weight groups separately for single and tandem axles by vehicle
class. Therefore, an examination of the axle-weight distribu-
tion as reported for the 1962 truck weight studies will make
poseible some progress toward developing the axle-weight
distributions and pavement desigus required to determine the
economy of maximum axle-weight limits reported in Chapter 10.

Figuree 7-1 and 7-2 are curves illustrative of the
distribution of single and tandem axle weights for different
classes of vehicles for California and Maryland. Curves of
this type were plotted for each of the 46 States for which
truck weight data were available.

The single-exle curves include the fropt or steering
axle, commonly weighing about one-half the welght of single

axles cerrying full loads. The figures show & few of the load-
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carrying axles over the legal weight limit, particularly in
Caelifornia. As subsequent discussion will show, overloading was
common in most States and for most vehicle classes.

A significant point shown by the full set of curves
similar to figures T-1 and T-2 is that axle weights, single and
tandem, are widely distributed from a smell fraction of the
1egal limlt to 110 percent or mpre of the legal maximum. The
percentage of axles welghing from about 2,000 pounds less than
the lezal maximum limit to above the legal limit varies from 10
to 20 percent. Stated differently, 80 to 90 percent of the
axles are operated at less than the Legal weight limit. Since
ebout 33 percent of all line-haul vehicles on the highway are
empty of payload and 50 percent are carrying ounly partial loads
on an axle-welght basis, it follows that only about 17 percent
of the vehicles are operxating at full legal maximum axle weight.

Table T~1lA summarizes the information dealing with
single and tandem axles that was obtained from the 1962 truck
welght survey. This informwation 1s presented for the primary
rural highway system and all census divisions by class of
vehicle and axle-weight group based upon State legal limits,

Overloaded axles are found for the full range of legal
axle welghts. The amount and quality of enforcement of axle-
welght limits, State by State, is one factor 1n the percéntage
of overloading. Another factor in certain States is that

vehicles carrying certain products are legally permittied to



Table T~11A.-Summary of axle weighings above Jegal limits for the primary highway system {Syetem 3), by vehlcle class and
Data are from the 1962 truck welght studies,

lagal weight growp

9-¢

lLof 3
Wumber of axles according to excens axle weig,nt‘ above legal limits Overvelght
Vehicle cless Number N“’;“f’” 1 4o 1,001 to [ 3,001 to | 5,001 te | 7,000 o | 9,001 to ] 11,001 to |13,001 to :““: a8
and axle-yeight of o 1,600 1ve. | 3,000 1bs. |5,000 1bs. | 7,000 1bs. 19,000 Yba. 11,000 1bs| 13,0001ba.]15,X01bs. Pogeio:.lﬁe
timit group Stetes | yeipned | Mo, 4 | Ne. % No. % INo. $ | Bo.{ 4 INo. | % No. | %- vo.! 4 weighed
L Single axle
18,000 and less 19 1,924 1.01 .05] 2.0 10} == - - -t aa S R SRR J .15
18,001 - 18,999 T o07 - - - - - - - PO B we § ma ] o= - | a= [ 0
19,000 - 19,999 5 671 - - 51 081 W5 0T -- -] - wa ] as | e s .15
20,000 - 20,999 3 306 - - - - 1.0¢ .33} =-- == == =1 =] == = - ani - .33
21,000 - 21,999 1 Ly RS B« - - - - - — - N R S JO .97
22,000 - 22,999 7 625 - - - - o - - B ==t we ] o -] - ) == 0
23,000 and sbove b 283 - - - - - -- -- -] - VNS QR R -— ] - S v}
All combined (Single) L& 4,757 L.l .03y 2.57 .05 { L.5] .03] -- - e- s= ! wa | - = f =} ] -- 11
A Tander axle
32,000 and less 22 2,119 1107.81 446} 51,582,213 (18,5 76 111.3¢f 47| 8.8) .36 |5.0 ] .21 | 3.0 § .12] 1.0 .Ob 8.55
32,001-33,999 7 855 13.37 1.56] 17.6}2.06 1 7.6] 89| 4.1 ] 4B | 1.8 .24 1.7 | .20] 1.0 1 2] 5.7 .67 6.19
35,000 - 35,999 2 135 - - 1.0f .74 | 1.0 .74} L.0) .T& | 3.0712.22 {2.0 |1L.48 B | o= 5.92
36,000 - 37,999 9 575 15.2f 2.64) 2503 4.17 § 8.011.39 ) 7.3 ]1.27 ] 5.7] 99| ww | == -= | ==} 2.0§ .35 10.81
38,000 - 39,999 2 282 5.01 1.77 - - -- -~ -- -1 -- ol T 1.0 | .35( == -- 2.12
40,000 and above 3 73 k.51 .95l 1.0] 21 .2 ok | 2.0) 42§ 4.0 85| - -- e wm -—f - 2.7
Not specified 1 18 - - - - - - - ae | a- | e} =- FERN N | == 0
All combined (Tandem) L6 L, 757 1145.8) 3.06% 95.112.00 |35.3] .Th|25.7 sk 123.3F .49 |87 ] .1 5.0 § .11] 8.71 .18 7.30
=51 Single =xle
18,000 and less 19 10,464 1207.071 1.98] 53.0} .51 j21.0] .20 | 5.0] .05} -- e ] ~= | == 2.0 ].020 -] - 2.76
18,001 - 18,999 7 4,725 66.6f 1.41f 36.0{ .76 7.2} .15 3.0 06| 2.0 .04 .1 o - | = el == 2.42
19,000 - 19,999 5 2,784 6.7 .80 2.2 .08 1.0 ok -- -] - e | =] -- - | == -] =a T2
20,000 - 20,999 3 1,356 1.0 .B1}f 21.0]1.55 | 8.0 .59} 2.31 ar| -- [ e | - = - we]| == 3.12
21,000 - 21,999 1 354 2.4 .68l 2.0l .57 1 20| 57} 1.8} o -- e ] e ] - S I 2,22
22,000 - 22,599 7 3,942 31.5{ .80| 34.7% .88 (21.1| .54 8.2 .21 ) 1.7} o4 6] .02 -— | -- -] - 2.49
23,000 and above ) I 1,995 L7 .28l 2.5F a3t -- - - | - ] =] -- JUNE B ] - .3
All comb red (Lingle) LT 25,620 | 339.9] 1.33{151.4}f .59 i60.3| .24 }19.91 .08 | 3.7 .01 7! .00 2.0 ].01] --|] -- 2.



Table 7 -11A.~ Summary of axie waiglings apove legal limits for the primary highway system (System 3), by vehicle class and legal weight group
Data are from the 1962 truck weight studies.

20of 3
Number of axles according Lo excess axle welght above legal limits Overveight
Vehiele olaess Narber Fumber axles as
- and axlesreignt + 4o 1,001 to 3,001 to 5,001 to 7,001 to | 9,001 to [1,001 to}l3,001l to percentages
angd exteswelsn ol °i 1,000 1bs. 3,000 ibs. | 5,000 lbs. [7,000 lbs. [9,000 1bs. [11,000 lbs. [13,00016s [15,000 ivs. | PEEE0 S
imit ar SlRies | RXAAT
Limit grovn voeihed No. % No. 4 No. % No. | % No. % | No. % c. | % No. 4 | weighed
2-52 Single axlie
18,000 and less 19 | 1B,557 928.0] 5.00[180.0} .97[ 38.0] .20 19.0f .1 120} .08l10 J.or f -t~ -« |- 6.34
18,001 - 18,999 7 8,854 210.0f 2.37]183.2{2.07 | 65.5 .74 15.9] .18 18.5] .21 1.4 .02 ] ~= | - | == }- 5.5
19,000 - 19,599 5 7,142 143.9] 2.011 65.5) .92 ] 16.2 1 .23| 3.8 .08 2.2 .03 - el - - 3.2k
20,000 - 20,993 2 5,014 116.2f 2.32|136.912.73} 4.0)]| .80} 10.8 .22 3.0| .06} - - — - - 6.13
21,000 - 21,999 1 486 12.6) 2.58| 16.11 3.30 5.5 |1.13 1.4 .29 3106 7| 15 ] =} - - - T.51
22,000 - 22,999 T 9,166 164.8] 1.80) 19081 2.081 65.9 1 .12 2.7 . 1.0(0.01] 4] .01 e | - - - 4.73
23,000 and above L 5,712 2e.6] Mo | 20.6] .36 4.5 ] .08 - - - - - - -] - - - .BL
All combined (Single) 46 54,933 {1,598.1 2.911793.1{ 1.44 j235.6 | k3| 60.6] .11} 37.0]| .07 3.5 } 0L | == | - -- - k.91
2-52 Tandem 2xle
32,000 and less 22 | 11,785 696.5] 5.91(239.5({2.03 { 88.0 .75 68.0f .s8] 35.0[.30[13.0 { .11 [ 5.5{ .05] 5.0 |.04 9.77
32,001 - 33,999 T 4,880 83.8] 1.82|113.412.32 | 52.9 [1.08 ) 37.71 .T71 33.9] .69jek.2 | .50 |31.3] €4 3T.4 |.7T7 8.59
34,000 - 35,999 2 270 5.9 3.67| 16.1|5.96| 7.5|2.78{ 3.3 1.2 1.7} .63] 1.0 | .37 3 -- - .74
36,000 - 37,999 9 i, 591 32.2) 70| 55.401.21 ) 29.2) 6k 16.3F .36f 8.9} .19] 4.1 .09 | 2.5| .05] k.0 j.09 3.33
38,000 - 39,999 2 1,899 1.5 .08 3.7 .19 2.0 | .11 - - —] - - - - - - - .38
40,000 and above 3 3,695 19.6F .53 | 24, 66 B.w | .23 3.6] .0 1.3].0ckf1.8 ] .05 1 1.2] .03 -- 1.64
Not specified 1 116 -- - - - - - - - -1 - - - - - - -
All corbined (Tandem) JIT 27,236 8L8.5| 3.12 1 b52.5]11.66 1188.0 | .69 |128.5 .u47| 80.8( .30] k.41 | .26 {ho.8) .15} 6.4 }.17 6.72




Tabie 7-11A. Summary of axle welghings

sbove lcgal limiys for the primary highwey system (System 3), Dy vehicle c¢less and legal weight group.
Data are from the 1962 truck weight studies.

Jof 3
dumber of axles according to excess axle wolght above legsl limits Overveight
N axl
Vehicle cluass Jumber "‘“‘]j_»“r 1,001 to 3,001 to 5,001 ko 7,001 to 9,001 to |11,001 to {13,001 to Pn_re::t:;e
and axie=weight or . :;q 3,000 1bs. {5,000 1bs. | 7,000 ibs. {9,000 1bs, 11,000 1bs.}13000 1bs.|15,0001bs.{ of total
. - o 1 weighed
limit group States | edghed NG . % No. 4 | ¥o. 4 | No. 4 No. % LNo. | % }No. % |No. ' < &
352 Single aXle
18,000 and less 19 9,139 0§ a5 8.0 .09 3.0{ .03 - - - - ] - - - - 27
18,001 - 18,999 T 4,757 .51 .03 -- el B - - - - “] ae] = mm e fae | - .03
19,000 - 19,999 5 , 5.21 .25{ 2.0 107 1.0f 05| 0.8 O%] ~= ) b caj wm | =} fe= | - el
20,000 - 20,999 3 105 - -] -- -] - - - S N R R T i QR -
21000 - 21,999 1 450 - - - - - - -- - - - -t . -] - - - -
22,000 - 22,992 7 371 - - -- - -- - - - - - — - - - - - --
23,000 and above b 559 -- - - -- - - - - - - -] -- I - - -
All combined (Single) 46 17,847 20.7 1 .12{ 10.0| .06 4.0p .02 0.8 01 - - S -1 - - 21
3-S2 Tandem axle
32,000 snd less 22 20,073 {1,040.0 [5.18 ] 314.T {1.57| 79.5! .bo | 43.5}| .22z {2i.2 |.11 |{1ik.T| .07 6.2! .03 }29.7 .15 T.73
32,001 -33,9%9 7 8,895 235.8 {2.651 317.8 13.57 | 150.2{1.69 | 67.9 } .76 |26.2 }.29 {1L.0 | .16 8.21 .09 6.é o7 9.28
34,000 - 35,999 2 2,150 50.6 12.35] 104.8 J4.B87| 69.603.24 | 36.5 [L.T0{15.4 {.712 ] T.4] .34 2.7¢ .13 .q .02 13.37
36,000 - 37,999 g 1,616 0.5 .65 2.0§ .12 1.0] .06 - - -- - - - -- - - - 83
38,000 - 9,999 2 190 g1 a3l 1o .53 S8 | - | - S T R -~ -] -- - 1.16
40,000 and abdove 3 378 .51 .13 S) 13 - - -- .- -- -] - - -- - e - .26
Not specified 1 o - - - - - - -- - - -] - - -- - - - -
All combined (Tandem) L6 33,302 11,338.1 4,02 T40.8 1 2.22] 300.8] .90 |1b7.9 |} .44 ]162.8 |.19 {36.1] .11 [17.1]| .05 36.'# mh! &.oh

8-L
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carry axle welght above the limits for other vehicles. For
example, Idaho permits 500 pounds more weight than the generally
prevaliling limit on single axles and 5,800 more on tandem axles
for vehicles hauling timber and timber products, ores, concen-
trates, aggregates, and sgricultural products including livestock.

Beceuse the 1962 truck weight survey did not report the
commodity carried, overloading cannot be traced to the type of
commpdity. It is known that some carriers overload as a stan-
dard practice, reflectlng the level of eanforcement and the
magnitude of the finaes imposed.

It is highly significant that overloading 1s found in
almost all States for all types of vehicles and for the full
range of single-axle limits up to the maximum limit of 23,520
pounds. Table 7-11A portrays the same general facts for tandem
axles as are shown for single axles, except that for tandem
exles cverloading is more severe. For ease of comparison, the
totals for single and tandem axles from table 7-11A are brought
together in table 7-11B.

In general, the percentage of overwelght axles is found
to be about the same level regardiess of the legal weight iimit.
There is even some overwelght on the steering axles (3A and 3-S2
vehicles)_ For the class 2-51 vehicle, the single-axle average
of 2.26 percent includes the steering axle slong with two‘load-
carrying axles. Therefore, the effective percentage of over-

welght 1z about 3.3 percent. These facts clearly show that the



Table T-ll B.-- Sumeary of vehicle axle weights above legisl limits grouped according 4o excess welght, by veblcle cless snd axle
arvangement, for the primery rurnl bighway system {aystem 3) and all cemsus dAivisions

Data are from the 1962 truck weight aiudy.

b Jupber of axles above legal axle-welghi limits, by evcess welght in pounds
denicle ol Hnmger'” 1,001 to | 3,001 to| 5,001 to] 7,00L ts{ $,00L tg 11,001 tei 13,001 Ovegveieht
eniele class o) AXLEB as
, L 000 ; and
nd exte axles 3,000 3,000 7,000 9,000 13,0001 13,000 over pevcentage of
arrangement | weighad No. ¢ B % % Ho. i B o.i % Ho. | % vo.| % 4otal weighed
A
Singie axle L, 757 2.5§ .05 1.51 .93 - - ® - - - S - .11
Tanden axle hTST 5.1{2.00 1 35.3{.7Th LSh123.3(.49 0 8.7 18] 5.00.31 ] 8.7 .18 T.30
2e81
Single axlie | £5,620 1547 .59 § 60.31 .24 081 3.7 .00 T 01 2.07.01 1 - - 2.25
Tandem axle - - - - - - = - - - - - -
2232
Single axle § 54,933 S L.kl 235,61 .43 w113 37.64.07T1 3.5] .01 - - = - b.97
Tanden exle | 27,236 51 1.66 118804 .69 AT 18008 1.30 14kl 165 b0L8 | .15 (hE.D § 1T 6.72
g2
Single axle 17,807 100§ 06 4.0 .02 QL] - - - - - - - - 21
Panden axle 33,302 Tho.8 1 2.22 1300.8 § .90 Ayie28 1.0 {36111 f1T7.1 .05 136.7 ] .11 8.04

oi-L
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transport industry will use higher axle-weight limits if they
are authorized.
3. GROSS VEHICLE-WEIGHT

DISTRIBUTION

Figures 7-3 and 7-4 give the percentage curves summing
the gross vehlcle welghts for California and Maryland by vehicle
class. These curves, typical of others for the entire 46 States
ennlyzed, are similar in character to those for the axle-welght
distributior. The m&rk at the practical gross limit is for the
etated legal limit or practicel limit based upon mximum legal
axle weight, whichever is lower.

