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This report should provide useful perspectives to transportation
agencies and legislative bodies respohsible for recommending changes
related to motor' vehicle sizes and weights regula~ions 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. FHWA-RO-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 limitations of the "Sizes and vleights" report.

This report dpnonstrates a substantial economic benefit to be obtained
by rebuilding the highway system to' higher weight limits and advocates
an "imme'diate" implementation of policies to move in tha 1::. direction.
In addition, vehicles hauling heavier loads would need.to be designed
with adequate propulsion, braking, steering apd suspension systems to
operate safely and efficiently with mixed traffic on the upgraded
highway system. However, any substantial increase in legal loads Nithout
a massive program to update, monitor, and maintain the highway system
would create disastrous. effects in many States. Many pavements lrould
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 ?ot analyzed.

Important related questions not addressed in this report:

1. Is it in the national interest to encourage further shift
of cargo from other 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.

.C::::.L-Y~/i,~"
Charles F •.scheVo/
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 resublllitted to the Department of Commerce in

January 1964, and final:q published in August 1964 as

House Document 354, 88th Congress, 2d Session. The 1963

report on the desirable diJllensions and weights of motor

vehicles came into being as the fulfillment of Section l08(k)

of the Federal-Aid Highway Act of 1956•.

For -.ny years prior to the beginning of the study

of the limits ot dimensions and weights of motor vehicles,

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

Roads and the American Association of State Highway Officials

were active on the subject. '!be list of references in

Appendix A ot Volume 2 g1ves the more important papers

appearing since 1920.

This 1968 report doe.s not spec1f1cal:q review the

literature on the subJect. Further, the report does not

discuss the state ot 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.

Tvo quotations from House Docwaent 354 (1964) will

help to place this 1968 report in proper perspective. In

the Letter of Transmittal the Secretary of Commerce says,

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

On page 2, under Summary and Recommendations, the report

states,

The resO"Jrces of technical research available
for this report have been considerable; never­
theless, the field is so complex and the variables
so many that each conclusion is subject to
illlPortant qualifications. Furthermore, the
interrelationship between each conclusion requires
further exploration to provide o7erall solutions
for a highway system. The conclusions available
from present research cannot justify greater
standards than those proposed in this report; a
more comprehensive program of research and
investigation must proceed to enable future
standards to be related specifically to technical
criteria, and applicable to additional components
of the Federal-aid highway systems.

One important factor missing in all prior reports (except

the preliminary analysis in House Document 354) 1s any

anal.yses to show the transportation econ~ of the limits of
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vehicle dimensions and weights. Prior studies stressed the

design ot pavements and structures and traffic safety. Thus I

this report is the tirst to explore thoroughly the economy of

the 11111ts of vehicle dimensions and weights, considering both

highway cost and motor vehicle transport cost.

About 1945 the Highway Research Board appointed a

COJIm1ttee on EConOJl1CB of It>tor Vehicle Size and Weight. This

commd.ttee is still in existence, though less active than it

vas up to about 1962. The long tenure of the cOllll1ttee

iooica.tes that there wu early and continued interest in the

subject and that the objectives have not been achieved. The

Highway Research Board coBD1ttee was the motivating force

which produced Highway Research Board Bulletin 9A on time

and fuel coosUlliption of' trucks on grades aod Bulletin 301

on the overall operating cost of l1ne-baul trucks.

This presel1lt 1968 report has as its II&1n objectives

the development of the economdc and technical guides essential

to policy and legialat1ve considerations and the procedural

techniques for future research application. There is no

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

public pollcy should be or to recOl'l'J1end changes in the Federal

and state laws. For this reason the AASHO pollcy on ax1m.um

dimensions and weights of motor vehicles 8,S published October 21,

1963, is not discussed.
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House Document 354 (1964) and this 1968 report furnish

recently assellbled facts for the guidance of policy makers on

the probable consequences of increasing 11111ts of vehicle

d1mensions and weights.
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DEFINIfiONS

Vehicle
n

.. .b &sseJlbly of wheels and axles with

cOlmect1ng frame and vith or vithout a body tor conta1D.1og

goods or people, which _1' be towed or moved. under its own

paver over the h1gb:n.y. A passenger car, a bus, & truck, a

trailer, a tractor are separate 1wI1vidual vehicles. Also,

the word vehicle as uaed generally includes &"lJ:f c01lb:f.nation

of two or JIIOre separate vehicles such as & tractor and semi-

trailer or a truck and full trailer.

Vehicle Comb1na1.?1on - 'lYo or more vehicles combined 80

as to mve over the highway' as one train of c01U1ected veb1cles.

Unit - A single vehicle; ODe of the vehicles within a-
vehicle cOlibiDatioc.

Truck or IIOtor truck .. A single selt-propelled

comerc1a1 IIOtor vehicle carr,1.ng its load on its 0V11 wheels

and pr1Jlar:f.1y des1g1lied for the transportation of property or

cOBllOdities. When used as a general term, "truck" _y refer

to any type of cODIIercial motor freight vehicle or combination

of vehicles.

Sinil:!..-un1t IIIOtor t~ .. A se:lf-propelled motor truck

constructed to carry only its mm cargo and not equipped to

pull a tra:Uer.

0-45
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~!(=:.~or ~~!L~;:.!'.::?~;;!!. <D A g~nel"al term referring

to anJl' v€hicle equil)pi!d with l!iIXi engine for propulsion and

Tr&ctor - A 8elf~p~~~&11ed l~~tor vehicle designed
_e-=mrr....,...""",-, "'"

priml''ily for pulling semitrailers ud constructed so as to

cU'l'Y part of the weight &.rid loo.d of e seiUtrailer. (A

tractor is basically a motor truck witb a short wheelbase and

no cargo body.)

Tractive_truck - A motor truck con~t~cted to carry a

cargo body and to pull a tra:l.leI'. (A trailer pulled may be

either a semitrailer 01' a tull trailer depending on whether

the tractive truck is equipped With a semitrailer fifth wheel

or a full trailer pintle hook.)

Trs.:i.1er - A cOM!'I1erc1al motor vehicle designed to carry--
cargo and to be pulled by a t:ractive tn:lck or a tractor. When

used as a. genenl term :tt may mean either a semitrailer, a

full tl"idler, or a pole trailer, and my be equipped With any

one of t.he various typea of cargo bOOie9. (Trailers built as

mobile 11Ying qual·ters are known as trailer coaches aDd mbile

hOO1eS 1 but :frequently ere called house tnilers.)

~~~ ... Pc. tl'a,iler equipped with one or more axles

and coo.etructed so th&t a sub~tlmt1&1 part of' its weight and

load 1s carrit~d 'by the tractor or tl"'aet:1va truck which pulls

ca.rrying axlea located u.ndel' the rear lml! of the vehicle.
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A semitrailer vith two axles grouped undel' the rear halt ot

the vehicle t'requently is known as a tandem-axle semitrailer.

Full trailer ... A trailer constructed so that its
--.~~ .

weight and load rests on ita own wheels. It TlJay have two

or mre load-carrying axles.

trailer converter dOlly ... A short chassis assembly

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

for .lover fifth wheel, drawbar, and other parts designed to

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

full trailer.

Trailer combination or combination - A general tel'll

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

paver vehicle, that are connected together for operation on

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

the types of vehicles that are connected together in the

combination.

Double-trailer or te.nd.em...tra.iler combination .. A

tractor, semitrailer, and full trailer. 11h1s combination

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

cargo bodies.

Line-haul service - also called over-toe-road service--__ r._ T

A general term. designating truck operations over intercity

and rural highways. SUch opemt1oWll 1M:Y include SOE ainor

auxiliary ott-highway operatioul5, especially where the payload

1s picked up from a loading ares oft the public hi~.
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.
~~~,~uQ",§, ~> Aj,~l~o'\ ~;:i{{"o·.~:,J;~ hav1ii:~g t~i't;} ()II' mcJl"e mdt:S

!~~;y..!!:!e.t .. Th~ VE:iU,ht of' t,he entire vehicle or

vehicle c<Ymbinatiol:l with driver Of! th~ rood without any cargo,

or payload, but with any packing ~te:r1al, racks and tools

usually hauled for convelllience &lit not for revenue. Vehicles

carrying empty dnmw, pall.et~, Cl"~:tes, f:li1d other cargo

containers or leveling dev1cea are classed as With load.
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!. la-kip~ .. !he nWllber of single axles weighing

18,000 pounds which would be equivalent to another nUllber

of axles weighing more or lefSs than 18,000 pounds, as _aaured

b;y their eftect em the pavu.ut structure. A kip is 1,000

pounds.

Motor vehicle operating cost - The total cost ot

operatiDg the vehicle in road lervice, including costs ot

rep_ira aDd servicing, tires aDd tubes, fuel, driver, over­

head, depreciation, and interest, but excluding terminal costs

ot handling cargo, and road -user taxes.



SUMMARY

Key WCbl\is: eCOilO~'1 of tr'Uck tran~ll.Jox't; trucking
cost; tl'l.lcl,;: dblel1~fon\1i; truck axle
veightEJ; legal 11mts of vehicle
d1Ef~n81()nfj sud weight~;9 e.~onomc

vehicle (.U~ns1on8 and weights; high­
ways and t1."Uck limts

Determning the desb'"able IS.XimU'W, limto of dimensions

aDd weights of motor vehicles is &l,p:roo.ched on the basis ot

thehigh'Way coat and the G,Pt:ril.t1og cost of' IIOtor trucks, so

tar as the fae'tors of econv~ eu.'t; concerlled. Vehicle opera-

tiona on the highway are concerned with the factors of gross

vehicle weight per net horlJepover, braking distance, traffic

accident frequency and :3ever!ty I and M&hvay capacity. The

placellent of the vehicle on the roadway so tar as the higb.vay

the pavement and shoulde1" etl'ucture, and 1nd1vidual structures

are the three 1tems of CClll~tl'uct1,on coat affected by any change

in vehicle ule weight or 1l"C~l!$ weight. Other 1teE ot the
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is f'urther divided by the ten census divisions, which

approx1Dlates a grouping of the Stat~s having the same limita­

tions ot daemslons and weights, even though these limits vary

considerably among all States.

The _in basis ot the analysis is the 1962 data on the

truck weight studies conducted in 46 States. The axle weights,

gross weights, f'requency distribution. by class ot vehicle,

number of' empty vehicles, and the payload carried per vehicle

are the main data utilized in these studies.

Considering all the tactors inTolved in determining

the desirable l1m1ts of' DIII.X1muDl vehicle dimensions and

weights, the following general conclusions were reached:

1. From the standpoint ot economy ot transportation,

there are no -Jor benetits to be gained by a vehicle height

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

f'eet does not need to be seriously investigated at this time.

2. A vehicle width of' 102 inches as a lII&X1mum is

desirable tor the reasons that it would improve the loading

tacllities for certain moduJ.e.r.. dimension products, _ad that

it would provide additional desirable space at the rear axle

tor improvement of' the different1s.l and the braldng system.

3. Existing highways will accommodate vehicle

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

100 tee"t lODg e,re feasible ut:l11z1ng two 4o..f'oot trailers.

4. There is co[~sid~m"bl~ ecoD,Clmy in overall

transpol"tmtion to be ga1~ b)~ a:de~"'i!1gbt limits up to at

least 26,000 pounds singl.e al!ld, 44,000 pounds taa.dm. The

benefit-cost ratio ot such iucreases is s1gn1ticantly large-­

say, somewhere between 3.0 awl 2O.0=..(\epending U})On the highway

system, the census diVision, and the chara.cter of the traffic

involved.

5. Incr.sing the DIi!LX1mum length of vehicles up to 65

feet aDd ,emitting the combiD&t1011 of tractoJ;./sem1trailer, aDd

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

30 percen1; with no measurable increase in highway costs.

6. Gross Vehicle weight for combiuation Vehicles is

economical up to 25,000 pounds.

7 . During the 2O-year period from 1965 to 1984, for the

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

Federal-a1d pr1IlS.ry systems would cost 0.5 to 1.9 percen.t more

than the estimated totals under existing axle-weight 11m1ts. The

above percentages amount to $95,537,000 and $348,370,000,

respectively, tor the 2O-year period.

80 On all highways, the use of the 22/38-ldp axle­

weight liDd.ts would result in a truck operating cost decrease

of' $36 'b1llioll tor the 2O..,year period, 1905 to 1984.
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A 1I'!Jl FIlDDGS IN BRIEF

The desirable l1m1'ts of d1eMi,Oil8 and veightli for

•••• use were totmd to be the following:

1. A vehicle height of' 13.5 teet

2. A vehicle width of 102 inches

3. Maximum lengths on all highvays of 40 feet for single­
un!t trueka and trailers, 55 feet for tractor and
Bellitrailer, and 65 feet for &IV other cOilbination of
vehicles

4. Axle-veight l1&1ts of 22/38 kips, single/tandem
axles tor un1veraal use

5. A gross weight lild.t of at least 120,000 pounds, or
better yet, no poSB weight l1mit at all Vith control
ot axle weight and axle spacing.





The goal of thia report 113 to present the results of

research designed to discover and evaluate the factors of trans­

portation economy involved in the legal maximum limits upon the

dimensions and weights of motor vehicles. The report attempts

to provide the tactual basis for improved Judgment as to the

requirements tor legislative and regulatory policy with respect

to these l1m1ts and also for engineering design.

1. BACKGROUND

The geometrics ot highway design have changed over the

years to accommodate both larger volumes of vehicles and faster

moving vehicles and to increase the safety of travel. As the

standards of design have been raised from year to year, vehicles

in the commercial group have been getting larger and heavier.

From time to time the states have changed their laws controlling

the DBX1mum dimensions, max1mum axle weights, and total vehicle

grosswe1ghts allowable on the highways. It is fully as logical

to consider the economy ot maximum 11m!ts on dimensions and

weights of vehicles as it is to revise tram year to year the

standard geometric design and the design cr1teria that have been

adopted by the .American Association of State Highway Officials.
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legislative bodies have been ii.WB.l"C of' tb.e effects that d1JIensions

and weights of vehicles havo llpOiJ. the: traffic stream, upon highway

cost, aDd upon ufl.l1Sportat1on in general, as well as upon the

economy ot the countryJ which is dependent upon the movement of

goods and people. The United Sta~s Congress recognized this

element in ll&ssing the 1956 Federal-Aid Highway Act, when it

directed the Secretary ot Come&'~e in Section loB( k)

• • • to take all action possible to expedite
the conduct of a series of tests now planned
or being coWiucted by the Highway Research
Board ot the ..tioD&! Academy ot Sciences, in
cooperation with the Bureau ot Public Roads,
the several States, aDd other persons and
organizations, tor the purpose ot determining
the ax1mum desirable dimensions and weights
tor vehicles operated on the :Federal-Aid high­
way systems J including the Interstate System,
and after the conclusion of such tests, but not
later than March 1, 1959, to JlBke recommendations
to the Congress with respect to such maximum
desirable d1meus10ns aDd weights.

A report carry10g out the intent of Section l08(k) was

submitted to the Depa:rtment ot Commerce by the Bureau ot Public

Roads in the tall ot 1963. It was SUbsequently reT1sed, updated

som~tJ and resubmitted in Jf.\Utuary 1964. Y

Y This report we torwarded to C,.mgr~ss by the Secretary ot
CODlmerce on August 18, 1964. It was pUblished as Bouse
Document Bo. 354, 88th Congress, 2d Session. The title is
ItMax:lmWll Desirable DimeU!l:loWil and Weights o-r Vehicles Operated
on the :Federal-Aid Syetems/'
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The present report :1.s intended to ClAn-yo forward the

earlier (1964) work, 10M it theretor8 covers the more recent

developeut6. The factors ccmfd.dered ~e those determining the

economy of trauportation and ca~b1e of being quant1fied and

priced. They include highway construetion and maintenance costa,

motor vehicle opemting cost, and certain economic and service

aspectll of the h1gbvay transport industry, such as cargo hancl11ng

and fleet operatiolU!. If ex1st1og legal d1mensioDAl and weight

l1m1tra on IIOwr vehicles are increased, it will be solely

because ot the diml!LDd of the trucking 100Wltry, made in the

conviction that transport vUl be more economical at the higher

l11llits. It overall ecoJlOlly of total high_y transportation

costs -- including both h1gb.way and vehicle costs -- can be

achieved by any proposed change to higher 11m1ts, the leg1sla-

tiTe bodiell concerned must then consider such a change with

respect to such factors as s'truGtures, geometries, effects upon

passenger car travel, efteate upon other modes of transportation,

and public poU.cy. On the o·ther band, if there is no economy in

transportation at higher lUdts, these other factors need not be

emm.ned.

The economy of transpo:r.-tat1oD. is, therefore, the most

iIIportant 8ubJoct to be aamin.ed in determining the desil'able

lepllill1ts on the d1mena1oll&'l and weight ot motor vehicles.

For this reason" in this study considerable effort has been
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devoted to making certain of "th~ merits of the "two basic elements

-- highway and vehicle costs -- &6 dete~m1ning factors in estab­

lishing what mIi.X:1mtmJ limits are dealcT6,ble fl.'om the point of view

ot the economy of ~nsportat1on.

lJ.'he objective was to Eke the sum ot the two cost tactors,

or the total transportation cost, a minimum consistent with a

desirable level of service, ot sa:rety, and of provision for

serving the needs of the Nation socially as wall as economically.

The highway cost problem f'U1~er divides itself into two aspects:

(1) the cost of providing neWly constructed highways to take

care of increased vehicle dimensions and weights as compared witb

(2) the eftects of increased vehicle dimensions and weights upon

ex18tiog highways that are in acceptable condition for the

operation of vebicles complying with current laws regarding

dimensions and weights.

1I0 attempt was _de to evaluate the effects of increased

vehicle dimensions and weights upon such socio-economic factors

as land values, trade volumes, air pollution, and aesthetic

values. .either is full treatment given to the part played by

different modes of tl'ansport8:Uou, the effects on the general

economic growth of the country, or the developllent and use ot

resources. But the necessary limits upon the extent of this

study are not intended to suggest that such soc1al and general

economic factors are not relevant and important to the policy

issues involved. It is to be ;prlCl.:l'Umro that, based upon their

; I
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Judgment as to the relationships th~t sucll. facto:rs bear to the

desirable levels of max1nru.m legal 11m1ts Oil the dimensions and

weights of motor vehicles, the policy makers will give them

their proper vl!1gbt in tbe policy decisions.

The changes in the technology ot highway design, changes

in the manufacture ot motor vehicles and their use, changes in

the character of' industl"Y, and the rapid increase in population

and. its centralization in urban areas have each contributed to

changes in transport practice. Growth in population and in the

Bation's total freight to be moved by all modes of transportation

are the two DBin developments bring1t!.g about the well established

trende: increasing numbers and we1gbta of vehicles on the highway

and payloads carried per vehicle.

The analysis ot the economy of vehicle dimensions and

weights in this report is based upon hauling a constant number

of tons of payload on a given highway. This constant number of

tons was used because the relative economy at various levels

of dimension and weight limits could not be determined unless

the usage factor was the same for all the conditiona compared.

The :reeulting 1nd1cs:tion of' a reduced number of trucks in

the Am at higher ma.ximum limits in 110 way implies that, if the

legal limits Wfo"re ra:tsed, the number ot trucks operating on the

highway would in tact decline. To produce such e. result, a

fantastic reduction in the number of trucks would be required

to overcome the effects of increases in population and in total

freight to be carried.
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In most intercity commoc.\1:ty haul, greater economy ot

motor vehicle JDOvementis obtained f:l;om increased d1Jlensions and

weights ot vehicles 1n that the cost per payload ton-mile 1s

:reduced 8S the gross veh1cle we:Lgbt increases up to some limit

such as 200,000 to 225,000 Y per vehicle combination. It can be

saf'ely ass'WDed that al1)/' lowering of the cost ot freight trans-

port by high_y v1ll. accelerate the increase 1n highway use.

Cost reductions will cause the highways to attract a greater

share of the total freight movement and to generate new movements.

Nevertheless, increased payload per vehicle perm1ts any

given total payload necessary to serve the population ot the

country to be transported. in tewer vehicles, slowing down the

rate ot increase that would otherwise occur aDd thus provid1ng

an advantage to the tratfic stream as a whole. Moreover, even

though the truck trattie is greatly increased at some disadvan-

tage to total traffic JDOvemeut, the economy arising trom higher

maximum dimensions and weights ot vehicles may be so great that

society iu general and the ..tional economy might be better ott

tor it. However, as mentioned earlier, 1t is not the purpose

ot this report to discuss the social and economic policies

involved.

Provision tor legal WJe on the public highways of

vehicles having greater dimensions and axle-weight limits than

Y On a "loaded gross weight basis" (lUgbway Research Board
Bulletin 301), these limits would be 160,000 to 180,000 pounds.
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vere permttted under 1962 laws would result in some inconvenience

to or interference with the movemeu't of smeJ.ler vehicles, particu­

larly passenger cars. But suah intel'>f'erence by larger and

heavier comerc:1al v'ehicles w1.11 be partially or completely

offset by the fact that fewer ot these vehicles would be required

to transport the same total tons of cargo. Thus, to haul the

given tonnage of payload, the trade-otf would be larger and

heavier vehicles for a reduced number ot vehicles in the traftic

stream.

However, the Nation's h1ghways are designed 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 01' the

policy questions outside the 11m1ts 01' this research. ~is is

not to say' that the consequences of changes in the traffic dis­

tribution upon p&ssenger cars and othel· small vehicles is not a

factor to be taken into account when legislative bodies consider

authorizing higher limits of vehicle dimension and weight.

No cons1demt1on is given, in this report to the military

and defense use 01' highways. The needs at the military with

respect to the limiting dimensions and we1gbts ot Vehicles is a

separate pl·oblem from that of the requirements to satisfy day­

by-day civilian needs. P.lz1.mar:Uy they constitute a policy uatter,

not an economic or practical transport matter, and should be a

sep!trate consideration in the weighing of any proposals to
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change 'the legislation cOD:troll1ng the limits ot dimensions and

weights ot veh1eles.

Bus d:1lMM:f.Ons and vl'dghte al"e cons1Mred only partially.

Full consideration is desirable, but beoo.use so much ot the

information necessary to an adequate aMlysis ot their desirable

limits is not available, most ot 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 80 small

that it would have little ettect on the analysis tor the

econOmy of' axle weight. Only a tew intercity buses have tandem

axles at the rear.

L1m1ts ot dimensions and weights that are less than those

prevailing in 1963 in the aJority ot States are given very

little attention. It was reasoned that nothing would be gained

by invest1gating the des1re.b1lity of limits less than the pre­

vailing ones, because any changes to reduce 11m!t8 to the lowest

ot those now prevailing would not be even a remote possibility

and no economy or improvement in transport9.t1on would result

from establishing 11ll1ts at that level. Th1s conclusion i.

supported by the trend. over the last 40 year.s, during which the

legal limits have, with minor exc:ept1ons, moved steadily upward.

The in~8e over t1lle directly refiecta public opinion and

policy and the recognition of the 1ncrM.sed economy and social

benefits to be gained trom the higher l:1init8 .



PARTIAl. StMWr.f OF THE JANtIARy 1964 REFORT
"MAXIMUM Di8:tBA1lL1 DIMENSIONS AIm WEIcmB OF
VEHICLES OPERADD OW 1'BE FBDBRAL..AID SYSDMS"Y

1'he 1964 report ine1ud.68 much det&Ued into1"D1lll.tion aDd

discussion ot the many factors 1nvolvea. in determining the

desirable maximum limits of weights and dimensions ot motor

vehicles. '!'he reader is referred to the or1gil:l&l publication

(Bouse Document 110. 354), because to 8'UJDlJJarize its 112 pages

would require more 818ce than in warranted in this QoDdel18ed

report. ~e 8U1!1llvlloyawl prine1pal concl.usions, -bowever, are

gi'9'en heloe. The s~ awl recomJIendat1ons of the January

1964 report are reproduced below directly from House Document

Y Published ail Bouse Document No. 354, 88th Congress
2d SeesslcD, August 19, 1964.
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8. SUMMARY AND RECOWmNDATIONS

The sUllllnary and recommendations of the January 1964

report on the desirable di.mensions and weights of motor

vehicles are reproduced below directly from House Document

No. 354.

MAXIlVJUM'DESIRABLE DllWENSIONS AND WEIGHTS ,OF
VEHICLES OPERATED ON THE FEDERAL-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 pavefuent and structures through the stresses it
places upon them. ' Overstressing decreases the serviceability and
hastens the re<;onstruction or replacement of highway 'facilities.
G~eater axle w,eight.requires greater ;p~vement thiclrnes~ and stron~er
bndges. Gross weIght can be a crItIcal factor for bridges carrymg
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
increased dimensions of highway geometric patterns and clearallces.
In the absence of minimum performance requiremerits, weight can
also affect highway capacity; that is, a slowly' :moving vehicle affects
adverselithe speed of others and hence the cap'acity of the roadway.
But bl1i"\lcli1Iy axle weight affects the serviceability of a highway and
vehicle size affects its capaCity.' ~

"Inlletting dlniensions and weight standards a mediation of various
values incbnflict is necessary. Any standard proposed must 'provide
for maximum safety of operations. Beyond thIS overriding need;
balances rim:;;t be achieved withiti. major areas of consideration. There
must be a balance betwMn thel:>enefits inherent in increasing stllnd­
ards, and the costs of providing for them; between larger vehicle
dimensions and the welfare Of other users of the highway. The use of
public funds by Federal, ,State,county, and urban governtnellts to
provide hhthway '~Cilities and ll:dministratio:r: ,implies that. many
sectors of the pubhcinterest besIde commercIal transportatIOn are
inv-olved in detetn'1mations of vehicle stand'ard~. Theremnst be a
clear showing that. increases in vehicle sizes and weights are in· the
pUblic interest.. Highway vehicle standards J?ustalso b.e ~ighed'
III the balance WIth other modes of transportatIOn, to permIt hIghway
tra~sport to, make' its optimum contribution in meeting the ne1;ldg'of
the Nation's Commerce, Such' tests will proVide for the most effMtive
use of our transportation resources. ' . . :"

Ex.amWati6n of the 'benefit-cost equations where available fot th~
various 'alternates icana§'sist in;determining some of these balanciIig
points in the evaluation Of standards; quantified benefits can be offMt
ag~i;1~tcomp.ll:rable ~osts. Not.le~st among the ~on~ideratiorisis the
~bility qrwilh'ngness' of be'neficla~es' to pay the lIlcreased costs t~'eY .
oc(!a;SlOtl.', ." • I" ' ," "

1



2 DESIRABIJE DUlDTIN8IONS AND WEIGH'l'S OE' VEHICLES

Structures comprising our preSeJlt highways were designed for and
are maintained at a level of serviceability to accommodate specific
vehicle dimensions and axle weights for a preselected period of time.
Most structures built over the past decade for the primary highway
systems are intended to accommodate greater vehicle standards and
provide better serviceability than those built in the decade following
World War II. The initially selected period of service life of highway
structures is also the basis for the programing of funds which the
public makes available whether obtained from bond issues, user
charges, dedicated tax revenues, or other sources, Increases in vehicle
standards which occasion greater capacity or strengthenin~ of highway
structures, or accelerated deterioration of their serviceability, cannot
be justified unless con-esponding 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. Through annual model chan~es
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 easily 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 possibly bring about wasteful
obsolescence of technically and economically sound structures and
weaken the public's continuing high investment in highway systems.
F'urther, while in the interests of uniformity it is desirable to have
only one vehicle standard for all highway systems, it is not possible
at this time as n, practical economic, technical" or legislative matter.
On the other hand, neither is it feasible to est&blish Federal vehicle
standards for certain highways unless as a minimum they comprise
a very considerable mileage of connected routes forming an interstate
system.

The resources of technical research available fOl this report have
been considerable; nevertheless, the field is so complex and the
variables so many that each conclusion is subject 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;
a more comprehensive program of research and investigation must
proceed to enable future standards to be related specifically to technical
criteria, and applicable to additional components of the Federal-aid
hi!thway systems.

Recommendations 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. They
are, therefore, predicated on the continued financial Bupport by all
participating gO'l7ernments of presently approved program levelS for
the construction, reconstruction, :J,Uaintenance, and operation of these
systems: »

1. With regard to the Federal·aid primaI'Y and secondary systems
and their respecti-ve urban extensions, there is need for additional

2-3
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important information regal'ding the serviceability and capacity of
critical structures comprising each component of these systems, and
the makeup of the actual dimensions and weights of vehicles using each.
It is not feasible to recommend any Federal standards for vehicles
using these primary and secondary systems until 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 shall be retained through
June 30, 1967. .

c. That the existing maximum gross weight of 73,280 pounds shall
be amended by providing that for a period, beginning 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-l+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 consecutive axles. .

N-number of axles in the group under consideration.
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4 DESIRABLE DIMEJ-:fSIONS AND WEIGH'I'S OF VEIHCLES

TABLE l(Il,).-Pel'1nissible gross lorids fm' vehicles in regular operation

Based on weight forran}}), W=500 (LN/N·-·!-f·12N+32), modified I

[Bridge tuble A]--------'--,--_._-_._-_._._._--------_.._.._.•_...__.
Maximum load In pounds carried on any group of 2 or more consecntive axles'

.....-_...,.---,--_._-_.
Distance In feet be­
tween the extremes
of any group oC 2 or
more consecntive

axles 2 axles 3 axles 4 axles 5 axles 6 axles 7 axles 8 axles 9 axles_._---_.- -----------_._.._._--_. _.....__..._-_.._._----

88,000
88,500
89,000
89,500
90,000
91,000
91,500
92,000
92,500
93,000
93,500
94,000
95,000
95,500
96,000
96,500
97,000
97,500
98,000
98,500
99,000

100,000
100,500
101,000
101,500
102,000
102,500
103,000
104,000

"'72;060' :::::::::: ::::::::::
72,500 ..
73,000 ..
74,000 .
74,500 80,000
75, 000 80,500
75,500 81,000
76,000 81,500
76,500 82,500
77,000 83,000
78, 000 83, 500
78, 500 84, 000
79,000 84,500
79, 1i00 85, 000
80,000 85,500
81,000 80,500
81,500 87,000
82, DOD 87,500
82,500 88,000
83, 000 88, 500
83, 500 89, 000
84, 000 89, 500
85, 000 90, 500
85, 500 91,000
80,000 91, 500
80, 500 92,000
87, COO 92, 500
88,000 93,000
88, 500 93, 500
89, DOD 94, 500
89, 500 95,000
90, ODD 95, 500
90, 500 96, OCO
91, DOD 90, 500
92, 000 97, 000
92, 500 97, 500
93, 000 98, 500

4_. __ 32,000 ...................................................•................••
5._ .•....•__ . __.._... 32,000 •• _ .
6._.................. 32,000 __ __ .
7... 32,000 ._..
8.................... 32,000' 40;000' :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: ::::::::::
9 __ ••. 41,000 .
10•••.•...............,........ 41,500 _.
1L __ 42,000 .
12....••.• .............•_ 43, 000 48, 000 __ "............•
13.... ......•... 44,000 49, 000 ..__ __ .
14_.................. ..•....... 44,500 49,000 __
15.••..................'.'•. '.. 45,000 50,000 __ .
16..•... 46,000 50,500 56,000 .
17................... 47,000 51,500 56,500 .
18................... 47,500 52,000 57,000 .
19.. 48,000 52,500 liB,OOO __ .
20.•.·....•........ __ . 49,000 53,500 58,500 64,000 .•..••........•.__._ .
2L.................. 50,000 54,000 59,000 64,500 .
22 _. 50,500 54,500 60,000 65,000 .
23................... 51,000 55,500 60,500 66, 000
24.. •................ .........• 52,000 56,000 61,000 66,500
25................... 53,000 56,500 61,500 67,000
26 __ 53,500 57,500 62,000 67,500
27•• _................. 54,000 58,000 63,000 68,000
28•• _ c......... 58,500 63, .5UO 69,000
29•• _ __ 59,500 64,000 69,500
3D __ __ __ .. 60,000 65,000 70, oeD
31.. __ __ __ 60,500 65,500 70,500
32 __ . 61,500 66,000 71, 000
33............ .. __ 62,000 66,500 72,000
34. 62,500 6'/,000 72,500
35 __ __ . 63,500 68,000 73,000
36 __ 64,000 68,500 73,500
37................... 64,500 69,000 '74,000
38.••__ "'.'''''' 65,500 70,000 75,000
39................... 60,000 70,500 I 75,500
40................... 66,500 71,000 76,000
41................... 67,500 71,500 76,500
42................... 68,000 72,000 77,000
43 _................ 68,500 73,000 78,000
44._ --.......... 69,500 73,500 78,500
45................... 70,000 74,000 79,000
46 __ • 70,500 75,000 79,500
47................... 71,500 75,500 80,000
48 _._............ 72,000 70,000 81,000
49................... 70,500 81,500
50................... 77,000 82,000

~~::::::::::::::::::: :::::::::: ::::::::::1:::::::::: ~~: ~~g ~: ggg
53................... 79,000 84,000
54 _ _..... 80,000 84,500
55..__ 80,500 85,000
56••••.••__ 81,000 85,500
57.._ ~........... 81. 500 86,000
58 __ __ •.• 82,000 87,000
59.................... 83,000 87,500
60 __.. 83,500 88,000
-------'-----'----_..'---_....._ ...._--_.

1 The permissible loads are computed to the nearest liDO pounds. The modification consists oflimitlng the
maxlmnm load on any slugle axle to 18,000 pounds.

'The following loaded vehicles must not operate over H15--{i bridges: 3-82 (5 axle) wheelbase less than 36
feet; 2r-81-2 (5 axle) with wheelbase less thau 42 feet; 3-3 (0 axle) with wheelbase less than 44 feet; and 7-, 8-,
and 9-axle vehicles regardless of wheeluf.se.



3. It i::1 roeoln..rn.8T'tdea. thc,t scctiLon 12';1"' of ·~itJ2 23, Unitod· ISto,tes
he further amendod to provicb '~,hr"t there be lIdded to the

present provisiom: tho following seven fl/Jditiomd limitations on the
ditnonsions of vehicles using the Intersktc SysteEl, to be effe;~Hyc {}
mont.hs after tho enflctment of such llmendment:

0,. Maximum length of single-unit truck, 40 feet.
b. Ma}dmum length of single-unit bus, 40 feet.
c. l\faximum length of semitrailer, 40 feet.
d, Maximum length of trailer, 40 feet.
e. Me,ximum. overal1 length of trnck-tn,ctOl' tend semitraile)',

55 feet.
j. Ma;:;:inmm overnll length of all other cml'1hinations, 65 feet.
g. Maximum overall height-13 feet, G inches.

·1, 'I'lL:!; in the interests of safety and the efficient utilizfctbn of
l11 c"11'Nf:;,,/S by all types of vehicles, pel'formance standards be added to
the dimension and weight standards prescribed in section 127 of titl£>
;33, United Sta.tes Code, for vehides operating on the InterstRte
Sy:;tem. Further that these Federal performance standards shall be
those prescribed by the Secretary of Commerce and published in the
Federal Register, and shall take effect on such date DS the Secretary
of Commerce shan detei'mine, but in no case less than 1 yell!' or more
than 3 years after section 127 has been amended to provide therefor.
These performance standards provided for by the amendment of
section 127 shall be:

n. A minimum performance stand[lxd specifying a n:,tio of gross
iV;:light of the vehicle to the net horsepowel' of its engine available for
I1wvement of the vehicle,

b. A minimum performance standard for vehiele brdling systems,
c. A standfJxd lor the linkage betweerl cOInbinations of vehicles.
5. That section 12'7 of title 23, United States Code, be fmther

((mended to provide that effective July 1, 1967, and the;reaftel', the
fonowing standllTrlG sball be those of 'Vehicles which the Ejttl,tes pormit
to use the Interstate Syst.em:

a. The maximum overa.ll vehicle '\vidtli Shtl.l] he 102 inches,
b. The maximurn single'l1x],3 wijight shu.ll be 20,000 pounds fi,rd

ma:dmum tandem-u,xle weight, shall be 34,000 pounds.
c. The ma:\1mmn gl'OSS weight shall. be that given in table B on

the folloyring page for the respective number of axles of the vehide
I1nd the distance between the extreme axles of the g,TOUp measured
]o:ngituclinally to the nearest foot. The following general formula
i" the bfJ"lis for preparing: bridge table B:

W=500 (LNjN++12N+36)
\>;·here

H/"""ma,ximum weight in pounds carried on any gl'onp of two or
mOl'C 2l,xlen.

.i>=distunce in feetbctwcon' the extl'DmCS of any gT0U1) of tv,'o or
[no1"e cons0(~uti';le axles. ...

l"lcc:C:llumber of (J:,:des in the group under considerstioJl.
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TABLE 1(b).--Permi8sible gross loads fci\' vehicles in regular operation

Based on weight formula W=500 (LN/N--·l+12N+36), modified 1

[Bridge table B]
-----------~-~-------------

2-7

Distance in feet be­
tween the extremes
of any group of 2 or
more consecutive

axles

Maximum load in- pounds'carried on anY.'group of 2 or more consecutive axles I

2 axles 3 axles 4 axles 5 axles 6 wes 7 axles 8 axles 9 axles
-------------------------------

4. _••_____••••______ • 34,000 ------ ....-- ---------- --_..------ ...--...._---- ---------- ---------- ----------6•..____•••_•• __._•._._ 34,000 -...----_.. -- ---------- ~--------- ---------- ---------- ---------- ----------6__._.__•__•.•.____ ••• 34,000 -------..-- ---------- ---------- ---------- ---------- -------_ .... -....-----.....7_ ••_•••_. __••_••.•._ 34,000 ---42;000' ---------- ---------- ---------- ----- ..---- ---------- ----------8. __ •______•••_.__._. 34,000 ---..---_.... ---------- _..---~---- ---_ ...... _......- ---------- ----------9_. _••___._.____._._. 39,000 42,600 ---------- ---------- _..-------'- ---------- ---------- ---- ......----10__••__•••_____'_"_' 40,000 43,600 ------_ .. _- ---------- ---------- ---------- ---------- _.._-------11___~_•••__• __••••___ ---------- 44,000 ---50;000- ---------- ---------- ---------- ---------- ----------12__ . ___ •••._. __._••. ---------- 45,000 ---------- ----_.... _-- ----- ..---- ---------- ----------13.•••__••__._••__._•• -_ .._------ 46,600 ro,liOO _.. _------- _..-_.. _---- _.._------- _.._------- ----------14. _••_••______•_____ ---------- 46,600 61,600 -------_ ..----------- ---------- ---------- ----------15. ___• ______•••___•• ---------- 47,000 52,000 '--SS;ooo- ---------- ---------- ---------- ----------16••________• ___. _____ ------ .. --- 48,000 62, 600 ---------- ---------- ---------- ----------17______._._._._..._._ ---------- 48,600 53,600 58,600 ---------- ---------- ---------- ----------18••_.____._••.••_•__• ---------- 49,600 64,000 69,000 ---------- ---------- ---------- -_...---- ....-19.••••___ •___ . ____•.. ---------- 60,000 54,600 60,000 --'00;000- -- .._------ ---------- ----------:olI__•___._.___•••••••• --------_ .. 51,000 56,600 60,600 ---------- -------_ ..-----------21._.___~__•.__• ____ ._ -...-------- 61,600 66,000 61,000 66,600 ---------- ---------- ----------22_••••_.•._____••..._ ---------- 62, 600 66, liOO 61,600 67,000 ---------- ---------- ----------23••_____._•••• ______ • ---------- 53,000 67,600 62,600 68,000 --'74;000- ---------- ----------24__ ••______••.____•• ---------- 54,000 58,000 63,000 68,600 ---------- ---------.26._••_•• ___••___ . ___• ---------- 54,600 58,500 64,500 69,000 74,600 ---------- ----------26••_____._._____ ••••_ ---------- 65,600 69,600 66,000 69,500 75,000 ---------- ----------'rT___._.,_.__ ••_.•.__ . ---------- 66,000 60,000 66,000 70,000 76,500 .--82;GOO. ----------28.•__•____••_•• ___ ._. ---------- 67,000 60,600 65,600 71,000 76,60029__•__•__•••••__ •___ • --------- .. 67,600 61,600 66,000 71,600 77,000 82,60030._.______•. _.____'"
--------~-

58,500 62,000 66,600 72,000 77, IlOO 83,00031.••_____ ••__ ••_.__._ ---------- 59,000 62,600 67,600 7~, 600 78,000 83,600 ""00;00032__. ___......._._.._._ _..-_ .._---- 60,000 63,600 68,000 73,000 78,600 84,500
33____••____ ••_•. __.•. -------,--- ----._----- 64,000 68,600 74,000 79,000 85,000 90,600
34. _. _._._.____•.••._ ---------- ------- ..-- 64, IiOO 69,000 74,600 80,000 85,600 91,00035.____•._. _____._. __. ---------- ---------- 66,500 70,000 75,000 80,600 86,000 91,600
36._.__ ._•••••. ____ '" ---------- ---------- 66,000 70,600 75,600 81,000 86,600 92,000
37._._.__•__.•.___ ••• ---------- ---------- 66,600 71,000 76,000 81,600 87,000 93,00088••_______ ••••___ ••.• ---------- ---------- 67, IlOO 72,000 77,000 82,000 87,500 93,600
39._._.___•__.... ____•. ---------- ------ ..--- 68,000 72, IlOO 77, IiOO 82,600 88,600 94,00040..._._.________._._ ---------- ---------- 68, IiOO 73,000 78,000 83,600 89,000 94,600
41._...__•____• _._•••__

-~------- ... ---------- 69,600 73,600 78,600 64,000 89, IiOO 96,000
42._•••__••••_._.___••. ---------- ---------- 70,000 74,000 79,000 84,600 90,000 96, IlOO
43•.•••______•____•• __ ---------- ---------- 70,600 75,000 80,000 86,000 90,600 96,000
44_._____•._. _____._._ ---------- ---------- 71,600 75,500 80,600 86,600 91,000 96, IiOO
45__•_____._._•____••• ---------- ---------- 72,000 76,000 81,000 86,000 91,600 97,600
46___••_.••_._._. ,_••_ -_..._------ ------- ..-- 72, liOO 76,600 81,500 87,000 92,600 98,000
47..•__•••___•__ ••.•_ ---------- ---------- 73,500 77,600 82,000 87,600 93,000 98, IlOO
48_ ••_"._._•• __••__._ ---------- ----- ..---- 74,000 78,000 83,000 88,000 93,600 99,000
49. __ •••_,,_••_._•• ___ ----...._.._- ---------- 74, 600 78, 600 83,600 88, IiOO 94,000 99,500
60•• _____._••_•••. __• ---------- ---------- 75,500 79,000 84,000 89,000 94,600 100,000
61.._••__••._._. __• __ -...-------- ---------- 76,000 80,000 84,600 89, liOO 95,000 100,500
62_.___•._._ ._.__._••• ---------- ---------- 76,600 80, IlOO 85,()()() 90, IlOO 96, IiOO 101,000
53......._.••_______•.._ -..--_ .._--- ---------- 77,600 81,000 86,000 91,000 96,500 102,000
64.._••••_._._.__••.•__ _..-------- -..---..---- 78,000 81,600 86,600 91,600 97,000 102,60055____ ....___ .._________ .. ---------- --~-------

78,600 82,liOO 87,600 92,000 97,500 103,000
66__ ••_., __•._._ . __ •. _ ....-------- ---------- 79,600 83,000 87,600 92, IiOO 98,000 103,600
57.___._.·.____••_....._ ---------. ---------- 80,000 83,liOO 88,000 93,000 98, IiOO 104,000
58__•••______ . __. ____• - .. -, ..------ ----- ..---- _..-------- 84,000 89,000 94,000 99,000 104,600
69_._•••__.... _. _.' _. __ • ---_ ...._.._- ----- ..-..-- ---------- 85,000 89, IlOO 94,600 99, IiOO 105,000
60._••••___•••••__._•._ -...-------- ---------- ---------- 85,600 90,000 96,000 100,500 105,500

------
I The permlsslble loads are computed to the nenrent IiOO pounds. The modification consleta in limiting

the maximum load on any single axle to 20,000 pounds.
I The following loaded vehIcles must not OPe1'ate over H1&-t4 bridges: ~S2 (5 axles) with Wheelbase less

than 38 feet; 2-81-2 (6 nne) with wheelbase less than 45 feet; ~3 (6 nlde) with wheelbase less tban 45 feet;
and 1c,~, and 9-Bxle vehicles reglirdless of wheelbase.

6. 'fhat the Se~retary of Com.mfl,.fce shall, in consultation with the
Gov"arnors of the States, develop a feasible program for the estab­
lishment of maximum vehicle standards whICh are inclusive of all
enforcement, weighing scale or other tolerances.





CHAP1'ER 3 .

REVIEW ar·1963-61 LEGAL LDU'TS ON
VEHICLE DIMENSIONS AND WEIGHTS AND

FACTORS TO RECEIVE RESEARCH ATTENTION

A revie'w ot State and Federal legal lim!ts on the

dimensions and weights of motor vehicles is essential to an

understanding of the research program underlying 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 vehicle dimensions and weights.

(2) The existing legal limits are sometimes without

obvious iSUppOl"'t in logic based on their effects on either

highw.y oX' transport operation.

(3) The 'va:t'ying specific limits cannot all be best,

th.e\t is, in the bast interests of the Nation and the individual

states.

(4) IttteTs'tate tl'aUSport now must operate under a

h/lli,lllage than would be the case under more nearly uniform laws.

(5) A revi®\l' of existing limits indicates specific
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1. &.rAft LBGISLATION, 1964 THROUGH 1967

F01' this i'~Pl):lrtJ a CUl1Jlr!,,:,LErte 8:i"Ullys:liOi of the S"ta'te legal

limits on dimensicmJ:1 t),lJd weights of mo:tol' Yoo:tcles w.s _de as

of Dac6iiber 31, 1963. Thill! study ~s bl'Ought up to date in a

s\IDiiiiary fashion b;V' & 'tsi.ble published by the BilI'<&aU of Public

Roads &.S of Decel1iib~l' 31, 1964. The 1964 infol"'&i.lation VilS updated

from seconcmry sources insof'{n~ as i't WiiS possible, and the

changes through Dec~ber 1961 are given in table 3~2.

The period f:a:ooIi1 the beginning of 1964 thl~ough 1967 was

-.rked by the continuing spread among the States of existing

legal maximum limits of dimensions and weights of vehicles.

Little change took place in width 11m1ts, 'which were already

almost uniform at 96 inches throughout the Nation. Height limits

moved closer to uniformity at 13.5 feet, with five States raising

their 1:im1ts to 'that point in 1905, tva in 1966, and one in 1967.

Among all the d1.l'aens1ona1 and wla1gbt factors, length 11m!ts were

the Bn'bjec'ts of the gl~eil1test legislative act1vl'liy. The present

trend is in the d1rilr:ction of increasing combination length and

number of axles. In contrast to the situation existing in 1963,

all the western States and much of the Midwest now pe1'ldt the

opal'atioil of the 65=:f'oot, threa=unit combinat.ion. In addition,

two COlit:1.gu.ous eas't~&'n S'tates lW;'le recently p,ii,l'ised lavs permitting

thetJie cowbinatiol1s to operate, a.lthough such Opcl'oI.'tion vill be

limtii.<! by the 1~olat1on of theae S'tateEl in an area generally

fOol"bidding it. Vel'y little ~lJg~ "t;clok plAce in v&ight limits.
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TAble 3-2. -- Summery of State legislation char~ing the limits of motor vehicle
dimensinns Bnd weights, January 1964 through December 1967

Note: This infnrmatint1 is no~ guaranteed to be complete, snd some interpretations are doubtful.
1 of 8

On designated highways.

Effective 5-27-67.

Made absolute III!IxillllDD including tolerance.

Temporary provision to be effective fro!!;
ll-8-67 to 1-1-70.

Pole vehicles

Change in legal requ.1.rement

2-unit combinations

Single-unit trucks
Semitrailers
Tractor-semitrailers
Combinations

IAll commercial vehicles1967 I 13·5 li!·

1965 60 65

1965 50

I
55

1965 NR 40
1965 50 55
1965 I 73,000 or

(73,280)
1967 12·5 13·5
1967 NS I 80I

! From- 'ro- Applied to- ExplanationYear I

1965 55 60 Tractor-semitrailers Added 5-f'oot permissible load extension,

I 1965 55 75 House-trailer combinations
I
I 1965 12·5 13·5 ---
I 1965 35 40 Single-unit trucks

IAcross-the-board increases in gross weig:;t
I 1965 60 65 ot~er combinations

s I 1966 76,800 1100,000 3-52-3
I

I
I limits.

I II 1965 Permit Certain heavy haulers Specially des1gnoeO. and ,,-:1th 18,000 poun!'1s oni - I
i I s'l;eering axle.

1967 55

I
65 Other combinations Effective 2-21-67.

1965 100
I __ .. .

1965 13·5 i 14
1965 I 40

"'eight, pound

Item of
dimension or weight

Length, feet

Height., feet
Length, feet
Length, feet
/oBxj)'11\un gros '"

T

i
I+----_.
j
' Length, feeT.

Length, feet

I

!
II Axle weight

I Length, fept.

i Wi~th, inchp.s
: Hel./Sht, feet

I.enf',tb, feet
Height, feet

State

I
Connecticut I Length, feet "

Len",th, feet
Let1~th; feet I
Maximum gross weip-,ht, pounds I

______ J._~~~~_.~;~ . .__J

Colorado

California

Arkansas,

Alaska

Alabama

VJ
I

VJ



Table 3-2. -- SUIIIIIIlry of State legislation changing the limits of IIOtor vehicle
dimensions and weights, January 1964 through Declllllber 1967

Note: This information is not guaranteed to be complete, alld some interpretations are doubtful.
2 ot 8

W
I
+:""

.j',

~\

Item of Change in legal requ1rement
State dime-nsion or weight

Year From- I To- Applied 100- Ixplalllltionf

Delawre I Length, feet 1967 60 65 other combinations Ef.'fective 8-2-67.
Length, feet 1967 60 70 Pole and piling t;railers Effective 8-2-67.
Length, feet 1967 60 65 Auto transporters wtfective 8-2-67.
Maximum gros s weight, poullds 1967 46,000 65,000 3-axle vehicles Iffective 6-2-67.

Georgia I Length, feet 1964 35 55 Single-unit trucks
Length, feet 1964 40 55 Bus
Length, feet 1964 50 55 Tractor-semitrailer

I Number of towed units 1964 1 NR ---, IMa,'... ,"," ••1gb<, po"', 1964 63,280 73,280 ---
Hawii Axle weight 1967 - - Vehicles with 3 or more New table of axle weights, effective 7-1-67.

consecutive axles
II

Idaho I Length, feet 1967 65 98 3- or 4-un1t combinations Effective 5-30-67, .y be operated 011 high.;y;

I!,~ngth, feet

designated by the Board of Hig):lway Direct01"!l

Illinois 1965 60 65 TST (stinger-steered only) On desigllllted higi:nI\l.YS. Annual permit required.I Length, feet. 1967 - - 65-foot tractor-semitrailer Ei'fective 7-6-67, _y operate on all 4-lane h1gb
ways without e. permit. Higlnltly department _y

I authorize operation on certain 2-le.ne roads.

Indiana Length .. feet 1965 55 65 3-unit combinations
Number of towed units 1965 1 2 ---
Widt.t>, inches 1967 96 114 Mobile-home, sectionalized- Effective 3-7-67, may be operated under permit.

bUilding combinations
Length, feet 1967 60 15 same 8S above. same as above.

I
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Table 3-2. -- Summary of State legislation changing the limits of motor vehicle
dilDensions and'weights, January 1964 through December 1967

NDte: This infDnnatlon is not guarenteed to be complete, and some of the interpretations are doubtful.
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I
Change in legal requirement

State I Item ot'
di~enslnn or wei~lt

Yesr From- To- Applied to- Explanation
--l .

IDYll Length 1965 - - Vehicles over 50 feet long Provision repealed prohibiting vehicles over
50 feet long from operating on highways with
paved surfaces less then 22 feet.

Kansss ILene;th. feet 1965 35 4') c Single unito Including trailers and semitrailers.Co.)

Length: feet 1965 50 55 Tractor-semitrailers
L'"I,,,,1.1., feet 1965 ~) (,5 Other ,combinations
Nluob('r 01" tOIJed ull1 ls 1965 1 2
;>'101lh, feet 196"( 8 10 Fertilizer disfensiag

machines
V:nglh 1')67 - - 65-foot cOlc.bina tions O:pt:ratloll hliS teen extellit,d t1 State HiE:;hllay

Commission to all highways on the Stttte systeLls.
Numl''''l" :,1' lJwf':d \Intts 1967 - - saddle-mount, tow-bar, or More than 2 towed ~ehicles prohibited.

full-mount combinations

Keutuclty I Length, feet 1964 50 55 Tractor-semitrailers Maximum combination length permitted. Full

IAXlp.-we1ght .. pounds
trailers prohibited.

1964 32,000 2 or more sxles Limit when axles are spaced within 120 inches.
I Ilcit!:h t., feet 1966 - 13.5 All highways Formerly applied only to desigllll.ted highways.

LPI.~lh.. 1'ept, 1966 55 Mobil e-home comb! na tion Effective 1-1-61.

Louisiana Le'\:~th .. feet 1966 55 60 Tractor-semitrailers Effective 7-27-66
Len~t.h, feet. 1966 60 65 Other combinations

1-'08 h,p I Axl e \old eh1., 1'0un6~ 1965 32,000 36,000 Tandem axleG au hit!:hways other than the Interstate system.
I Grn.sr. weJ 0,1 • pound~ 1965 40,000 46,000 Cert9ill 3-ax1e trucks Brakes on wheels of all axles; distance between

......;. extreme 8xles les8 than 16 feet; on highways1__...__.__.__________ other than Interstate.-

w
•V1
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Table 3-2. -- SUIIlIlI!ry of State legislation changing the limits of motor vehicle
dimensions and weights, January 1964 through December 1967

Note: This information is not .suaranteed to be complete, and some of the interpretations llre doubtful.
-- -

I Item of
Change in legal requirement

Sta'~e
dimension or weight

i Year From- To- Applied to- I BxplallBtion

Maine Gross weight 1965 ! - Additions to 4-axle table
Weight tolerance 1965 I 1O~ Farm products and

refrigerated cargo
Gross weight tolerance 1967 - 10% Mineral transport vehicles Effective 9-17-67, if -.ximum gross we1gbt does

I
not exceed ll~ of the registered. weight or. ot
the MGW permitted by the table of axle-weight
l1m1ts.

Maryland Height, feet 1965 12.5 13·5 ---, Gross weight 1964 - - Tied to number of axles
Length 1966 - - Auto transporters May exceed 55-toot limit by oVerbang ot

I transported vehicles.ILength, feet 1967 , -
I

65 Tractor-sem1traUer-traUerl Permitted, effective 6-1-67.
Gross weight tolel~nce 1967 I 5~ Vehicles transporting bulk

I I milk. I MGW cannot exceed 73,280 pounds with tolerance.
I Gross weight, pounds 1967 40,000 2-axle, single-unit dump

I trucks The radius ot operation of these single-unit
Gross weight, pounds 1967 65,000 3-axle, single-unit dump Vehicles 1s limited. Effective 6-1-67.

I
trucks

I

Ma~sachusetts Length, feet I 1966 I 50

I
55 Tractor-semitrailers Effective 9-2-66.