Teble T-12A was compiled using the series of curves
represented by figures 7-3 and 7-4 and sumsrizes the informa-
tion on overloading as to gross welght for the primary rural
highwey system and all census divisions. This table, based on
data from the 1962 truck welght survey, indicates that the
transport industry would use greater gross vehicle weights, if
they were made legnl.

The relative role of each claes of vehicle in hauling
payload on the primary rurel highway system is given by census
divisions in table 7-19. The number of vehicles in each class
in the traffic stresm is expressed as a percentage of the
intercity truck fleet, snd the tous of paylosd carried byyeach
vehicle class 15 expressed as 2 percentage of the total tons

carTied by all vehicles,
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Toble T=12A.~=Numbers and percentages of vehlcle groas weights that ere above legal limits, grouwped according to excess weigh%, by vehicle

clags and legal mudimum welght, for the prisery ruval highvay system {pystam 3) Aand all census divislons.

Data are from the 1962 truck welghs study Theet 1 of 3 sheets

vomicle ~leas e I‘!mﬂ)gl‘ ot vehicies nbove gross welgnt Limits, by Wﬂeﬂf walght in D-;WDG_’B Ovarveignt

and lepal of Ymber 1e é & oL~ ] 10,001~ 15,001~ § 20,001 25,004~ Orpeaye vehiclas as

Lo vehicles § OF 7,000 ] 14,000 15,000 20,000 25,000 30,000 0,000 parcentage of
gross velight, - - - )

. weighed States; A S f . total welighed
pownds Ne. 5 ! No. o Mo . % ’m.{ % 1 He. i 4 Ho. | % Y& %
, i i ;

=58 than 40,000 317 3 Bl 113.221 18.9 15.330 2% 1165 0.1 .03 - - - - = oo 19.3%
3,001 -=00,999 2,515 21 238.0 | 9.2 55.3 12.117 kO | W16 ) 3.0 0 2L 2.0 0 08 - . 2.0 {.08 11.79
Lo C0D el , §39 678 8 66.9 | 9.87: 28.2 {3.27] 4.7 1 601 3.9 3B 3.5 0 %2 wn ] == 1.0 .15 15.08
2, 000~=42,999 41 1 2.5 £.107 1.0 {248 2.5 16,30 { 3.0 (7.32 | 1.0 [2.%% o= - - - 2k .ho
3, G0=<U3,999 0 o - - e - - =a -- - - - -s -- - an -=
1, GO0 m Y, 009 271 7 16.7 6,167 15.% § 5.68 [ 25.6 19.45 | 5.8 j2.14 | 1.T | .63 B 7.30 1.0 |.37 24,73
5,000==b3, 999 126 5 33.0 5,951 3.4 AT 32 ! by 2.8 338 1.3 .18 .5 .07 - - 6.0b
30,000 and over 157 1 13.4 8.53F l.2 Y6 we wo - - e = e - - - 9.29
l 4,766 46 412.4 8.6531k.8 {2.501 52,4 ) 89 (182§ .33 2.5 .20 1.3 1.93 &,0 .08 12.63
51
4,000 3,66 20 111.2 3.211 22.2 L) 2.6 { 08 21 01l -- - -- - o — 3.94
3,000=-"5,777) 1,873 3 36.2 1.231 5.6 301 2.0 1 12 B DU - - - o -- ~e 2.38
3, 000-=h5,999 b6 2 2.6 B1 8 A9 ee - - . - - - ca - e 80
r,000==47,999 h53 2 1.7 o383] == - -- - .- - -- - o= - - o .38
},000-48,099 452 3 10.8 2.39] 4.6 [ 1.02) -- - e - - -~ - - - - 3.1
1, 000~=49,909 0 0 -- .- - - o - - - - o - -- -a - wa
3,000==53,000 1,790 10 28.2 1.58f 7.6 A42) 5.2 4 .29 | 2.0 AL} -- - - - - - 2.40
1,000 and over 85 1 - .= 1.0 biary -- - - - - o= - - -- - 1.17
al 8,545 45 190.7 | 2.23) k1.8 49| 981 .11 1 3.0] OB e § .- on | - .- - 2.87
3?000--56,999 3,491 5 438.3 f12.96) 55.0 | 1.58) B.9 ) .25) 9.2] .26 4.7} 13| 2.8 .08 -- -- 1%.86
", 000-=53,993 5,129 1k 437.8 8.541149.6 | 2,92 64,9 |1.27 |51.2 |1.00 |21.4 } .42 1.8 .04 - - 14.19
1,000-=53, 900 6,323 8 46l 7 7.351130.7 1 2.07135.7 ) .56} 8.8 .14 .51 .01 o= - - - 10.13
1,000=-560,999 2,538 6 93.4 3.68) 57.3 | 2.26) 17.1 1 67| 3.9]| .15 81 .03 -- - -- - 6.79
.,000--61,999 1,461 2 32.5 | 2.e22| 23, 1.59 1? Sy 3.k 23 .51 .03 -- -- - - .71
1,000-<63,999 3,503 5 253.1 7-21} T5- 2.a5[1h5 | 1) 3.9 11 A oo -— | - - - 9.89
1, 000--64,999 0 o) - - - - - - - - -- - - - - - -
1,000 and over 5,002 6 195.5 | 3.91| 87.6 § 1.75(27.0 | Sh| 3.0 06| -« | -- o -- - 6.26
al 27,452 Lo 1,915.3 6.981578.9 {2.11 177.5 | .65 }83.41 .30128.3] .10 4.614.02 -- - 10.16

~J
1
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Table 7-12A.--Numbers and percentages ol vehicle gross weights that are above legal iimits, growned according to excess weight, by vehicle
class and legal maximum welght, for the primsry rural highway system (eystem 2) and all census divisions.

Date are from the 1962 truck weipght atudy. Sheet_2 of 3 sheets

Vehicle class |y mer Rumber of vehicles above gross !feight liwits, by meesn‘ weight in pounds Overveiaht

and legal of Bo. 1~ 5,001- 10,001~ 15,001~ 20,001~ 25,001~ Over vehicles as

Eﬂxi?gﬁt vehicles | ©F 5,000 10,000 15,000 20,000 25,000 30,000 30,000 ercentages of
Zrcss We o Sta

pounds vwelghed = e, 51 wo.l B IBo. | % %o | % lmo.] % | Ho. | & | mo. | g |rovel veisned
32
55 than 65,000 21 3 3.6 17.1ki 2.8{ 13.33 1.6{4.76] 1.0( k.76 b 2.86 - om - - 42,85
),001~:§0,999 0 o - -= - —a el B - oo - - - - .- - -
~, 000~-61,099 71 3 9.7 13.66§ 4.31 6.06] 2.2/3.10] == - o - . e - - .
2,000==62,959 0 D - - . - —— | - - - —a - am - - - 26.82
§,000=264,999 2,895 7 185.h 6.40|158.0] 5.46) 62.512.16f 11.2} .39 2.b] .08 2 1 .01 - an 1k,50
3, 0D==65,599 330 y 33.0 10.00] 19.01 5.76 8.0la.bk2f 2.07 611 1.0 .30 o - -- - 19.09
1, 000==56,999 778 b 186.4 | 23.961 95.3| 11.48 7.4 .95 A1 .05 6H: .08 6 | .08 B .10 36.70
L O0e=09,999 0 0 -- - - an e | ae - o - - - - - o= -
1,000==T2,999 5 k) 11 594.8 10.930130.6 1 2.50) 32.71 60! 21.1% .39% B.6! .16{ 1.3 | .03 - o= 14.51
1,000=~T3,999 4,893 10 426 b 8.71§181.7% 3.7L] 6L.001.25} 17.51 .361 3.k} .07 «5 § .01 - o= 1k.11
1,000 and over 2,h07 [ 8h.1 3491 78,20 3.251 18.9) .7el13.7}) .57 3.71 .15 o= - aa - 3.25
al 16,836 k6 1,523.h 9.051663.91 3.9k {193.7I1.15{ 66.9] .40 [20.3] .12] 3.2 | .02 .8 01 14.69
1,000 =62 ,999 153 17 -8 2521 1.2 B me | = -} -] - - -] = - 1.30
1, 000--53,995 127 3 o6 AT wm - e | -- - o - - - - - -- N7
50005k, 999 13k 2 - -n o= - e o - - - - -- - ae .-
1, 000==65,999 35 4 - - -= -- o= | == .- - - - - .- -- -- w—
15 000=56,999 58 2 - .- - e - | - - - - - - - - - -
1,800 and over b5 2 -- - .- -- -] - - - - -- - -- - - -
al 552 30 1.k L25( 1.2 .22 | - - - - -~ - - .- .- A7
’ 23
5 000==5l,999 33 3 A 1.211 12.0 [ 36.36 [  3.009.09| == | == | == | «. - == =-- -- 46.66
,000 1 1 - - - -~ - | -- - - -- - - - - - --
»000-eT2,999 135 3 22.5 16.67 [ 19.2 | 14.22 o= | - -- - - - - - - -- 30.89
,000-=73,999 62 8 2.6 kigf -- - el -- - .- - -- - -- - h.19
2000~-76,999 561 7 122.0 1 21821 621 101} - we | e | oee b ae ] - - ] - -- - 22.93
»000=4T7,999 119 2 11.3 9.501 k.5t 3781 2.0]1.68] o= | «w | == | - — ] -] - - 14.96
,520 34 1 2.0 5.881 1.9] 5.58 .9{2.65{ -~ - - - - - .- - 1411
tal oks 25 161.2 17.06) 43.8| k.63 5.9 62| - - - -— - - - - 22.31
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Toble T-12A.-=Humbers and percentages of vehicle gross weights that are above legal limits, grouped according 0 excess weight, by vehicle
class and legal maximum welght, for the primary rural highway system (systows 3) and all census diviaions.

Data are from the 1962 truck weight study- Sheet_3 of_3 sheets

- _ Number of vehiclea above gross welght limits, by excess Welght in pounds
Vehicle clmss Number { Nymber =" [ ‘ Overwvelght

and legal of of 1 5,001~ 10,001~ 15,001~ | 20,001~ 25,001~ Over vehicles as

L vehicles 5,000 10,000 15,000 20,000 25,000 20,000 30,000

m:}jwflﬁm‘\t weighed States bee- lpercentage of
e poun&s@“ ? No. % No. 4 No. % |[No.] % | %o. % {Ho. % {¥o. % total velighed
} and mmje*
2,000 2 1 12} 60,00f == | o TR (RS R D R e] aa]| oa . *60.00
3, 000=~T5, 395 15 5 1.6 | 10.67 - -- - .- - e - - - -- - -- *10.67
1o 1 1 A 000 e | - SV (P R D RN R, =] am | - - 20 00
)’900 1 1 - - nsem - - - - e - - L2} oo o - -
3,000 16 1 5.5 | 3#.37 ] 7.0%43.75 | 2.0} 12,50] «a - ae | we el ee | = ea 290,62
ind Total 35 9 8.7 [ 24.86 T+0§ 20,00 | 2.0] 5.71] == -e -— - - - - - %309 .,57
31=2
2,000 ko 2 b6 | 10.95 .21 10.00 | -= - - - . - - am - - 20.95
3,000-73,999 50 3 1.2 300 == | == U (RS T R R . N P - 3.00
5,000-=76,999 367 5 7.6 | 10.25 2.0] 0.5% | == - -- -—- - - - -e - . 10.79
3,900--80,000 1k 2 - -- e | == A T R e R A . . -
and Total 2-T5 463 12 B30 ] 931 6.2] 1.38 ] = | w2 fam} ca] ae ) e S I . 10.71

The "and more" distorts the percentages, which are based on 6 axles.
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Table T=10, == Total, tong o cargo, percentage hanled by each vehicle class,

N and, nunber of vehicles by class in the tobal ADT, based on Hde ..
‘ ' | 1962 truck welght data for the yursl primsry system (System 3) _ .
N 34 2 P 2 Teefoe Sedxls | 201z, SeAxls Total
MW 8 ;‘&r:fﬂ Ho. Payloag e, Payloed e Payloced 0w Payload wﬁm Payload ‘ﬂig;. Favlcad vl:gi Payload
; o - - ahle ) Yehie s 1 el £ - P -

' ADT Fvﬁ (Tcasi 6 v:ﬁi Tons | 5 V;{; Toas | % o Tons | % ‘2{; Tens % cle Tousi &% cle Tons 5 |
le EaEa 25 ' 18 195.0[7.1] 52 1203.103h.9] 17 9583 {73.% L £3.1] %6 - - - - - = | 12 13,360.5}100,0
- e {9.h4) > {271.2%) “lten.am . (2.14) {100.0%}

8. M.A, 4,084 29 [5a515,7 64 bk hi B.T] 275 12,308.%lgn,7 4 99! 2.8 - - - - - - 37 12,792.2100.0
‘ {7.6%) {17.3%) {73.5%) {1.64) (moééow ' o
3. 24N, | B,062 32 NR.65.9 ( ,5‘; y 203.8} 7.8} éygﬂ 2,136.8!82.0 ( 9;) n2.2| §3 - - - - & - (a.go o) 2,605.% {100,
9. ¥, ih, o 1] 2,5 £ .
"B, BeAsS. | 2,003 {- fsi I7.1{5.6 - 3(;:! 18.3 6.8 ; 1’!2%) 1,398.0[gn.2 !&1:6.4 1301 7.4f - - - - - - (lgggm 1,742,5[100.0
' N3 BIeER=4 73,2 . . . .
Be 3sBeCo | 3,221 (o 629? hm.,s L2 ¢ 1»6& 192.5%) 7.9| 135  |1,08L.Biu4.6 (35’9} 936.2{38.6] ' 3 5.3 2.0l S £85.01 2,71 206 - 12,%24,8{100.0
©(T.b) (15.6%) (bs.5%) {28.7%) {1.0%) {1.73) (100.0%) '
fo WTCo | 1,563 15 181.318.6] 13 | 5%.1] 5.81 33 263.7/27.9} 50 555.5157.Tf = - - - - - {1 11 oh3,61100.0
7 s (1.7%) (29.7%) (s5:1%) . oon| |
To B.D.Ca | 2,395 ‘ é;) 86.514.3 (1.533;4) 135.3] 8.6 ( éhrsﬂ ) 1,158.b17h,1 ’ 1g$ , 203,2{13.0) o . - - w = (1%1%) 2,563.51100.0
. Y «Tp 9. .
o Ba W.8.8,°] 2,328 ¢ 13 158.4{3.1 ( 32%} 15L.%] 7.9 e 9%5) T29.0[38.3 887 965.0/50.7 - - - - - - (loaﬁso%) 1,903.8 1 100.0
s 15, 10 s . o
D M. 3,200 s 7? 17.713.0 8 ) 38.7} 6.5 ( ;’ ) T2.3{12.2 @ 3? ) 346.0158.2 ( 13” 96.0]16.1 5 % ) 23.81 4.0 ( mgam §9%.51200.0
Bol 32- y 12, 1. o u. » .
18, P 3,286 ¢ aﬁ) 1221k.h ( z? 02,5 3.71 16 123.1} 5.5 (5;2?% ) 1,407.7i5%.2) k2 |603.8{21.9] 32 |397.003k.4| 265 l2,75%.2)100.0
' {9.1%) { 9.4%) (6.07) (47.9%) (15.9%) (L1.7%) (200.0%} s
Hotees

The purber of vehicles by wehicle class vas compubed by

to the ADT for the corresponding census divisicn.

The payload computed ves obtained as follows:

\ Ll. The gross velght carried by the eingle and tandem axles separately wns taken directly ﬁ-an the

erplying the percentage distribvution derived from bastc (countechtruck weight dats {1062

2. The sirgle and tandem gross weights were edded to get the total gross vehicle welight, .
3. The avernge eoply welght ves sub tracted from the tobel zross veight, to obtain the payloed carried.

The average empby veights were for the folloving single axle maximm weight limit groups of States:

2. Tev Englend and Middle Atlenmtie -~ 22,000

pounds )
i bs South Atlemtie Forth and South Atlamtic South == 20,000 pounis
3 c. The reoaining § Census Divisions = 18,000 pounds

vehicles weighed.
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Since, as of 1962, many of the esstern States had gross
welght limits of less than 73,000 pounds, the 3-52 combinations
were few in number and low in percentage of total tons carried.
In 1962 the 2-52 was the more populsr transport vehicle. In
the western States, the reverse was true.

The average gross vehicle welghts, empty vehicle
welghts and payload welghts for each census division for the
primory rurel highway system were compiled In table 7-20. It
is signilficant that, in geuneral, the New England and Middle
Atlantic Census Divisions, with 22,400/36,000-pound axle-weight
limite, have bigher weights than do the East and West North
Central census divisions, where the axle-weight limits are
18,000/32,000 pounds. This table also shows that in 1962 the
double~cargo comblnations were found in the East North Central,
Mountein, and Pacific Census Divisions. Because of changes in
the State laws from 1962 to 1967, double-cargo cowmbinations are

now balog vsed in almost ell census divislons.

L. OTHER DATA FROM THE 1962

TRUCK WEIGET SEUDY

The distribution of types of vehleles snd vehicle

~comblnaticns found cn the highways of each State is influ-
enced meterially by the State law. Table 7-21A prsents census
division dzts from which comperisons by region can be made.
This table gives the percentage of trucks by class (34 and
upward) counted on the primary rurzl highwey systems of each

census divieion as obitained from the 1962 truck welght study.



) Table T-20, - ~= Avwmga wvelght in mund.s of trucks as weighm L
LT e in the 1962 truck 1«'@3.1_:,1:1; Burvey, by ms.l.«m clese ti:i‘ica.ti«:m
Q%Maw ml—highway sys*&;m} _ , e T
HOTE:  The empby vehic:les were included in caledeting the average payload per vehicle,
- i . . Trusk and Trail Trail
Single Undt Trucke E Trachor Jemltraller c:ombf{miﬂ.qmg Corbinstions . ) ?f,;mnn:;
f,l:-:b;‘.& o More (7-4) ¢ Adle {(G-01) hafixia (2.52Y Sofgie nw Mome fiem . S=Avle 2-Trailer, S-Axle

Conmue Mlyision Averags Avarage B 3 Averngs Average

’ f{-?;m,; Expty }A\wch Impty |Averags : ﬁ,m_é Emptr | Avernge 1‘ : iupty  Average Gmag Troaty |Average! amogs lmptv Average
Welght |FeloRbiPaylosd|pay e |Heleat Perioadiyes vy, (Weloht|Parlond ey Vedpht Fayleadiya, gt Yelche| Paylondiy.y @t Haight [Peyload)
3. Bev Ragland ac,621 |39,9%0] 16,661189,259 21,h50 1 7,8091k3,125 |e6,050! 17,0086k, 700 32,050 31,550

120 madle Atlentis 30,087 110,950] 10,997180,085 |8LA501 T.536: 62,838 (26,050 16,703152,333 312,950 26,8633

7. South Atlaasic . | 25,515 T,T950 3,720|28,035 20,2001 7,838| k0,620 lah,Scol 15,323155,503 30,570 24,933
: {

e
+
3

ho South Atlsatie S. | 26,233 37,7950 8.huslaf ofy (20,2000 7,083 h0,T77 j24.000! 15,977 (54,225 20,570 23,459 ‘ )
%, Tast Bordh CeatraljRb,B5n 115,,535‘ G ITL,INE (16,990 1 5,305 30, 570 (23,550 16,020150,217 28,180 22,027{55,167 {25,000] 32,167{5k. 500 (20,500 | 26,000
8. West Morth Centyel|26,h63 133,635| 10,833(27,h1% (18,050 | 8,b65)39,529 |23,55! 15,979|50,000 28,190 23,820
9, Bast Souih Ceatrel|25,1h2 [15.635] @.507|27,150 (18,9307 . 8,200 30,527 23,5501 15,977 {49,579 28,1%0 21,389
8o Wesd South Jentwmi{zl, 612 115 : 8,511 39,397 123,550 15,8%7 (50,374 28,100 22,184 _

. 5,635 7,000 Es.é’és 18,950 | 9.675|41,625 |23,5%0| 18,075 [b9,828 28,350 21,638 s:,hes‘ 26,000 | 27,429{52,250 28,500 | 23,T5C
0. Pacific 25,731 [15,635! 10,096]27,138 j18,950| §,183]38,938 [23,550! 15,358 90,359 28,190 22,169{s5k,750 126,000 | 28,750(54,113 (28,500 25;613;

9. Fountala 23,635 i1
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mable 7-21A.-~ Percentages of trucks with 3 or more axles counbted in the 1962 truck weight study,
and census division S

yrimary rusel highway system, by vehicle class

¥

giﬁ%;e Tractor Semitrailer | Tractive Truck & Full| Teactor, Semitreiler
Unit —_— " ot ions and Full Trailer
Census Division| Trucks Comblnations Tra;ler Comblon On_ ; Total
34 efixdle s -fiacle 5ﬁ%§le hosxle [S-Axle ﬂ“%ﬁL& 5-Axle | O-Axle =§§le
A
(2-81)1(2-52) | ;ore more more
Yew BEngland 9.63 | 27.19] 61.27! 1.911 0.10 | -- - - - -- |100.00
Middle Atlamtic | 7.72 | 17.02f 73.60] 0.95| 0.6k | 0.07 | -- - - -- l100.00
U it b 958 | 1h.26) 73.78) 170 0.58 | 0.20 | -- - - | - |wo.00
South Atlantic ;
_ (omins 9.70 | 12.65! 73.03} 3.25) 1.32 | 0.05 | -- - - - [100.00
Eazznggifh 7.47 1 15.53) u5.641 28.71 | o.52 | 0.30 Jo.15 | 1.11 | 0.25 |o0.32 |100.00
We;:ugzzzh 13.45 | 11.46] 290. 74} 81.68 | 2.79 | 0.85 | -- 0.03 -- -- 1100.00
East South 6.63 | 15.831 68.751 8.79] -- - -- - - -~ |100.00
Central

West South 5.73 | 15.61| 40.54] 36.89 | 1.4 | 0.09 | -- -- - -- |100.00
Central

Mountein 8.25 | 12.53| 12.99] 51.66 | 0.68 l10.47 |0.23 | 3.02 | 0.17 | -- [100.00
Pacifie 9.16 | 9.34| 6.25 47.91| 1.53 {13.05 |o.2% |{11.52 | 0.20 | -- |100.00

Total-All

Divisions 9.11 | 14.90] s1.1h) 21.74 | L.14 { 1.13 | 0.04 0.70 0.05 | 0.05 |100.00
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For the 1962 truck weight study, table 7-234 gives the
percentage of axles falling within the following percentage
groupiogs of full legml axle weight for each class of vehicle:
0-25, 25-50, 50~75, 75-100, and over 10C percent. The high
perceatage of axles over legal weight in many States is
striking. In a few States, such as Idsho, some of the over-
we;ght exles could have been within the legal welight limits
because they were hevling commodities legally permitted to
exceed the generally applied statutory maximum.

Table T-24 gives the aversge eﬁpty welghts of 13 classes
ef vehicles and éahicle combinations as developed for five axle-
weight limits. These eupty weights are based upon the 1962
truck welght data extended to higher exle-weight limits. Note
that the average empty welghts increase with an increase in
legal axle-~welght limlts. When heavlier payloads per vehlcle
are pexmitted by law, 1t is to be expected that the manufac-
turers of power vehlcles aud trallers will redesign thelr
vehlcles for grester strength, which will produce greater empty
welghts.

5. TRENDS IN TRUCK WEIGHTS, NUMBER OF
AXLES, AND ADTY

Over the years the trucking industry has been gradually
changing its many factors of vehicle use, vehicle weight, and
number of axles, usually moving them upwsrd. Some plcture of

l/ Mr. E. M. Folan supervised the collectlcn of the information
glven in this section. His sourcs wes early reports and
microfiia,



- Cenwmis Division

Table T-23A.«- Total pumber of axles weighed in the 1962 truel weight study dlstributed according to the relation
between their operating welghts and the maximum legal axls limits, by wvehiele class and CD;

System 3

-t

L of 3

Parcentege of saxles in edch
percentage group of full legal
sxle walght Llait

Percentoge of axles iv each
percentage group of Tull legel
axle welzht Llimld

Percentage of axles in each
percentage group of full legal
axle weisht limit

Axle welght percentuce grouping
o of legal Llmit

‘Axle welght rarcentage grouping
of legal limit

Axle weight percentage grouping
of legal limif{

0-25 |2550] 50~75| 75-1001 100+| Total

0-25 125-50 50-75 175-100 {1004 ITotal

New England

Middle Atlantic
South Atlantic
(Worin)
South Atlantlc
(South)

Eaagt Nowth
Central

West Noxth
Centyral

East South
Central

West South
Central

Mountain
Pacific

Class 2D, slngle axle

Class 34, single sxle

b6,3141.5 1 8.5 3.0 0.7 {100.0
k7. 8140.0 | 8.6 3.1 {0.5 |100.0
32.5[{49.0 | 9.7 6.3 2.5 1100.0
ho 3lh2.7 120.% 4.310.3 [100.0
32.9148.5 {12.2 5.8 ;0.6 1100.0
32.8]47.7 {11.8 6.9 10.8 {100.0
33.6148.2 110.5 5.6 12,1 {100.0
3L.4{47.7 | 12.3 5.9 | 1.7 1 100.0
33.3{46.5 {12.5 | 6.7 11.0 {100.0
33.7{47.2 |12.2 6.310.6 | 100.0

20.958.3 [19.% 1.7 0 {100.0
21.31%9.4 |29.3 0 0 {100.0
27.6152.1 [16.6 | 3.2 {0.5 [100.0
30.8(53.1 |15.7 0.4 0 |100.0
2L.2151.4 |2k.7 2.5 0.2 {100.0
22.8156.8 [18.0 2.4 0 }100.0
27.4156.6 { 1k.8 1.2 0 1100.0
24.5)54.6 | 17.8 2.4 jo.7 |100.0
16.7151.9 | 26.9 4.5 10.1 1100.0
21.6|58.4{19.8] o0.2| o |100.0

025 12550 { 5075 $75-100 {1004 |Total
Class 3A tandem axle
3.9140.0 [21.2 | 15.0 {19.91100.0
8.5[31.8 |10.9 | 28.9 |19.91100.0.
16.0033.6 [11.4% | 24.9 {24.11100,0
28.8 |27.4 {20.7 | 21.2 | .1.9]100.0
13.3]35.1 {17.9 | 29.9 | 3.8]100.0
13.4(34.1 {17.0 | 29.4 | 6.1[100.0
19.5139.7 1.3 | 18.5 | 8.0jw00.C
13.0128.6 |18.4 | 29.8 110,21100.0
10.2136.0 {18.5 | 2k.6 110.71100.0
17.4]39.0 j14.7 | 27.1 | 1.8100.0




Table T7-23A.~= Total nmmber of mxles weighed in the 1962 truck weleht stuly Alstributed according %o the relation

betwzen

their operating weights and the meximm legal axle limits, by vehlcle class

aud CD:

.Bysten 3

2 0f 3

mmous Dlvlslon

Pereentnge of axles in e2ch
percentage group of Jull legal
sxle welght Limis

Percentage of axles in each
percentage group of Full lognl
axie welght lLimlt

Percentoge of axles in each
perceninge group of full legal
axle welght limit

Axle welght perecentoge grouplng
of legpi Limis

Axle welsht pereentagss grouping
of legal Wimiw

¢

Axle welsht percentage grouping
of legal limit

025 12550 [50-75]75-100 11004 Frotal

0-25 [26.50 1 50-751 75100 11004 FFotal

025 [25=50 1 50-75]75-100

1004 |Total

Class 2-31, slngle semi-3 axle Class 2-32, single semi-i ssle Class 2-52, b andem semi-i axle

ey Pnglapd | 19.3147.3 120.9 8.7 3.8 10,0l kls2.5 116.6 | 13.0 (6.5 {100.0117.635.2 115.3 i 23.9 | 8.0}100.0
18dle Aslantic | 28.0145.9 118.0 7.1 2.0 {100,0416.652.7 {15.7 | 12.9 ;2.1 {100.0{18.2{30.5 [22.3 | 23.1L | 5.3 100.0
QUt?mﬁf@i?tia 15.5139.7 {2k.0 | 15.8 5.0 }100.0] 9.3{43.8 {21.8 | 17.4 i7.7 l100.0l12.9127.8 lik.9 | 28.3 116.11100.0
0“$?é§ié§?ti¢ 17.70k.2 l2s.b | 11,0 (3.7 (100.0i15.2{8k.6 {22.0 | 14.0 jk.2 |100.0}16.7133.2 123.6 | 2.1 | 2.ki100.0
Eagznﬁzgih 16.3(83.8 125.7 | 1k.2 1.0 1100.0{10.5}k0.1 {25.8 | 18.7 4.9 |100.0{11.3[32.3 20.7 | 30.6 | 5.1]100.0
Henh Moxth unbl30.8 |eb.o | 18.5 |2.k 1100.0{11.9]50.k {23.2 | 18.8 |5.7 1100.0{12.0{31.0 {18.3 | 33.3 | 5.4{100.0
Eﬂzzﬂ;;:zh 17.2]4%1.6 i2k.0 | 12.5 (4.7 1100.0]10.8]39.6 {25.4 | 16.7 |7.5 |100.0[17.3[26.2 [20.1 | 25.8 {10.6[100.0
H?Z:ﬂi;:fh 17.2i.2 22,2 | 4.8 14.6 1100.0l13.5]%0.5 {20.1 | 17.3 16.6 {100.0l13.9129.% |17.3 | 30.0 | 9.4|100.0
¥ountsin | 15.3{37.8 [24.9 | 19.6 2.4 |100.0{11.0{38.8 |28.6 | 19.0 {2.6 |100.0[14.6{35.7 |29.7 | 16.9 | 3.1|100.0
Pacific 16.3{k0.2 |23.1 | 18.2 |2.2 {100.0{13.542.1 |24.0 | 17.6 |2.8 |100.0|22.7]35.3 {28.1 | 20.5 | 3.4{100.0

g2=L



Table T-23A.-- Total nuwrber of axles

welshed in the 1052

Bruck

between their opereting welghbs and the waxlmw legal axie lialis,

by vehlcle class and CD: System 3

welght otuldy dlstribubted according to the relation

~3
1

%of%ﬁ

Gaews Division

Percentage of axles in emch percentage
agroup of full lezal axle welght limlt

Percentage of axles in eacu percentage
- group of full legal axle welght limit

Axle welght psrcentage grouping of legal Limit

Axie welight percentaze grouping of legal limit

0=25 | 2550 1 5075 1 75.100 ] 1004 | Totsl | 0-25 | 2550 { 50-75| 75-100 ] 1004 | Total
Siogle semi~5 axle Tandem seml-5 axle
¥ew England 6.2 21.5 11.0 51.3 o] 100.0 | 13.6 37.2 20.4 17.2 11.6 100.0
Middle Atlantic | 12.5 4.6 12.9 0 0 100.0 | 12.7 37.3 3.3 15.1 3.6 100.0
Sowth Atlanti |
o {Ncrth§ ¢l 5.8 57.1 37.1 0 o 100.0 | 10.0 30.9 28.7 26.8 9.6 100.0
South Atlantic
{ South) 13.0 53.8 30.8 2.4 0 100.0 | 1k.9 36.3 35.0 12.6 1.2 100.0
East Forth .
Certral 7.3 6.8 38.6 6.2 1.1 100.0 7.9 25.0 20.9 3%.0 12.2 100.0
Wes®t Morth
Contral 6.5 457 k.1 1.9 o] 100.0 7.8 23.2 18.5 4i.2 9,3 100.0
Emst South ! )
Central 6.8 kg2 4.3 1.7 0 100.0 | 12.0 27.4 28.9 27.5 .2 100.0
West South A
Central 5.7 2.6 6.7 4.9 0.1 100.0 | 12.0 27.3 22.8 30.3 7.6 163.0
Mountein 1.6 4.9 52.2 1.3 0 100.0 6.9 22.1 23.5 37.5 10.0 100.0
Pacific 2.7 hi.1 55.8 0.k 0 100.0 8.9 23.7 10.0 43,4 1%.0 100.0




-+ Yable T-2k.

T=25

-~ Average empty weights of vehieles and vehicle combinatians
developed 1 from the 1962 truck weight data and expandbd to

. higher axle-veight limits, by vehicle class and highway system

(ALL velghts in pownds.)