Length, feet 1967 I - 40 Buses Without special pe:nn1t, effective 9-21-67.

IMichigan Length, feet 1964 55 I 60 Auto transporters
Axle weight, pounns 1965 32,000 Tractor-semitrailers 2 tandem axle assemblies with single-axle

I weights of 16,000 pounds permitted oniILength, feet
designated high~ys.

1966 55 65 other combinatioDs No more than II axles. Effective 6-14-66.

\-~

~~
I '.
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Table 3-2. -- Summary of State legis~tion changing the limits of motor vehicle
dimensions and weig.»ts, January 1964 through December 1967

Note: This information is not guaranteed to be complete, and some of the interpretations are doubtful.
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Explanation

From operation on designated. highways to opez'a­
tion on all Interstate and State prilrary routes
plus an additional 5 miles to e.nd from such
routes.
Vehicles transporting construction equipment
and. f'arm machinery. Chief engineer req\.\lred
to :l.ssue permits for such o~-.at1on, effective
10-13-67.

~fective 4-22-67. F:l.ve-p<>-rcent tolerance for
vehicles transportini livestock, boats, or motor
vehicles.
Effective 4-22-67.

Change in legal requirement

Applied to-

2-axle, tandem special
vehicles
3-axle. tandem special
vehicles

Tractor-semitrailers

Single semitrailers

Single-unit trucks
Tractor-se~trailers

other combinations
Auto transporters
65-foot dOUble-cargo
combinations

48,000

36,000

To--
!~O

I

1967 50 I 55I
1965 12. 5 1 13·5
1965 35 40
1965

~ I 55
1965 65
1965 60
1967

1967

1967

Itetc of
cl.ilDension or "eight

P.eie;ht, feet
Length, feet.
Le:lGt.h, feet,
Lene;t.h, feet
Lenet-h. f cet.
Length, feet

Axl" weight.' pound;;

Axle ,reight, po',md;;

Length, feet·

L",ngth, feet

State

Micso1J.ri

Minnesota

Mon'Gaol".

Nebrasks

Nevads

Axle weight, pOllnds
Axle weigl'lt, pound;;
Maximum eross wei13ht., l'ounds

Leneth, feet

Lene;th, feet
Lenb--th. feet.
Leng1•.h, feet

1967
1967
1967

1965

1967
1967
1967

60

NR
NR
NR

20,000

I
34,000

105,000

I :
I 70

105

Single axles
Tandem axles
All vehicles

other combinations

Single umts
Vehicle combinations
Vehicle combinations

Ei'fective 1-1-68 on highw.ys other than
Interstate system.

Effective 7-1-67

By rule and reguJ.ation of State highway department.

w
~
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'I'able 3-2. -- Summary of State legislation changing the limits of motor vehicle
dimensions and weights, January 1964 through Decemt,er 1967

Note: This informatic'n is not guaranteed to be complete, and some of the interpretations are doubtful.
--

I

i Item o:f Change in legal requirement
State dimension ano weight! Year From- To- Applied to- Explanation

I
1965 40 Buses on all highways Formerly on designated higbwys only.New Hampshire I Length, feet I -

Length, feet 1965 - 55 Combioations Limit scheduled to expire in 1968 IIIlI.de permanent

New Jersey Length, feet I 1964 53 55 Tractor-semitrailer May not exceed 50 feet including load when
I semitrailer exceeds 40 teet.I Number of towed units

I
1965 1 2 ---

Length 1967 - - Single units 35-:foot limit to include load.

ILength, feet 1964New York I 50 55 Tractor-semitrailers

.\ I Length, feet 1964 50 55 other combinations
Height, feet I 1966 13 13·5 ---

I Number of towed units 1966 - - Combil'..ations Vehicles hauling disabled t1'llctor-sem1tl"lllilers

I Length, feet I
exempted :from 3-unit prohibition.

1966 55 60 Auto transporters

North Dakota Length, feet 1965 60 65 Other combinations On designated higbwys.

Ohio Axle weight, pounds 1965 31,500 32,000 Taadem axlesI Length, feet 1967 40 NR Semitrailer Effective 8-11-67.
Length, feet 1967 35 40 Single-unit trucks

I Length, feet 1967 60 65 Other combinations
Number of axles 1967 - 2 Intercity buses Now permitted to operate.

Oklahoma Length, feet 1965 35
,

40 Single-unit trucks
Length, feet

~ :~;
50

I
55 Tractor-semitrailers

, Length, feet 50 65 other combinations
I Length, feet 1965 65 House-trailer combinations
I Number of towed units 1965 1 2

,/

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

Note: This information is not guaranteed to be complete, and some of the interpretations are doubtful.
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Axle veight

South Caroli.ral Maximum groSB wc1ght, pounds

South Dakota ILength, feet.

Tennessee \ Length, feet
Leagth, feet
Length .. feet

State

Oklahoma

Oregon

Pennsylvanie

Rhode IBland

Item of
dimension or weight,

Width

Height, feet
Wheel veight limit, llOunds
Axle Wf'ight, pounds

Height, feet
Length, feet

Length, reet

Length, feet
Length, feet
Height, feet

Change in legal requirement

Year Applied to- ExplatlS.tion

1967 Trailers I Law authorizing perm'l.ts for llIll.nutacturers to
move trailers between 10 and 12 feet vide
repealed.

1967 I 13·5 I 14 I Auto tl'll.nsporters IBy permit. Effective 8-2-67
1967 q,OOO I 10,000

I Single axles
F.tfective 9-12-67

1967 18,000 I20,000 On highways other than the Interstate
32,000 34,000 Tandem axles I system.

1965 I 12·5 I 13.5 --- I Effective 2-5-66
1965 50 55 Tractor-semitrailers I ~ieasurement ot sem1t1'&iler length excludes

I 50! 55
<levices attached to front.

1965 Other combinations

1965 50 I 55 ITractor-semitrailers
1965 50 55 Other combinations I Double saddlemount combinations permitted.
1965 12·5 t 13·5

1967 I 32,000
I i Effective 7-12-67.I 35,000 2-axle, single-unit

I vehicles
1967 - - Table of aJU.f! splcings.

1967 35 40 Highway post-office buses Effective 7-1-67.

1967 35 40 Single-unit trucks IEffective 7-3-67.
1967

i 50 55 Vehicle combinations
1967

I
55 60 Auto transporters Extra 5 feet allowed for bumper overhang.

w
~
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-I
Item of' Change in legal requirement

State i dim"nsinn nr "eight
Year From- To- Applied to- Explanation

Texas i 1965 35 40 Single unitsI Length. feet
Leneth, feet 1965 50 55 Tractor-semitrailers
Length, feet 1965 50 65 other combinations
Number of towed '!nits 1965 1 NR ISaddlemoun~-~ombinationsNumber Df towed uldts 1967 I 3

Vermont Axle weight, pounds 1964 NS ! 22,400 23,500 with tolerance.. Siogl.e axle
AY~e weight, pound s 1964 NS I 36,000

Tandem axle
tJ"AxjrnO!I; gr()~ ~ ·r'Plg.'lt, pounds 1964 66,400 73,:80 Other combinations

.' IGross weight 1964 - All trucks and combinations Table of axle spacings added.

Virginia Length. feet
I

1966 50 55 Combinations Effective 2-28-66.
I Number' of units 1966 1 2 --- Permit from State HighWl!ly COIIIlllission required.,

I Effective 6-27-66.
I I

Washington I Height, feet I 1965 13·5 14 Auto transporters
Lelll':tL, fe"L 1967 60 70 Tractor and stinger-steered With load. Without load, 65 feet.

West Virginia IHeight, feet

semitrailer Effective 5-11-67.

I
1965 12·5 13·5 On designated highways.

Length, feet 1965 35 40 3-axle trucks
I Lengti). r"et,

I
1965 50 55 All combinations

I
Wyomine I LellgtlJ, feet 1967 40 50 Single-unit vehicles Effective 5-19-67.

Lenf,th, fee-t

I
1907 65 70 Certain combinations Combinations hauling automobiles; concrete,

I
laminated, or steel beams; and one-piece pipe.

L
Also forest products or baled hay, under specill

I permit for from one month to one yel1r.
I
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2. FEDERAL LIMITS AS OF~ 31, 30961

Some State legislative activity :Liai the area of vehicle

d1xiiens1on and Wil::!,ght limits b~a been gel.1el"ated by the Federal

limits with :.t·~Bpect to the Interstate highwy system. Under

Subsection l08(j) of the Federal-Aid Highway Act at 1956 (Title I

of Public Law 6zr, 84th CODgl:'ess, now codified as "Title 23:

Highways, United States Code"), !'6deral aid tor the Interstate

highway system is limited to those States which prohibit use ot

that system by vehicles having widths greater than 96 inches,

single axle weights above 18,000 pounds, tandem axle weights

above 32,000 pounds, and gross Vehicle weights above 13,280

pounds, except as higher State legal maximum limits were in

effect on July 1, 1956.

These Federal limits apply only to the Interstate highway

system and to the three factors of vehicle width, axle weight,

and gross vehicle weight. By this Federal act, tying certain

requirements tor vehicle d:Lm~ns1otl.s and weights to the allocation

of Federal-a1d highway tunda for the Interstate highway system,

Federal law has 10. effect troz6!1 these three factors at 'the

limits existing on JulY' 1, 1965. For with the exception ot

gross vebj.cle weight, the State ItIU1Imm limits were alree.dy

equal .to or above those spec:1.t:ted in the 1956 act. In sub8equent

yee.ra, aDd especially in 1963, many States raised their gross

Vehicle weigh-t limits to mee:'t thE1l FE:d.~ml~ of 73,280 pounds.
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of lliJto~ vehicles.

uf' the laws produce difficulties :tn d,®\i'iSloping an e~r.act and

H,:\r,:j:l, hafJ a l~gQ.l m-1!1:f~:tnmm of 108 iuclt(~~), ertmB 1 of 'the 52

g';1,tie.;;)J l}8 have lEI, l,eg~;\l llti!llDY;;Um v0h:1tJ(.) 1;y;ldth of 96 inches j

!r;l:i~i':;\;gliout"t1iIsreportJ ilUG HSiS;\t'<l i1 :lm;;lud,e~ the
l1irrl:,};'1c't, of Columb:ta ~1U:i.{i, P'U,e;jj;to l'tteo,
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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

Sl,UlllDary on the following page.

There is, then, no need to be concerned with widths less

than 96 inches, but the desirability of 102-, 104-, or loB-inch

widths should be examined. The factors thet determine the

desirable maximum limits ere the following: (1) the transport

factors of commodity loading and freight terminal facilities,

(2) safety of traffic with respect to traffic lane width,

(3) clearance on horizontal curves, and (4) lane width on

horizontal curves. It is in terms of these transport and high­

way factors, therefore, that width of vehicle is examined in

Chapter 4.

B. Height of Vehicles

As shown in the sUIllEry of vehicle height 11m!ts on

page >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 e temporary basis to 14 feet, effective

until January 1, 1970.

With such a preponderance of States in agreement on 8

maximum vehicle height of 13.5 feet, a limitless than this is

assumed to be undesirable. However, whether greater height 1s

needed and feasible will be considered. Depending upon the

conclusion reached based on 8 13.5-foot limit, the desirable

limit could be 14 feet or more.
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VEHICLE WI:IYm LIMnS

Summary ot State Basic Limits
. (December 31, 1967)

Limit, Number 01'
inches Statez

96 48
102 3
108 1

Total 52

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

Colorado (96)
Idaho (96)
Indiana (96)
Montana (96)

Maryland (96)

New Jersey (96)
North Dakota (96)

New Mexico (96)

Buses, 102" on highways of surfaced
width ot at least 20', or otherwise
as administratively authorized.

Vehicles loaded with hogsheads of
tobacco my be 103".
Vehicles in excess of 96' by special
permit in advance.

On designated highways -' 102"; body
96", additional 6" for tires only.
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VEHICLE HEIGHT LOOTS

SUIIIII8ry of State Basic Limits
(December 31, 1967)

Limit Number of
ft. - in.. States

12-6
13-0
13-6
14-0
IS
NIt

Total

2
1

44
3
1
1

52

Special Provisions

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

Calitorn.1a (14-0) Limit in effect until
January 1, 1970.

Maine (13-6)

Oregon. (13-6)

Washington (13-6)

West Virginia (13-6)

Including load, 14-0.

On class AA or des1goated
highways; tor log and lumber
trucks, 12-6 on all highWays.
Auto transporters, 14-0, by
permit.

For auto transporters, 14-0.

On designated highways; on
other highways, 12-6.
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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

tend.eney of the vehicle to overturn is a minor consideration.

C. Length of Vehicle

Two general groups of vehicles need to be considered

separately with respect to length limitation: (1) the single

unit and (2) the combination. The next several pages ~ummarize

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, including the bus, the maximum

legal length varies 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 4o-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 34 States, 60 feet in 10 States, and. 65

feet in 5 States. Other combinations are limited to lengths
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LEN<n'H LIMITS - BUS

Summary of State Basic Limits
(December 31, 1961)

Limit, Number of
feet States

35
40
42
42.5
45
50
55
NR

Total

3
38

2
1
2
1
4
1

52

Special provisions

(In the tabulation below, the basic
length lim1t is shown in parenthesis.)

Iowa (40)
Louisiana (40)
North Carolina (40)
North Dakota (40)
Ohio (40)
South Carolina (40)
West Virginia (40)

California (40)

Idaho (40)

Kentucky (35)

New Jersey (35)

New York (35)

Less than 3 axles, 35'.

Articulated bus, 60'.

On designated highways only.

On designated highways; on
other highways, 30'.

Or as prescribed by P.U.C.

40' for tre.ckless trolleys and
buses of 1 or more passengers
by P.S.C. certificate.
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LENGTH LIMITS - SINGLE-UNIT TRUCK

Summary of State Basic Limits
(December 31, 1967)

Limit,
feet

35
36
40
42
42.5
45
50
55

Total

~ Includes Idaho.

Number of
States

22
1

~20

1
1
1
1
5

52

See below.

Special Provisions

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

Florida (35) ~
North Dakota (35)
South Carolina (35) ­
West Virginia (3.2.L

Idaho (40)

Kentucky (35)

Three-axle vehicle maJ'
be 40'.

On designated highways; on
other highways, 35'.

On designated highways; on
other highways, 26. 5' .
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LENGTH LlMITS - SEMITRAILER OR TRAILER

SUJIIJI8ry of State Basic Limits "l:J
(December 31, 1961)

Limit, Number of
feet States

35 1
40 11
42 1
42.5 1
45 1
NR 31
NS 6

Total 52
~ Tabulation is based on the semitrailer limit in

cases were the limits on semitrailers and
trailers are different. For trailer limits in
those cases, see the special provisions given
below.

Vehicles designed for
hauling livestock, 45'

On desigcated highways,
otherwise, 35'

Two-axle trailer, 35 I

three-axle trailer, 40'

Trailers allowed to
operate by permit only.

Full trailer, 40 1

Special provisions
(In the tabulation belOW, the basic
length limit is shown in parenthesis.)

Iowa (NR) ~
New Jersey (KR) _ Full trailer, 35'
New York (NR)

Florida ( NS)

Connecticut (4OJl
Kentucky (NR) -.J-
Minnesota (40)

Nebraska (NRJOhio (NR) -
Tennessee (NR

Oregon (40)
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LENCrrH LDUTS - TRACTOR-SEMITRAILER

SummarJ of State Basic Limits
(December 31, 1967)

Limit, Number of
feet States

50 2
55 34
60 10
65 5
70 1

Total 52

Iowa (55)

Nevada (70)

Kentucky (55)

OklaboJDfl (55)

Idaho (60)
Illinois (55)

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

Alabama (55) With load extension, 60'

Indiana (55) House-trailer and auto-
transport combinations

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

Auto and. boat- transports on
highways with 22' surface width,
60 '; otherwise, 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'

Oregon (60) -,
South Dakota (6.21 -

Washington (65)

West Virginia (55)

Wyoming (65)

On designated highways

Tractor and stinger-steered
semitrailer with load, 70'
On designated highways;
otherwise, 50'
Motor vehicles hauling logs,
utility poles, automobiles,
concrete or steel beams, and
one-piece pipe, 70'
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LENGTH LIMITS -
COMBINATIONS OTHER THAN TRACTOR-SEMITRAILER

S'UJIJIDI!ry of State Basic Limits l'
(December 31, 1967)

Limit, Number of
feet States

50
55
60
65
70
75
98

105
NP

Total

2
17

1
24
1
1
1
2

..1
52

'l:J. These are Jl8Ximum limits, including those available
for continuous operation for a specified period
under permit or for operation on designated highways.

Three-unit combinations 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,
60'
Three-unit combinations;
otherwise 55'

Indiana (65)

Illinois (65)

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

Colorado u:J
Kansas (65) _ On designated highways
Michigan (6
Idaho (98)

Iowa (55) Three-unit combination may use
60 I on highways with 22' or wider
surface; otherwise, 50'

Kentucky (55) On class AA highways i on other
highways, 45'
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LEH<7.rH LIMITS -
CCMBIHATIORS 0'fBER THAN TRA~R-SEMITRAILER

Sheet 2 of 2

Louisiana (65)

Maryland (65)
Pennsylvanua (55)

Michigan (10)

North x.kota (65)

Oregon (65)

South carolina (55)

South Dakota (65)

Two-unit combinations only

Vehicles hauling poles, pilings,
structural units, rowing sheet,
etc., 10'

Permit requiredj good for nine
months

Three-unit combinations on
designated highways; otherwise,
60'

On designated highways by permit
unless a resolution is adopted
by the highway authority allowing
operation of 65-foot combinations
on a regular basis without permit.
Statutory limit of 60 feet on
Oregon routes 86 and 242.

House trailers, 60'

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

L1mit is based on legal provision
that additiocal length granted by
permit cannot exceed the specified
max1mum (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

to operate in 3 States. See the tabulation on the next page.

These limits cover a wide range, indicating a diffeloence of

opinion as to what maximum length is desirable as well as a

lag in providing for changing conditiona. 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 Vehicles suggest that consideration should be given

to the economy of 40- to 55-foot uaximum limits. For combina­

tions, the range of lengths from 50 to 100 feet should be con­

sidered. The lOO-foot length is worthy of attention because

combination 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 stability 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) flexibUity of short or long vehicles, (8) number of

vehicles Per combination, (9) feasibility of combining

vehicles, and (10) vehiclti operating cost.
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D. Number of Towed Vehicles

The makeup of the vehicle combine"tion is an impo:r1;,ant

factor to be related to the factor of length. Since all States

permit a tractor towing a semitrailer, the differences lie in

the question of what additional units are permitted to be towed

by a full truck or by a tractor-semitrailer. As shown on the

next ~ge, 49 States permit a full trailer to be towed by a

single-unit truck (1. e., a 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

in 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 certain respects.

The tabulation of State length limits for combinations

other than the tractor-semitrailer points up the substantial

movement toward the 65-foot limit for two-cargo combinations.

Table 3-3 shows this development more specifically. Two

States--New Hampshire and New Jersey--permit three-unit combina­

tions, but are omitted from this table because of their length

restriction to 55 feet. The 65-foot, three-unit combination is

universally permitted in the West, and is spreading eastward.

Delaware and Maryland enacted laws permitting it during 1967.

In addition to the total length of vehicle or

combination, the following factors are important with respect

to the number of vehicles per combination: (1) sai'ety in the
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NUMBER OF TOWED UNITS
(December 31, 1961)

Number of States with restrictions
on number of towed vehicles

Legal
by vehicle class

restriction
One One full Tractor-semi-

semitrailer trailer !I trailer and
full trailer E/

Not permitted -- ~3 ~20
Permitted 42 d 39 22

Number not
restricted 10 10 10

a. Colorado and New Jersey permit towing 01' two full trailers.
b. Idaho permits three towed units, OU of which must be a

semitraUer drawn by & tractor.
c. By order of the Commi8sioner of Highways aDd UDder annual

perJI1t, Kentucky permits the truck with 1"ull traUer and
the tractor-semitraUer-trailer to operate on the Inter­
state syet_, the toll road 8ystem, and 10 miles over
connecting roads.

d. Connecticut requires a special permit.
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Table 3-3.--~1;1ve~ lUd.u tor 1;vo-OiI',rg-o. Q1omb1nstioD.o
in Ste..te. pend:ttil28 ~@ opuat1on of 'three-tm1;t

combiaa1;iol18 .ere 'than 55 tNt 1006
1 of 2

-----------....,.------~---...".;;;;~~=-

. States permitting Type ot two-cargo combination
tbree-UD1t combiaatiol1s i -=. ...-~

longer than 55 teet Tractor-Bem1tra11er~ T;ruc-"k-
as ot December 31, 1961 full traUer :full trailer

East ot the west borderline
(teet) (feet)

of Minnesota-Louisiana:
Delaware 65 65
nUl10is y 65 60
Indiana 65 55
Iowa 60 55
J.Bryland 65 55
Michigan y·65 55
Missouri l' 65 'JJ 65
Ohio 65 65

West ot Minnesota-Louisiana:
Arizona 65 65
Arkansas 65 65
Calitornia 65 65
Colorado y. 65 Y 65
Idaho ?/98 65
Kansae ~ 65 ~ 65
Montana !!J 70 ~ 70
Nebraska 65 65
Nevada 2/105 2/105
New Mexico 65 65
North Dakota y 65 60
OklahoD. 65 65
Oregon 2/105 §jl05
South Dakota y 65 1/60
Texas 65 65
Utah §j 75 §j 75
Washington 65 65
Wyoming 65 65

Alaska, Balolaii, and Puerto Rico exluded.

Y Without permit on all tour-lane highways and by anrrl.1Bl pesomit
on certain two-lane roads.

y On designated highways.
JJ On Interstate and State pl'1ary highways and tive miles to and

from such highways.
!!J For vehicle including load under permit good for nine months;

otherwise 60 teet.·
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Table 3-3.--C0IIIpl1'lltiTe length l1II1t. tor two-cargo cOllbiaations
in States permitting· the operation ot three-unit

combinations more than 55 teet long

21 By rule ,and regulation of the State high_y department; other-
wise, 10 teet. .

§j Under permit tor continuoU8 operation otparticular cOlllbiuations
on des1gDated highways; certain highways are designated tor
Jax1muJl Tehicle lengths ot 15 or 65 teet without permit.

1/ Not permitted except under annual permit
§i' Based on the legal provision that additional length granted by

permit tor up to 90 days cannot exceed the specitied maximum
(60 teet) by more than 25 Percent.
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'traffic st.ream, (2) ot:rtrack1n.g on curves) (3) :m~)cl:l.a!rlcal risk

at connec'tions and braking, (4) adap"tability in transport

service, and (5) handling at freigb't terminals.

4. LEGAL MAXIMlJoi WEIGHT LIMITS

On this and succeeding pages, the State limits on axle

weight, single and tandem, and on maximum gross vehicle weight

are discussed. The various State legal limits with respect to

weight are summarized in three tabula:t1ous that appear in this

sec'tion.

A. Enforcement Tolerance

The basic statutory axle-weight limit is sometimes

increased, in effect, by provision for an enforcement tolerance.

Such a tolerance is provided for in the law of 15 Stat,es. The

extent of the additional weight perm1tted by the enforcement

tolerance varies from State to State, but it is most often

expressed as a percentage (say, 2 to 10 percent) of the basic

statutory limit.

I Analyses of' the truck weight da:ta indicate that the

transport agencies regularly utilize 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 LimitiS

In 22 States a m9.x1mum weight of 18,000 pounds is

permitted on single axles, including any enforcement tolerance.
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L1a1t'1J
l!OUD4l::t

18,000
18,001 to 18,999
19,000 to 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

. Total

lfumber ot
States

22
5
5
5
1
9
3
1
1

52

JI. Includes enforcement tolerance.

Spec:1al Provisions

(In the tabulation below, the basic
axle-weight l1.mit is shown in parenthesis.)

Idaho (18,000)

D.l1noi8 (18,000)

IDd1aaa (19,000)

Kentucky (18,900)

Maine (22,000)

W18consin (19, 5(0)

For hauling t1Jaber products,
ores, aggreptes, and agr1­
cultural products, 18,900 lbs.

On de8ignated h1gbv&Y8; 011
other h1gbwa;ys, 16,000 lbs.

On desigaated highways,
22,400 lbs.

On class AM aad. AA highvays

Various exceptions up to 10
percent above basic 11m1t tor
hauling forest aad. II1neral
products and conataetiol1
_ter1als

011 2-axle trucks t1'auporting
.11k trom tal'lll to arket or
bau1ing peeled or unpeeled
torest products, 21,000 lbs.
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Of these States, however, 2 (Idaho and Illinois) allow

higher limits for hauling specified products or for travel on

specified highways. Therefore, only 20 States ha.ve an

absolute limit of 18,000 pounds on the weight of a single

axle.

The range of legal weight l1m1t8 for single axles is

from 18,000 pounds to 24,000 pounds, with 9 States in the

interval from 22,000 to 22,999 pounds and 5 States above

'that level (including Puerto Rico without a specified limit).

Thus 14 States allow weights of 22,000 pounds or more for a

single axle.

C. Tandem-axle Weight Limits

The weight l1m1t of 32,000 pounds for tandem axles

prevails in 21 States. Of' these States, 1 (Idaho) has a

higher limit of 37,800 pounds for hauling designated products,

so that only 20 States can be said to have an absolute limit

of 32,000 pounds on tandem axles.

The range of legal weight 11mits on tandem axles is a

rather wide one, from 32,000 to 44,000 pounds. The t&ndem­

axle weights in 10 States fall in the interval from 36,000 to

36,999 pounds, and 9 States (including Rhode Island 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-WlIGB'f LIMr.l'S - TABDEM AXLES

SUIIIIIar)' 01' State Basic Limits
(December 31, 1967)

Limit, /
pounds!t

Number of
States

32,000
32,001 to 32,999
33,000 to 33,999
34,000 to 34,999
35,000 to 35,999
36,000 to 36,999
37,000 to 37,999
38,000
39,600
40,000 to 40,680
44,000
NS

21
2
7
3
o

10
1
2
1
2
1
2-

Total 52
y Includes entorcement tolerance.

Special Provisions
(In the tabulation below, the basic

axle-weight l1m1t is shown in parenthesis.)

Ic1abo (32,000)

Ia4iaaa (33,000)

VU'IIOnt (36,000)

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

On des1goated highways,
36,000 lbs.

On a 3-e.xle tandem,
42,700 lbs.
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consistent ratio o'ftandem- to single-axJ.e weight lU1211;;,.

Some of the ratios are as follows: 33,600/23,520 g 1.43;

36,000/22,400 • 1.61; 32,000/18,000" 1.78; and

40.680/20,340 .. 2.00.

D. 1oBxi.mum Gross Vehicle
Weight Limits

Only four States now have gross vehicle weight limits of

less than 73,000 pounds, and 15 States have limits of' 76,000

pounds or more. There is fair agreement between the gross

weight limits and the sum of the legal limits on the axles.

During 1963, a,bout 17 States raised their gross vehicle

weight limits for the 5-axle tractor-semitrailer to 73,280

pounds, the limit provided for under Federal-aid legislation

as applied to the Interstate highway system. This 73,280-

pound limit is approximately equal to 32,000 pounds for the two

tandem-axle pairs and 9,000 pounds on the front or steering

axle, or 32,000 + 32,000 • 73,000 pounds.

The gross vehicle weight, as sUch, is not a factor

affecting pIovement design. In the AASHO Interim Design

Formula, the design factor is based upon the axle weight and

the number of axle applications . Consequently, so far 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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Limit,
pounds Jj

70,000 to 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 limit

Total

Number of
States ~

4
32
7
3
2
2
1

51

~ Maximum legal 11m!t or the practical
legal limit for the 5-axle semitrailer
or other combination, including double
trailer combinations, whichever is
greater.