Yehicle

) 3 =N J 3

Type 18/32 20/35 22/38 Ek/hl 26/kL
' System 1. Interstate Fursl

* pansl and Pickup k,315 k,315 4,315  b,315 h,315
25 2:275 5,275 5,275 5,275 5,275
2D _ 9,145 9,875 10,600 11,325 12,020
34 : 15,9ho 17,370 18 800 20,230 21,660
- 281 19,645 20,615 21,700 22,725 23,750
282 23,370 25,060 26,750 28,440 30,130
382 .28,0%0 29,870 31,700 33,530 35,360
2-2 end lews-- 14,000 14,700 15,400 16,100 16,800
3-2 or 2-3 26,000 26,700 27,00 28,100 28,800
3-3 and more 28,800 29,500 30,300 31,000 31,700
| 2-S1-2 and less 28,500  29,k00 30,300 30,800 31,300
' 2.52-2 31,800 34,500 35,400

| f-sz-2wanduoverMmei"

38!100 33&553

Syatem 2. Interstate Urban

?anel and Pickup

k290 k,290 %,290

23 5,220 5,220 5,220

2D 9,030 9,690 10,350

34 17,015 18,310 19,600

2-53, , 19,360 20,605 21,850
2-57 23,600 2h, 545 25,400

3-52 28,940 30,245 3,55

2«2 and less 1k ,000 14,700 15,400
3=2 or 2«3 26,000 26,700 27,400
3«3 and more 28,800 29,500 30,300
2-51-2 and less 28,500 29,400 30,300
2-52.2 11,800 32,700 33,600
3-52-2 and over 35400 36,300 _ 37,200

h,200 4,200

5,220 5,220
11,010 11,670
20,890 22,180
23,095 2k,3h0
26,255 27,110
32,855 34,160
16,100 16,800
28,100 28,800

31,000 31,700

30,800 31,300
34,500 35,500

32020032000




: 7r26

Table Tu2li. == Average empty weights of vehiclee and vehicle coubirations.
- developed from the 1962 truck welght data and expanded to

-

higher axle-weight limits, by vehicle class and hisghway system

{A1L weignts in pounds.)

Axle welght limits-single/tander, kips

VYebiele

. Type 18/32 20/35 22/38 24 /41 26/Lk
ﬁl System 3, Primary Rural
Panel and Pickhwp 4,350 4,350 1,350 k,350 %,350
23 D3 360 5,360 5,360 5,360 5,360
2D 9,220 9,510 9,800 10,090 10,390
3a 15,635 17,795 19,950 22,105 24,260
2-51 18,950 20,200 21,450 22,700 23,950
2.2 23,550 24,800 26,050 27,300 28,550
3-8z 28,190 30,570 32,950 35,330 37,710
2-2 and leos 1& Ve 14,700 15,100 16,100 16,800
2% ar B3 ‘ 26 000 26,700 27,400 28,100 26,800
%% and more 28 8oo 29,500 30,300 31,000 31,700
20512 and less 28,500 29,400 30,300 30,800 31,300
2=52.2 31,800 32,700 33,600 34,500 35,400
352-2 ond over 35,400 36,300 37,200 38,100 39,000
&/ system b, Primsry Urban

Fanel and Plekup b, 300 L,300 L, 300 4,300 4,300
28 5,525 5,425 5,425 5,425 5,425
2 8,710 ;330 9,950 10,570 . 11,19
34 lf@ 50 19,155 20,950 22,745 ek, 540
2-51 12,050 16,975 20,900 21,825 22,750
282 24,280 25,340 26;hoo 27,k4€0 28,520
382 26,970 30,360 31,750 33,140 34,530
28 and Lons 1k, 000 14,700 15,400 16,100 16,800
S or =3 26,000 26,700 27,400 28,100 28,800
5«3 and more 28,800 agg,oa 30,300 31,000 31,700
QwSlmQ and less 28,500 29,400 30,300 30,800 31,300
B52-2 31,800 32,700 33,600 34,500 35,400
gwgeua and_over 35,00 36,300 37,200 38,100 39,000

8/ Secondary Systems 5 (rural) snd & (urbsn) same as for primary systewms.
Weight dats not sufficlent $0 eatablish separste empty welghts.
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the past results of truck welght studies is called for to
compare with the 1962 data, although historical statistics are
neither complete nor wholly reliable.
A. Summyry of Some Factors from Truck
Welght Studies, 1937 to 1963

The annual truck welght studies were started about 1937
a2 a phase of the Statewlde highway planning studies, and most
States have conducted them each year since then. The data
are somewhset liwited lu scope for the years before 1959. For
all years, the State-by-State data cannot be regarded as wholly
reliable, because the vweighings and classificatlons must be
limited in geographical coveraée and in survey time at the road
site.

The informetion in tables T-25, T-26, and T7-27 and in
igures T=5, T-6, and T-7 is based on a summary of the yearly

repoxts from the followlng 20 States:

Californie EKenbucky Missouri Ohio
Connecticut Loulsians Kevada Oregon
Georzia Maryland Few Jexsey Penusylvania
Iilinods Masgachusetts Mew Mexlco Virginia
Tows, Michigan Forth Csroline Wyoming

B. Significant Trends
Some of the significant fecls to be observed are &s
follows:

1. Tandem exles are increasing.
2. Vehicle cogbinations with three or more uwnits are

inereasing.



Pable T-25. ~m Summw e:af eam oo '!:mcks and combinatioan for a1 medn mml hmmys,_lgs'r -1963_

gL

1937 15k 1986 | 19h9 19 52 1955 2957 1959 060 1961 1962
" Fumber of mmaa {Actusl) per
! 1,000 vehiclee (trucks and "
corbinations) ‘ .
A1l wehieles {incluling 2-axle) : . T :
#ingle-axle KA A =Y HA RA i i\ 2,070.2 | 2,056, ' 2,008.2 | 2,021.9
Tnndemeaile . . WA TN Ha HA M pox NA 519.4 bib.y k50,5 460.7
Tota). {tandem as 1 axle) ' A ™ o] M ™ iy T 2,489.6°) 2,470.8 | 2,468.7 | 2,482.6.
Totgl {tanden as 2 axles) L/ 2,220.8 } 2,388.8 | 2,410.7 | 2,37.12 ) 2,572.2 | 2,769.1 | 2,857.1 | 2,870.2 | 2,879.8 | 2,908.3 | 2,938.2
Fehicles with 3 or more axles B A A 3,495.0 | 3,532.1 1 3,%3.2 1 3,737.7 { 3,815.2 | 3,897.2 | 3,945.2 | 3,967.L
! I ~ L .
Mumbar of exlaloads {E-18) per 1,000 . : ‘ : .
venicles {<rucks and -ombination.s) R - i
Singlevaxle A mA 1Y HA ¥A m RA 8.2 303.8 309.3 308..
Tandem-axle ' A WA pir:} NA A A A 160.6 142.3% 195.b I 178.8
* ° Total {tandem a3 1 axle) - FA M M a A A NA 478.8 565 S04.7 4a7.0
" Distribition of vehicles {ch:t) : - . :
Single-nnit trucks Bh.32 75.72 73.57 72.6 65.97 60.68 60.26 s8.51 58.59 59.23 5T.35
Tractor=-seaitrailer . 14.05 22,15 2h.39)  28.25 3L.90 37.87 38.25 38.76 38.6k 39.28] ' 39.73%
Truek-trailer 1.64 2.13 2.1k 1.15 2.13 1.45 1.49 1.56 1.52 1.29 1.5k
Two-Trailey FA A 7Y FA i) NA RA 1.17 1.29 1.20 1.38
Total eombinatisns T 15.69 24,28 26.53 27.40 34.03 39.32 39.74 Ly.4g 41 .45 ho.77 42,65
! Al 3-axle or more vehicles WA A WA, A 36.00 Morsy  b2.38 63 bhl93 bk, 37 45.78
 Average Rros? weight of vehicles (g,;:@_ J) {12,059 11k,278  |15,422 {15,799 [18,703 21,341 {22,488 23,k22 (23,226 |24,b3h  [24,610

; 1;’ Minor cuhe?-eaces in totals dua %o meconcuea'ble diacrepaucie: in origlna.l reports.

" @A Tot avmilable . -
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e . Table T=26. == Average groes. weight by clase af tmmdmmmm R __
T o loaded and empty, on all main rural highways 193’3’ - 1063 ST :
- o g . s T - oo !
) _ 037 - | o4 | agh6 | aoh9 | 052 | 1955 | 057 | 1959 § 1960 | 061 | 1062 | 1963
 Stngle-undt trucks ~ Iy e 1 A N
| zeaxie " | 8,063| 8,695 8% | 7,395 80| 850{ 8,85 Bum| 886 9,137| . 89| 9,05
T Feaxle o - 18,728 | 20,050 | 23,618 | 21,54 | 26,567 | 27,296 | 28,357 | 29,30 | 27,062 | 29,2581 27,463 | 28,647
. Total ' 9,327 | 9,972 98| 8385 8T9| 9bos| 9,39 | 9,600 9,8k | 10,25 | 10,019 10,23
Tractor-semitrailer combinmtion | 25,565 | 27,158 | 29,635 | 32,932 ! 35480 37,944 | 39,873 10,633 | 39,984 | L1730 1,73 | 42,377
Trusk-trailer cocbinatiza 21,31 35,487 bo,236 | 48,571 20,93k | 47,515 50,611 50, 544 50,240 Sk,618 U 374 39,983
Tvo-trailer cocbination - - T e - - - - - 52,191 | 56,203 52,765 51{,56§
ALl combimations ’ 25,607 | 27,326 30,021 | 33,815 | 35,978 | 35,296 { 40,234 [ "LG,999 | 10,463 | La2,266 | hz,069 | b2,620
Al 3-axle oy more vehicles 23,06y | 25,476 | e28,8u1 | 33,225 3s,k2b | 37,599 | 39,473 | Lo,2u1 | 39,68 { siheo | bL,008 | 41,706
AL vehicles . ' 12,059 | 1b,218 | 15,422 ! 15,799 | 18,703 | 20,34 | 22,488 | 23,h22 | 23,226 | 24,434 | 24,610 ! 25,137
Zacluded in Sther combimations - S - B )
- P - e e e L r _l'
. 3 . ) . " ,- 'v - - . \"\-.\“ 1. ~ .
' 4 i 3 T, i _;,: . -~ .
‘,i . - 4 - -
e e e R e Lo R v . . S — . R - . -
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‘I‘ ) o ‘ B : ) " _.. -
. - [ ‘ N 3 2 - -
s v - 3 L
: " . e K - . ' . . v ~J
. - T - , . " -'I ‘ S ‘ ﬁ,,‘ﬂ' BN ‘,‘.. _: : o " o g .
IR Table T=27. -- Percercage distribution of tameXs dnd combinations, . N
. T by class on all medin rurnl hrighweys, 1937 to 1963. T / o
s 1937 | 1ok2 1946 | 1949 1952 1955 | 1957 1959 ‘ 1960 {1951 | 1962 1963 ¢ ¢ i
Sinpiecunit trucks . R B . i . ! -
Panel end plekup . ‘ ) . L 23,24 28.25 29.7L 29.12 | 29.30 | 31.67 3045 | 3080 1 i
2-axle, b-tire Ce O R L,00 3.97 3.7h 3.9% 3.76 3.48 3.B4 5.18
Surtotal ] ™ ‘NA m T 7.2k § 3222 | 33.45 | 33.06 ) 33.06 | 35.15) 3429 | 3558 |
2-axle, S-tire v . 26.76 26,03 | =2k.17 22,25 22.01 | 20.48 19.93 18.28 C
3-axle or more ) . ’ 1.97 2.43 2.6L 3.19 3.8 §; 3.60 3.13 | - 3.45 -
Totald 84,31 | 75.72 73.47 | T2.60 65.57 60.68 60.26 58,51 58.55 59.23 57.35 58.01 -
Tractor-romitrailer corhlination : ) L . . .
3egxle 17.59 16.88 | 12.02 | lo0.22 9.33 |' 7.18 7.09 6.26 .
bemle RA A RA RA 11.25 16.48 2).66 22.17 21.97 | 23.06 23.16 22.23 :
S.exle or more Co - . 3.06 2.51 4,57 5.38 7.28 804 9.48 10.70
Total o 105 ] -22.15 | 2b.39 1 26,25 | 3.90 37.87 B.25 | 38.76 3.6k | 35.28 | - 39.73 35.19
Truck~treiler cozbinstisn: ) ' .
Yenxle or less . 0.38 0.40 0.26 0.17 0.26 0.17 0.35 |+ 0.%3 -
Seaxle ' o TA ¥ WA 113 1.60 0.77 0.87 1.29 1.19 1.06 1.13 0.99
6-axle or more o : 0.15 0.28 0.35 0.10 0.07 0.06 0.06 0.0k
Total ) . L6 213} 2.k 1.15 2.13 1.k5 1.49 1.56 1.52 1.29 1.54 1.6 -
wo-trailer combination ' :
S-axle or less . .o - - - - - - - 0.80 1.1 1.02 1.19 1.18
Goaxle i S - - - - - - 0.30 0,12 0.1 0.11 e -
T-axle or more ’ : - - - - - - - 0.07 0.06 0.07 . 0.08 0.05 -
Total ] o - - - - - - - 1.17 1.29 1.20 1.38 1.34
Totsl combinations - . 15.63 | 24.28 26.53 1 27.L0 34,03 39.32 39.74 Li.59 | Wy.ks Lo.77 k2.65 | - M1.99
A1) 3-axie or wore vehieles ¢ . : , 36.00 | 41.75.( L2.38 Ly 681 Mh.93 | L4370 45.7B 1 h5.u4
Totel Trucks apd Combimmtivos 1 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100,00 | 100.00  100.00 | 100.00 | 100.00 | 100.00 | 100.00
FA Tot avellsble ' : L ‘ - ,
~  Included in other combinaticns ~ - ' o T ( T .
. . 3 . . e e e o e . N - ’__ - - - ( \ .‘
SUS o ! i
T et e o e . . ) _{_“«1,‘_“ S
' . ) ? - ' A - 2 3
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3. On the basis of percentege of trucks oun the highway,
the single-unit truck is decressing end the tractor-traller
combination is iucreasing. |

L. Single-unit trucks &s & percentege of the total
pumber of trucks have decressed sinee 1937 from 84.31 perceat
to 58.0) percent in 1963.

5. Toe tractor-semitrailer combinations have lacressed
in the truck ADT fyrom 14.05 percent im 1937 to 39.19 percent
in 1963.

6. From 1952 to 1953, the 2-S1 combination has
decrensed in sverage dally volume. The 2-52 increased until
1961 but is now decreasing, while the 3-52 began a rapid
iﬁcrease in 1937 which continued through 1963.

T. Thz average gross weight of trucks increased fronm

12,059 pounds in 1937 to 25,137 pounds in 1963.



CHAPTER 8
HIGIWAY COSTS

The dimensions and weights of motor vehicles are
refiected both in the geometric and in the structural factors
entering into the cost of constructing highways. Among the
antlyses necessary to arrive at the desirsble limits of
dimensiocns and weighte of vehicles is one dealing with the
effects on highway deslgn, construction, maintenance, and
operating requirements of the vehicle dimensions and weights
considered., This chapter develops the highway construction and
meintenance costs on & unlt basis that can be applied to finding
the highwey costs that would be caused by any incresse in the
lagal limits of vehilcle dimensions and weightis.

1. COST ELEMENTS COF THE HIGHWAY AFFECTED BY
CHEARGES IN VEHICLE DIMENSIONS AND WEIGHTS

A complete highway mey be subdivided into a logical
grouping of highwey cost elements as follows:

(1) Planning and preliminery engirneering

(2) Right-of-way

(3) Clearing of right-of-way (cleering end grubbing)

(4) Barthwork and small draiungs facilitles

(5) Paving, including subbase, base, wearing
surface, and shoulders

8=1
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(6) Waterway and grads-separation structures

(7) Other structures (retsining walls, riprap, etc.)
(8) Lendscape and rosdside rest aress

(9) Traffic control devices ard signing
(10) Construction engineering

Of these ten items, the following are those that may
be affected in an identifiable menner and amount by dimension
and welght limitetione on motor vehicles:

(1) Rigbt-of-way

(2) Clearing of right-of-wmy (clearing and
grubbing)

(3) Esrthwork and smell drainege facilitiles

(4) Paving, including subbase, base, wearing
surfece, and shoulders

(5) Vaterway and grade-separation structures

Prelimliosry engineering and construction engineering
are not considered to be affected by the dimeunsions and welghts
of vehiclee, bLecause the englneering and planning processes and
the man-hours would be the same (at least, the difference could
not be reliably measured) for two complete highways, one
designed for slightly wider end longer vehicles and heavier
axles than the other. The cost of constructing sny miscella-
neous structures would seem t0 be weaffected by the dimensions
and wvelghts of motor wvehicles.