~ Puerto Rico is excluded.
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Close spl!Lcing of axles carrying the legal axle weights proouce5

greater stress on bridge structure than the saw€: axles Cf:),n";flug

·the same weights but spaced farther apart.

Gross weight is, therefore, a factor to investigate, a.nd

the des1r8ble gross weight maximum ltmit for the most commonly

used vehicles should be the sum of the legal axle weights

adjusted for the lighter weight of the steering axle.

For the closely coupled vehicle or the vehicle with an

uncommonly large number of axles for i t8 length, the gross

vehicle weight needs to be considered in reJ~t10n to axle

s];lB.cing.

5. CONCLUSIONS

Summary of the maximum limits of vehicle dimensions and

weights for individual States suggests the following conclusions:

(1) Interstate commerce by highway has much to gain in

improved operations and economy from gres.ter uniformity in

legal limits on the dimensions and weights of motor vehicles.

(2) There is no easily found support for variations in

these limits among States.

(3) Study of highway transport is needed to e.n-ive s,t

the limits on dimensiClus and weights that are desirable from

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



CHAPl'ER 4

DESIRABLE MAXIMUM LIMITS ON
MOTOR VEHICLE DIMENSIONS

The dimensions of motor vehicles, which may be

considered separately from axle weight, control the volume of

freight 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 basis of these effects.

This chapter gives scant attention to the desirability

of dimensional limits less than those that now predominate in

the 50 States. The general trend in limits over time has been

upward, thereby enhancing transport economy. Industry does not

want lover limits. For these reasons, no advantage could be

seen in investigating limits lower than the most frequently

used of the limits now prevailing.

4-1
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1. w:w.rH OF VEHICLE

The prevailing Dll!Lximum vehicle width specified in the;:

laws of the States is 96 inches. (See page 3-14.) The dedra­

bility of additional width will be discuesed fil~st from ~he

point ot view of the transport 1udus'b."Y, involving factors

primarily concerned with the vehicle itself, and then from the

point ot view of traffic tactors, involving the relationsh:lp

between vehicles in operation and the highway over wb.:1.ch they

travel.

A. Transport Factors

The effects of additiooal width of vehicle upon transport

operations lI8y be considered in two groups: (1) effects ha,vi.ng

to do with requirements for cargo stowage and handling and other

transport operations and (2) effects on the chassis design of

the vehicle.

From the standpoint of transport opere:t.ions, the carriers

of freight see no need tor as much as a toot of additional v...14th,

or a total width of 108 inches, because it would prove impracti­

cal for freight handling (not considering safety of operation on

the highway, of course). For example, such a width would require

a certain amount of alteration to dock and terminal facilities.

Thus, there is little apparent demand at this time for truck

widths greater than 102 or 104 inches.

A vehicle width of 102 inches would offer carriers a fair

degree of advantage over the 96-1nch 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

States where 102 inches is the legal limit and in other States

that permit operation of buses having 102- to 104-inch widths.

Vehicles of this width could be loaded or unloaded

without much disadvantage in handling or necessary remodeling

of dock and terminal facilities. While the additional 6 inches

abov.e 96 offer no particular advantage for transporting bulky

or heavy commodities, for light-weight commodities such as

household furn1ture, 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 might 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 inches at

that point. On designated highways, New Mexico allows the

additional width of 6 inches 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 vehicle at the rear axle would
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be a sigo.1f'icant advantage of' the l02-iuch Il.lE'~x;1,wum w:!.~ltJJ,. As

vehicles have become heavier a.nd are operated at higher speects,

additional braking capacity has become desirable. Gradually

most of th~ available space within the 96-inch overall cl~~rance

has been utilized on the driving axle. 'l:1J.erefore, a chan.ge to

l02-inch widthiwould permit a better chassis design from the

standpoint of power transmission and bra.king a:w:(',rra;tus. This

advantage is in addition to the gTea.ter spac.:e in which to fit

tires without exceeding the legal limits on vehicle w:ldth.

Another advantage of the gres.ter width of vehicle "rould

be to make the vehicle more stable against averturning forces.

The wider base without any rise in center of gra.yity wou_ld pro~

duce a safer vehicle.

B. Effect of Vehicle Width on Tl"affic

Vehicle placement studies and obser~tion of the traffic

on the lO-foot lanes of 13th Street, N.W., Washington, D.C. dJ,

indicate that traffic for which 12-foot lanes wou.ld be desirable

does operate successfully, although less efficiently, on 10-

and ll-foot le,nes. Therefore, it is reasons,ble to pred:tct that,

at a vehicle width of 102 inches, traffic would not encounter

any major restrictions on l2-foot la,nes on multilane highways.

For example , it may be noted from the Higl1i<1S.Y Capacity Yanual

that ll-foot lanes on muJ.tilane highvre,ys produce a capacity

reduction of only 3 percent from the l2-foot lane level, other

conditions being satisfactory.

11 liThe Effect of Busses on the Traffic Flo-~T on Urban Arterials, II

Bureau of Public Roads, in progress.
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On most existing urban street systems, particularly those

already being operated beyond their design capabUities, wider

vehicles may interfere somewhat with the freedom of JIOvement of

trattic. On the other hand, vehicles of 102-inch width would not

comprise a significant percentage of the traffic stream in such

areas, assuming that the transition from 96 to 102 inches would

be. a gradual one during which the arterials and other main high­

ways accommodating the bulk of the traffic would be improved

into multilane facilities with 12-foot lane widths. The opera­

tion of the 102-inch vehicle on ramps and in short turning move­

ments is not particularly critical.

C.Conclusion on Vehicle Width

The toregoing aaalysis indicates that there is no great

demand tor 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 102-inch width will be regarded as the desir­

able maximum limit.

The economy of increasing vehicle width to 102 inches is

discussed on pages 13-27 to 13-30. But to the extent that width

can be increased in view ot the restrictive effects of highway

geometries, highway safety, and suitable freight terminal facil­

ities, overall economy of such width is not as important a con­

sideration as are the factors of stowage of modular cargo and

space for power transmission and braking equipment.
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2. HEIGHT OF VEHICLE

The factors relating to the desirable he:l.ght of ve,.'1icle

will be exs.m1ned indiYidually. Of importance among tbcGe f'(,I::=

tors are, first, the clearances on the public h1gh1ro.yS at over­

head bridges, tunnels, other structures, and utility lines;

secondly, the clearances in private and public terminal areas}

dock facilities, warehouses, and terminals in general; a.nd

thirdly, the general transport requirements for loading and

unloading freight from the standpoint of withstanding ste,cking

to high levels.

A. Highway Overhead Clearance

The overhead structures on public highHa,ys which v101Lld

not clear vehicles of 13.5 feet in maximum height are becoming

fewer each year, as the older highvmys are rebuilt to newer

standards of design. As ind1ca:ted by the present limit (December

1967) of 13.5 feet in 44 States, there is certainly no basic

restriction against the use on the highway systems of vehicles

13.5 feet high, although higher vehicles may encounter diffi­

culties on a few highways because of overhead obstructions.

Therefore, since the l3.5-foot limit is almost universally the

existing limit, examination of any need for height above 13.5

feet, arising from the requirements of the tnmsport industry,

is in order.
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B. Transport Requirements

Most transport carriers and trailer manufacturers see

no particular need at present for a legal height of vehicle

above 13.5 teet. The automobile carrier industry, however,

wants a higher 11mit. The experience of the industry so far

has been that, because of obstructions on some highways at over­

head crossings, some locations on urban streets, and existing

shipping docks and terminals, any height above 13.5 feet may

offer some difficulty. But this difficulty offers less

restriction to transport than do factors in the transport

industry itself that have nothing to do with highway vertical

clearances.

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 packaged or cartoned cargo at greater heights because

of the labor involved and the dUficulty of maneuvering the

right type of mechanical lifter to utilize any more height.

Another problem is the tact 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 pIovement to the

cargo tloor of large closed-van trailers is approximately 4.5

teet. For an overall vehicle height of 13.5 feet, there is,

therefore, an inside floor-to-ceiling height of 9.0 feet less
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'the thickness of the roof structure. Commodit:l.es lo::\';d@CI~ in

van trailers are predominately merchand:1se freight 01' pa~l;:\ged

cODlDOd1ties. This means that this freight 1s handled and

stacked by manpower. While packaged goods are increaslngly

assembled as a unit on pallets and handled by forklift trt'ocks)

much LTL (less-than-truckload) freight is handled and stoveO. by

manpower.

Inside a van trailer or other cargo body, a man cannot

safely stack cartons or packaged goods more thEm 7.5 feet high.

With forklif't-pallet shipments, it lOO.y be possible to stac.k

palletized loads to a height of 8 feet. To accomplish th:1.s:

however, the forklift truck requires for manipulation about a

foot of headroom above the load height. For these types of

loadings, an 8.5-foot floor-to-roof height is necessary, but the

maximum useful storage height is about 7.5 feet, leaVing about

2.0 feet between the cargo and the outside roof level when the

overall vehicle height 18 13.5 feet. This 7. 5-foot height,

rather than the floor-to-ce11ing height, should be used iu cal­

culating the storage capacity of a closed-van trailer.

There are one or more types of van trailers and some

cargos that can be loaded to nearly 9 feet high. Certain bulk

vegetables, suell as cabbages, can be stored nearly to the van

ceiling, if the permitted legal axle weight will allow it. On

the other hand, watermelons have a definite load height l:tmit

because of their frangibility. Livestock can-iers can load. hogs,
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sheep, and calves to 9 teet high in stock rack vans by using

an intermediate deck, upon which a second or top layer ot animals

may be loaded.

The haulers of household goods and turniture generally

can use greater height ot cargo body. Household goods have a

loading density ot about 8 pounds per cubic foot, and therefore,

axle weight 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 would 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 hardly justifiable.

It must be realized that a fair amount of the cargo

hauled over highways is not necessarily hauled in a covered-van

type ot body. The 13. 5-toot height of cargo is also desirable

for other types of freight vehicles. Many kinds of machinery

a11d special equipnent are carried in open-top trailers or on

platform trailers. In such instances, the height of 13.5 feet

is sometimes used to advantage. One specific case is the trans-

port ot automobiles by carrier. Some States allow a l4.o-foot

height for hauling ot automobiles.

C. Tratfic Considerations Related
to Vehicle Height

The overturning tendency of a vehicle would be increased

if the vehicle height were .increased without a proportional
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102 inches width could be authorized by arT, a slight 1n~J:Ci~:J:H"':

in vehicle height could also be authorized v1t.b.out c.l'Jaugi~ the

relative safety of the vehicle from the 8tl'Jx~]?Oitl.t of oV~'\.irn1ng.

On the other band, inasmuch as there seem,., to be no present,

demand tor an increase in vehicle height above 13.5 feet, the

center ot gravity and overturning tendency are not an impo~nt

factor at this t1me. The adoption of a~ width. of 102 or

104 inches and retention of the 13.5~toot limit on height W'OuJ.d

reduce the tendency to overturn.

Within practical limits, the height ot the vehicle bzs

little effect upon traffic safety or the operation of other

vehicles. Unlike vehicle width, height does Ilot restrict sight

distance, except for an occasional view ot an overhead traffic

signal. At tops of grades, additional height of the vehicle

or of the driver's eyes above the pavement i8 an advantage in

affording longer sight distance.

D. S'UDlDary and Conclusions
on Vehicle Height

In viewing the traffic stream as a whole, the commercial

vehicles on the highway that could use to advantage any excess

height above 13.5 feet would be primarily those claases of

vehicles hauling extra-tall mechanical equipnent, automobiles,

or special apparatus 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. turn1ture and other

low-density commodities 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 ,

height of vehicle above 13. 5 feet would afford an advantage to

a complratively 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 plvement to outside top of the vehicle

or to the top of the cargo, ,is 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

he1ght~ either lower or higher than 13.5 feet.

3. LENGTH OF VEHICLE

The overall length of a vehicle combination and the

axle weight are the two most critical factors in the total prob­

lem of arriving at the desirable dimensions and weights of motor

vehicles. The length and weight need to be considered together

to Bome extent, because as the length of the vehicle is

increased, the number of axles can also be increased so that

additional gross loads can be hauled without increasing the

maximum legal 11m!t of axle weight . Furthermore, the length of
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the vehicle is th~ wst\ns by wb.ie'h. rno;r,e cilbage. (*,~;a1~~y :i.B ~'Mlrled.

to cargo space (passenger space for buses) •.~ Flore than. i,s

practical to add by increasing the wid,th or height of th~ vcl1iele.

A. Factors of Vehicle Length to Consider'

The length of vehicle neoo,s to be considered from two

points of. view: (1) the length of. the 1ndividue.l vehicle

(full truck, tractor, or trailer) and (2) the overall combina­

tion length. The critical factors of vehicle length tb.at

affect desirable operations in the traffic streaJlJ as 'tff,ll as

the entire process of cargo handling are primarily as folloW's:

(1) The length of t~be vehicle with respect to loading

andunJ.oading at dock and wrehou.se facilit:tes.

(2) The length of the vehicle with respect to

horizontal turns and ctUr~es.

(3) The effect of the length of vehicle upon the

traffic stream, with ];16rticular reference to overtaking and

being ov~~ken and passed by other vehicles.

The length of a single vehicle or combination and the

combination nake-up are influenced, by the commodities to be

hauled and the quality of' the serv:tce to be re;llde:red. For

instance, commodities such 8S l1quicls or granular bulk items,

C8I8ble of being rapidly loaded and unloaded, can be hauled to

a.dvantage in trucks or tract1ve=truck-and=treiler combinations,

because the truck may be turned around with minimum dock time.

Dry treigbt and bulky equ1pm~ut, slow in bf1:tltg l00,{j,oo and
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UDloaded, are beat bauled in traC'tor-tre.iler combinations, so

that the tractor (power vehicle) need not be tied up during the

loading or un] oad1ng time.

B. Length ot Buaes

As a generalizatiou, it can be said that only four

States baTe a 35-toot 11ll1t tor buaes aDd 38 States have a 40­

foot 11ld.t. !here is a tread to longer buses, and 11 States

nov have 11Ja1ts ot 42 feet or more. '!'here is reason to explore

the 45-foot limit as a desirable JII&X1muII.

The trelld in manufacturing is toward intercity busea

s_ting more passengers and also buaes with restrooms and other

conveniences and COIDforts. Thi8 means longer buses. Further,

the trend 1s toward the tandem rear axle, even tor school buses.

'!'hese trends indicate that a JIILX1mum length of 45 feet would

serve some u.etul purpose, particularly in allowing more pas­

senger s.ts in the three-axl.e bu., which calmOt be loaded to

tandem-ule capacity in a length ot 40 feet.

About Z7 States now allow a gr-.ter MX1mum length

('usually 5 teet) tor buses than they do tor single-unit trucks.

As discusaeel in a later section, JIC) teet is a practical max1muIII

l1m1t tor the length of single-unit trucks. Therefore, the

JIII.X1Ilum length ot bus would be 45 teet, it based on the "5 feet

adcl1tioD&1" criterion. Because ot the favorable weight-pover

ratio of the bus and its low count in the trat:tic stream, a

DaX1InDD bus leagth ot 45 teet should not interfere unduly with

other traftic.

j.,'
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C. Requirements of' Length and
Attitude of' Transport IM,\J.6'try

of' the A. T. Kearney Company to the Bureau. of Public Roods:

In general, ..• the highw,;>r J18l~tPeportation

industry would be better served. if ov@r~all

equipment lengths were to be increased. to permit
the use of double trailcr comb:J.n'~/G:i,onSl. FoI" the
most part J carriers reponed ..• in the; conduct of
this and other studies in the industl'YJ that
4o-foot trailers represent the la.rgest single
unit that C8.n be e.fficien:tly opemted (except in
certain areas) for the following reasons:

1. Longer trailers are too dii":f'1cu.lt to
maneuver.

2. Terminal docking space and shipper
facilities are inadequate for longer tI~ilers.

3. Loading and unloading elapsed t:tme is too
long and man-hours are lost with the added walking
associated with longer equipment.

4. Streets and alleys of 1l'JB.ny older urban
areas present too many obstacles for trailers in
excess of 40 feet in length.

Although trailers of 45-foot le~~ are now
used in certain areas of the country, as J for
example, Florida ffinii UtahJ, and might eventually
be used by some carriers throughout the country
if legally permitted, they are generally felt to
be 1mpre.ctical for w:Lde-scale usa.ge by tJ.16 trucking
industry for the reasons cited above.

Carriers felt that single 4o~foot trailers,
although still presenting a few maneuvering
problems in congested urban aX'e&s, have proven
to be feasible, operations~w1se. Since single
4o-foot trailers can presently be operated,
two 4o-foot tra.11el"s in combine.tiou J whicb.
would mean a lOO-foot overall length limit,
were felt to be pl~ct1cal since they could be
moved in double trailer combinations on con­
trolled access multi~~.ne high~YS to a
particul.a.r ...LlnterC!l,'1ulg6, ijhe~.s fj'ifp] single



trailer combinations to tinal destinations
LOtt the controlled access highway!!.

Most operators and all Western carriers
felt that overall length limits for all highways
should be 65 feet. This length would permit
double trailer combinations (two 21-foot
trailers) to spread from the Western States,
where they are now .legal, throughout the
remainder of the country. These individuals
were convinced that the direction of the
highway transportation industry must be toward
double trailer combinations if it is to survive
in face of competitive modes of transportation.
They further felt that present /J.eq.y regula­
tions favor development ~nd use -I of ... single
4o-foot trailers, which for reasons of customer
service, maneuverability and loading efficiency
are less desirable than 2:7-foot double trailer
combimations. These contacts also pointed to
the obvious advantages of breaking 21-1'0010
double trailer combinations at .•. central ..•
/j1aceiJ and L"ihei/ using single 2:7-foot
semitrailers with lesser powered city tractors
in metropolitan areas as cOlIl];l8red to doing the
same with 4o-foot trailers.

It was suggested ~y some carrieri! that
limited access multi-lane highways should allow
~e operation of triple units of 27-f'00t trailers,
La combination length of' 95 to 100 f'ee~. Several
Western carriers have made tests of such a un!10
and found it to track vell and present no apparent
problems. Actual operations of triple 21-toot
trailers have been successful in Nevada,.

We found interest among carriers in the
Woltwagon concept. The wolt~on is a train ot
two or more straight trucks, Lcomplete single
uniti/, each with its individual power unit
and controls, which are coupled together and
operated by one driver in the forward unit.
Individual units may be dropped. otf en route, or
at destination, and since each unit is a separate
power unit, an additional power tractor is not
required..

4-15
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D. Length of Trailers se Manu,t'nctuNti

Since 15)48 the length of trailer bav~,ng the gree.test

trequency of manufacture has moved upward from the 2O~tg~30­

foot bracket in 1948 at 27.5 percent of the tot~l production

to the 38-to-40-toot bracket in 1962 at 82.4 percent of total

production. See ta.ble 4-1-

This trend to Ito-foot length is striklng. It proves,

in general, that under existing legal limits the transport

demand may be tor trailers longer than 40 feet. However, since

no State that perm!ts the larger commercial trailers to operate

legally restricts trailer lengths to less than 35 feet and since

37 States do not have a maximum length limit on the trailer

itself and another 14 States restrict the length to from 40 to

42.5 feet, the transport industry could legally use trailers

longer than 40 or even 45 teet, if it cared to do so. 'rhi-'s,

the manufacture of trailers confirms the conclusion of the Kearney

report (Staff Report No.4) as to vehicle length that 40 feet is

an acceptable length for trailers.

Trailers baving 26- to 28- foot lengths show a higher

percentage of total production in 1964 than those ot any other

length below 38 teet. But compared to sll trailers prod.uced,

this percentage (4.4) is lOW, primarily because in a single­

trailer combination the 27-foot length is not as economical as

the 4o-toot length, and only ni.ne States (all western as of 1964)

permit double trailers and ~he total comb1n~tion length of
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'fable 4-1.-- '.rreada 111 t.ra1J.er lengths

t...~ 1.9; 3.8~ - 1.6~ .1'" 0.1.'

,.~ 1.~ 1.6~ 2.5'" .5~ .~ 'l.-,
'".~ .. 1.8'" 1.0~ .5~ 1.0~ .~ 2.~

18.a; 1.1~ .6~ 1.~ 6.4~ 1.3~ 4.4j

21.5" 3.~,

23 ·9;'" Ii m'.4JJj
IL

l,

16.6'" 1.4$ 3.3~

6.5'" 2.4~ 1.2'f,

Length
in Feet

Under 22

22-24

24-26

26-28

28-30

30-32

32-34

34-36

36-38

38-40

~-42~6"

Over 42'6"

1946

...

•

1953

oil"

~

..

1956

..

"'"

1958

10.0'"

3.~

1960

60.~

.1~

-

1962

8L8~

3.~

l~

82.4'"

1.1j .

0.8'"

*urce: Truclt~llel"*,nuf'acturei"$ As80c1a:~olt
.e::-

6
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65 feet required tor two 27-foot trailers. The manvi'act\ll""El of

trailers 26 or 27 feet in length will increase, because about

15 States have le;alized the 65-foot double trailer combination

since 1963.

The le;al limit on gross vehicle weight of 73,280 or

76,000 pounds is the major deterrent to more rapid development

of the use of truck-and-full-trailer and two-trailer combina­

tions in the West were the 65-foot leng1ili. is legal. The 3-82

trailer combination with 18/32-kip axle limits can be loaded

to the gross vehicle weight limit of 73,280 pounds. Adding a

full trailer to make the two-trailer combination 3-82-2 or

3-S2-4 would give a maximum capacity of 109,000 or 137,000

pounds, respectively, weights far above the legal limits.

Consequently, the trucking industry has not developed exten­

sive use of the 21-foot trailers in a 65-foot combination.

Because of the gross weight 11m1t, the 3-S2 combination is more

practical. The 27-foot trailer would very likely rise rapidly

in production and the 4o-foot trailer decline, if the gross

weight limit should be raised to about 100,000 pounds.

Vehicle length limits permitting the use of trailers

30 feet long have advantages. From the point of view of trans­

port, one factor determining the advantageous trailer length

is cOmp:l.tibility with respect to maximum length of the individ­

ual units comprising the combination. Thus, the 4o-foot

trailer can be combined with only a tractor, under a 65- or
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70-toot max1mum length l1m1t tor the comb:1M;tion. It cannot

be used as a trailer to a tractive truck, except to an

uneconomically short one. The !to-toot. trailer i8 usable in

tandem when the mx1mum combination length is 95 to 100 teet.

From the standpoint ot the trucking industry, the !to­

toot and 27-toot trailers are not compatible in combinations

using either tractor or tractive-truck power. It all the

States adopted a maximum combination length ot 65 teet and a

tractive-truck length ot !to teet, the 27-foot trailer could be

used for heavy-density cargos either singly as a full trailer

behind a 35-toot tractive truck (also with a 27-foot body) or

paired as a semitrailer and tull trailer in a combination

powered by tractor.

There is some justification tor the 70-foot maximum

combination limit that would permit two 30-foot trailers to be

used with a cab-oyer-engine tractor or one such trailer to be

used with a 37..foot tractive truck. The 70..foot combination

length is considered to be acceptable for use on all highways,

although not as acceptable as the 65-foot maximum.

E. SUDIJI8.rY ot Length Requirements
ot the Transport Industry

From the foregoing discussion it is readily apparent

that, if all ot the States were to permit the double-cargo com­

bination with a maximum length of 65 teet, it would enable the
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carr1ers 'to use a fiex1ble 'type ot vehicle on all h1g1:nmys.

The _in length res'tr1ctions for all Sates would be brought

into agreement.

Little need is indicated tor a single cargo unit longer

than 40 feet. On the other band, two 4o-foot cargo units beve

been used successfully in a total combination length of around

100 feet on the five toll turnpikes where this type of vehicle

is permitted. For general use Oil all highways, the transport

industry would favor using 27-foot trailers in combinations of

65-foot length with two cargo bodies. Thus, two-cargo combi­

nations offer greater flexibility and. more cargo spece than

the 4o-foot single trailer. The total length of 65 feet he.s

proved to be practical in those States now permitting double

cargo units.

F. Vehicle Turning Movement and Offtracking

Before considering length in relation to the offtraoking

of vehicles, it might be well to look into the way overall

vehicle combination length is computed . With the cab-over­

engine design, as little as 4 feet is required from the front

bumper to the back 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

a tractor-semitrailer combination would have a total length of

34 feet.
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It a second cargo body--a full trailer--were added, it

would require about 3 teet of space between the rear of the

forwardsem1trailer and the nose of th.e follow1ng full trailer.

Again, using a full trailer length of 21 feet, the added

distance for the second cargo body would be 30 feet. Therefore,

a 65-foot overall combinat1on length would accommodate two

27-foot trailers in a 3-vehicle combination of tractor, semi­

trailer, and full trailer. But to provide for a sleeper-cab­

over-engine design, a trailer length of 26 feet would be the

practical DlIELximum length within an overall combination length

of 65 feet.

When pulled by a cab-behind-engine tractor, the 4o-foot

trailer 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 be.ck of the cab, 3 feet to the nose of the

semitrailer, and 40 feet for the semitrailer. Using a double­

trailer combination made up of a semitrailer 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 4o-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 4o-foot trailers is about

105 teet.
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(~) Tura1ng 'track widths sUDI!1I!I.r1zed

Tab~e 4-2 sUDIIIIlrizes turning track widths tor varioue

classes and lengths of single-unit trucks and trailer combina­

tions at city street intersections (90-degree turn on 50-foot

turning radius). It is significant that some of the longer

vehicles requiring excessive turning track widths on city street

intersections can successfully negotiate the cloverleaf ramp

loops. However, on cloverleaf ramp loops, the 100- to l05-foot

double-trailer combinations require either a longer radius of

curvature or pavement wider than 16 feet.

Table 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 t foot wider than the

respective value indicated in table 4-2. Furthermore, the

indicated value of l4i feet for the 2-81 and 3-S2 combinations

having an overall length of 60 feet would become 15 feet.

(2) Comparison of four different
trailer combinations

Semitrailers of 4o-foot length are satisfactory for

total trailer combination lengths of 50 and 55 feet. The 50-

foot overall lengths can be attained with cab-over engine

tractors j and the 55-foot overall lengths , with cab-behind-

engine tractors.
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Tabie i,.-2. --Turning track widths' for various classes and lengths
of vehicle combinations on city street intersections
and interchange ramp loops

t

n
us

)

Overall Overall
Turning track width in fee

Vehicle NUD"'Jer length wheelbase City street Interchange
Olass of in in intersection ramg loop

axles feet feet (goo turn on (270 turn 0
5O-ft.radius 165-t't.rad1
of curvaturfl!) ni"

2D or 3A 2 or 3
(~

22 13·2 9.1
25 13·7 9·5

40 35 18.2 10.8
(45 40 18.6 11.3

2-S1 3 ~~ 45 20.1 12.1
50 22·5 13·0

(60 55 25·5 '14.5

2-S2 40 29 16.5 9·7
(45 33 11·2 10.3

2-S2 4 (50 31 17·9 10.5
(55 42 19·1 11.0
(60 41 21.0 11.4

40 35 18.2 10·1
(45 40 18.6 11.2

3-S2 5 !50 45 20.1 12.1
55 50 22·5 13.0
60 55 25.5 14.5

(~ 50 16.2 10.4
55 16.5 10.5

2-S1-2 5 !65 60 11.4 10·9
10 65 18.5 11.5
15 10 19.9 12.2

go 85 24.4 14.8
( 95 90 26.2 15.8

3-S2-4 9 ~100 95 28.0 3:-7.0
105 100 30.1 18.3

(110 105 32.8 19.7

See Reference 67, STEVENS, Tignor, and LoJacono. Offtracking
Calculations for TraUer Compinations. Public Roads, Vol. 34,
No.4, October 1966.