Coets of grade-separstion structures, including

retaining walls, would be affected by vehicle helghts, espe-
¢ially 1f any mejor incresse in helght were considered.

However, since this investigation found that the desirablility
of heights gresater than 13.5 feet need not be considered (See
P. hnTa), it follows thet there is no need to lnvestigate the

cost of grade-separation structuresz snd thelr assoclated

construction as affected by vehicle height. The costs of
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traffic control devices znd signing are not sufficlently
affected by the dimensions and veights of vehicles to warraat
thelr consideration hereln.

2. ANALYSIS COF THE RELATIONSEIP CF
HIGHWAY CONSTRUCTION COST TO
CEARGES IR VEEICLE DIMENSIORS
AWD WEIGHTS
The fellowing discussion considers individually the
fastors of highway construction cosi, setting forth the degree
to vhich they might bz affected by the changes in vehicle

dimensicns znd weights adopted for snalysis.

A. Righteof<Way and Clearing

The coest of rlghts-of-way ls compeosed largely of three
items: (1) legel end edministrative costs, (2) costs of the
land, and (3) costs of demeges. Oply the cost of the land
could he affectsd by the dimensions of motor vehicles, and
then only if the additionsl width or length of vehicle made
necessslry wider right-of-way than would otherwlse be required.
In the szalysis discussed here, no such additionsl width of
right-of-vay 1s regulrsd. -

Trucks in mixed traffic do ubtilize theix sharé of the
vehicular ceranity of sny roaduway snd therefore contribute to
the need for more luoezs when such & need comes sbout. On the
other band, the issue involved here is vhether vehicles of

greater dimsusion or weight would require wider rights-of-way.
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Perhaps, in theory, wider vehiclez would require wider rights-
of«way, but as a practical matter, 1t is doubtful that any
change to greater limits of dlmensions and weights of vehicles

made today would inerease the future costs of rights-of-way.

B. Earthwork and Smell Dralnsge Facllitles

Were wider lane and shoulder widths required for wider
vehicles, the cost of earthwork would be increased for both
width of cut and width of fill. Present cross-section design
ggom@tﬁics vill scconmodate vehieles of 102-inch width, the
maximum that seems to be elther desirable or feesible. There
is no need, therefore, to consider any incresse in the cost of
earthwork or of dreinzge facllities as & result of any increase
in the width of vehicles. The length of wvehicle does not affect
the cost of earthwork.

The maximum height 1limit covld effect the cost of
excavation &t grade separations by requiring elther greater
deyth of excavation dr height of £1ll. Since this anslysis
does not propose any incresse in the 13.5-foot mzximum height
of vebicle, only the 5 States with & lower meximum height could
be considered to be arflected, and the design clearance in these
Stetes is probably at lemst 13.5 fest, slince this Is the direc-
tion in which legal limits sre rapidly moving. |

The cost of drainage facilitles would not be affected

by any chenges in the helght of vehicles.
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C. Pavemsnt Structure and Shoulders

The cost of pevement and shoulder structure would be
affected by the axle weight of vehicles. As the axle welght
incresses, an increase 1s usually expected in the number of
applleations of E 18-kip axles (axle-weight applications
equivalent to 18,000-pound eingle axles). At places along the
length of & higaway where the grade elevation of the pavement
iz controlled by fachors not related to the depth of pavement
gtrusbure or the belancing of cut and fill, the depth of
excavation would have o be increased by an smount equal to
the additional depth of pavemsat structure.

In the anslyses where an increese in the depth of
pevenent strusture results from an increase in dimensions or
welghte of vehlcles, some Incresse in the depth of subgrade
excavation is assured.

One-half of the distance of the construction 15 assumed
to be eut and the other half £1il. Therefore, the extra cost
cf earthwork atiributable to an iucrease in axle welght is
compubed by applylng the unit cost of excavation per cublic yard
to the added depth for one-half the mileage of pavement
stiucture for the full width of pavement plus shoulders.

The small dreinages facllities are noth considered to Dbe
affected by vehicle weight. OCulverts conceivably would have to

be designed for greater strength for wheel loads transmitted
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through the fil) to the top of the culvert styructure. The
lcad distribution effected by the pavasxmeudt styructure and the
dépths of £ill abhove culverts is such that few culverts would
require edditionsl strength &bove current designs. This factor,
then, is coansidered to b@.am@ll enough to be neglected.
. Bridges, Tunnels, and Grede-
Sasparatlion Styuctures

The eonstruction cost of bridge structures and tunnels
would be duvaressed if en increese in maximum width of vehlcles
requived grester horlzontal cleerances then are provided by
current designs. An lpcrease from 96 to 102 inches can be
eccommodoted in current designs. (See Chapter L.) Thus,
additional. bridge cost because of vehicle width 1s not involved
in this analysis. Perhaps, in the long run, as truck and other
vehicle traffic and its spesd dnerense, the 102-inch width
for vebicles vwill require greater bridge and tunnel width than
15 necessary for the ¢6-ineh width. Also, it is possible that
these styucturesz for 102-luch vehicle widih may lmpose some
additional cost (interference) on the small vehicles.

The vehlele height of 13.5 feet ie nov the maximum
limit 4o & Stetes, 5 additionsz) States haviag a higher
maximm. This means that higher vehicles nesding to be accom-
modated by an increase in vertionl clesrance of bridges and

tunnels would be fev and infrequent. Although the vehicle



8-7
height may be limited to 12.5 feet in a certain State, the
vertical clearance for design purposes is usually sufficient
to pass & vehlecle height of at least 13.5 feet.

Longer vehicles with normal axle spacing would be
favorable to bridge design, since the axle loads would be less
concentrated. Bubt bridge structures would be affected by
increased axle-welght limits. The cost of the increased struc-
tural strength yeguired is estimated using the detalled design
of bridges to arrive at the welght of steel required.

3. UNIT PRICES OF HIGHWAY
COST ELEMENTS

Because the design of highways to accommodate increased
dimensions and weights of vehicles would result in the addition
of only smmll quantitles of construction materials, the con-
stroction ecosts of such highways had to be estimeted using
unlt prices of mmierisl rether than gross costs per mile in

order to achleve the required accuracy.

L. Unit Cost of Unclassified Excavetion

Table 8-1 lists the summary of cubic yards, unit price,
and total cost of unclessified excavation in 1963 on Federal-
ald projects on the Interstate and primry highwaey systems.
There is wide variation from State to State in the pricé per
cublie yard. Fert of thie varlation is in the total sggregate

cuble yards luvolved. Other factors, no doubt, are wage rates
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" Pable 8ul.as Uﬁ@m@eiﬁeﬁ roadvey execavation

' Cost data based on 1963 bid prices om
~ Federal-ald projects on
. Interstate and primery systems

@

BOTE =

.. Sheet 1l of 2
‘ ‘ Weighted
Prica Per | Total Average
Census Division | Quantlty tuble Yard Cost Price Per
_ _ _ . Cubic Yard
Cubic Yards| Dolilare Dollers Dollars
1. Connacticut i,704,826] 0.86 | 1,466,150
Maine 35,101 3.05 | 108,000
Massechusetts | 1,679,022 0.60 -] 1,007,417
Fov Hampshire 29%,150] . 0.51 149,526
Fhodé Islend 13,k62] 5,10 ° 155,194 ]
Vernont 206,761 1.12 231,572 L
Total 3,932,678 3,017,859  0.767
2. FKew Jersey 2,902,203| 1.48 l, 295,260
Rew York 18,733,140]  Lilk  §21,355,779
Permsylvania | 48,826,851 0.72 |35,155,361
Tatal 70,462,234 60,0806, 0,862
3. Delawsrs ' - 42,000]  1.60 67,200
Maryland 9,875,544 0,68 6,715,369
Virginla - - 29,056,638 0.67 |19,467,9%7
West Virginie | 7,856,038] 0.66 5,181,025 '
b, Florids 2,145,693  0.57 | 1,394,045
Gaorgie 33,764,87L] 0.36 12,162,553
Rorth Cernlimal 16,604,831 0.37 6,113,791
South Carclima] 10,979,281 0.31 3,403,577
Total 63,61h,688 123,103,965 0.362
5. Illinois h,276,6601 ©.98 3,93%,527
Indiann b73,6%9] o,k 350, 500
Michiges 2,251,317 Q30 675,395
~Ohio- 38,207,645 ©.58 22,160,430
Wisconsin 9,379,111  0.38 35564, 062 _



. Teble 8_;-1 ~=Unclassified roadwiy.excevation

Cost data based on 1963 bid prices on .
Federol-ald projects on
Interstate snd primary systems.

Sheet 2 of 2
Weighted
a Price Per Total Aversge
Census Division | Quentity _[Cubie Yard Cost Price Per
' Cubic Yard
Cublc Yards; Dollars Dollars Dollars
6. Iowa 7,278,310 0.53 3,857,504]
Kenses 3,401,656 0.32 1,088,529
Minnescta 2,326,219 0.62 1,442,255
Missouri Bh1, 762 0.80 673,h09
Rebraska 11,751,947 0.25 2,937,986
North Dakobe - - -
Soutk Dakots 123,730,224 0.36 | 8,542,880] .
Total 49,330,118 18,542,563 0.375
T. Alsbams 20,23k,009 0.50 10,117,004
Kentucky 3,817,807 0.89 3,397,848
Missiesippi 26,579,083 0.30 72973, T2k
Tennessee 43,536,008 o.k2  [18,285,156 .
. Dotal 925‘:1663 87 39,773,732 0.4k22
8. Arkensas 9,163,518 0.52 4,765,029
Louisiana 223,611 1.10 245,972
Oklahaoms. 29,611,140 6.39  [11,548,34L
Pexo.s 27,772,653 0.51 14,164,053
Total 66,770,922 30,723,398  0.460
9. Arizone 6,632,390 .97 6,433,418
Colersds 20,268,320 0.57 11,552,942
Tdaho 6,267,220 0. 62 3,885,676
Montena 17,356,756 o.b6 7,984,107
Neveda 1,080,450 0. ks 75,398
Hew Mexico L,001,834 0.65 2,601,192
Gtah 14,985,510 0.68 10,190,146
Wyouing 16,497,165 0okl 7,258,753 -
Total 87,089, 66 - |50,381,632 0.578
10, Celifornia 37,305,040 0.57 121,263,872
Oregen 15,560,240 0.75 11,670,160 \
Washington 804,030 1.27 1,021,316
Tobal 53,669,310 33,955,170 0.632
National Weighted 1590,640.185( = (322,421,179
Price, 1963 0.545
1962 nen —mn 0.610
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for iebor and local price=. For the anslyses of the added
highwey costs resulting from increased axle weights, the
average weilghted price per cubic yard for each census division

was used, as shown in table 8a1.

B. Unit Prices for the Pavement Structure

The eost of pavement structure is analyzed on the basis
of the unit price per cubic yard of the subbase, base, and
gearing surfece in place. Since the wnlt cost of each layer in
place iz affected by the dspth (thickness), it is necessary to
compile unit bid prices by depth.

For the purpose of this study, the construction bild
prices for paving meterials were assembled Stete by State and
reduced to & uniforn basis. Such factors as the dollar magni-
tude of the project, quallity of mtgria.l, rela.t:l.ﬁ'e geographlcal
location of source of material and construction site, wage rates
for labor, climmte, and miny other fectors ceused the bid
prices per cublic yard in place to vary widely with depth of
paving.

Four paving materdsls vwere chosen as representative of
those in geperal use: (1) clay=-gravel, (2) stone-mecadam,

(3) vituminous conerete, and (4) portland cement concrete. The
procedure was to group, on & Fationel basis, the meny prb.ject
bid priece reports according to the depth of esch material and
then to ascmpute the ts’@igbtgd bid price for sach of the seversl

dspths, The fisal sverage bid prices were plotted against



depth of material. These curves usually required some
adjustment or smoothing and extension to produce a satisfac-
tory curve for the required range of depth of paving material.
In each case there‘uae e reduction in bid price per
cubic yexrd as the depth of the structural layer of pavement
increased. Such a reduction is to be expected, because such
operations 25 moving in, preparing the subgrade, compacting,
petting forms (with some exceptions), and final finishing of
pavensnt surface are independent of depth of paving materlal.
The finel bid price per cubic yard in place (table 8-2)
reflects this relationship between price and pavement depth.
The bid prices for paving material shown ia table 8-2
are National averages. In order to convert these National bid
prices to census-division prices, the factors in table 6-3 were
applied. The census-division prices were determined by
comparing unlt prices of structural conerete, plain conerete,
end paving materisls from 1958 through 1963. These prices
were grouped by States into census divisions. The final per-
centages of the National sasverage bild prices given ln table

8-3 for each census division are based upon 1962 and 1963 prices.

C. Unit Price of Structural Steel
The 1962 and 1963 Stste by State bid prices per pound
of structural steel were averaged on a8 weighted basis to

produce by census divisions the prices given in table 8-k.
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_ Table 8-2.--Price of paviog materials per oubic yard in place

Price is based upon aversge of bid prices for 1962 on
Federal~Ald construction on a nationwide basis

. Portland
Depth Clay- Stone- Bitwninous cement
{thickness) gravel macedam concrete concrete
Inches Dollers Dollers Doliars - Dollars
1 - - 22.320 -
2 - - 17.460 -
3. :b.428 7.950 15.552 -
b 3.798 6.794 1k4.418 -
5 3.h12 6.075 13.672 22,276
6 3.150 5.5680 13.134 20.5h4)
7T 2.956 5.214 12.730 19.34k
8 2.808 4,933 12.386 18.427
9 2.688 L.708 12.082 17.696
10 2.588 4,526 11.806 17.100
11 2,502 L.373 11.548 16.602
12 2.427 4,243 11.300 16.191
13 2.361 4,132 - 15.858
1k 2303 L .,037 - 15.596
15 2.252 3.956 - 15.400
16 2.207 3.862 - -
17 2.168 3.794 - -
18 2 0131"' 3 '735 - -
19 2.105 3.684 - -
20 2.080 3.640 - -
21 2.059 3.603 - -
22 2.042 3.574 - -
23 2.028 3.549 - -
P18 2.017 3.530 - -
25 2.009 3.516 - -




Teble 8-3.--Ratio of average census division
paving materials to national average

. Based upon average of 1962 and 1963
construction bid prices on
Federal-aid projects

cost of

Census Clay- Stone | Bituminous | Fortiand
divigion gravel | macadam concrete CSESEZEE
Percent | Percent Percent Percent

1. N.E. 66.21 | 124.92 1oi.27 113.22
2.. M.A. 109.34 | 179.61 139.34 127.04
3. S.A.N. | 154.35 | 150.17 105.03 105.22
L. 5.A.8. - 47.53 116.30 95.62 93.51
5. E.N.C. | 120.83 88.02 110.16 98 .46
6. W.N.Cc. | 98.97 | 115.95 95.43 102.20
7. E.S.C. | 149.87 | 112.73 99.99 100.28
8. W.8.Cc. | 120.13 87.33 ok .73 91.03
9. M. Th. 71 53.39 93.81 98.77
0. P. . 129.69 82.36 96 .66 85.30

8-13



Table 8-L4.--Average bid price per pound
of structural steel, by
census divisions

Prices are weighted averages for 1962 and 1963
Federal-aid construction on the Interstate
: and primary highways :

Bid price Ratio to .

Census division per national
pound average price

dollars percent
1. New gpngland 0.1692 96.95
2. Middle Atlantic .1837 105.32
3. South Atlantic (North) .1686 96.69
4. South Atlantic (South) .1396 80.06
5. East North Central -1587 91L.01
6. West North Central 2022 115.92
7. East South Central 1937 111.05
8. West South Central -1603 01.89
9. Mountain 2121 121.61
10. Pacific -2hol 13775
National average 0.1753 100.00
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Bid price date for bridge construction on the Interstate and

primary systems were used.

4. CONSTRUCTION COST OF STRUCTURES

Tiae cost of highway bridge comstruction per mile of
highway is difficult to estimate. Unlike earthwork and
pavenent, bridges and other structures are not continuous
i# length with roadway mileage. Further, bridges vary widely
in length, deslgn, material, and in the number and total
length per mile of roadwsay.
A. Inventory asnd Cost of

Eridges per Highway Mile

Determining the extent to which the cost of construc-
%ing and meintaining bridges might be affected by increased
maximen exle-walght limits divides itself into two particular
proeblemss  Firet, construction of new bridges on new highways
migt be considered snd second, with respect to the existing
highway systems, the cest of bridges at the increased axle-
welght levels must be estimated on the basis that they would
reguire elther extras msintensnce and strengthening or earlier
replacement than would be true st current meximum axie-weight
limits. Thus considered, determining the cost of bridges is
complicated.

Biridge costs need to be reduced to the cost per roadway

Blle 1n order to be added to the cost of other roadway elements,
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such as paving and earthwork, thet are easily expressed as a
cost per mile of highway.
The first approach to the problem was to develop an

Y/

Early efforis were somewhst frultless, particularly in ob-

inventory of the bridges now found on the highwaey systems.

telping the information im the form necessary for reducing it
%0 the number and length of bridges per highwey mile.
Accepteble bridge inveniory dats were finslly
aseezbled by use of (1) a lO«percent sample of the defense
bridgs inventory; {(2) a 100-percent sample from this inven-
tory of the number and the total length of bridges and the
length of highwey on which these bridges existed; (3) the
earlier bridge inventories in the 1930-1940 Statewide highway
planning surveys; and (4) the final estimates of the cost of
the Interstate gystem. Tebles 8-5, 8-6, and BT give the
significant facts desceriptive of the bridge inventory,
including the basic infermation by whilch the number of bridges
the muber of feet of bridge length were obtained and related
to miles of highway. They elsc give the coastruction cost of
bridges on the exisiing system. The cost of the bridges,
however, 18 not the origimal construction cost. It is based
upen the spproximate cost of bridge constrveilon for the years

1960 te 1963 teken from Federsl-sid projecie and records.

1/ The basic datu for this inventory were mssembled by
Charles ¥W. Dale spd Esrle Kowman.



Table 8-5

. == Huzber, length, and cost of bridges -- Intevmiate system

. ITM 1. mE 2, MA |3 SAN | L sas|5.ERC P6.WNC {7.ESC |8.wsC |9.M {10. P TOTAL

) RURAL

L. Hosder of bridges per highwey mile 1.53% 1.638 1.759] 1.560 1.712 1.256 1.593 1.684 1161 1.555] 1.483

!. Average length per bridge, feet 129, 312 1h2 §l 86 99 125 154 ™ 11 12k

b ‘Mt, of tridges per highvey mile 198 s C 2% 1h2 k7 124 199 259 86 77 184

i fAverage cost per bridge, dollars 167,373 19‘5,883 156,k28) 82,214} 128,1a7f 67,326 | 89,268 100,473 | 71,728 112,631 106,861

i« {ost of bridges per highway mile , 256,750 320,856 275,157|128,25%] 219,336] 109,661 | 142,701 169,i97 83,272 175,1hi 158,475

i» Avérage cost per foot of length of bridge, dollars 1,297 . 628 1,10t 903} 1,492 a85 17 653 968 989 861
. wRRAN

Nasber of bridzes per highway mile 5.203 5,264 5.751) 4.990L s.b22]  4.897 5.188) k.71 ) hbo?] | 5.728 5.15L

«  Avernge length per btridge, feet ) 75 &l 3 30 32 b4 52 26 35 R

. Pest of tridges per highvay mile 213 396 483 155 163 157 228 232 ou 2004 247

Average cost per bridge, dollars 360,639 118,745 343,355 98,910] 271,768| 202,308 | 224,089] 143,531 | 94,894 269,900 250,678

Cost of bridges per highway mile 1,876,665 | 2,212,649 1,974,658] k93,5611 473,526 990,702 11,162,574 641,727 |h17,723f 1,545,987] 1,291,242

Aversge cost per foot of length of bridge, dollsrq 8,569 5,587 4,088 3,184 9,0k0f 6,310 5,099 2,766 3,664 7,730 5,228

Source: Office of Engineering, Table 5%4#a, "Cost and Number of all Structures on Rural Roads; table 594h, "Cost

on Urban Roads," "nber and Cost of Structures Constructed on the Interstate System July 1, 1956 to December 31, 1963" {a serles of

and Tumber of all Structures

nine tables); Table 5S32-T1, "Status of Development on the Interstate System as of December 31, 1963 - Rural;” and Table SS32-72,
"Status of Development on the Interstate System as of December 31, 1963 - Urban.”

L1=-¢



Table 8-5.--Number, length, ard cost of bridges»m!*’mi@m«-md prirary sy#tem

8L-8

TmE : 1.m (2,00 |3 sl ews.mwiGome (7m0 | 8.wse| o.M | 10.P | Tomr
. RURAR,

. wbor of bridges per highwsy mils 0.378 1 0.253  0.317] 0.293 2,832 0.201 0.3Ts o511 0250 0.251 0.295
2. Avowege langsh ver beidse, fect ' 130 : 12 ekt . 238 . in 151 9% 163 102 198 162
3. Yot of bridges por highvar mile ag 3 &l S 1 gl - 26 50 v
%, Averege cont per bridge, AoLlxre 14,882 | 173,739 | B87,670] 73,897 | 110,299 55,958 | 83,503 50,143} 50,857 } 163,861 | 60,28%
5. Tost of bridges per bighmy mide $5,755 | 43,955 | 27,791 21,6: | 25,358] 15,724 | 31,230 20,9090 13,272 | A1,02% | 23,683
§. Awovage cost par 2oot of length of bridge, dollave | . 1,145 1,223 k2] 30 gho w8 | - &p 308 %9t B2 Yy
7. fusher of dridges por Mghmy mile o618 | 0.395 0.392 o.agé 0408} 0.183 1 000 0.352] 0.28% 0.620 | 0.3
fi. Avermge loogth per bridge, fest " 2b3 2hs 377 T | 229 253 259 274 3.&1' 3% 25
9o Teet of bridges par higivmy nile : IRUT: 3 S w8l 1o 93 18 103 99 3 208 3en
0. Avernge ceat per bridge, dollsrs ' 206,170 135,54 | 311,434{363,408] 3%7,298|19%,750 107,335 148,814{ 150,010 | 319,251 | 278,500
A. Cost of bridges pev highuay mile 181,854 a72,h3% | 122,0820108,301| 136,938 35,639 | k2,93 53,076 36,602 | 259,935 | 103,323
2. Average cost per foot of leagth of bridge, dollare | 1,m9f 1,775 [ 828 906 173) 755 Lb by 1,086 | 1,248 | 1,003

Sowroent 5‘“) Bridge records for 1953-1964. "Highwey Defense Requirements” - Compiled in compliance with PEM 50-6.1.
). Tabuietion Bo. 293 {Program An&ysm Division, Dffice of Administration) entitled Bridges on Federal Ald Highway Projects ccampleted from Januayy 1,
1960, turowgh Necember 31, 1963. -



Teble BaT.oofhumirer, longth, and coet of bridgess-~Fedaral-gld secamiery system

TTEn Lom iz om liaw liss |some {6mLTm 8wse { 9.M |10.2 | seen
1. Fmber of bridges per highway mile 0.2%0 0.226 2,150 § 0.260 0.:78 0.189 0.3%0 ©.533 0.170 o.1kT] 0.227
2. Avernge length per bridss, feet = ) 91 137 15 9% 1R 14 a 0nr 101
Feot of bridges per mm mile i3 i5 1k k14 13 19 30 19 1 17 23
Aveyage oot per bridge, dollamre 79,7851 67,953 | 42,hsh | 17,620 IR,91 | 23,266 | 30,757 @ 19,198 3,022 ] 50,073] 20,004
5. Cost of bridges per higiway mile 19,946 15,357 6,38 §,7h1 5,863 5,393 11,687 6,992 6,b8h 1.0M8] 560
6. Avormge st per fost of longth of bridge, dcllars 1,586 999 57 %o 539 237 233 165 a3 k3sf  2b6
REA
7. ' her of bridzes per higlemy wils 0.506 0.353 0.186 o.,'a'u 0.31k 0.10% 0406 B.290 0.150 .36k 0.2%%5
8. Avernge leagth per bridgs, feet 93 37 176 229 i 158 177 153 L 200 b 519
9. Peot of hridges per highwey mile 378 13 327 €21 LAY 196 70 580 by -] o8 5]
10. Avexnge 0% per bridge, dollsrs 168,0321 71,500 fase,1e7 | 87,003 § 100,470 § 83,072 | 39,26% | 32,443 | 113,080 § 130,57h] 85,835
11, Cost of bridses ver highway wile 68,221 60,550 28,396‘ 23,518 31,548 | 10,052 15,951 9,508 ;‘-.46,199 §7,529] 24,7.5
12, Avernge vssi per foob of length of bridge, dollars 1,807 1,465 864 380 1617 513 222 i) 1,018 £53 505

Sources: {2} Caleninted from State Highuay ervm;_ ]935<=l9’-0 {State System of Figireays) anl Bridge Bocords for 1963.196h, “Higinmy Defence Daquirewento”

Fote:

Compiled in compliance with PPM 50«5
{®) tabulntion Mo. 293 {Program
155 throvgh December 3i, 1963.

Sovree imforepiieon vas for the corbined yurel.urban system. The above split is based wpon the yurel-urban ratic on the primary system.

Amalysin mviaﬁ.m, Office of Adwministration) entitled Bridgee an Federal-Aid ¥ighwey Projects Complatad from Janwary ),

61§
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E. Percentage of Bridges by
Span Length

The original invenmtory of bridges in the lO-percent
sarple of the defense highway routes géve the number of bridges
by span length by l0-foot intervals, beginning at 29 feet and
under and ending at 1%0 feet and over. These data by highway
system and census division give much evidence of inconsisten-
cier attributabhle %0 the small sarple.

In order to produce 8 mors reaslistle distrivution of
the lengih ¢f span, summation curves by percentage were plotted
for esch cessus division and highvwey system. These plotted
points were smoothed on the beels of Judgment. Final readings
from these smooth curves are given in teble 8-8.

5. CQSTS PER BIGEWAY MILE,
TOTAL CONSTRUCTION ARD
RECONSTRUCTION

Wharses the foregoing unit prices and unit costs of
highwaye were assembled primavily for uste in estimating the
cost of poving, shouldavs, and bridges under designs for
five levels of meximum axle-weight limite; overall highway
reconatruction and reswrfscing costs are necessary for
estimntes of ezrthwork costs and for the gverall costs of
recaﬁstructing exlating highways, including such resurfecing
as may be reguired over time uwnder usc et esch of the five
levelz of sxle-welght limit. By refersnece to bid prices on

Federal-2id censtruction projects for 1963 and 196k, teble
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Table 8-8.--Percentage distribution of thé spsn length of
bridges by highway system and census division

Page 5 of 5
Smnflengtht > ta. R f2 M8 3. 88 | b. SAS 5. ENC | 6. WHC { 7. ESC | 8. WSC | 9. M { 10. P
(4] }
€ and B. Secondary Urban Cont.
£5-75 g,a bl Tk 2.9 ] 10.2 .2 3.h 6.9 3.6] 6.8
T5-55 o 3.1 5.1 2.0 6.9 3.3 2. 4.4 2,2 h.7
P v &S‘QS 30‘%’ 2-3 3:? 10&' 3.1 2-!4' 105 3-1 i 103 2.9
%‘105 208 126 209 l-l 205 1.9 1-0 201. 1-0 2-0
305-115 2.2 1.k 2.3 .6 2.5 1.6 .7 1.2 A 1.k
115-125 1.7 1.1 1.9 .7 1.2 1.5 N | 6 | B 10
125-135% 1.4 1.1 1.8 4 .9 1.3 3 | .2 . +5 .6
135-145 1.0 1.h 1.7 .3 .5 1.7 2 .0 .3 .5
Over 1hS 1.8 .3.0 k.0 .8 .8 2.5 1.0 1.5 9l 9.k
Total 100.0 | 100.0 100.0 100.0 | 100.0 100.0 100.0 100.0 {°100.0{ 100.0

G2=g
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8-9 was prepared to show the average construction cost of
earthwork and small drainege structures by highway system
and census division.

For general estimates of the cost of reconstructing
existing highways &8 determined to be necessary in the future,
table 8-10 may be used. Table 8-11 is for use in estimating
the coat of reswrfaclng pavemsnt and shoulders with bituminous
concrete &8 determined to be necessary for restoring the pave=

mant to an scceptable surface swoothness.

&. COST OF MAINTAINING THE HIGHWAY

The annuel) economic cost of a highwsy is composed of
two primary elementa: (1) the annusl capltel cost as measured
from construction cost investment end (2) the annual expense
of meintaining the physical highway irn 2 condition sultable
for satisfactory service to traffic. The msintensnce oper=-
ations are examined to see which ones masy be mflfected and to
what extent they may be affected by changes In the meximum
limits of vehlele dimenslons end welghts.
A. Classlfication of

Melintenance Costis

The cost of labor, meterisle, and equipment in meln-

taining the complete highway in a stete sulteble for tralfic

operations mey be classified under the followlng six items:



Table 8-9.--Estimated cost of grading end small drainage structures per mile

for Federa.l-a.id primary end Interstaste projects
(Based on 1963 bid prices)

l

Census E-:z::i Potal, ::iggzzd Secondary 2-lane | Primary 2-lane Primary li-lane In'ifizzzte
divielon|  yards cost °°;:r§er Rural | Urban | Rural | Urban Rural | Urban Rural | Urban
1. BE| 3,932,678 ¢ 3,017,850] 0.767 | $46,160 | 566,144 $'}'2,618 $123,845 ] $137,9181 $287,096 | $256,698 $66u,2él+
2. MA |70,k62,234 | 60,806,400 0.862 51,8771 74,337| 81,612 | 139,184k} 155,001 322,656 | 288,492 71;6,5395
‘ 3. 8AN [ 16,824,220 31,431,511 0.671 | Lko,382) 57,865} 63,528 | 108,3h4| 120,656] 251,162 | 224,568 '581,12@
L. sas | 63,814,688 23,103,966] 0.362 | 21,786| 31,218| 34,273} 58,451| 65,093| 135,500 121,153 313,511
5. ENC | 54,588,382] 30,684,918 o.562 | 33,822 4B,485] s53,209| g0,7hb .101,056 210,362 | 188,089 h86,722
6. WNC 149,330,118} 18,542,563 0.375 22,568 | 32,339] 35,504 £0,550 67,431} 140,366 125,504| 324,770
7. BSC {9k,166,987 | 39,773,732| o©0.he2 | 25,397| 36,302 39,954| 68,139 75,882 157,959 | 1k1,234| 365,475
| 8. WsC 166,770,922 | 30,723,398 o0.460 | a7,684| 39,669 43,551 Th,27h| 62,75| 172,183 | 153,951| 398,385
9. .M |87,089,646| 50,381,632 0.578 34,785 49,845| s5h4,723 93,327| 103,933| 216,351} 193,443] 500,572
10. . P 153,669,3101 33,955,170 0.632 33,035 54,502 59,836 | 102,07| 113,643 236,564 | 211,516 547,346
National30,649,185 | 322,421,179] 0.545 | $32,800( $47,000 | $51,600 | '$88,000| $98,000| $20k4,000 | $182,400 | $472,000
| 3



- Pable S.10.