4-24

As ..y be seen in table 4-3, a double-traile:r conibination

made up of two ZT. 5-toot trailers in an overall length of 65

feet bas a narrower turning track width than the 55-foot s1ngle­

trailer combination. In fact, two 30-toot trailers in a double­

trailer combination 70 feet in overall length have a narrower

turning track width than the single 4o-:foot semitrailer

c()mbination. Thus it appears that for manipu.la.tion on primary

roads and on some commerc:Lal streets, the use of two 30-f'oot

trailers in a combination 70 feet long is as practical as a

single-trailer combination 55 feet long.

In table 4-4, comparisons are made of the same series

of trailer combinations for ZTO-degree turns on lOO-foot,

l65-foot, and 225-f'00t turning radii such as my be found a:1i

the ramps of cloverleaf intersections of multilane, divideo.

highways with a limited number ot ingress and egress points and

with acceleration and deceleration lanes. The offtracking of

the trailer combinations and their resulting turning track

widths are a little greater than for 9O-degree turns. It is

obvious that 65- and 70-foot double-trailer combinations oon

travel such ramps as easily as the 55-foot combination with a

single 4o-foot semitrailer. In addition, on ramps permitting

l65-foot and. 275-foot turning radii ot the loa-foot, double

4o-foot-trailer combination, the turning track width is not

excessive. However, the turning track width of this lOO-foot

combination on the lOO-foot, turning radius is so much as to bar
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Table 4-3.-- Comparison of turning track widths on 9O-degree turns
required by various practical. trailer combinations

Turning track width in feet on
Class of 'trailer Lengths of Overall length 9O-degree 'turns

combina'tion 'trs.1lers of combina'tion
(feet) ( fee't) ·50' Turn Bad. 100' Turn Rad. 165' Turn Bad.

2-81, 3-82 40.0 55 22.5 16.5 12.9

2-81-2 21.5 65 17.4 13.0 11.0

2-81-2 30.0 70 18.5 14.0 11.5

3-82-4 40.0 100 28.0 21.5 16.2

,

Table 4-4.-- COmp3.r1son of 'turning 'track widths on 210-degree 'turns
required by various prac'tical 'trailer combina'tions

Turning track. width in fee't on

Class of trailer Lengths of Overall length 210-degree 'turns

combina'tion 'trailers of combina'tion
(feet) (feet) 100' Turn Rad. 165' Turn Bad. 275' Turn Rad.

2-81, 3-82 40.0 55 17.0 13.2 12.0

2-81-2 21.5 65 13.4 11.2 10.5

2-81.-2 30.0 70 14.3 11.8 10.8

3-82-4 40.0 100 24.4 17.2 14.0
~..- 'm:

-I=""
I

~
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interchanges on freeways.

(3) Discussion aDd conclusions on vehicle
length as related to offtracking

Overall length and the effective wheelbase of

semitrailers and full trailers is the most 1.mportant fa.ctor in

the offtracking aDd turning track width 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 COE tractors

in order to obtain the maximum possible cargo-space lengths in

the trailer bodies.

Total length of 40 feet with a max1!!ItJJn wheelbase of 33

to 35 teet is about the ma:x:imum that should be permitted for

single semitrailers or full trail.ers 1n either double- or

single-trailer combinations. For single-unit trucks, similar

lengths also appear desirable. The 4o-foot overall length

appears to be an optimuJD maximum for single-unit trucks, since

they must maneuver through city streets of various widths.

When trucks are used as the tract!ve power vehicles of

truck-full-trailer combinations, the optimum overall truck

length my be less than 40 feet, to permit a proper balancing

of load capacity with the full trailer 1n a comb1oation that is

within the overall legal length limit. Because of the various

possibilities for arranging single and tandem axles on truck-

full-trailer combinations,it is difficult to prescribe an
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optimum length f'or the traetive truck, except to say that it

should have a total length less than 40 feet. The cargo bodies

on the tractive truck and the f'ull trailer should be about the

same length.

G. Effect of' Length of' Vehicle
on the Traf'fic Stream

Increasing the maximum legal length of' commercial

vehicles may aff'ect other traff'ic and the design of' highways in

the f'ollowing ways:

(1) Longer combination vehicles may have greater ten-

dency to off'track laterally at their rear ends, thuB taking up

slightly more pavement width. Otf'tracking always exists on

curves, but may also be f'ound on tangents.

(2) The longer the vehicle, the more restricted is the

view ahead that is available to the drivers of' f'ollowing or

approaChing vehicles.

(3) The longer the vehicle to be pLssed, the greater

the distance required to overtake and pass it, thus requiring

longer passing sight distances.

(4) On f'our-lane, d1vided highways, long combination

vehicles overtaking and passing each other on plus grades

(usually at speeds much slower than the desired speed of'

passenger cars) will block both lanes f'or a longer time than

is required f'or shorter combinations.

The transverse movement of' the rear wheel tracks ot a
H.

moving vehicle, especially when decelerating from high speed,
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otters SODle reason ~or concern to the drivers of tX'ailiJ:l.Z

vehicles or vehicles attempting to pass on 2...lane, b1diree=

tiooal highways. Besides having psychological etf'eciis upon

the tollowing or approaching drivers, such movement would

decrease the effective horizontal tree distance between ~6sing

vehicles. For vehicles well maintained and properly operated,

this factor has been of no importance in the States permitting

combinations 65 teet long. Neither has it been an objectionable

condition in the operation on toll turnpikes of lOO-foot double

trailers.

On high-crowned pavements, there is a tendency for the

right rear wheel of a vehicle to ofttrack to the right. '!'his

offtracking may require steering the left front wheel near the

center line or lett lane line in order to keep the vehicle

within its own lane. Because the condition ot high crown is

not widespread on the highways where the vehicle 65 teet or

longer is apt to travel, this factor need not be given further

consideration. The transverse movement of the rear end of a

long vehicle or its otttracking on high-crowned. pavement is

not sufficiently great to cause concern for traffic safety or

the movement of other vehicles.

On 2-la.ne bidirectional highways, the length of a

vehicle restricts the view around it of drivers of following or

approaching Vehicles. The reported experience in States now

having 65-foot legeJ. length'limits for combination vehicles
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indicates that, at least up to the 65-toot maximum, the length

tactor is not important in restricting the view available to

drivers ot other vehicles.

The five toll highway authorities that permit double­

trailer combinations ot about 100 teet in length report success­

ful operation of these vehicles on their 4-1.&ne, 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 being allowed for in the design

vehicles used to determine the factor ot sight distance. Passing

sight distance is required only on 2-lane, 2-way roadways. Only

stopping sight distance need be provided on 4-lane, divided

highways.

In addition to requiring longer sight distance, longer

combinations perhaps inflict some additional expense upon

passenger cars in passing mneuvers. In the first place, they

might prevent passenger cars from passing for longer periods of

time than would shorter trucks. When the cars did pass, in

order to complete the ISseing I1Bneuver, they would have to main­

tain a higher speed for a longer time aDd distance or accelerate

for a longer time.
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Passing s1gb't dis'tance migh't require some upws.rd

revision, perhaps in the neighborhood of 10 to 20 percent, if

substan't1ally longer vehicle combinations (say, longer than 60

to 70 feet) are allowed on 2-lane, 2-way highways. For example,

consider a vehicle combina'tion 40 feet longer than is presently

allowed, traveling 50 miles per hour. If such a vehicle were

passed by a car averaging 20 miles per hour faster, the passing

car would require 140 feet of extra dis'tance in the left lane

in order to pe.ss successfully.

Also to be considered, though not readily evaluated

without research, is 'the psychological effect of long combina­

tions traveling in the higher speed ranges of, sa.y, 40 to 60

miles per hour. Because of fear or inability to judge the

distance required, drivers of trailing vehicles might possibly

refuse to accept pe.ssing opPOrtunities with adequate sight

distance. Certainly the decision to pe.ss involves more margin

for error with long combinations than with shorter ones.

On 4-lane,divided highways, even on plus grades as low

as 1 percent, heavy trucks and combinations often overtake and

pass slower moving vehicles. When the overtaking vehicle has

power for a gain of only 5 miles per hour over the speed of the

vehicles being pe.sse4, such a ];Sssing movement holds up all

those vehicles behind whose drivers wish to travel faster 'than

the speed of the ];Sssing truck or combination. In this situa­

tion, additional delay both·to the passing vehicle and. to the
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blocked vehicle will result, should longer vehicles be

permitted. The consequence is the same in 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 li<>-foot

maximum length are satisfactory both from the point of view of

industry requirements and highway use.

A1though the 4o-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 merits in the light of transport

requirements. Industry prefers two 27-foot trailers in com­

bination to the single li<>-f'oot trailer.

Combinations with two cargo bodies are in demand by the

transport industry because of their economy in line-haul opera-

tion, their flexibility in terminal operations, and their

convenience and economy in the urban distribution of cargo.

!rIle 65-foot maximum combination length has Proved

successful in the Western States, and the lOO-foot combination

has been successful in open-tion on toll highways.
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Highway systems as they now exist can accommodate the

65-foot combination length with proper regard to highway design

and geometry aDd to traffic safety. Some slight cost to

passenger cars aDd light trucks rsay result.

Without considering the number of axles per vehicle or

per combination or the axle spacing in feet, the foregoing

discussion of the req'Jirements of the transport industry, the

offtracking of vehicles on curves, and the factors of highway

safety indicate that the following maximum lengths of vehicles

are desirable:

(1) For use on all highways and. streets:

a. Bus with a maximum length of' 45 feet.

b . Single-unit truck with maximum length of

40 feet.

c. Single semitrailer or full trailer of 40

feet max1mum length.

d. Tractor-semitrailer combination (single

cargo body) with maximum overall length of

55 feet, including a semitrailer of 4o-foot

maximum length.

e. Tractor-semitrailer-and.-f'ull-trailer

combinations (double cargo trailers ) with

a maximum overall length of 65 feet,

including two trailers of 27-foot maximum

length each,.
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f. Truck-and-f'ull-traller combinations (two

cargo bodies) with a maximum overall length

of 65 feet.

g. Two Wolfwagons in combination, not to exceed

60 feet iii overall length.

(2) For use on multilane, divided highways with

controlled access (Interstate system):

a. Tractor-semitrailer-and-f'ull-tral1er

combinations (double-cargo trailers)

with 1&Bx1mum length of 100 feet, including

two trailers of a maximum length of 40 feet

each.

b . Tractor-semitrailer and two f'ull trailers

(triple cargo un!ts ) with a maximum

length of 100 feet.

c. Three Wolf'wagons in combination (three cargo

units) with maximum overall length of 90 feet.





IFFICTS or GROSS VlHICLB WEIGHT 011
MC1.fOR VlHICLB PlRFORMUCE IN TRAFFIC

PrOIl the point of view ot highway safety, the

pertormance ot motor vehicles on the highway and the conse-

quences ot that performance to all other vehicles in traffic

ar.e involved in the consideration of desirable maximum vehicle

dimenaiol18 aDd weights. Performance may be satisfactorily

lleasured in terms of accelerating aDd speed. ability (ratio of

grOBs weight to net horsepower) aDd braking ability (decele­

ration aDd stopping distance).

Accelerating ability is a safety factor in traffic,

particularly as it ecables a vehicle to accelerate rapidly from

low speed aDd to maintain near trattic speed on plus grades.

The weight-horsepower ratio is an index of the ability to

accelerate aDd to 18intain tratfic speed. Braking ability,

usually measured. by the distance required to stop from an

in1t1&l speed, is also a safety factor in traffic. Accident

experience is a third factor to be examined in the light of the

way traffic satety is influenced by vehicle d1mel18ions aDd

weights.

5-1
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1. I'DLD SUllVEYS at YBHICLE WBIGH'r,
HORSEPOWIR, AID B1WCDIG PElI'ORMAICI

Since about 1941, the Bureau ot Public Roads and the

State highway departments have conducted periodic surveys of

the weight, horsepower, aDd breJd.ng pertorml1nce of motor

vehicles. In 1963 some acl41tional surveys were conducted

especially tor this project on the desirable dimensions and

weight. ot motor vehicles. Some review ot these surveys IIBde

in 1949, 1950, 1955, aDd 1963 and the methods used is presented

next.

'fhe 1955 study included the brake testing of 862

commercial vehicles in California, Maryland, aDd Michigan.

Horsepower iD:formation was obtained at the same time.

The tield testing and sUrvey in 1963 was conducted at

or near the same roadside locations in California, Maryland,

aDd Michigan that were used in. 1949 and 1955. 'fhe b:mkes on

952 vehicles were tested, and the gross weight aDd horsepower

data were obtained on 1,026 COJIIDercial vehicles.

The pertinent horsepower i8 the net horsepower: the

gross brake horsepower ot the engine less the horsepower

required to oPerate the I1Ol"III81 accessories, such as tan, air

compressor, genel'8tor, and muffler. The net horsepower is that

horsepower which is available at the clutch, or its equivalent.

As a general average, the net horsepower is about 90 percent

ot the gross brake horsepower.
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2. VEHICLE GROSS WlIGlr.r AID IE'!' HORSEPOWER

The results of the analysis of gross weight and net

horsepower f")r 1963 are presented in some detail and compared

with the results for 1949, 1950, and 1955, to show the trend

of the weight-power ratio over time.

A. Results of Survey of Weight-Power Ratio

A SUlDllBry of the horsepower, weight, and weight-power

ratio for each vehicle type is shown in table 5-3 for the 1963

brake 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 constant. 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 vehicles with large engines. For

example, an empty 3-S2 vehicle weighing 29,100 pounds had a

net engine horsepower of 310 and a weight-power ratio of 94,

the smallest for this vehicle class. The net horsepower of 310

• was the largest observed for any vehicle in the sample obtained

in the 1963 study.

A separate analysis was made of the 1963 data

considering only loaded vel:J.icles. For this analysis, all empty



Table 5-3 .--Range and average of' the gross weight, net horsepower, and
weight-power ratio f'or all cOlllllercial vehicles weighed in the 1963 test.

Gross weight, pounds Net horsepower f Weight-pavel ratio
<.n
I

-1=>0

Vehicle class
Range Average Range Average :Range Average

ALL VEHICIES

28 - single. tired
2D - dual tired
3
2-81

If 2-52

4,795
13,230
22,785
~4}630

39,030

50,625
48,070
59,595
5'.,995

50-165
&>-198
95-222

~ 118-230

I 110-238

. 128-310
128-250
130-235
153-288

109
136
157
165
172

184
184
186
188

24-128
42-267
71-282
84-304
89-427

94-701
93-511

lll-590
88-625

44
97

145
149
221

215
261
321
2;l2

'.' 2 - single 'tired 3,210- 11,120 5,27,5 63-165 108 I' 29-=;'28 ~ 49
:2 - dual "tired 6,020- 31,410 15,4~5 80-198 136 '45-261 113

Q 3 Ll,OOO- 47,410 21,460 95-222 157 82-282 115
2-81 14,500- 45,400 28,700 118-230 167 99-304 172 i
2-82 . 19,210- 64.805 VA ,625 :UO-235 172 l2O-427 I 259 I
3-82 i 21 ,2}.J.O- 94,650 60,TI5 134-255 185. 151-101 329 'I
3-2 . 49,600- 78,200 13,150 150-209 182 329-511, 403 ;

i; 2-81-2 36,600- 82;no 13,685 134-235 185 L203.-5,~ 1,'. .3~8., ','
other 16,000-132,570. 67,285 ,133-234 187, 88-6~ 35U'

I f L~ VEHICIES I ONLY .1

~
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trucks were excluded from the sample. A vehicle was considered

loaded it it carried any cargo or payload, regardless of the

amount.

As would be expected, the net horsepower for all

vehicles (table 5-3) was nearly the same as for loaded vehicles

only. The larger weight-power ratios were for heaVily loaded

vehicles with SEll engines. For example, one 3-S2 vehicle had

a gross weight of 94,650 pounds and a net engine horsepower of

135, giving a weight-power ratio of 701, the largest ratio for

any vehicle in the 1963 study. This particuJ.ar vehicle was

operating under a special permit, because of tandem axle weights

in excess of the legal limit for the State in which it was

operating.

The cumulative frequency distributions of the weight­

power ratios for the various vehicle classes for 1955 and 1963

are shown in figures 5-2 and 5-3, respectively. These curves

include all vehicles and again illustrate the wide range in

performance among and within the vehicle classes.

A sUDll1lf11'Y of the 15, 50, and 85 percentile values of

the cumulative frequency distributions of weight-power ratio for

1955 and 1963 is shown in table 5-4. Considerable reduction

bas occurred between 1955 and 1963 in the ratios for all, vehicle

classes. The percentage decreases shown in the table are

particularly significant.
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Table 5.Jii.::-Ccapar1.ono:t percen'tUe ~ue. :rro. cUEla'tive
trequeDC7-di.1ir1bu1iiona of weigh1;-pawer ra'tio. :tor ail
COlllllercial vehicles weighed in 1955 &lid 1963 '

(J"I
I

CD

Weight-power ra'tio in pouDds per boraepover

Vehicle cla8. 15 perceD.1iUe 50 -percen'tUe 85 percen'tile

1955 1963
Percentage

1~55 1963
Percentage

1955 1963 Percen~

decrease decrease c1Iecrease

28-; 811Jg1e 'tired 41 32 22 58 42 28 85- 56 34 ..
2D-: clual 'tired 13 64 12 135 87 _36 208 142 32

SA 132 88 33 245 135 45 J)6 208 32

2-81 161 108 33 256 133 48 - 376 204 116

2-82 186 126 21 J)O 218 :!f .~ 321 19

other 232 138 41 Jtoo :!fa ~ 531 428 19
.

3-82 - 151 - - :!f2 - - 371 -
2-81-2 - 141 - - 360 - - ~31 -

!

~ ........
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Figure 5-4 presents the cumulative frequency

~istr1butions of weight-power ratios tor vehicle classes 3-82

and 2-81-2. These curves have been separated out of the "other"

curve tor 1963 data shown in tigure 5-3. The irregularity in

the curve tor the 2-81-2 vehicles is caused primarily by the

tact that nearly allot the vehicles were either empty or

heaVily loaded. Only five ot a total of 51 vehicles in this

class had gross weights within the range ot 35,000 to 10,000

pounds.

Cumulative trequency distributions ot the weight-power

ratio in 1963 for loaded vehicles only are shown in tigure

5-5, by vehicle class. The curve designated as "other"

includes all vehicle combinations with 5 or more axles. The

3-82 aDd 2-81-2 vehicles are included in this "other" curve,

but bave also been shown separately because they are the

largest groups making up the "other" curve.

Table 5-5 presents a sUDIIIU'Y ot the 15, 50, and 85

percentile values ot the cumulative trequency distributions

0'1 the weight-power ratios tor 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 tor

all cOlIIDercial vehicles weighed in the brake studies of 1949,

1955, aDd 1963. The average ratios tor all vehicles in the

1950 truck weight survey sample are also plotted in figure 5-6,

as indicated by the triangular symbols. It 1s apparent that
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Table 5-5. -- Percentile values from cumulative frequency distributions
of weight-power ratios for loaded vehicles in 1963.

Vehicle class
Weight-power ratio in pounds per horsepower

15 percentile 50 percentile 85 percentile
.

25 - single tired 37 45 60

2D - dual tired. 75 106 157

3A 110 125 243
I

2-51 ·117 116 223

2-52 180 . 252 346

Other 251 354 452

3-52 247 315 408

2-81-2 338 388 454

U1
I.......

N
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the avezoase I'&t:l.OI tor the 1950 truck "e1lbt IUZ"VO;Y clo••ly

tollo" the cUZ'Ve tor the 1949 brake t.,t data.

The red.uct:l.on 10. the "e1Ibt-ho:rle;pover zoat:l.OI from 1949

to 1955 uoua.ted. to about 15 pel'oent tor POll Wltlbtl le••.
than 40,000 poUa.4I. Above that "11&ht, the -Oil 4.ar••'"

to about 8 peroent at 80,000 POua.4I. from 195' to 1963 , the

reduct:l.oo. amounted to about 25 pero.tit for SZ'01ll veilht. u.p to

40 ,000 pounds. !he cbaa.ae P'l4ually d.ear.leel to about 16

percent at 80,000 pound. SZ'OI' "e:l.ght.

The 1963 data were also analyzed us:l.ng only the loaded

trucks. The curve obta:l.ned closely approx1mated the CurvE

which included all trucks. At ve1lhts le.8 than 40,000 pounds,

the ditterence in the two curve. amounted to 2 percent or

less. Above that we1ght, the two curve. wee :l.d.eutical.

l'heretore, the cUl"'le tor the 1963 data :1n t1gure 5..0 is

reprel.ntative ot the loaded vehicle clall1ticat1oD I.. well

.1 ot all veh1cle•.

Table 5-6 .hoWl the tnnd 10. the aVIn.e ".:l.pt..pover

ratios by vehicle Clall from 1949 to 1963. In letien1, there

il agreement between the percentage changel 1949 to 1955 and

1950 to 1955. All vehicle types Ihoved a reduction in the

ratios trom 1955 to 1963, with the larler percentage :reductions

observed tor the 2-axle dual-tired trucks, 3-axle trucks, and

the 2-51 tractor-semitrailer. The overall reduction between
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Table 5-6. -- COmplr1son of average weigb't-power ra'tios tor all vehicles, by
vehicle class, tor 1949, 1950, 195~ aDd: 1963 .

Vehicle class Number of vehicles Average weight-power ratios Percentage reduction
of weight-power ratios

1949 1950 1955 1963 1949 1950 1955 1963 1949-55 1950-55 1955-63

28 - single tires 19 239 99 130 81 75 rsT 44 30 24 23

2D - dual tires 275 3,642 272 312 142 135 142 97 0 -5 32

3A 3B 263 67 42 227 244 231 145 -2 5 n,

2-81 228 3,900 117 108 291 294 264 149 9 10 44

2-82 87 1,991 145 217 369 3rsT 301 2ZT i8 16· 25

3-82 46 483 rsT 112 422 411 348 275 18 15 21

2-3, 3-2, and 2-81-2 51 136 71 78 394 384 418 300 -6 -9 28

lDtber 3B 72 34 27 428 421 374 292 13 11 22.
Total vehicles 782 10,726 862 1,026

Weighted averages 260 253 228 165 12 10 28

VI
I....

VI
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1949 and 1955 was aboU't 12 percea:t. The corresponding

reduction from 1955 to 1963 was approx1.Dlately 28 percent.

The percentage of all veh1c1eswe1gbed in 1955 and

1963 that could not meet various weight-power levels are

compared in table 5-7. The percentages for vehicle classes

3-S2 and 2-61-2 are not shown for 1955 because of inadequate

sample sizes. In 1955, 50 percent of the vehicles with five

or more axles and 14 percent of the total sample had we1ght­

power ratios greater than 400 pounds per horsepower. In 1963,

only 20 percent of the Vehicles with five or more axles and

5 percent of the total sample bad weight-power ratios greater

than 400.

Table 5-8 shows the percentage of the loaded vehicles

sampled in 1963 that 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 bad

weight-power ratios greater than 400.

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

Table 5-9 gives the net horsepower required to give a

ratio of gross vehicle weight to net horsepower of 400 for

several classes of vehicles at five levels of' maximum axle

weight. The ratio of 400 pounds per net horsepower is suf'fi-

aient to JDBintain the vehicle speed at a minimum of 20 miles

per hour up a 3-percent grade and is generally considered to
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Tab~e 5-7. -- Percentage of a~ vehic~es weighed in the ~955 and ~963 tests
that could not meet indicated performance ~ev~s

Percentage of vehic~es with weight-power ratios greater than
Vehicl.e class

250:~ 300:~ 400:~ 450:1350:1 500:~

1955 1963 1955 1963 1955 1963 1955 ~963 1955 1963 ~~55 ~963

~ - single tired --- --- --- --- --- --- --- --- --- --- --- ---
!D - dua~ tired 3 --- . 1 --- --- --- --- --- --- --- --- ---
~ 48 10 21. --- 2 --- --- --- --- --- --- ---
~-81 53 2 34 ~ 20 --- ~o --- 2 --- --- ---
~-82 66 37 50 21 34 ~o ~7 3 5 --- ~ ---
Ul other combinations 82 55 73 46 62 34 50 20 35 ~o 22 7

3-82 57 38 ·23 ~ 5 2

2-8~-2 67 65 55 28 12 6

rotu vehicl.es 38 20 29 ~4 20 9 ~4 5 8 2 4 ~

VI
I

.!:J
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Table 5-8. -- Percentage of loaded vehicles weighed 'in 1963
that could not meet indicated performance levels

Vehicle class Percentage of loaded vehicles with
weight-power ratios grea~er than

250:1 300:1 350:1 400:1 450:1 500:1

28 - single tired ' --- --- --- --- --- ---
"

2i> - dual tired --- --- --- --- --- ---
3A 12 --- --- --- --- ---
2..81 4 1 --- --- --- ---
2-82 51 ,29 14 4 --- ---

,Others 85 11 52 '30 15 9

3-82 84 59 34 11 1 3

2-81-2 91 94 80 40 18 9

Total vehicles 33 23 15 8 3 2

~

U'1
I
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Table 5-9. -- Ne1:i horsepower required for a we1gh1:i-power ra1:iio of 400 pounds
per horsepower for diff4ren1:i classes of vehicles aDd a range
of maximum axl.e-weigh1:i l1m11:is.

Maximum axle-weight level single 'tandem. kips

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

class Gross Gross Gross Gross Gross
weigh1:i, Horse- we1gh1:i, Horse- weigh1:i, Horse- weight, Horse- weigh1:i, Horse-
kips power 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 41.6 104 45.7 114 48.8 122 52.4 131 56.0 140
2-81 43.7 109 48.1 120 52.3 131 56.4 141 . 60.5 151
2-82 58.5 146 63.8 150 69.0 172 74.3 186 79.6 199
3-82 73.7 184 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 98.2 246 105.4 264-
3-2 77·9 195 85.3 213 92.6 232 100.0 250 107.4 268

2-81-2 80.7 202 88·9 222 97.1 243 105.3 263 113·5 284
2-82-2 95·3 238 104.7 262 114.1 285 123.5 309 132·9 : 332
2-82-3 109.3 273 119·7 299 130.1 325 140.5 351 150·9 377
3-82-4 138.0 345 150.3 376 162.6 406 174.9 437 187.2 468

VI

•
~
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be the max1mum acceptable for all highways. Because of the

higher general speed of 'traffic now as COmp1.red 'to 'the speed

when the 20 mph and 3-percen't grade ci'1'ter:lA were developed,

a lower ra'tio is 'to be preferred, at least for all vehicles of

5 axles and less.

The foregoing tables and tigures shoW' a trend since

1949 to lower weight-pover ratios such that in 1963 the

vehicles at 73,000 pounds gross weight bad an average of 400

pounds gross weight per net horsepower.

Because the power is now available, iudustry could

rapidly shift to the 4oo-pound ( or lower) ratio. At any gross

weight limit above about 80,000 pounds, the trucking industry

would most likely use only new equipment. especially designed

for the higher gross weights. The weight-horsepower ratio

would not then be held high because of the hauling of high

gross weights with Old, low-power tractors. The five toll

authorities have been successful in enforcing their power

requirements tor the lOO-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. BRAKING PERFORMANCE OF CXHo1ERCIAL VEHICLES

The commercial vehicles tested for braking performance

were grouped according to vehicle class (visual axle arrange­

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

Maximum Maximum
combination gross Number ot

Turnpike Width length, . combination units in
feet. weight, combination

pounds

Indiana Toll Road 96 98 127,Jwo 3

Kansas Turnpike 96 105 130,000 3

Massachusetts Turnpike 102 98 127,Jwo 3

New York Thruway 96 108 127,Jwo 3

Ohio Turnpike 96 98 127,Jwo 3

Pennsylvania Turnpike 96 70 ~ 73,280 2

.'

Y Combinations exceeding 73,280 pounds required to have special hauling permit
trom Turnpike Commission.
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brake system type. 'l'he braking perfo~D,ce of like or s:tmUar

vehicles was then compared for the respective groupings.

A. Braking Performance by Vehicle Class

The differences in, braking performance as attributed to

different classes of vehicles are apparent in figure 5-7, which

shows frequency distribution curves for the combined distance

required for brake system application and for braking decelera.­

tion and the distribution of maximum deceleration attained for

various classes of vehicles. The curves indicate the braking

performance as a percentage of vehicles by vehicle class that

stopped within a given distance or reached a deceleration of a

given or greater value when simulating an emergency stop from

20 mph. It should be noted that the decelera,tions 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 brake system application and

braking distance as found for all similar classes of vehicles.
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B. capacity Groups and Weight Groups

Any changes retlected in the braking performance should

be compared Tn.th the weight ot the vehicles sampled to deter­

mine whether or not such changes might be attributed to weight

rather than to the braking system or to the vehicle sample. In

table 5-13, the average weight and the average brake system

application and braking distance are given by class of vehicle

tor the vehicles tested in both 1955 and 1963. For some vehicle

classes the average gross weight varied little from that found

in the 1955 study; other vehicle classes varied considerably.

Part ot the variation in average gross weight can be explained

strictly on the basis of the chance ot selecting Vehicles to be

tested that diftered appreciably in weight. But part of the

variation can also be attributed to the fact the commercial

vehicles tested in 1963 were not the same makes, models, or

body designs as those tested in 1955.

C. Braking Performance Compared
to the Uniform Vehicle Code

The National Committee on UnU'orm Traf'fic Laws and

ordinances specified in its "Uniform Vehicle Code" the minimum

deceleration and the maximum brake system application and

braking distance values, both factors based on simulating of

emergency stops :trom 20 mph. As shown in table 5-14, a large

percentage of Vehicles met the Code I s requirements. The vehicle

classes which compared lesS tavorably with the Code requirements
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Table 5-13. -- Average vehicle weight 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 weight, 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 24
2-axle, other very light 297 13,100 28 293 14,200 31
3-axle 43 16,600 34 73 28,400 39

TrUck-tractors with semitrailers:
g-Sl 103 24,500 33 129 32,100 40
2-82 199 39,000 36 153 40- 400 42,
2-S3 2 32,600 42 none - -
3-S2 100 50,300 38 66 53,700 46

Trucks with full trailers:
2-2 2 42,800 42" 16 45,900 - 51
3-2 26 49,000 41' 46 63,900 54

Truck-tractors with semitrailers
and full trailers:
2-81-2 49 59,800 47 44 59,700 56
2-82-2 5 75,400 50 7 62,200 54
2-82-3 4 88,800 40 2 52,000 41
3-81-2 1 52,200 31 1 78,600 43
3-82-2 2 31,000 37 none - -
3-S3-5 2 132,500 58 none - -

U1
I

N
0'1
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Table 5-14. -- 1963 Brake 'test results compared to the UnUorm Vehicle Code

Deceleration BSARD J:J

Vehicle class WC re~ement, Vehicles within WC requ1rement, Vehicles w1th1n
feet sec./eec. requirement, feet requirement,

percent pn'cent
1963 1955 1963 1955

2-very light 14 100 100 30 91 84
2-other 14 98 94 40 95 84
3 14 91 85 1K> 15 53

2-81 14 91 83 50 91 81
2-82 14 91 82 50 94 80
3-82 14 89 16 50 92 64

Truck-:tU1l traUer 14 80 51 ·50 86 38
Tractor-sem1tr&Uer-tull. trailer 14 19 69 50 11 41

J:J Brake system application and braking distance.

' ..
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I
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trailer coabioatioWl. Bonver, there is evidence that wen the

brakes OD. thene large T8b1cle comb1ne.t1otUI tU'@ adJusted J)1'C1~rly',

they cau meet the Code requirements. For ~e, two 3...83..2

vehicle combinations were tested, -.ch we1~1ng app:roDD.tely

133,000 poUllds. The 'two trac1iore were the same make, model,

and year, and the brake system ut111z~ in oo.ch ws an air...

mechanical type. One combination requ1red 69 feet in wich to

stop from 20 mph, whereas the other stopped in 118 teet, or 2

teet under the UD.1:form Vehicle Code requirement.

D. Braking Pertormnce in
Relation to Axle We1ght

Not all vehicle classes could be considered in the axle...

weight analysis, because either the number of vehicles of a

given class was too sDBll or the weights carried 011 the principal

load-carrying axles varied excessively. Only the classes 2, 2..81,

and 2-82 vehicles could be analyzed with respect to axle woight.

The results ot the analysis ot classes 2 and 2..81 vehicles were

compared with the results ot similar vehicles trom previous

studies.

Figure 5..10 illustrates the performance ot cl..8sses 2 and

2..81 vehicles for the brake studies conducted in 1949, 1955, and

1963. 1:'1 genera~, improvements have been tound in the

braking performance tor these vehicles each year the studies

bave been performed. In preparing figure 5-10, only the
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considered. For the class 2 single-unit vehicle, the rear

axles were grouped 1nto increments of 4.,000 pounds} and the

b1"8ld.ng pertorance was then computed for these groups. T'D,~

perforance was plotted at the mid-point of the weight group.

The same analysis was conducted tor the 2-81 vehicles. However,

only those combinations were considered in which the weights of

the tract.or drive axle and the tra:ller axle fell within the

same 4,OOO-pound grouping.

Figure 5-11 illustrates the braking performauce for

the 2-82 and 3-82 combinations. In preparing the curve for the

2-82 combination, only the weight on the tandem axles was con-

sidered. The tandem axJ..es were grouped into increments of

4)000 pounds, and the performance was then computed for eacb

group. The performance was plotted in figure 5-11 at the

mid-point of the weight group.

E. Bre.k1ng Performance without
Brakes on the Steering Axle

In their motor vehicle regula,tions, the Interstate

Commerce Commission. and various states permit certain vehicles

to operate without brakes on the steering axle. In the 1963

brake test, a number of combination ve.1:licles were tested that

did not have front wheel brakes (See table 5-15.) With the

exception of the 3..82 vehicle, a rather large difference in
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gross weight ex1s'ted between 'the comb1us:t1QM Which had arJA

those which did not haTe brakes on the st~ering a~l.e. COilSG­

quently, the poorer perto~nce for the combinations without

front wheel brakes cannot be entirely attribut@d to the fact

that one axle was not braked, but would be iotlueneed in addi­

tion by the weight ditterent:lal.

In 1958 the National Safety Council's CoJl:l!iU"ttee on

Winter Driv10g Hazards conducted tests on dry pavement for empty

combioation vehicles both with and without braked steering axles.

Table 5-16 shows its findings in terms of the brake system appli­

cation and. braking distance tound when emergency stops were made

from 20 mph tor both braking conditions.

4. SUMMARY AND SIGNIFICANCE (]I THE BRAKING FACTORS

The foregoing test of braking distance may be summarized

as tollows:

1. Since 1955 the brake system application and braking

distance has been reduced by 2 to 3 teet tor the very light

2-axle vebicles and by 10 or more teet tor some heavier two­

trailer combinations.

2. All vehicle types sbowed higher values for deceler­

ation in 1963 than tor 1955. For light 2-axle trucks, the

values were 5 percent higher and for the heavier 2-tre.iler combi­

nations, 15 percent higher.



Table 5-16 .--Braking performance with aDd without
brakes on the steering axle

BSABDL/1n teet trom 20 mph

Vehicle Gross
Cla8S

weight, All axles Steering axlepounds braked not braked

3-82 24,830 24 30

3-2 22,300 21 25

2-81-2 22,090 26 31.

]:I Brake system appl1cation aDd brald.Dg cl1stance.

5-33
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3. i'he variability in bNJi:e system applloot:t'J Il ~ll(t

braking distance bas continued to decrease over time for all

classes of vehicles.

4. In 1963 a greater percentage of vehicles were capable

of meeting the Un1f'orm Vehicle Code recommended by the Ne.t1o~1

CoJllD1ttee on Uu1torm Traffic Laws and Ordinances than in 1955,

both with respect to brake system applicat.ion and braking 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 POOUp, or capacity group.

6. An axle-weight analysis revealed that the brake

system application and braking distance for similar axle

weights decreased by approximately 3 teet from 1963 to 1955

~or both 2~e, single-unit vehicles and tor 2-81 combinations.

1. The 1963 test results indicate that the brake system

application and braking distance at 20 mph is greater by 4 to

6 feet when the steering axle is not braked as opposed. to when

it is braked.



HIGHWAY SAFETY

Highway traffic accidents are the composite result of a

countless number of factors. To isolate the influence of the

factors of vehicle dimension and weight on accident experience

and then to predict the accident experience with increased

vehicle dimensions and weights is a most difficult task. There

follows, however, an attempt to accomplish this task with the

meager facts that can be assembled.

1. ANALYSIS OF ACCIDEm' EXPERIENCE-­
FREQUENCY AND COST OF ACCIDUTS

In assessing the highway safety aspects of the various

highway systems and motor vehicles of different dimensions and

weights, data have been developed, from accident cost studies

conducted in Illinois, Massachusetts, New Mexico, and Utah.Y

These studies, based on Statewide accident 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 studies--Massachu­
setts, 1953; New Mexico and utah, 1955; and Illinois, 1958. Truck
studies--Massachusetts, 1955; New Mexico, 1956; Utah, 1957; and
illinois, 1958.
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accidents. More spee1f1cally, the costs de'teormnetl 1nc:luded

those incurred by vehicle owners, drivers, and p8,ssengers of

automobUes and trucks and by pedestr1ans who may have been

involved. The area of investigation included all costs occa-

sioned through property d.a.mage, personal injuries) work-time

loss, loss of use of vehicle, services of attorneys and

attendant fees, and other cost items of an intangible nature

for which accident victims were compensated through tort action.

A. Accident Frequencies and Cost
Related to Highway Systems

Table 6-1 illustrates that accident-involvement and cost

rates were considerably higher for passenger cars than for single-

unit trucks and vehicle combinations. Among trucks, the combi-

nation class had the most favorable accident-involvement rates,

although accident cost rates were somewhat higher than for

single-unit trucks. In this and subsequent comparisons, it

should be kept in mind that more than half of the single-unit

trucks involved in accidents were panels and pickups.

A rural-urban comparison of accident involvement and

cost rates shows a relationship of approximately four accidents

involving I8ssenger 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 involvement ratio for

trucks wa,s about five urban accidents to one rural accident,
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Table 6-1.-- Accident-involvement and direct-cost rates for passenger cars, single-unit truck~, and Yeh1cle
combinations, classified by rural and urban accident location and highway system!-!.

Iiural I Urban I Statewide
ACCJ.oem;, \.fOS.. 01. ACCJ.aen.. \.fos.. Ol. ACCJ.oen.. liOS.. 01

Vehicle cla•• and involvements accidents involvements accidents involvements accidents
highway system per per per per per per

10 million 10 million 10 million 10 million 10 milliot'l 10 million
vehicle':'miles vehicle-mles vehicle-miles vehicle-miles vehicle-miles vehicle-miles

Passenger cars:
Federal-aid primary••• 123 $45,565 404 ' $ 90,868· 245 $ 65,243
Federal-aid secondary•• 149 39,090 517 120,328 222 55,269
Non-Federal-aid•.•••• 205 54,487 674 116,476 576 1()3,709

All hlghw~.systems•• 148 46,534 584 108,517 403 '62,830

Single-unit trucks.
Federal-aid primar,y••• 73 31,114 283 27,618 137 30,040
Federal-aid secondar,r. • 67 17,915 225 46,265 87 . 21,762

. Non-Federal-aid••••'. 116 23,591 481 40,332 346 34,216
All highway systems. • 63 26,596 407 36,521 222 30,825

eh1cle combinations:
Federal-aid primary••• 42 25,748 212 65,965 83 35,569

'Federal-aid secondar,y•• 40 49,124 146 23,796 57 44,881
Non-Federal-aid••••• 94 44,197 516 45,267 410 L4,993

All highway systems •• 45 31,240 333 56,497 140 39,540

All trucks:
Federal-aid primary••• 63 29,814 265 37,042 122 . 31,662
Federal-aid secondary. • 65 24,411 237 45,930 87 27,235
Non-Federal-aid. • • • • 118 24,956 489 41,096· 357 35.358

All highway systems. • 76 27,631 399 39,802 208 ~ 32',567 .

v'

0\
I

W

l/Data were obtained from cooperative motor vehicle accident cost studies of the Bureau of Public Roa~s and
~tate highway departments as follows: Passenger car studies--Massachusetts, 1953; New Mexico, 1955; Utah, 19));
and Illinois, 1958. Truck studies--Massachusetts, 1955; New Mexico, 1956; Utah, 1957; and Illinois, 1958.
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and the cost rates were approxima;tieJ.y 45 PE'.rcent higher in

urban areas than in rural areas.

B. Accident Occurrences of
Loaded and Empty Trucks

Table 6-2 provides a comparison of accident-involvement

rates for loaded and empty trucks of four vehicle classes. Ou

a Statewide basis, accident-involvement rates for each class of

truck, when operated loaded, were greater than twice the rates

of those involved in accidents when empty.

For either loaded or empty trucks, the frequencies of

accidents in urban 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 highways, loaded trucks had substantially

higher involvement rates than empty trucks. In urban areas,

the difference was somewhat less for some classes of Vehicles,

but loaded trucks had a consistently higher involvement rate

than empty trucks. Vehicles capable of carrying the heaviest

gross loads, i. e., combinations having four or more axles had

the lowest accident-involvement rates of all truck classes. No

doubt, regulation of carriers, better trained drivers, and a

higher level of management contribute to the lover accident

rate for the heavier vehicles.
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, .
~ble 6-2.--Accident-involvement and direct-cost rates ~qr loaded and empty trucks, by

vehicle class and rural and urban location bt I

. . .' .-

Rural Urban Statewide
Accident Cost 01" Accident Cost of Accident Cost 01"

involvements accidents involvements accidents involvements accidents
Vehicle class per per per per per per

10 million lQ million 10 million 10 million" -10 million 10 million
vehicle-miles vehicle-miles vehicle~miles vehicle-miles vehicle-miles vehicle-miles

Single-unit trucks:
.

2-axle trucks- " -,

Loaded••••••••••• 113 $32,955 498 $40,162 .31"1,,- $.36,716
Empty -. ;, ••••••••• 6.3 21,731 286 32,830 135 25,52J1.l :

Subtotal ••••••• -•• 82 26,095 408 37,027 227 .30,745
.3-axle t:r\l'cks-- .

Loaded. • • • • • • • • .'. 183 66~786 510 33,527 .312 52,1ll:
Empty • • • • • • • e.·. • • 44 18,692 291 7,066 1"56 1.3,621

Subtotal••••••••• 115 4.3,169 403 . 20,672 246 .33,.306
All single-unit trucks:

116 .34,246 498 314Loaded. • • . e • • • • • • • .39,978 37,221
Emp"ty' • • • • • • • • • • • • 62 21,659 287 .31,928 140 25,192

Total . • • • • ". • • • • • 83 26,598 407 .36,521 222 .30,82,
.-

Truck combinations: - "

3-axie tractor-semitrailer--" .
Loaded. .. • •.• • • • • .• • 76 42,431 576 77,106 .309 58,.312
Etnpty • • • • • • • • • • • 20 16,892 244 33,497 103 23,422

Subtotal••••••••• 57 .34,009 485 65,146 210 47,6ID -
other vehicle pombinations--

46 "'35,9.3.3 294 56,692 114 41,6):)·Loaded. • • • . • • • . • •
~ty ••••••••••• .3.1 18,667 116 39,647 51 24,883

Subtotal••••••••• 41 .30,312 232 50,738 92 .36,067
All~elcombinations:

54 .31,555Loaded~ • • • • • • • • • • • 414 65,39.3 ,173 46,769
\ Empty • • • • • • • • • • • • 28 18,218 . 160 37,535 71" 24,470.

.Total • • . • . . . . .. . . 45 31',240 .333 56,497 /140 39,540
-'-1

"\

l/Data were obtained from cooperative motor vehicle accident cost studies of the Bureau of Public Rosds and State
nighway departments as follows: Massachusetts, 1955; New Mexico, 1956; utah, 1957; and Illinois, 19>8. -

- 0\
I
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C. Accident Frequencies and Costs
Related to Gross Vehicle Weights

Trucks of the heaviest registered gross weights had the

lowest accident frequencies and the highest accident cost rates,

as shown in table 6-3. This trend simply follows that shown 1-n

table 6-2, in which vehicles are classified on t..'l1e basis of

visual types. Truck combinations with four or more axles would

fall in the weight category above 41,000 pounds. Table 6-3 adds

the element of accident severity. For each severity class, with

increased registered weight, there is an upward trend in the

accident costs per 10 million vehicle-miles of travel.

With increased registered weight, truck involvements in

which one or more persons were fatally injured show an upward.

trend per 10 million vehicle-miles of travel. Nonfa.ta.l-injury

involvements have rather consistent rates for all weight grouIJs,

and except for the weight group from 24,001 to 41,000 pounds,

the trend in "property-damage-only" involvement rates is down-

ward with increased registered weight. An investigation of the

relatively high rate of property-damage-only involvements for

the 24,001-4l,OOO-pound weight group indicated that vehicles

used in construction and city delivery service were largely

responsible.

D. Accident Frequencies and Costs
Related to Type of Accident

Accident frequencies&nd costs per 10 million vehicle-

miles of travel, by type of accident, are shown separately for
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Table 6-3.--lhtmber of trucks involved in trnffic accidents, direct costs of
truck f.'cci<lents, and involvement t:',nd cost rt\tea, clnssified by severity
of accident and. registered gros's we:f.ght' of trucks Y

Number of Direct Accident
Registered gross trucks in- Cost involvements Accident cost
weight of trucks volved in of per per

(pounds) accidents Truck 10 million 10 million
Accidents' . vehicle-miles vehicle-miles

FATAL-INJURY,ACCIDENTS

. 12,000 and under•• 174 $940,961 0.41 $2,218
12,001-24,000••••• 68 405,190 .36 2,lh9

·24,001-41,000••••• 37 130,349 .77 2,721
41,001-72,000••••• 62 330,920 .79 4,211

Total••••••••••• 341 1,807,420 .46 2,4h5

NONFATAL-INJURY ACCIDENTS
"

12,000 and under•• 9,518 $6,608,277 22 $15,576
12,001-24,000••••• 2,492 1,285,468 13 6,819
24,001-41,000••••• 968 625,881 20 13,065
41,001-72,000••••• 1,608 1,365,119 21 17,371

Total••••••••••• '14,566 9,884,745 20 13,371

PROPERTY- DAMAGE-mn:,Y ACCIDENTS

12,000 and under •• 86,861 $6,094,971 205 14,366
12,001-24,000••••• 37,615 3,098,978 200 16,439
24,001-41,000••••• 13,177 962,803 275 - 20,098
41,001-72,000••••• 11,348 3,106,015 144 39,524

Total••••••••••• 1h9,001 13,262,767 202 17,940

ALL ACCIDENTS
~

12,000 and under •• 96,553 $13,644,209 228 $32,159
12,001-24,000••••• 40,175 4,789,636 213 25,407
24,001-41,000•• ~ •• 14,182 1, 719,033 296 35,884
41,001-72,000••••• 13,018 4,802,054 169 , 61,106

Total••••••••••• 163,928 24,954,932 222 '33,756

11. Data were obtained from'cooperative motor-vehic1e-accident cost studies
'Of the Bureau of Public Roads and State highway departments as fo110;15:
Massachusetts, 1955; utah, 1957; and illinois, 1958 (New Mexico data were
excluded because trucks are not registered on the basis of.gross vehicle
weight).
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single-un1~ ~rucks and vehicle combinations in table 6-4.

Acciden~s involving single-unit trucks or vehicle combinations

and one or more other vebicles were the most frequen~ type ot

encounter. For single-un!t trucks, angle and turning~movel!lent

collisions ranked highest in frequency as well as in cost on a

vehicle-mile basis, followed by ~be group designated head-on,

rear-end, and sideswipe collisions. Among accidents involving

vehicle combioations, head-on, rear-end, and sidesvr.Lpe colli~

sions as a group ranked highest, with angle and turn1ng~

movement collisions a close second.

Perhaps ~he most significant finding from the comparison

of accident types is the high accident cos~ rates for combina-

tions involved in noncollision accidents . Although the frequen-

cies of nonco11i6ion accidents were rather low, such occurrences

tended to be costly. Extensive damage to equipment and cargo

undoubtedly accoun~ed for this finding.

E. Intersectional and Nonintersectiocal
Acciden~ Locations

Acciden~-involvementand cos~ rates are compared in

figure 6-3 on the basis of in~ersectional and nonin~ersec~ional

accident locations. As would be expe~ed, in rural areas the

nonintersec~ionalaccident involvements and costs Per 10 million

vehicle-miles of travel exceeded the rates for intersectional

accidents tor both single-unit trucks and vehicle combinations.

On the other band, a compa:dson for urban areas shows that
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Table 6~4.--Accident-involvementand direct-cost rates for singl~~ttrucks and vehicle combinations,
_classifiedby__~ype of accident and by highway system :J

Federal-aid primary system Other highway syste~s All high~ay syste~s

Type of .accident Rural Urban Rural Urban .Rural Urban
.

Sing1e- vehicle . S·ing1e-1 ~ehic{e Sing1e- vehicle Single- vehicle Single-I·vehi~le Single-
unit coI':I:1- unit combi- unit comhi- unit corr-bi- unit C o:r:Oi- unit cor:bi-

trucks natu-ns trucks nations trucks nations trucks nations trucks naticns trucks naticns

NlM!E OF TRUCKS nlVOl VEl) TIl ACCIDENTS PER 10 mUON VEHICLE-MILES
,.

i
CDl1ision with other Motor vehicles:

Head-on••••••••••••••••••••••••••• 0.9 0.3 0.5 0.3 1.6 0.7 2.2 - 1.2\ 0.3 1.6\ 0.2
Rear-end•••••••••••••••••••••••••• 7.3 7.2 71.9 70.7 9.5 4.7 77.6 70;0 8.3 6.9 77.7 70.4
Angle and turning movements ••••••• 25.2 .8. tl 119.3 49.E 24.6 23.8 150.9 201.2 24.91 1C2 140.71 114.7
Sideswipe ••••••••••••••••••••••••• 9.1 5.5l • 28.2 48.0 6.7 4.8 48.6 46.9 8.0 5.h 42.0 1;.7.5
Other 2/•••••••••••••••••••••.• ! ••. ' 2.4 ~.91 38 1 9.5 6.7 0.9 145.9\ 106.1 ~.41 4.3! 111.1 50.9

Single vehicle collisions:
Pedestrians ••••••••••••••••••••••• 0.1 0.1 1.3 0.8 0.3 0.1 7.0 1.8 0.2 0.11 5.2 1.2
Moveable or moving objects •••••••• 11.4 4.8 l 6.6 5.3 17.6 .7.8 1S.7 30.2 14.3 5.2 12:7 15.~

Fixed objects ••••••••••••••••••••• 6.2 1.1 5.1 13.5 8.1 1.1 10.9 33.8 7.1 1.1 9.0\ 22.3

lIon-collision involvements •••••••••• 9.7 9.9 5.8 .. 14.4 21.3 22.1 8.2 3.7 15.0 1L7 7.4 9.8

407.51
- ..

'All accident involvements ••••••••• 72.5i 41.8 282.8 212.2 96.4 66.& 466.9 493.7 83.S 45.2 332.9

DIRECT COST OF ACCIDENT TIlVOL VEMENTS .PER 10 MILLION VEHICLE-~ES .

Collision with other Ilotor· vehicles: ~ I
$ 1.311 \ $ 779\ $ 1,205 $ 1.27~IRead-on ••••••••••••••••••••••••••• $ 1,242 $ 1.2E6' $ 252: $ 5.597 - $ 1.218 $ E97 S 3.197

Rear-end.•••.•.••..••.•.•.•••.•.•• 1,881 2,80f 7552
1

5,840 1,134, 3237 1 5,395 $11,895 1.537 ~ 2,860 6O~1 8,436
Angle and turning·"ovements ••••••• 10,468 4,111· 13004 26,119 4, 987 1 8500' 16,342 10,78k 7,947 4,702 15265 19,5~

Si~eswipe ••••••••••••••••••••••••• 6,262 1,708: 1380 2,168 867 4918 1,863 3,102 3.780 2,140
1

1707 2,569
Other 2/•••••••••••••••••••••••••• h12 418; 1214 969 41e, 188 5,601 2,885 411 387\ 4186 1,791.

Sin£le vehicle collisions:
Pedestrians ••••••••••••••••••• .-••• 5t 138; 1305 1,119 253 1403 4,889 2,388 146 309\ 3733 1,663
~o.eable or moving objects •••••••• 1,224 1,297; 6771 4,129 3,777 3359 2.385 3.876 2.398 1,575 1834 4.021
Fixed objects ••••••••••••••••••••• 1,485 2.017, 1262 6,986 2,553 518 1,923 6,659 1,976 1,816 . 1710 6.E46\

lion-collision invo1ve...ents •••••••••• 8,095
,

13,037 6,004 23753 1.159 2\293 7.127 16.233 1099 8.431
11.97~ 973

.A11 accident involve~ents••••••••. 31,111 25.74 276181 65.965 21.296 {,.6657 40.761 1 43.882 26.598 31.240 36521 56.4971.
Data were obtained from cooperative motor vehicle accident-cost ·studies of the Bureau of Public Roads and

. State highway departments as follows: V.assachusetts, 1955; :Ne.., heY..ico, 1956; utah, 1957; and Illinois, 1958.
Y Includes parking maneuvers, baCking in traffic lane, and c 111ding with parked vehicles.

0\
J,
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involvement and cost rates did not va.ry greatly between

intersectional and nonintersectional locations.

F. SUllmBry and Significance of Findings

Findings of the four-State analysis of traffic accident

frequencies and cost point to the following general observations:

(1) Roads and streets of the highest classification, the

Federal-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 comparison of accident cost per Vehicle-mile indicated

the following highest-to-lowest sequence for the three classes

of vehicles: (a) passenger cars, (b) vehicle combinations, and

(c) single-unit trucks. Limiting the comparison to the two

maj or classes of commercial vehicles, vehicle combinations had

the most favorable accident-involvement rate, but accident cost

per vehicle-mile was higher.

(3) A rural-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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Accident-cost rates in urban areas exceeded those in rvzal ares~s

by the following percentages: passenger cars, 133 percent.:

single-unit trucks, 37 percent; and vehicle combinations, 81

percent.

(4) Regardless of axle configuration, commercial

vehicles had substantially higher a.ccident-involvement and cost

rates when traveling with loads than when traveling empty.

(5) Commercial vehicles of the heaviest registered gross

weights had the most favorable accident-involvement rates, but

accident cost increased with gross weight. The geaeral observa­

tion follows that drivers of the heaviest vehicles were more

successful in avoiding accidents, but when they were involved,

the accidents 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

un1t trucks and vehicle combinations were encountered with one

or more other motor vehicles. Angle and turning-movement colli­

sions ranked highest in frequency. Secolld in order of frequency

were rear-end collisions. Of all types of accidents involving

vehicle combinations in rural areas, noncollision accidents

ranked highest on a cost per vehicle-mile basis. In urbe.n areas)

angle and turning movement collisions ranked highest. For single­

unit trucks, the cost rates for angle and turning-movement colli­

sions ranked highest in both rural and urban locations.
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(7) Frequencies of intersectional accidents in urban

areas involVing either single-unit trucks or vehicle combina-

tioD.S were approximately equal to nonintersectional accidents.

Accident-cost rates associated with intersectional aCCidents,

however, tended to be higher than for nonintersectional accidents.