=~ Ooat of complete new highwey, =zonstreunction or reconstruction,
in doliars per mite, by highwey syabem and census dfivision
{Based on Federal-aid projects fo 1963 and 1964}

Sheet 1 of 3
- . 1 o
Barbhe :
Highway system and Fangi~ | Righs- ' ‘ Pavenent costs Tot.al costs

canaus division eering! of- worl;] ’3 Structures

‘ wey drelnace Rigid Flexible Rigid Flexible
1. Interstabte rural
1. Ha 86,389] 216,987 256,698 272,13k 205,673 176,893 937,881 909,101
2. MA 113,944 154,302 288, ko2 363,916 257,018 249,575 1,177,672 | 1,170,229
3. 8AR 7,827 200,186 22k, 5638 290,639 233,639 254,570 1,096,859 | 1,117,790
4., SAS 52,315 70,8453 121,153 134,860 212,811 128,434 591,584 507, 607
5, EN3 76,6701 103,827 183,089 225,736 223,272 194,143 817,595 788, 566
6. WNC 51,421 £9,621 125,504 115,857 218,380 1 153,1k2 580,773 515,535
7. 50 58,071 80,848 | 1k41,234 154,266 | 229,217 | 204,122 &6k, 572 639,477
B, WsC ah,119¢ 86,830 153,951 175,403 195,950 179,025 675,253 659, 328
2, M kg, 204 65, 754 193,443 86,603 156,427 o1, 90k 552,521 488,083
. B 68,07 92,192 211,516 186, 928 198,907 159,756 57,702 718,471
2, Inokershate urban

1. H® 320,070f 997,356 | 654,264 1,895,066 208, 690 180,129 k,085,446 | 4,056,885
2. MA 590,66211,840,532 746,539 2,247,594 260,455 254,678 5,685,782 | 5,680,003
3. G4l 433,36811, 350,396 581,122 2,007,453 230,217 251,906 k, 602,556 | k4,624,245
b, 3as 179,028) 557,850 313,511 501,801 214,817 130,234 1,767,017 | 1,682,434
5.,  ENC 3h0,04311,059,592 436, 722 1,481,890 221,510 194,220 3,589,757 | 3,562,h67
6. WNC 187,135 583,123 324,770 1,001,001 220, 648 156, 144 2,316,677 | 2,252,173
7. ESC 218,661 681,360 365,475 1,174,574 2kb,21h 225,411 2,6086,28k | 2,665,481
8. ws¢ 199,334 621,134 398,885 650, 445 190,530 174,394 2,060,328 | 2,044,192
9. M 163,159{ 508,412 500,579 k23,322 169,990 99, %56 1,765,462 | 1,695,428
0. F 355,210{1,106,853 547,346 1,559,994 201,896 160,893 3,771,299 | 3,730,296

8c-8



Table 8-10,

-- Cost of complete new highway. consiruction ox reconstruction,
in dollars per mile, by highway system and census division
{Based on Federal-ald projects fox 1963 and 196k}

Sheet 2 of 3
' Earth ~ '
| Bighway system and Sngi- Bi %ht. work, Struetures favement costs Tota.“L costs
census division | neering | o d:ijiige Rigid | Flexible Rigid | Flexible
3. Primary rural
1. NE k7,000 .1 61,472} 137,918 57,948 186,266 160,239 450,604 L6k, 577
2. MA 52, ‘63 | 63, ,854 | 155,001 46,234 - 226,783 216,478 5hkg,515 539,210
3. sAN i3,852 | 57,356 | 120,656 30,777 205,109 215,898 457,750 468,539
. sAs 35,005 45 T84 65 093 23,332 196,185 18, »537T 365,399 | - 287,751
5. ENC 39,556 51,737 101,056 26, "1k 104,146 163 054 412,909 381,817
6. WNC 19,koT 25,38& 35,504 16, ,485 105,806 75,314 202 586 172, ogh
7. ESC 22,797 | 29,817 39,954 32,163 113,232 99,975 237,569 22}, 712
8. WsC 19,386 25,356 43,551 21,432 92,640 84,615 202,365 19h 340
9. H 17,256 | 22,570 511. 723 13,&88 72,092 -45,801 180,129 . 153,838
0. P 33,982 ’ 39, ,836 k3,658 172,797 131,530 354,719 313,452
4. Primary urban _ _
1. §E 86,006 |193,32k | 287,096 190, 250 190,530 162,160 947, 206 918, 836
2. MA 93, 1936 211,150 | 322,656 179,210 227,591 217,910 1,034,543 | 1,024,862
3. SAN 76,025 | 170,889 | 251,162 130, "o 208,767 223,839 837 283 852,355
4. sgas 57,078 {128,301 - 135,500 111 801 195,941 118,064 628,621, 550, Thi
5. ENC 70,624 | 158,750 1 210 362 1&1,507 196,563 165,764 777,806 747,007
6. WNC 26, ,782 60 201| 60, ,550 36, 549 110,578 79,173 294 £ 263,255
7. ESC 29,902 67 215| 68, ,139 LY 259 113,811 108, ,341 329, 326 317,85
8. wsC 28 789 6l ,T12 7&,27& 55,410 93,878 86 462 317, 7063 309, "6l
9. M 27, "hog 61 611 | 93,327 37,214 82,306 50, 1388 301, '867 269,9&9
10. P 72,442 162, ,836 | 102,0u47 271,490 189,010 ;48,722 797,825 757,537

R
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Table 8-10, -~ Cost of complete new highway, cnmt‘wwioﬁ or reconatruction,
in 4ollers per mile, by highway system and census division
(Based on Federal-aid projects for 1963 end 1964)

Sheet 3 of 3
' Earth- wres .
Highway system and Engi- R;é%!zt work, Struétures Pavoment costs Total costs
census division - neering e srall

| ?Y | arainage Rigid | Flexible Rigid | Flexible

Secondary rural
1, WB 17,475 | 12,979 | 46,160 20,338. 83,651 73,756 179,603 | 169,708
2. MA 19,122 | 13,108 | 51,887 15,845 96,568 92,593 196,530 | 192,555
3. SAE 15,556 10,66k 40,382 6,745 85,534 88,250 159,881 161,597
L. sas 13,099 8,980 | 21,786 5,326 85,42 52,747 134,633 | 101,938
5, ENC 14,690 | 10,070 | 33,822 6,115 86,233 71,316 150,980 | 136,013
6., WNC 13, 870 9,508 | 22,568 L,626 91, 980 64,399 1k2,552 114,971
T. ,ESC 15,503 10,627 | 25,397 12 h63 95,3&7 80,071 159, 337 144,061
8. wWse 12,978 8 896 27, "6ak 6, '606 77,220 67,102 133,384 123,266
2. M 12,347 846k | 34,785 6,568 64,733 41,937 126.897| 10k,101
0. p- 14,159 9,706 | 38,035 7,809 75,811 55,996 145,520 | 125,705

Secondary urban
1. M8 4,201 9,820 66,144 78,129 85,982 76,241 2kl 276 234,535
2. MA Y ,510 10,542 T%,337 7L, 782 101,087 938,107 262, ,258 259,278
3. SAN 3, 186 8, "148 57,865 36,961 96,2uk 101,529 202 70u 207,989
4, sas 2,870 6,708 - 31,218 33, 817 92,264 166, 87T 130,679
5. ENC 3, 240 7,574 1 48,465 40,589 88, 54k 73 213 188,412 173,001
6. WNC 2,475 5,785 | 32,339 13,639 89,682 62,228 143,920 | 116,466
7. ESC 5,569 | 13,017 | 36,392 25,662 99,700 8k, 550 180,340] 165,190
8. WsC 2,496 5,83h 39,669 18,090 79, " Obk 68,918 1h5 133 135,007
9. M 2,603 ,084 1 49,845 20,379 71,942 42,410 151,353 121,821
10. P 3,803 8,890 5k, 502 68,593 85,361 66,073 221,1&9 201,861

0£-8



Table 8-11.

«= (ost of bituminous-concrete resurfacing per highway mile on

perbland-cement-concrete and bitumlnous-concrete old surface

Secondary

Interstate or primary Frimary
Census —. t Lanes 48 £t. Lanes 24 f4. Lanes 24 f£t.
Census division shoulders 28 f£t. shoulders 20 ft. shoulders 16 ft.
Uvision | oost 76 £t. resurfaced~width Wl £t. resurfaced-width 40 £t. resurfaced-width
3-1ia. depth | 1% in. depth 3 in. depth | 135 in. depth 3 in. 2 fa. | 13 in.
- depth depth | depth
%
1. NB | 101.27 $58,517 $37,420 $33,878 $21,663 | $30,798 | $23,05% | $19,694
2. MA | 139.3% 80,516 51,487 46,613 29,807 42,376 3.,716} 27,097
3., SAN! 105.03 60,620 38,809 35,135 22,468 31,95 23,507 | 20,425
b, sAS| 95.62 55,253 35,332 31,987 20,455 29,080 21,765| 18,595
5. ENC| 110.16 63,655 ks ,705 36,852 23,565 33,502 25,074 21,423
6. WHC| 95.43 55,143 35,262 31,924 20,k % 29,022 21,7211 18,538
7. EsCl 93.99 57,770 36,947 33,549 21,390 30,409 22,760( 19,445
8. wscl 94.73 54,738 35,003 31,690 20,264 28,809 | 21,s52) 18,422
9. M 93.81 sk, 207 34,663 31,382 20,067 28,529 21,353| 18,243
1o, p 96~66 55)851" 35:716 32,335 20)667 .29, 396 22,001 18:797
National |
average | 100.00 $57,754  $36,951 $33,453 $21,392 $30,412 | $22,762) $19,4h7
Note: On old PCC pavement, bituminous concrete should be 3 inches in depth, except on low AIT Secondary vwhere

2 inches may be used. All resurfacing of old bituminous concrete could be 13 inches in depth.

%€-g
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1) Roadside end drainage

2) Roadway surface and base

3) Shoulders

4) Structures

5) Traffic services

6) Snow, ice, and saud control.

Of these six basic>operations only three--surface and
base, shoulders, and structures--would be significantly
affected by vehicle dimensions and weights. Roadside and
drainage; traffic services; snow, lce, and sand control would
not be affected by vehlcular dimension and weight, because these
items are more or less uwnaffected by specific vehicles in the
trafflec stresm. Should an increase In dlmensions and weightis
of vehleles be permitted legally, the total number of vehicles
on the highway hauling & given number of {totasl tons of paylosd
or cargo would be reduced. From this viewpoint, to the extent
that aoy one of the slx elements of meintenance would be
effected by the volume of traffic, some reduction iao highway
meivnbenanee cost should result. On the other hand, considering
axie welght, some probable luncrezse in maintenance cost would
occur, should the vehlcles be permitted to load to heavier
axle welghts.

B. Roadway Mzintenance Cost
Resulting from Incremsed
Vehicle Weight

In the patching of pavement, the roadway shoulders

and the pein pavement and 1is base would he subjected to some

incresgsed wnintenence cost with locreased weight of axles.
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The general cost of maintaining the surface and base would
probebly not incremse so far as noymal operations of cleaning,
crack filling, and surface treatwents are concerned. However,
patching cost because of any failure of the pavement base or
subgrade would be increased to the extent that the pavement
surface and 1ts base are thicker in order to carry increased
sxle weights. For thls reason, a slight increase in mainte-
mance cost has besn charged to maintenance of the shoulders and
the pavement surface for each increment of increased vehlcle
axlaeveight Limits. MNo allowance is made for extra maintenance
cost due to changes in dimensions of the vehicle.

It 1s probable that, under legal provisions for
1ncreasing the weight of vehicles, the maintenance cost of
patching and genersl pavement repair of existing highway systems
would be increassed somewhat until such pevements could be recon=-
structed to the structural design Indicated for use of the
heevier axle welghts. For this reason, when the financlug of
existing highway syskems over the 20-year anslysis period is
considered, part of any incresse in maintenance costs would be
chargeable to incresse in the legal weight of vehicles. The
iancresse in maintensnce cost would result from increased pave-
ment and shoulder wear and tear pending the time when the
highway department would resurface the entire sectlion of hlghway
up to the structural requirements indiecated by the legally

allowable welghts of vehlcles,
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The general assumption is mede that design and cons
struction of pavements for increased weights of axles would
be on the basiz that the resulting maintenance requirements
would be relatively neo grester for such pavement than they
would be for povement designed for a lower axle-weight limit
and used by treffic not exceedlng that design limit.

C. Bridge Maintenance Cost Resulting
from Increase in Vehicle Welght

Hew bridges constructed uwnder designs for accommodating
the increased dimensions and weights of vehicles would probably
coet soxavhat more to meintein for two basic reasons: First,
when an increasse 1g8 necessary in vertical clearance, such an
inerease would require &dding some additional height to abut-
ments and plers on overhead structures, thus presenting a
greater surface area to be inspected and mainteined. Secondly,
bridges deslgned for higher sxle weights would have a greater
surface of steel 0r concrete to be malntalned because of the
inoressed total pounds of steel or cublc yards of concrete
required for the giructure ag & wvhole. For these reasons,
BoRe increased cost for maintaining bridges has been allowed
in the analysis for each increment of increasged sxle welght
considered.

The bridges on the existing bighvrsy system would not
suffer eny lncreased meintenence cost pending the time thet

they were reconstructed o &esign loads permitting the new
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legal limits, because the extra quantities of steel and con-
crete would not be included in the bridge, and the traffic
itself would not cause the bridge to suffer any more rapid
deterioration from wesathering and other elements than would
be tirue 1Ff the trafflc were not opersating at the higher
welght limita. This assumes, however, that if the bridge
becomes structurally weakened to the axtent that 1t is
unSafe, 1t would be strengthened or replaced as the occasion

demanded .

D. Overall Average Cost of
Highway Mpintenence

No relisble authentic information is available in
the literature t¢ disclose ﬁhe cost of maintaining the high=-
véys as 1t may be affected by the dimensions or the weights
of the vehiclez operating on these highways. HNeither is
thers readily svailasble the melintentnce cost of the pavement
erd bhase with particuvlar reference to patching, the only
elemznt of the roadwsy meintenance cost which could be related
to the welght of the vehicls.

Table 8-12 shows the maintenance cost per roadway nmile
for the several systems end for the six maintenance\cost
operationa.l/ These Figures are only general guides to the
maintenance costs hecause of the lack of satisfactory reports

glving the true costs.

1/ Taken from table k9, page 237, "Supplementary Report of
the Highway Cost Allocation Study" (Section 210 Study).
July 196k,



Tahle 8-12,~-Incremental s.'tudy of maintenance 2usts:

Estimated 1964 Costs

@
for the Federal-Aid Systems in the 48 Contiguous States and the e
District of Columbia o
System Maintenance gperations
F ~ai i I3 i Roadside Surface : Snow, Ice
ederal-aid highway Systens m}lég?ge oy > e Shoulders |Structures ’;zii’figs oy thal
drainage base land control
dollars/miledollars/mile dollars/milejdollars/milg dollars/mile|dollars/mileidollars/mile
Interstate: :
Rural 34,513 644 1,046 352 179 487 525 3,233
Urban 6,400 | 1,570 1,601 564 527 1,295 1,120 6,677
Total 40,913 789 - 1,132 386 233 613 619 3,772
Federal-aid primary: ]
Rural 143,800 446 823 271 121 291 406 2,358
Urban 16,083 794 1,228 420 386 796 . 850 4,484
Total 159,883 481 864 286 147 342 452 2,572
Federal-gid secondary: -
Rural 589,679 129 398 79 49 73 122 850
Uxban 14,278 324 648 199 118 298 392 1,979
Total 604,657 134 405 82 50 78 129 878
All systems:
Rural 767,992 212 507 127 68 132 193 1,239
Urban 37,461 739 1,060 356 303 682 717 3,857
Total 805,453 236 533 137 79 158 218 1,361
Source: Table 49, Supplementary Report of the Highway Cost Allocation Study, July 1964,



CHAPTER 9
LINE~-HAUL TRUCKING COSTS IN RELATION TO VEHEICLE WEIGHTS

Mony business eoncerns operatlng motor trucks on the
publie highways keep vecords of thelr cost of transportation angd,
to & certain extent, the cost of oper%ting individual vehicles
or classes of vehicles. The mobor carviers operating under a
certificzite of the Interstate Commerce Commission or a State
regulatory commission reyort their cost of transportation opera-
tions. Such reports, howsver, generally do not specify the type
of vehilcle, the capscity of the frelght autowmotive equipment,
the cargo veights per loaded vehicle, or the empty vehicle
veights.

Notwithotandlng all the records that are available, it
is most 4ifficult to find the motor vehicle opersting costs
necessary for an anslysis of the relative cost of transporting
goods in vehleles of dAifferent dimensions and gross weights.

Te determine the overall eccoomy of incressing the welght of
vehicles, that 1s, increasing the welght on individusl axles

as well as the gross welght per vehicle, it is necessary in the
cuprent study to tie the cost of opevebing the vehicles to

specific measurable factors.

o
1:‘”‘
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1. SOURCES OF LINE-BAUL OPERATING GOSTS

In 1961 the Highway Rememrch Board of the Netiomal
Academy of Sciences published Bulletin 301, "Line-Haul Trucking
Cost in Relation to Vehicle Gross Welghts." This publication
is the result of an extepsive Ratiouwlde analysis of the cost
racords of 611 operating corpanies and 33,38# specific line-
bhaul tveller coubinetions.

The cost meteriel in Bulletin 301 is priced as of 1956.
Puring 196%9 a2 & part of this size and welght project, the
price iunformation upon which the costs in Bulletin 301 were
baned woo u@ﬁ&%@é to & 1964 base. These 1964 revisions provide
the tesic date for the curves end tebles presented in this
chaptey.