2. ANALYSIS OF THE PROBA:BLE REIATIONSHIP
OF INCREASES IN VEHICLE DIMENSIONS Am>
WEIGHTS TO ACCIDEIfl' EXPERIENCE

The preceding analysis of the frequency and cost of

highway traffic accidents offers practically no help in

determining what effects on highway safety would result from

increasing the limits of dimensions and weights of motor

vehicles. The hundreds of subfactors contained in the four

princip!l.l factors--the driver, vehicle, highway, and environ-

ment--almost preclude a reliable conclusion of the true role of

any changes in legal uax1mum vehicle dimensions and weights in

promoting highway safety. However, the following sections

discuss the probable consequences, and until accident analyses

can be afforded a better factual basis, Judgment must rest upon

logical reasoning from meager facts.

Because of the complex interaction of the many factors

involved in highway safety, it is most difficult to trace the

relationship between the accident experience of the heavy

single-unit trucks and combination vehicles and their dimensions

and weights. Over the years, by decreasing the we1ght-horse-

power ratio to give higher speeds on grades and by improving
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other f'ea.1iures of both vehicle design and vehicle operatiol:lS,

the safe1iy record of' the hesvy trucks b&.a been continuouzly

improved.

A. Vehicle Dimensions and Highway Safety

The height of the vehicle has little effect upon the

safety performance of single-unit 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 height bas some e1'fect upon the center of

gravity, and therefore might contribute 1io overturning accidents.

Generally speaking, freight vehicles are loaded with such he8.V'J

material that the Vehicle height in itself is seldom a factor

in raising the center of gravity 1io a point high enough to

induce overturning of the vehicle.

An increase in overall width from 96 to 102 inches will

somewhat reduce 1ihe overturning tendency. In addition to this,

the addi1i10oal width of vehicle will permit the development of a

better braking system and adequate room for the proper width of

tires without exceeding the maximum limit.

As cOlJ118red to 96 inches, a width of 102 inches probably

will result in some accidents that otherwise would not happen.

Accidents are caused by split-second timing of events and frac­

tional inches of relative spacing of vehicles and fixed objects.

The larger any vehicle is the more it restricts 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 accidents. However, these factors as

causes of an:'ncrease in accidents resulting 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

havior in traffic refers prinarily to keeping the vehicle in the

direct line of travel, that is J free from swerving or departures

from the norml wheel track. It is true, however, that off­

tracking of the vehicle in turning movements requires attention

from the viewpoint of safety.

In addition to the offtrack1ng as measured in terms of

the width of pavement or lane required to enable the wheeltracks

to remain within the JlS.vement 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 Combinations

In the accident records there is little experience indi­

cating the relative degree of safety of a single-unit truck, a

two-unit tractor combination (tractor and semitrailer) J two-unit
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tractive truck (full truck and full trailer), snd a. 'three-uni>,

combination (tractor, semitrailer, and tull tra.:Ller).

The combioation vehicle ot two or three un1ts my bave

some tendency, under certain conditions, to sverve when it is

heavily braked. This swerving is preventable by the use of

proper towing connections that have 'been developed. All

vehicles have a tendency to track slowly to the left or to the

right as they progress down the highway on a tangent section.

This tendency is because of short undulation in the xavement

profile, the effects of w-1nd, and the effects of' steering-wheel

pressure. The longer the vehicle the more tendency there is

for its lateral displacement to be widened from the true for­

ward tangent path. These lateral movements are not unsafe for

traffic in a lane that is 12 feet wide.

C. Weight ot the Vehicle

The gross weight of the Vehicle is a factor primarily

affecting braking or stopping distance and the minimum speed

on plus grades. The beevy vehicles now have adequate brake

systems to take care of all maximum loads within a stopping

distance that is in agreement with the Uniform Vehicle Code.

In addition, brakes have been developed to give adequate

stopping distances tor vehicles with a total gross vehicle

weight of roughly 125 kips, or that weight now found on toll

turnpikes where loo-toot Vehicles are permitted.
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The weight-horsepower ratio of around 400 pounds per net

horsepower is adequate to permit a vehicle to ascend a 3-percent

grade at a minimum speed of 20 miles an hour. The horsepowers

available and those immediately 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 minimum speed of' 20 miles an hour on a

3-percent plus grade.

D. General Considerations - Vehicle and Driver

The high cab of the truck gives the operator a better

vision forward, as well as to the lett, right, and backward on

the ·lef't. This additional sight distance compensates somewhat

for the shorter stopping distance of smaller vehicles. The

driver of' the high-cab vehicles can see objects at crowns of

hills and around curves to better advantage than can the passen-

ger car driver.

The usually high weight of trucks per square inch of'

contact between the pavement and tire gives a high utilization

of potential frictional force, which in mny cases is much

superior to that of passenger cars. These heavy vehicles skid

less and lose traction less than do passenger cars.

E. E:f'tect of Highway Design on the
Safety of Line-haul Freight Vehicles

From the viewpoint of traffic safety, the geometries

of highway design--so far as present standards and Practices
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are concerned--do 11010 contribute more 'to highway accidenta on

the pLrt of line-haul vehicles than they do to accidents 1!l~

vOlving other vehicles. The laue widths seem to be adequs.te,

sight distances are relatively adequate, and for the speeds used,

the curves and corners are usually adequate from the standpoint

ot accident prevention. Strictly from the point of view of the

~raffic-accidentfactor, line-haul vehicles can operate on

current highways with about the same relative degree of safety

as can other vehicles.

F. Effects of Line-haul Vehicles
Upon the General Traffic

'!'he width of line-haul Vehicles has some effect upon

the passing of trucks by faster moving vehicles on two-lane

highways. It is perhaps true that some passenger car drivers

night be hesitant to overtake and pass a. truck 102 inches wide,

when they might more readily pass a truck 96 inches in width.

However, for all ordinary usage the 12-foot lane affords the

necessary safety for overtaking and passing 102-inch wide

vehicles. On the 4-18ne divided highways, the factor of width

up to 102 inches would give rise to no particul.ar problems of

highway safety. Where lanes are less than 12-feet wide, the

clearance may be less than is desirable, but here generally the

Am will be light and the truck percentage low.

The length of vehicles is also an element that would

affect the overtaking and passing maneuver of slower moving
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vehicles. The longer vehicle to be passed would make necessary

a slightly longer I8ssing time and distance and also would

restrict somewhat the general view ot Jl&ssenger car drivers,

particularly on curves, thereby restricting their tendency to

pass.

One of the advantages ot greater length, however, is to

reduce the total number ot combinations on the highway. Under

a 65-foot maximum length, it would require fewer vehicles to

haul the same total gross tons of payload than under a naximum

length limit of only 55 feet. It probably is safer to pass one

combination 65 teet long than to pass two shorter vehicles each

separately operated.

G. Accident Experience with Double-Trailer
Combinations on Toll Turnpikes

The experience of some of the toll turnpikes , with

respect to the operation of double-cargo combination units

consisting of a tractor and two 4o-foot trailers, is some

indication of how safe such operations can be. One of these

operators bas reported the following facts of its operation:

(1) In f'our years of OPeration, 95 thousand loads of

freight in twin-cargo bodies have been moved, averaging 10

million trailer-miles per 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 ~.omplres with a total system accident

frequency of' 270,000 miles per accident.
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period were classified as preventable. Total insurance el~1ms

paid in 'the four years amounted to less tha.n $28,000 or $7,()(,)O

a year.

(4) The drivers operating out of the Manchester head-

quarters averaged 5,540,000 trailer-miles before becoming in­

volved. in an accident of any kind. The Albany drivers operated

2,450,000 consecutive miles and the Boston drivers 3,768,000

trailer-miles without an accident.

H. Test Operations in Idaho wi'th
Double and Triple-cargo Units

In 'the fall of 1964, the State of Idaho De];lartment of

Highw.ys issued its reses.rch report No. 35 under the title

llHighway Operations wi'th Truck Trailer Double and Triple Units. 11

The following highlights of the publication are reproduced here

becauce of their pertin.ency to this report on the desirable

dimensions and weights of motor vehicles.

'.rhe operations were with tractors pulling double 40-

foot trailers and triple 27-foot trailers. '.rhe leng*"~ range

was from 94 feet to 96 feet in total. '.rhe freight carriers

were engaged in regular operations. The only difference was

that certain observations and recordings were made for these

p:lrticular test operations. The gross loads ranged up to

134,900 pounds on a 5-axle tractor-semitraUer with a 4-axle

full 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 is, 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 trailers was relatively smooth"

except for the triple trailers that were hooked together with

a :pintle-hook hitch. With this hitch the third trailer had a

tendency to weave 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 indication of swaying 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 climbing 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 occurred.

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 wo,,"st areas for delay to traffic occurred
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on plus grades when the test vehicles were moving comparatively

slowly. This was particularly true in sections where the

climbing speed for the test vehicle was 8 to 15 miles an hour.

3. SUMMARY AND EVALUATION OF THE
FA~OR OF HIGHWAY SAF~

Whether or not an increase in the ma,ximum legal limit

of axle weights would change the accident experience of motor

trucks is not disclosed by the available analysis of accident

experience. The same conclusion is reached with respect to

gross vehicle weight and for the same reasons. Although table

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 12.00]~to

21~)OOO-pound class, the conclusion is not valid that this

increase in accident rate from 213 to 296 is a direct result

of the increase in registered gross weight. These two vehicle

weight classes are each composed of different types of vehicles

in different types of usage on many highway systems.

~ne reasonableness of the foregoing conclusion is proved

by the fact that the highest registered gross weight class>

41,001 to 12,000 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 41,001:- to

12,OOO-pound class would result in an accident-involvement

rate of less than 166 per 10 million vehicle miles.
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It follows then that there is 11ttle evidence now

available to 8Upport any conclusion with respect to what effect

an increase in DIlX1mum legal limit of axle weight or gross

vehicle weigI..t would nave on accident rates in traffic. It is

likely, however, that any .increase in gross weight of trucks

would result in a higher cost per accident, principally 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.

Table 6-4, although showing a decreased accident­

involvement rate for vehicle combinations as compared to single­

unit trucks, cannot be interpreted as predicting a lesser acci­

dent rate for two- and three-cargo units as compared to either

single-unit trucks or one-cargo-unit tractor-semitrailers.

Here again, there are so many variables involved that any con­

clusion may reasonably be questioned. The single-unit truck

class involves so DILDY 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 traffic

population and the earlier models are retired, the performance

--acceleration 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 no conclusion can be stated with certainty

regarding the influence of' increased legal maximum l1m1"ts Oll

accident involvement rates, the limited evidence does not

indicate that the result1ng accident rates would be above those

now prevailing, particularly on a payload ton-mile basis.
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AlIALYSIS OF 'fHE 1962 TRUCK WEIGHT STUDY

Any study of the desirable vehicle dimensions and

weights is greatly enhanced by reliable information on the dimen­

sions and weights of the vehicles using the highways J 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 reasons: (1) in order to

develop a better knowledge of the classification and weights of

vehicles on the highway and of the comparative weight practices

with respect to current legal maximums and (2) in order to

present the basic data used in the aoalysis of the economy of

dimensions and weights of motor vehicles.

1. PLAN OF THE TRUCK WEIGHT STUDIES

Each yearJ as part of their annual collection of

information for the Federal-aid highway planning projects J the

several States weigh vehicles at permanent and temporary weigh­

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.

7-1
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Rel.1able weights (axle and gr-oss) are cil:,.t!'.ine·~, from the

weight data ror each class of vehicle except passenger cars &nd

buSes, which are not weighed. The trafric volume and classifi­

cation are obtained from the vehicle CO\Ult. '!'hese two sets of

data combined to produce a good vehicle weight study for each

weighing station.

2. AXLE-WEIGHT DISTRIBUTION

The AASBO pavement design tormulas are based on the

application to the pavement of equivalent 18 ,OOO-pound single~

axle loads. The standard tables presenting the results of the

truck weight studies report the axle-weight frequencies by axle­

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

possible some progress toward. deVeloping the axle-weight

distributions and pavement designs required to determine the

economy ot IDIlX1mum axle-weight l1m1ts reported in Chapter 10.

Figures 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 116 States for which

truck weight data were available.

The single-axle curves include the front or steering

axle, commonly weighing about one-half the weight of single

axles carrying tull loads. ... The figures show a tew of the load-
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carrying axles over the legal weight lim!t, particularly in

California. 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 7-1 and 7-2 is that axle weights, single and

tandem, are .."idely distributed from a small fraction of the

legal limit to 110 percent or more of the legal maximum. The

percentage of axles weighing from about 2,000 pounds less than

the legsl nax1mum lim!t to above the legal 11mit 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

about 33 percent of all line-haul vehicles on the highway are

empty of payload and 50 percent are carrying only partial loads

on au axle-weight basis, it follows that only about 17 percent

of the vehicles are operating at full legal maximum axle weight.

Table 7-1l.A summarizes the information dealing with

single and tandem axles that ws obtained from the 1962 truck

"weight survey. This information is 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 weights. The amount and quality of enforcement of axle­

weight limits, State by State, is one factor in the percentage

of overloading. Another factor in certain States is that

vehicles carrying certain products are legally permitted to



Table 7-llA,-·SUIIlll'J:lry of axle weighings above legal limIts for the primary highway system (System 3), by vehicle class and legal weight group
Data are from the 1962 truck weight studie,;.

1 of 3

I
Number of axles according to excess ~le weight aoove legal limits

f--.. -'--" Overweight
Vehicle class Number N~er 1 to 1,001 to 3,001 to 5,001 to I 7,001 to I 9,001 to 11,001 to 13,001 to axles as

and. axlp-weight of 1,000 lbe. 3,000 lbs. 5,000 lbs. 7,000 lbs. ·9,000 lb". t.11,ooo. lbe 13,OOOlbs. 15,OOOlbs. percentage
axles of total

limit group States "cif'J",d No. 'to No. 'f, No. 'fo No. ;, No. % , No. I '1> No. '1>' No. % weighed

\ Single axle I
18,000 and less 19 1,924 1.0 .05 2.0 .10 -- -- -- -- -- -- -- -- -- -- -- -- .15
18,001 - 18,999 7 907 - - - - -- -- -- -- -- -- -- -- -- -- -- -- 0
19,000 - 19,,999 5 671 - - I ·5 .08 .5 .(1'( -- -- -- -- -- -- -- -- -- -- .15
20,000 - 20,999 3 306 - - I' - - 1.0 ·33 -- -- -- -- _.. -- -- -- -- -- ·33
21,000 - 21,999 1 41 .4.97 - - -- -- -- -- -- -- -- -- -- -- -- -- .97
22,())0 " 22,999 7 625 - - - - -- -- -- -- -- -- __ __ __ __ __ __ 0
23,000 and abov~ 4 283 - - I - - I -- -- -- -- -- -- -- -- -- -- -- -- 0
All combined (Single) 46 1>,757 1.41 .03l 2.5 .0511.5 .03 -- -- -- -- _D -- -- -- -- -- .11

\ Tandem 8.<Xle
32,000 and less 22 2,419 107.8 4.46 51.5 2.13 18.5 .76 11.3 .47 8.8 .36 5.0 .21 3.0 .12 1.0.04 8.55
32,001-33,999 7 855 13.3 1.56 17·6 2.06 7.6 .89 4.1 .48 1.8 .21 1.7 .20 1.0 .12 5.7 .67 6.19
34,000 - 35,999 2 135 - - 1.0 .74 1.0 .74 1.0 .74 3.0 2.22 2.0 1.48 -- -- -- -- 5.92
36,000 - 37,999 9 575 15.2 2.64 24.0 4.17 8.0 1·39 7.3 1.27 5.7 .99 -- -- -- -- 2.0 .35 10.81
38,000 - 39,999 2 282 5.0 1·77 - - -- -- -- -- -- -- -- -- 1.0 .35 -- -- 2.12
40,000 and above 3 473 4.5 .95 1.0 .21 .2 .04 2.0 .42 4.0 .85 -- -- -- -- -- -- 2.47
Not specified 1 18 - - - - -- -- -- -- -- -- -- -- -- -- -- -- 0
All combined (Tandem) 46 4,757 145.8 3.06 95.1 2.00 35.3 .74 25.7 .54 23.3 .49 8.7 .18 5.0 .11 8.7 .18 7.30

-Sl Single •..,xle
18,000 and less 19 10,464 207.0 1.98 53.0 .51 21.0 .20 5.0 .05 -- -- -- -- 2.0 .02 -- -- 2.76
18,001 - 18,999 7 4,725 66.6 1.41 36.0 .76 7.2 .15 3.0 .06 2.0 .04 .1 0 -- -- -- -- 2.42
19,000 - 19,999 5 2,784 16.7 .60 2.2 .08 1.0 .04 -- -- -- -- -- -- -- -- -- -- .72
20,000 - 20,999 3 1,356 11.0 .81 21.0 1.55 8.0 .59 2·3 .17 -- -- -- -- -- -- -- -- 3.12
21,000 - 21,999 1 354 2.4 .68 2.0 .57 2.0 .57 1.4 .40 -- -- -- -- -- -- -- -- 2.22
22,000 - 22,999 7 3,942 31.5 .80 34.7 .88 21.1 .54 8.2 .21 1.7 .04 .6 .02 -- -- -- -- 2.49
23,000 and above 4 1,995 4.7 .24 2·5 .13 -- -- -- -- -- -- -- -- -- -- -- -- .37
All comb>ed (:,ingle) 46 25,620 339.9 1.33 151.4 .59 60.3 .24 19.9 .08 3.7 .01 .7 .00 2.0 .01 -- -- 2.26, -_.- .._--------------_._-------~ ~~~~-~~~.=

...
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I
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Tabl", 7·'. v .. ·· SUJTUnary of a.x '''' w",1.,;I,in(';s above Le"a.L liml ts f~r the primary highway system (System 3), by vehicle class and legal weight group
Data are from the 1962 truck weight studies.

2 of 3
Number of axles accoI~ing to excess axle weight above legal limits OverweightVehi ell" "1"s,, i\'u.wbeT' !,Twnbp.r axles as

~ to 1,001 to 3,001 to 5,001 to 7,001 to 9,001 to tll,OOl to 13,001 to
percentagesand axle-weight ()f of 1,000 Ibll. 5,000 Ibs. t7,000 Ibs. 9,000 Ibs. 111.000 Ibs. 13,OOOlbs 15,000 lbs.3,000 l1>s.
of totallimi T. l<roup ~~ 1...a l-f".'J 8.xl"c.

It, e i !~t1P<1 No. % No. 1- No. i No. i No. i No. i lNo. 1- No. 'f, weighed
-.---_.--.-- -_.• _. .._----

2-SC Single a~ le

.0618,000 and less 19 18,557 928.0 5·00 180.0 ·97 38.0 .20 19·0 .10 12.0 1.0 .01 -- - -- - 6.34
18,001 -•. 18,999 7 8,854 210.0 2·37 183.2 2.07 65.5 .74 15·9 .18 18.5 .21 1.4 .02 -- - -- - 5·59
19,000 - 19,999 5 7,142 143·9 2.01 65.5 ·92 16.2 .23 3·8 .05 2.2 .03 - - -- - -- - 3·24
20,000 - 20,999 ., 5,014 H6.2 2·32 136.9 2·73 40.0 .80 10.8 .22 3·0 .06 - - -- - -- - 6.13-'
21,000 - 21,999 1 4B8 12.6 2·58 16.1 3·30 5·5 1.13 1.4 .29 ·3 .06 ·7 .15 -- - -- - 7·51
22,000 - 22,999 7 9,166 164.8 1.80 190·8 2.08 65.9 ·72 9·7 .il 1.0 .01 .4 .01 -- - -- - 4·73
23,000 and above 4 5,712 22.6 .40 20.6 .36 4.5 .08 -- -- -- - - - -- - -- - .84
All combined (Single) 46 54,933 1,598.1 2·91 793·1 1.44 235.6 .43 60.6 .11 37·0 ·07 3·5 .01 -- - -- - 4.97

2-32 Tandem axle
32,000 and less 22 H,785 696.5 5.91 239·5 2.03 88.0 ·75 68.0 .58 35.0 ·30 13·0 .11 5·5 .05 5·0 .04 9·77
32,001 - 33,999 7 4,880 88.8 1.82 H3·4 2·32 52·9 1.08 37·7 ·77 33·9 .69 24.2 .50 31.3 .64 37·4 ·77 8.59
34,000 - 35,999 2 270 9·9 3·67 16.1 5.96 7·5 2·78 3·3 1.22 1.7 .63 1.0 ·37 ·3 .11 -- - 14.74
36,000 - 37,999 9 4,591 32·2 ·70 55·4 1.21 29·2 .64 16.3 ·36 8.9 .19 4.1 ·09 2·5 .05 4.0 ·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 19·6 ·53 24.lj. .66 8.4 .23 3·6 .10 1.3 .04 1.8 .05 1.2 .03 -- - 1.64
Not specified 1 116 -- -- -- -- -- -- -- -- -- - - - -- - -- - --All combined (TandE·m) 46 27,236 848.5 3·12 452.5 1.66 188.0 .69 128·9 .47 80.8 ·30 4.41 .16 40.8 .15 46.4 .17 6.72

-..:J

..!.J
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Table 7-11ft.. SwnmHry of :~x Ltc W'i&,)lings aoove J.cgal limi ~s for the primary highway system (System 3), by vehicle class and legal weight group.
Data are from the 1962 truck weight studies.

3 or 3
NUmber of axles according to exceG& axle weight above legal limits OY'enre1ght

Num.b~r
r-- I axles as

le!' i 1,001 to 3,001 to 5,001 to 17,001 to ' 9,001 to 11,001 to 113,001 to pt!reentageof
3,000 Ibs. 5,000 Ibs. 7,0001bs. 9,000 Ibs. 111,000 Ibs. ll0001bs. 15,OOOlbs. of total

L ;x1.p's !

.Pi; ·,.f:ii);ej I % i No. I % ! INo. , r. 'f, 1> No. I ;, weighed
No. No . No.

I '"
No. .No.

.--- -
I ,

! 9,139 14.0I.15 8.0 .09 3·0 .03 -- - -- - -- -- -- - -- - ·27
7 4,757 1.5 .03 -- -- -- - -- - -- - -- -- -- - -- - .03
) I 2,066 5·2 .25 2.0 .10 1.0 .05 0.8 .04 -- - -- -- -- - -- - .44
3 105 -- - -- -- -- - -- - -- - -- -- -- - -- - --
L 450 -- - -- -- -- - -- - -- - -- -- -- - -- - --
7 371 -- - -- -- -- - -- - -- - -- -- -- - -- - --
~ 559 -- - -- -- -- - -- - -- - -- -- -- - -- - --:; 17,447 20·7 .12 10.0 .06 4.0 .02 0.8 .01 -- - -- -- -- - -- - .21

? 20,073 1,.040.0 5·18 314.7 1.57 79·5 .40 43·5 .22 21.2 .11 14.7 ·07 6.2 .03 29.~ .1~ 7·13
7 8,895 235.8 2.65 317·8 3·57 150·2 1.69 67.9 .76 26.2 ·29 14.0 .16 8.2 .09 6.t .0"/ 9.28
? 2,150 50.6 2·35 104.8 4.87 69·6 3.24 36.5 1.70 15.4 ·72 7.4 ·34 2.7 .13 .t .02 13·37
1 1,616 10·5 .65 2.0 .12 1.0 .06 -- -- -- - -- - -- - -- - .83
? 190 .7 ·37 1.0 .53 .5 .26 -- -- -- - -- - -- - -- - 1.16
3 378 ·5 .13 ·5 .13 -- - -- -- -- - -- - -- - -- - .26
L 0 -- -- -- -- -- - -- -- -- - -- - -- - -- - --:; 33,302 1,338 .1 4.02 740.8 2.22 300.8 ·90 147·9 .44 62.8 .19 36.1 .11 11·1 .05 36.' .11 8.04

Vehi cle clh.':;s

3-82 Single ~.xle

18,000 and less
18,001 - 18,999
19,000 - 19,999
20,000 - 20,999
21,000 - 21,999
22,000 - 22,999
23,000 and above
All combined (Single)

3-82 Tandem ~le

32,000 ar,d less
32,001 -33,999
34,000 - 35,999
36,000 - 37,999
38,000 - 119,999
40,000 and above
Not specified
All combined (Tandem)

E
,~wnt

and axlP-w~ig.ht oj

lind t grOltI' StH I

--------------- -_.

...
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carry axle weight above the limits for other vehicles. For

emmple, Idaho perm!ts 500 pounds more weight than the generally

prevailing limit on single axles and 5,800 more on tandem axles

tor vehicles hauling timber and timber products, ores, concen­

trates, aggregates, and agricultural products including livestock.

Because the 1962 truck weight survey did not report the

coromed!ty carried, overloading cannot be traced to the type of

commodity. It is known that some carriers overload as a stan­

dard practice, reflecting the level of eo.f'orcement and the

magnitude of the finss imposed.

It 1s highly significant that overloading is found in

almost all States for all types of vehicles and for the full

range of single-axle 11m1ts up to the maximum 11mit of 23, 520

pounds. Table 1-1lA portrays the same general facts for tandem

axles as are shown for single axles, except that for tandem

axles overloading is more severe. For ease of com};6rison, the

totals for single and tandem axles trom table 1-llA are brought

together in table 1-llB.

In general, the percentage of overweight axles is found

to be about the same level regardless of the legal weight limit.

There 1s even some overweight on the steering axles (3A and 3-S2

vehicles). For the class 2-81 vehicle, the single-axle average

of 2.26 percent includes the steering axle aloog with two load­

carrying axles. Therefore, the effective percentage of over­

weight is about 3.3 percent" These facts clearly show that the



Ta.ble 7-11b.--SUlilIl!ary' of vehicle a:cll/! lIe1f¢,ts: ab<we lee;al lim.tts gro~ accord!n£; to ell:ce:e;:; 'Yeight, by vcll1cle cJ.asa 8Dd,axle
ll.:tTaIlgement, for the pri!l's.l"y ru..ml hlgl:nffl.y Elyetea (system 3) and aU .Ce!lOUll d1vi~ioM

Data are from t.be 1962 truck weight !l!tudy.

......
I.....
o

2.....~~_e .....e:f.~t l1mitS· ...0L~~~!S~~t~t in"p~'!'j

~o 5,001 to 7,001 tol 9JOO1~ .UpOOl tei 13,001 Overweight

1,000 9,000 ll,Cl'OO 13,000 and over l!ilJ[1l!!8 as

! "'~- i r-
pel"CeD'I;age of'

I ~ , No. ~ ~~. \ ~ No. ~'mo. ~
total weighed

1003 - - - -1- 1- - - - - .11

, .:' 25.7 .54: 23.3 "9, 8"1.,8 5·0 .il 8.7 .18 1·30

2.26.d~ I 19.9 .oS 3.7 .01 ·1" 0 2.0 .01 - --I - - - I - - - - - - - -
.43 i 60.6 .11 37.0 .07 3·5 .01 - - - - 4.97

~~8'9
.47 80.8 ·30 44.1 .16 40.8 .15 46.~ .17 6.12

.02 .8 .01 - - - - - - - - .21

.90 147.9 .44 62.8 .19 36.1 .11 17.1 .05 36.7 .11 8.04

793·1
452·5

l,598.112.9:l
8480513.12

51~. 933
27. 236

25,620

~-S2

Single axle
Tandem axle

1.44 1235.6
1.66 '1188.0

082 ~ ISingle axle • 17,ljJ.j.7 20.7 .12 10.0 .06 4.0
~ 33.,302 1,338.111+.02. 740.8 2'~J300.8!

~-Sl

Single- axle
Tandem axle

_. r ~== ~~ of axles a.bO!~.,

~
• umber 1 to i 1 .. 001 to 'I 3,00

Vehicle class of 1 000 i 3 000 5 000
~ 1 1 "., ,l'l.:!l<.< roc e ax es , _. -!l__---,

arrangell1P.nt weighed No. I. 'f. t:. No. I % ii' No. !
~- ,--,--+--:--_.-I!..-.