The variocus elemznbs of operating cost for line<haul
eombluaticn vehicles were clessiflicd &s follows:

(1) Repair, ssgviciog, and lubricant cost

(2) Tire and tube cost
( Fusl couh
%,

{

Iriver wmgen snd subsleteones coet
Infirvect and overhesd cost

2., THE OPERATING COSTS

OF LIME~-HAUL. VENICLES

O Bl
N

} Deprecistion end interest cost

The £innl ling-houl opsroting costs reported on the
basis of vehicle gross welght evg the resviis of combining
the costes for &1l $ypoe of vehilcles without regnid ¢ axle
classification, body etylez, btypes of engines, eugine power,

geographical lecation;, or other fectors. While 1% would
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have been desirable to summarize end present the vehicle
‘operating costs for different types of vehicles, particularly
with refercnce to the number of axles, such a presentation
was not made because the cost informaticn was not reliable on
such & detalled basls.

Flgure 9-1 gives by element the line~haul operating
costs of ell vehlcles as the loaded gross vehlcle weight
varies, evpreszed in terms of cents per mile. In figure 9-2
these curves for the individoml elements of cost are given
on & cummletive besis. The total costs per vehicle-mile are

&1ls0 presented in teble 9=2.

A. Meaning of Loaded Gross Weight

The reported line-haul operating costs of trailer
combinabions ere related to the losded gross welights of these
combinations . Inm Bulletin 301, page 133, loaeded gross welght
is defined sz follows:

The loaded gross waights used in developing

vehilcle-mlle costs and shown in the absclssas

of the cost curves are the sums of the tare

welghts of the trailer combinatlons plus

the predominetely carried psylosds.

From this definition it may be understecd that the
loaded gross welght of each cless of traller combination

may vary over some range, depending upon the practices of

each carrier snd the commoditiesz hauled. The operating cost
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Teble 9-2. - Operating cost in cents per vehlcle.ndlie for
line-haul vehicles,by loaded gross waleht in kips
Cents Cenvs . Ceuis Ccuts
Kipse por Kips nayr Kips Tar Kins | »nor
‘ mile mile mile mile
25 okl 65 k3.12 1 105 | 55.0L 1k5 1 70.6h4
26 35.10 | 65 L3.37 (1 106 | 55.36 ks | TrL.07
27 35.26 67 L3.62 107 | 55.71 1k7 71.51
28 35.43 4 €8 L3.881{ 108 | 56.06 8 | T71.96
29 35.59 69 Lh,ik {169 | 56.41 g | 72.40
30 35.76 70 Li Lol 110 [ 56.76 150 72.85
31 35093 71 Lk, €6 111 | 57.12 151 73.30
32 36.10 72 L. o3 112 | 57.k8 152 73.75
33 36.28 73 k5,20 113 | 57.84 153 .21
©o3h 36.86 ¢ 7h ks b it 11k | 58.20 154 | 7Th.66
35 25681 75 5.7 115 | 58.57 155 | 75.12
35 3G.820 76 46,02 116 | 58,94 156 | 75.58
37 | 3tee| 77 L6.29 41 117 | 59-31 157 | 76.05
38 37.29 4 178 | kb.57 118 | 59.68 158 | 76.52
3G 37.38 4 79 L6.86 | 119 | €0.06 159 | 76.98
Lo 37.57 80 L7,k 120 | €0.ub 160 T7.45
43, 37.77 81 L7.k3 12L | €0.82 161 | 77.93
Lo 37.96 1 &2 L7.72 122 | 61.20 162 78.40
L3 38,161 83 L8.01 123 | 6L.58 163 75.88
L 38.36 8l L8.30 JPL 61.97 16k 73,36
kg 38.561 85 L8.60 125 | 62.36 165 79,84
L6 38.77 &6 58,90 126 { €2.75 || 1€5 . &£0.33
Ly 38,080 87 ho.ze |l 127 | 63.15 167 g0.82
L& 39 19 88 49,50 128 | 63.54 168 81.31
b 39,40 8o 49.81, 129 | 63.9% 169 81.80
50 39.6L GO 50,12 i 130 | 6h.3% 170 | 82.29
51 39.83 gl 50.43 131 1 6h.Th 171 82.79
52 40,05 g2 5C. Th 132 | 65.15 172 83.29
23 Lo.27 93 51,05 1 133 | 65.56 173 83.79
S 40,50 ol 51.37 13% | 65.97 174 8k.29
55 L0, 72 95 51.65 135 | 656.38 175 8k.80
56 L, 05 gé 52.01 136 | 66.80 176 85.30
5 41.18 g7 52,34 137 t 67.21 177 85.82
5& Ly Lo o8 I 52.66 138 | 67.63 178 85.33"
59 41.65 g 5299 139 | 68.06 179 86.8l
€0 L1.8oll 1c0 53.32 10 | 6548 180 87.36
£1 L2,13 |1 103 5365 ikl | 68.91
62 k2.37 11 102 53.99 01 . 1h2 | 69.3k
.83 2,62 1 103 5h.33 A3 ! 6e.7T
6k La. 871 104 5k, &7 1k ) 70.20
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dats were analyzed on the basiz of the predominste loaded
gross welghts for esch veblcle clsss as found in each cerrier's
. records.

The lLine~hsul operating costs are related to loaded
groes velght, the one charecteristic of operation that can
ba determined for & vehicle closes and held constant for each
carrier. Therefore, consideration of the operating costs
.of traller combinations that are carrying little»or no payload
ooses & problem. The magnitude of this problem can be apprec-
ieted from the information conielned in the anmual State truck
welght studies indicsting that sporoximately 33 percent of all
traller combinations on mein rural roasds are without payload
and &7 percent of them ave carrying some degree of payload up
2 an smount in excsss of the waximum legal gross welght or
axle welght.

The loaded giross welght es set forth in Bulletin 301 is
a good practical unit wzon vwhich to bass overall operating cost
of vehicles and vehlcle combinetions. It is pecesgsary in this
study, however, te ¥now what the losded gross vehlcle welght
would be for the several clmsses of vehicles under the five
mayim exle-welght liwits egtuiied. To avrive at loaded gross
welghts that would be in bharmony with the way the cost curves
of Bulletin 301 wers comstructed, the orlgipsl date on which
Pulletin 301 was bosed vers spalyzed. Az & result of this

enalyals, the leeded grose welght wes found to be sbout



80 percent of the practical maximum gross vehicle welght,

defined as the sum of the legel moxirm welghts on each axle

" except thz stesring axle, vhich is added in 2t & ressonable

practical weight for the particular vehlcle class--or the
legal gross vehicle welght 1T it is less than the sum of the

exle weights.

B. {perating Cost per Feyload Ton-Mile

In determining the ecomory of highwsy transport as
gffected by the mexismum limltatlon on axle welights or by the
size of the cargp body; the prime consideration is the long-
run cost of trensporting the carge on 2 paylosd ton-mlle basis.
As the furegoing curves showr, the cost per vehicleemile
iacresses wlth the losded gross vehicle welght. As these
increzees teks plece, the cost in cente per ton-mile of payload
decrzases to 8 minlmurn et ebout 200 thoussnd pounds losded
gross venicle welsht. {Bea figure 9-3.)

(1) EBffect of incressing the
gross vehicle velght end
refusing the murber of tirins

Vhen congidering the wse of comprrceisl veblcles on
the highvsys and the tones of cavge in lubercity transport,
it should be undersioa? that the péyl@ad par irip and the
vehlele gross vaight could be increased by lucreasing the
plloweble maylme sxle velghts or by inoressing the number of

axles per vehicle combinstion. With &u incressed gross vehicle
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welght, a given nwsber of tous of eczrgs covld be trensported
with fewer vehicle trips. As the gross vehicle welight
" inerenses wp to ebout 200,000 pounds; the transport cost

per vehicle~mlle will imcresse. Bubé the total vehicular
coet of tramsporting the glven topnsme of paylosd will
decrense. The pumber of vebicle trins required to haul the
given poylosd tonuage decresses &2 the gross load increzses.
Fever vehicle trips a% en inerensed cost per vehicle-mlle
resulis in & tofsl dollsr cost less than the cost of hanling
the same Wotal tops of payleoad in vehicles having lower gross

weights ot & lovwer cost per vebicle=wile bubt regulring more

A tebulation will illustrate this result for a 3-52 trac-
ter-genitratler henling & constent vumber of payload tons for

& distonce on ong mllo.

Rusber of Coot in cents Total cost,
vebhlcle trins per vehicle-mile dollnrs
115 k1 .6h3 b7 .80
111 k2 855 7.58
107 Wt ako b7.2k

Some slleght differeprce in opersting cont per mile
mey exist betwesn trucks hovimg the sswe loaded gross
welght, depending upon whether thet welght rasults from
comparablvaly high exle walghts end oy exles or the reverse
cage. The origival resesrch could pot maks this distinction,

ard the spplicotion here eszumss no difference in operating
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cost between trucks of the ssme gross weight but different

axle weights and numbers of axles.

(2) Paylosd tonemile cost curves

The general costs of vehicle operstion based on
loaded gross vehicle welght may also be expressed in terms
of peyload ton-mile cost. Figure 9=3 glves thege costs.
3. APPLICATION OF TEE IINE-HAUL TRICKING COST

TO THE AMALYSIS OF ECONOMY OF VEHICLE WELIGHTS

| Ag indicated ip the foregoing dlscussion, the final
curves for line-heul trucking costs are based upon loaded
groes vehicle weight. This welght is not a specific number
of pounds because 1t represents the normel losding of the
various carriers according to thelr individuel practice.
Vher heuling light density cargs, such as furnlture or
houzehold guods, the aversge gross weight of the vehicle
is far below the total muximxe legsl gross welght that could
be bouled. Furthermore, other trips are made at less than
full gross load, either om & cubage bssisz or on & gross
vehicle welght basis. It is possible, however, based upon
the maximum legal limitations on exle weighte or gfoss
welghts, to caleulste the practical meximum gross welght
of & vehicle.

Table 9-3 glves the vehicle operating cost in cents

per mile for 12 clasges of vehlcles and vehicle combinations
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Table 9-3. - Loaded gross vehlcle welght and operating cost
: of gelected vehlcle classes
Vehicle Axle velght 1limit, kips, single/tandem
class : :
18/32 20/35 22/38 2k /il 26 /ik
A. 80 percent of moximum practlcal gross vehicle weight,
kips = londed gross weipht
2p 20.32 22.56 24,80 27.0h 29.28
T 33.28 36.16 39.04 4,92 4k, 80
2-S1 34.88 38.40 hi.8% | b5.20 L8.48
2-82 6. 72 50.96 55.20 59,44 63.68
3-82 58.96 6k4.00 ; 69.0kL h.08 79.12
2.2 50.08 55.0k4 60.00 64.96 69.92
2=3 61.28 67.0k 72.80 75.56 g8h.32
3-2 62.2h 68.16 7h.08 80.00 85.92
2-51-2 64,56 71.12 77.68 8y, 24 90.80
2-52-2 T6.2h 83.76 91.28 98.80 106.32
2-80-3 - B7.Lh 95.76 10k.08 112.40 120.72
3-52-4 110.50 | 120.2%4 130.08 | 139.92 | 1k9.76
B. Operoting cost, cente per vehicle-mile for 1965
2D 32.230 34,565 34,911 35.270 35.640
A 36.329 36.849 37.388 37.946 38.523
2-51 36,615 37.349 37.930 38.605 39.289
2.52 38.919 39.823 k0,769 41,757 42,787
3.82 L1.613 h2.866 bk 1ho 45.490 46.891
2-2 139,632 50,733 4i.891 | 143,106 | Lk4.379
2.3 h2.199 43.633 b 2kh 46.732 48.398
-2 2,433 43,923 k5. g0 h7.1h 48.87h
2.81-2 43.006 ik, 695 6. 485 L8.37h 50.111
2-82-2 46.083 h8. 032 50.513 52.926 55.470
2-82-3 19.332 51.935 5,698 57,623 60. 709
2-82-L 56.905 60.526 64,373 68. 416 72. 743

}/ The 3-2 ig to be used foxr the 5-cxle combirvatlion vehicle.

2
g/ The 2-51- i to bz used for the 2-traller, 5-axle combinatlon

vehicle,
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and for five levels of axle-tveight limits. Notice that the
loaded gross weight is expressed es 80 percent of the
.practical gross vehicle weight.

In the snslysis for eoonomy of axle-weight limits,
provision was mede f@r.an increase of 29 percent in payload
per vebicle trip from 1962 to 1990. Although the practical
maximm gross vehlele welght would not be chenged by this
payioad lucresge, the vehicle operatlng costs would increase
for certain ivems. The three items that would increase are
as fellowe: (1) repairs, servicing, and lubricants; (2) tires,
and tubes; and (3) fuel. (See teble 9-1.) Consequently,
table 9-3 was adjusted to give the results shown in table 9-4.
The adjustment was mede by increasing the costs for the five
levels of axle welght in teble 9=3 by the cents«per-mlle
increase from the base losded gross weight in teble 9-3 to
vhet the base welght wauld be vwhen the exact number of pounds
of payload increese was added.

In other applications, the combination vehicles with
ooly one cargo body are compered with those having two cargo
bodles. There would be a higher direct saving than is
indicated by the driver snd subsistence curves in Bulletin 301.
Theoretically, when two cargo units are combined and operated
by one driver, the driver costs are only hslf of what they
would be with tws separate vehicles and two drivers.

Bulletin 301 provides for increasing driver coszt on a
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Teble 9-4. - Loaded gross vehicle welght and operating

cost of selected vehicle c¢lessges

(For method 1, including 29% increase in payload, 1962 to 1990)

Vehicle | Percentage Axle weight 1imit, kips, single/tandem
: of '
clase POV 18/32 | =20/35 22/38 | 2u/k1 | 26/uk
A. Losded gross vehicle weight for 1990, kips 1/
2D 80.0 20.32 22.56 24.80 27.04 29.28
34 85.0 35.36 3d.k2 41.48 Ly, 5l 47.60
2-51 83.5 36.41 40.08 43.67 47.18 50.60
2-52. 85.5 19.93 54,46 59.00 63.53 | 68.06
3-82 88.0 64.86 70.40 75.94 81.49 87.03
2-2 85.0 53.21 58.48 63.75 69.02 Th.29
2.3 89.5 €8.56 75.00 81.44 87.89 94,33
3.2 89.5 69.63 76.25 82.88 89.50 96.12
2512 - 86.0 69.40 76.45 83.51 90,56 97.61
2-82-2 . 86.0 81.96 90. 04 08.13 106.21 114.29
2-52-3 86.0 gly. 00 102.0h 111.89 120.83 129.77
3-52-4 86.0 118.68 129.26 139.0h 150.41 160.99
B. Operating cost, cents per vehicle mile, for 1990 L/
2D 34.230 3k.565 3k.911 35.270 35.640
3A 36.41k 36.958 37.52h 38.112 38.723
2-S1 36.683 37.356 38.045 38.746 39.458
2-52 139,166 | 40,132 Li.0k7 | Lh2.212 | L43.325
3-52 42,304 43.670 45,110 46.625 48.210
2-2 39.900 hi.072 42,311 k3.61k4 4l o84
2-3 43.070 L. 711 L&, 450 48.292 50.228
2/ 3-2 43.338 | L4s5.043 L6.852 48.765 50.782
3/ 2-81-2 k3.611 | 45.456 | L7.k20 Lo.497 | 51.696
2-82-2 4W6.977 | 49.340 | 51.862 54.53% | 57.360
2-52-3 50.55h 53.432 56.50h 59.759 63.204
3-82-4 58.914 62.999 67.310 TL.877 76.712

1/  DPased upon the loaded gross weight in 1990 being the percentage
of the practical maximum gross vehicle welght, given in columm 2.

- The 3-2 is to be used for the combinstion 5-exle vehicle.

The 2-51-2 isg to be used for ths 2-trailer, H-sxle vehicle,

The cents-per-mile cost is incremsed over the 1962 costs
without the 29-percent increase in paylosd only on the items
of repair and servicing, tires and tubes, and fuel; cost for

Ansd armmore PRSP, PPy |

- 3 P RN N
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continuously increesing loaded gross weight scale, based
upon one driver per combination vehicle, but the increased

» driver costs are far less than doubled for double the loaded

grose vwelght.
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