>A 1 Ii l~ .
Single axl~ I 4,757 I 1.4. .03 2·5 .05 I 1.5
Ta."!del1l axle " ':~,757 I 145·8 i 3.06 ! 95.1 ij 2.00 I 35.3

I i
339·9 j1.33 1151.4! .59 i 60.3

!

...
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transport industry will use higher axle-weight l:l.mits it they

are authorized.

3. GROSS VEHICLE-WEIGHT
DIS'.rRIBl1rION

Figures 7-3 and 7-4 g1ve the percentage curves sUDII1ing

the gross vehicle weights tor California and Maryland by vehicle

class. T'nese curves, typical ot others for the entire 46 States

analyzed., are similar in character to those for the axle-weight

distribution. The mark a.t the practical gross limit is for the

stated legal limit or practical limit based upon maximum legal

axle weight J whichever is lower.

Table 7-l2A was compiled using the series of curves

represented by figures 1-3 and 7-4 and sUJ.IJm9.rizes the informa-

tion on overloading as to gross weight for the primary rural

bigbw,y system and all census divisions. This table, based on

data from the 1962 tr,;.ck weight survey, indicates that the

transport industry would use greater gross vehicle weights, it

they were made legal.

The relative role of each class of vehicle in hauJ.ing

payload on the primary rural highway system is given by census

divisions in table 1-19. The number of vehicles in each class

in the traffic stream is expressed as a percentage of the

intercity truck fleet" and the tons of payload carried by each

Vehicle class is expressed as e percentage of the total tons

carried by all vehicles.
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3.41

3.94
2.38

.80

.38

2.40
1.17
2.87

6.26
10.16

14.86
14.19
10.13
6.79
4.71
9.89

.024.6

2.81.08
L8 .04

.01

.04
.2
.8

.08

.n
2.6
200

.64­
·30
.19

28.2 I 1.58 7.6 .42 5.2 .29 2.0 .11
- 1.0 1.17 -- -- -- --

190.7 2.23 41.8 .49 9.8 .11 3·0 .04

438.3 12.56 55.0 1.58 8.9 .25 9·2 .26 4.7 .13
437.8 8.;4 149.6 2.92 64.9 1.27 51.2 1.00 21.4 .42
464.7 7·35 130.7 2.07 35·7 .56 8.8 .14 .5 .01
93.4 3.68 57·3 2.26 17.1 .67 3.9 .15 .8 .03
32·5 2.22 23.~ L59 ~.4 .64 3.4 .23 .5 .03

253·1 7.21 75. 2.15 1 .5 .41 3·9 .11 I .4 .01
-- -- -- -- -- .-

195.5 \ 3.91\ 87.6 1.75 27.0 .;4 3.0 .06
1,915.3 6.98 578.9 2.11 177 ·5 .65 83.4 .30 128.3 I .10

5
14
8
6
2
5
o
6

46

3,~91

5,129
6,323
2,538
1,461
3,503

o
5,002

27,452

Table ·r-l.2A.--Numbers and percentages of vehicle grol3B weirJ1ts tl:w.t are above legal ).ill'.lit.Iil., gr~~ lllccard1ng to excess weight, by vehicle
clMS and legal =1= "'eight, for the ,rtlE£..ry ru:ra1 higIDcJay eyBtem (Ilj"titl!:m .3) f\).111 m.l1 cenlllUJil (UrtlS1QM •

Ik...te. are :from the 1962 tr'Jlck weight stooy Sheet_:L0f~lIheets

-hi1 ~, ~ ! '--I---------:~"..!1.1ll'....,..b"'-_;-of vt'lh1cl©i,t "';~ove ii~88 <-lell2.ht :C:LI!Il~'bY~B t.ld@lt lnpQlUJ:}o.a
VI: c e .•1"'58 Number I r'-------- -.-".'~---"!'- --,_>f~--~~--r,:2-,·j-""---~-'·~·----l~"·-----OYerYeight

a.nd leg~1 of NI.m1blJl.- 1- l 5,001.- ~,10,001- 15,<X;.!- ,I 2O,OOl~ : ~5$OOl-" ~'!: veh~cl~[lj as
ll!!9.Xi,m;m ! vehicles I of' i 5,000 I 10,000 .J' 15,000 I 20'0;:0 lL25JOCYl ! 3O,OClO I 310,0:00 ptel."Ce!:ltage of

gros6 '!ie,;.ght, ~ fStatesr '"11'-~'iI---r- ~ "'"-1r --'. --;r-~ I ,. to'!;ml1 veiw"'oo
~ , ~ weighed, I ' '" ' . ~ ~ <!! I., l . j "", ~ 1 - I! &"pourms i ! L No. i, 7> ' No. L 'f, rJo. L?.-i No. I y. ' lilo. 1 it ij No. I ~ ~ laO. i'>

------r----+--r·----~-·-l---! --~ -I '7? r-r--.:-·1L--~~-~I~l-----1,,--+------
~r;~ tha.n 40,000 1 311 3 41.9.13.22" 16,9 ! 5.331 2.1~ .76 0.1 .03, -- ] -~ ! -- ,-- 'I -- -- 1?3~
),o(n~=!~O.999 i 2,575 21 238.0 1 9·24 .154.3 ~ 2.11 ."'.0 i .16 3.0 .12." 2.0 .1 .08! -- 1-- 2.0 ,.08 lJ..79
L,OO;)--'~1,999 678 8 66.9 ,. 9.87 22.2 13.27 'J 4:7 1·69 3.9 .53 3.;; I.. 52 I -- -- 1.0 .15 I 1;.08
~JOOO-.II2,999 41 1 2.5. 6.1O! 1.0 ,'2.1~I2.; 6.10 ).0 '7.32 1.0 12 ..1/,4 -- -- -- -- 24.l!.O

~,OOO--43,999 0 0 --! --. ..- I -- -- -- -- .-. -- I
:,°.°0--41.,,999 271 7 16.1 ?161. 15.~ 15.68125.6 9.45 5.8 2.~4 I 1.1 I .63 .8 ·30 1.0 I·TI I 24.73
),000--49,999 726 5 33.0 1~·5.5 i 3·'4 .47 3·2 .44 2.4 •.)3 i 1.3 .18 .5.07 -- -- 6.04
)0,000 and over 15"7 1 13·4 l 8.531 1.2 I .76 1 -- -- -- 1-- -- ~ -- -- -- -- I -- 9.29
;al I 4,766 I 46 412.4 I 8.65f·1~.4 .2.40 42.4 .89 18.2 .3819.51.201 1.3 ·4)3 4.0 .•08 i 12.63

n I i ~ l
~,OC\() , 3,466 i 20 111.2 "I~ 3.21122.2
;,OOO--!'5,:!'';> 1,873 B 36.2 1.93 i 5.6
>,000--46,999 426 2 2.6 I .611 .8
r, 000--47, 999 453 2 I 1.7 I .38 --

\,000-48,999 452 3 10.8 . 2.391 4.6 11.02
1,000--49,999 I 0 0
>,000--53,000 1,790 10
1,000 and over 85 1
;al I 8,51'5 46
;2
;,000--56,999
., 000--59, 999
1,000--59,999
1,000- --60,999
,,000-0061,999
',000--63,999
',00'J--64,999
;,000 and over
41

...
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Table 7-l?-A.--Numbers and percentages of vehicle grOB!) weights that are above legal l!llU:l;s, gro'.lped according to excelSS weight, b7 Tehie1e
class and legal max11l\Ulll weight, for the prlll18;r;:f l'W"al hl~vay systea (IIY!lt~:'i! 3) <".J:l!.l all census divisions.

Data are f"ron the 1962 truck lI'el~~:~>.dY.:._ SheetLof..l..8heets
.. ~ ~ .. _'"'~ .l_ _ ~"I_ i

5.461 62.512.16111.2
5.76 8.0 2.42 2.0

I 2~:96 8::311
::

48
10.93 130.6 2.40
8.11 181.7I 3.71
3.49 78.2 3.25
9.05 663.9 3.94

13.661 4.31 6.06

17.141 2.8113.33 42.85

22.82

1!1..50
19.09

36.70

1!1..51
14.11
8.25
1~.69

Overweight
vehicles as

iPercentages of
total weighed

~

.01

.10

.8

.8

50.~

.02

.01

.08

.03

.01

.6

.2

3·2

1.9
.5

Bo.

.16
·07
.15
.12

.08
·30

.08

.612.86
__ ~ 0:=>-

No.! 1>

.6,

8.6
3.4
3.7

20·3

.05

•39 1 2 .l~
.61 1.0

·39
.36
05'7
.40

1.0 I 1,.76 !

.4

No. ! i

21.1
17.5
13.7
66.9

2.213.10. --

1·014.76

7.41 .95

iJo. I "

-- Po --

32.7 .60
61.0 1.25
18.9 .79

193.7 1.15

%No.1>

6.40 1158•0
10.00, 19.0

3.6 I
9.7

185.4
33·0

186.4

No. i

594.8
426.4
84.1

1,523.4

3
o
3
o
7
4

4
o

11
10

4
46

No.
of

Stam

21
o

11
o

2,895
330

178
o

5,441
4,893
2,407

16,836

Number
of

veh iJ'les
weighed

Vehicle class
and legal

max11llUlll
grolls weight

j:lou\1d8

;2

!8S than 60.. 000
),001--60,999
.,000-..01,999
~, 000--62,999
1,0..')0--64,999
;,000--65,999

;,000--66,999
,,000--69,999
),000--72.,999
.,000--73,999
>,00\} and over
al

~,000--62,999 I 153
:,000--63,999 ~ 127
,000--64,999 134
i,000--65,999 35
,,ooo-..tj,6,999 58
',800 and over 45
a1 552

17
3
2
4
2
2

30

.8

.6

1.4

.521 1.21 .78

.47 -- --

.251 1.2 I .22

1·30
.47

.!l.7

, 2-3
,000--64,999
,000
,000--72,999
,000--73,999
,000--7',999
,000--17,999
,520
tal

33
1

135
62

561
119
34

945

3
1
3
8
7
2
1

25

.4

22.5
2.6

122.4
11·3
2.0

161.2

1.21

16.67
4.19

21.82
9.50
5.88

17.06

12.0 I 36.36

19.2 I 14.22

6.2 loll
4.5 3.78
1.9 5.58

43.8 4.63

3.019.09

2.01 1 •68
.92.65

5.9 .62

46.66

30.89
4.19

22.93
14.96
14.11
22.31

~
I
~
\Jl



---- t -- NU11'ber of vehicles S.uvv", l:!>rv,." "",i,ith{, :U."uc"" uv "'Ace"'" "''''.L.§il''' .ioU. pUUil""
Vehicle class Number Number ------ -~ ...~--~-.-- - - ~- I Overweight

and legal of of 1- '5,001- 10,001- 15,001- 20,001- 25,001- OYer vehicles as
i . vehicles 5,000 10,000 15,000 20,000 25,000 30,000 30,000

lllI'_X llhllll States _~ I..ereentage of
gross w<"1 g...'1t, weighed I I i I I I I I 1._, ed
_'_~-=-__ ----t .No. % No. '1> No. 1>. N0'1 1> !'lo. 1> No. ,~ Bo.. 1> ,.....tal veigh

~
I
-'
en

I and more*
~,OOO

i, 00:)--76, 99')
\,Y..X)

~,900

>,000
md TO'~al

2
15

1
1

16
35

1
5
1
1
1
9

1.
2 1 60

•
00

1.6 10.67
.4 40.00

5.5 I 3j~.37
8.1 24.86 7'°1 43 •15

7.0 20.00
2.01 12 •50 1 -­
2.0 5.71 --

*60.00
*10.67
*40.00

*90.62
*50.17

)1-2
2,000
3,000--73,999
5,000--76,999
1,900--80,000
:md Total 2-T5

42
4.0

367
14

463

2

3
5
2

12

4.6
1.2

37.6

43.4

10.95
3·00

10.25

9.37

4.2110.00

2.0 I 0.54

6.2 I 1.34

20.95
3.00

10.79

10.71

The "and mor"," distorts the percentages, which are based on 6 axles.

~
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Table 7-19. ..~ To~l to~§, or cargol·~oe~t.age'ba~edb~·~~ vehicle cl8.S~,
and nlmlbCr of vehicles by cJ.J:\S6 in "tb.e to'tal ADT1 based 'on ~e

, 1962 truck ,,-reigbt data. for the ruxal.- Prlmary-13ystem( System. 3)

r
;

!otal
~11

Dlrte!Ol1
I

-
J.., )'l.R.

2. MeA.

3. l3.A.lll.

"'~ ~.AoS~

5. LI!"C.

0$. V.!\l.C.

7. :£.5.C.

s. v.s.c.-

9. M.

lO. P.

-B~:

A,"~I 3A ! 2'ro. 3S2 2~...r. 5-.Axl.e
~otal No. I?ayload =i NQ. ~o. Ho.

AD.r. Vehi- TOIlB I'" Velli- Veh1- Veh.1- 1-
e1e ,e-\e eJ.~ ele

3.562 18 195.07.1 52 1203.111,4)1' liT ',998.3173.~ ~ 63.1 ~.61, - .1
1
, - . - ',- - 191 1,360.5100.0

(9.4~) (27.~) I (61.3%) (2.1~) I (100.~)
! ~3084 29 ~r:;5'5 5.7 64 244.41 e.71 275 12/308.~ 82.7 6 79.9 2.9! - - - - - - 374 2,792.2 100.0
! (7.~) (17 .l~) (73.5~) (1.&.') , (100.0$)
:~/162 35 ',06 5.9 • 52 203.817.8, 270 \2,136.8 82.0 9 1.12.2 \;~'3 - - - • Jl - 366 2,605.4100.0

(9.5~) I (..l.l~.~) 1,13.8p) (2.5~) (lOO.~)
2,803 23, 97.~ 5.6 30 !li8.3 6.8 175 1,398.080.2 11 130.1 7.4 Q - - - ft ,. 239 1,742.5100.0

(9.~) I \ {12.G%} (730~) (4.~), (lOO.~)
3,22J. 22 pm.•5 ;;'.2 46 192.4 1.9 135 1,081.4 ~.6 85 936.2 38.6 3 48.3 2.0 5 65.0 2.1 296 . 2,424.8 100.0

(7.4~) (1;.6;b) (45.~) (28.7~) (l.~) (l.~). (lOO.~)

1,503 15 8:1..3 8.61 13 55.1 ;.8 33 263.7 27.9 50 545.5 57.7 • - - ,.' - • III 945.61"00.0
(13.5% (ll.~) (29.~)' (45.1~) (100.0',<) ,

2,196 14 66.64.3 33 135.3 8.6 145 1,158.474.1 19' 203.213.0 - - - - - - ~~ 1'563'5110000
(6.~) • (15.7'1» (68.~) (9.~) , (loo.~)

~,3?8 13 58.4 3.1 36 151.!~ 7.9 9'2 729.0 38.3 87 965.0 50.7 - ,- - - Q - 228 1,903.8 100.0
(5.7~) (15.&.') (110.3'1» (38.~)· (100.~) ,

1,280 5 17.7 3.0 8 38.7 6.5 8 72.3 12.2 32 346.0 58.2 7 96.0 16.1 :2 23.8 ~.O 62 5~.51·lOO.O
(8.1 ) (12.%) (J2.s<.') (51.~) (ll.~) (3.~) (1OO'~)

3,286 2t l2l..2 4.4 25 102.~ 3.7 1~"" 123.1 4.5 127 1,407.7 5)..1 42 603.821.9 31 397.014.4 265 2,75502 100.0
{9.1%) I( 9.4~) (6.vp) If47.Ot) , i(l').~) 1(1l.7~) (lOO:~) 1-""

"..

The nwr..ber of vehieJ.ell by vehicle class vas =n;putedby aP!'J.;yag the percell'ts8e d1str1btrt1on derive4 :traa 'b&a1c (couIIte«)truclt ve1gbt-dah (1.962) .
to the, A:!Yr tor 'the eorrespondi.Dg ceIlSUS dirt.siau.

The pay.load ccmputed Vall obtaiDed. all tollovs: •
\ 1. The gross veight carried by 'the single Imd. te.Ddem axles separstelJ" vas takeJ1 d1rect:Q' tram the vehi:eJ.el we1c;hed.
, 2. The s1ngl.e and t=de:n gross weights were added. 't-..l get. the total gross vehic.te weight.

3· The average =Pty 'Jeight vas sub i;racted. f'rCal the total gross wight, t.o obtain the pe;yloed earr1ed.

~ average empty ve1<;hts ~re tor the tollO\l1Dg single aile ms.::dm:Jm weight Um1t grou;ps at $tat.ea:
e.. liev Engl.eM and. Middle At1.el:rt1e -- 22, OCX) pound.I
b. South At~1c liorth l!.Dd. south Atlsntic South - 20,000~ '
c. The rerne1 p 1ng 6 Censu.e Divisions - 18,000 poUDds

-:I
I

tJ



· 7-18

Since, as of 1962, many of the eastern States had gross

weight limits of less than 73,000 pounds, the 3-S2 combinations

were few in number and low in percentage of total tons carried.

In 1962 the 2-32 ws the more popuJ.a.rtransport vehicle. In

the western States, the reverse was true.

The average gross vehicle weights, empty vehicle

weights and payload weights for each census division for the

primary rural highway system were compiled in table 7-20. It

1.6 sign;lficant that, in general, the New England and Middle

Atlantic Census Divisions, with 22,400/36,ooo-pound axle-weight

1:tm1ts, have higher 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 combinations were found in the East North Central,

Mountain, and Pacific Census Divisions. Because of changes in

the State 1mll's from 1962 to 1967, double-cargo combinations are

now being uBed in a]~ost all census divisions.

4.. OTHER DATA FROM THE 1962
TRUCK WElGEfiI STUDY

The distribution of types of vehicles and vehicle

combina:t1oo.s found on the higlnm,ys of each State is influ­

enced materially by the state law. Table 7-2lA prsents census

division Ws:ta. from which comparisons by region. can be made.

This table gives the percentage of tr.J.clts by c:I.aS6 (3A and

upv.'8.rd) counted OD the primary rural highway systems of each

census division aa obtainect from the 1962 truck weight study.
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Il\'\bJ~e1-20 •. -~ Avera,ge.weigh't.1n.potmds ot txucksas weiE.)\ed
'.. . in tb.e~962 truclt ,-reight f.;1A~"eYI 'by ~e cJ.assUi-oo.'tlon

(F'!"lmary nlrSil-h1gh....ray sY5tem)

." ;

NOTE: The- P..mpty' vehielesv"rere inclucted in calC'l.Llating 't'~e fiyerege payload per vehicle.r -- .. i .,' "~~-r-"~ n_. '---="~",' , -b""'lr-,-~~,.::::.~l~'-aw:J.~-Trell";;;""';"er"';"''''II---'l'vo--Tm1l--e-r--'
1 . S1ngJ.<!! Unit T:Ncl!:.e : :'i:~c"l:' SooJ\1'ttzaUe1" Comb1~~.\;l,'.:m3 I Combinstious CO!Ilbi_t101:1S

! 1-----, ·-,...·r~~-~-·_·,_.----- ---.-...--.---l----',-.-----_-.~-===:=.;:=L...."l~:"-~le' Qr More t:)~~L\ ...__J..:.~;_ldl'..::.GJJ--!--~::'"!ixJ.y\?.:~L---L)?;i:.lt.l~~?:::...>!?·".::'P__l-....£::::E_?-c~e I 2-Traller, ;-Ax.le

I) ~;:h'\.'ml!ll :o1'\l'i!llr.m \ ,!we:ra.ge i _ '1 II A:7~!:ms"'i. i Illv",m~_ I . l.r.:<re:ro.,o;<;<... i lwen:.e;ei IAverage I \
Grof~!l l~~~:.y AYe~~ge {}rr,,)$$ I~~/' F\'!;!!~~el G::"()3S I.l;.'rnpty Avel'?~S:I"~ ~ (~r-~);3!i E:.';Pty A;v~!"Bge Groes IE!'JJ?~" Average Gross .~ty Average

:~ ~ l.'.!dght ,1-':.:::?b:t1Pay:on.d\",1e,:t<;:t>t IW~ie.at. ~~rlocl ~le1ght l~lRight pa~'1=~ei~~~t!?aY1Cadwei!'t:t ,'1e::::: Paylos.d \lei t 'Weight Payload

I J.,.,~-<,!!! :F.1w~;ma i JOI611"l:'-9'S;;G~;,6511"9,259 i21p)~5\)1 7,80;>143,,115 126,050! J.7;':'551 64,5°O .~,950 :.u,550! I I

.12. !,r5f'-5.l., A'lli"",tie \30,9',7 \191950\ 10S'7l'1~"9JO.% \~1,450 I :;636\ 42/138 26,o50116,788\59,583 32,950 :26,633\ I \ I II

!3- ~Ul AtJ.!:I\'l.t1c Po, 125,515 117,1951 -S,7",,'O\26.• (!]8 120,200 I 7,638[ 40,628 24.,800\' 15,i328 F'5,503 30,5'70 24.933 \' \. I . .I

I, ,..... ,~. 11~",o ! ~ ~~",I ""''''/''1' ,,~ '"", ,y,,! ., ~,,~!, "f"7'""' ,,' O~" 5 ,.,.,..1"., """ """ ",.. " 0; I . Il"~' ",(M~h At.•".,Ue 5'<--',,,-3·;> ,Y.; I ,~) \ "., ..4.;> , ..,,\)-,_, I~",-·)" I ! >"'''., \ uO, .. ; ~ c.~.o<.NV, 1 ,71' 1",,,,=5 30,.) ,0 ",..>,05··l I - i

~-r. 11:', --1> . ~ . ! 1 o,~'"" )..,t:" ,,<<> .... j ( ~~~,~i"'" ~"'r I «. ""',-:' I 0 "~r:.-i'"'l o""!'.- .... I ~ .- r::. ~,-...,f.J. ~ It;:fn ";llf- \--- !' p, e: t Q -.Jf! JI"· ,:;tt,,·u 1'!ort-h '~Cl:Itral\;2 ~,v;;> ... I'l,.".)3:> i }";-:;"'!'-! .,cL) Il(1,~,.)Co I' '~")~'-'II ;,9,,'510 -:;S,:::>50I, 10,020150,,,-,-, •.,-,,190 =,0'27
l
; .....,,:>.; ""...,»0:-0 \ 32all:>1 ,S'O....OO ;~u.500 I <::<~'OC:C1

I. 6. l1e~'4 :!1oJM~h Cep.t=1
1
26,1-l63 iJ.;;>63511(\'B33121>!~19118>950 8,46939,529 23.5501 15.979\50,010 28,190 2].,820\ I. · j

!'.;.l!Ai'l1:;sout.b.C!!'.:l..tr-al125,1112 !1:.':635 1\ 9.507 127,,15\,) 18,950
1

.8,20039,527 23,550\ 15,m., 49,57928.•190 21.,389, . .' 1
I I I I· I \. 1
I a. tl'et>'1; South c~nt=112'-1 .• 612 11:5.635 5,9'n '27,361 118;950 a,llll 39,397 :n,550 15,8\1 5O,n4 28,190 22,184 I ! - i
\9. M:l'.mte.1u , \22,695 15,6351 7,~ :;8,625 lj18.95O 9,675 41,625 23,550 18,015 119,8-28 28,190 21,638 53,~ 12'6,000I~,429 52.250 128~:;OO 123.75<:.1
fo._~::e ~5;l':U 15,635110,096 27.138 18,950 8,183 38.938 23.5501 15,388 5O,:m 28,190 22,169 5~,750 126,000 28,750 54.U3 128,500 i :25,01j

~
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~,
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~
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Table 7-2lA. -~ Percent.."iges of trucks with 3 or more axles coun1;ed in the 1962 truck weight study,
pr:tmar;y ru.-rel higb.'lrmy system, by vehicle class and census division

3;ug1e i Tractor S~itra.11er
---_.~

Tractive Tru,clc &: FUJ.1J T~ctor, Semitrailer,
,In!t. I C"b . l. •

Census Divlsion
Tru k I om J.ru:I.'..J.ons ' Trailer Combina:tiou13 I and Full Trailer

Total' c. s

3A 3-,Axle 4-112C11':: 15-.g.te 4-Axle 5-Axle o-AY...Le 15-Axle ' 6-.Axle rr-AX.I.e

(2-8J.) or ! or
. (2-82) ,more mOTU more

New England 9.63 27·19 61.17 1.91 0.10 -- --' r-- 100.00

Middle AtlatIti.c 7·72 17.021 73·60 0·95 0.64 0.07 -- -- -- -- 100.00

South Atlantic
(North) 9.58 14. 26 1 73.18 1.70 0·58 0.10 -- -- -- -- 100.00

South Atlantic ! '
3·25 1.32 0.05 100.00(South) 9.70 12.65 73.03 -- -- -- --

East North 7.47 15·53 45.64 28.71 0·52 0.30 0.15 1.11 0.25 0·32 100.00
Central

West ~Jortb 13.45 11.46 29.74 41.68 2·79 0.85 0.03 100.00-- -- --Central

East South 6.63 15·83 68.75 8.79 -- -- -- -- -- -- 100.00
Central

West South 5·73 15.61 40.54 36.89 1.14 0·09 -- -- -- -- 100.00
Central

Mountain 8.25 12.53 12·99 51.66 0.68 10.47 0.23 3.02 0.11 -- 100.00

Pacific 9.16 9.34 6.25 47.91 1.53 13·05 0.24 11.52 0.20 -- 100.00

Total-All
Divisions 9·11 14.90 51.14 21.74 1.14 1.13 0.04 0·70 0.05 0.05 100.00

I
J.--

'"IN
o
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For the 1962 truck. weight study, table 7-23A gives the

percentage of axles falling within the following percentage

giooupiogs of full legal axle weight for each cle,ss of vehicle:

0-25, 25-50, 50-15, 15-100, and over 100 percent. The high

percentage of axles oval" legal weight in many States is

striking. In a few States, such as Idaho, some of the over-

weight axles could have been within the legal weight 11m1ts

because they were hauling commodities legally permitted to

exceed the generally applied statutory maximum.

Ta.ble '{-24 gives the average empty weights of 13 classes

of vehi~les and vehicle combinations as developed for five axle-

weight I1m1ts . These empty veights are based upon the 1962

truck weight data. exten.ded to higher axle-weight limits. Note

that the average empty weights increase with an increase in

legal axle-weight lim!ts . When heavier payloads per vehicle

are permitted by law, it is to be expected that the manufac-

turers of power vehicles and trailers will redesign their

vehicles tor greater strengtb, which will produce greater empty

weights.

TRENDS IN TRUC~ I WEIGHTS, ~rlJMBER OF
AXLES, MID AIJr.!;

Over the years the tr.Jcking industry has been gradually

changing its dny factors of vehicle use, vehicle weight, and

number of' axles, usually moving them u~,rd < Some picture of

Y Mr. E. M. Nolan supervis~d the collection of 'the informatioD.
given in this section. His source was early reports and
microfilm.



Table 7-23A.-- Tow.1 D,umber of' axles weighed in the 1962 truel: weight study distributed according to the relation
between theiA' ope.rnt:tng weights and, t,he ooximu'll legal aY.le limits ,by,reh1cle class aud CD: System 3

.......
1

N
N

~

·-----TI------- ."._. r -------.....::;;,...,;;,;:;..,.,"---
Percents.ge of' a.x1es in. eac.b Percent.age ofsx.les in each

percentage g1'Onp of' full legal percentage gl"oup of f,u.l legs.l
Cen!'!US Division .}--_~-':~~htl::tmi'l; axle ~;ei.?,;E:L:Umi:.:::t ~_..,...._...;;;;=;;....;~::.w;;;;.;;;..-==~ _

Ax.le weigh"!:.; ]?ercenu-,g,,:! grouping Axle weight parc:entag'e g,2'ouping
t- of' leg'<:\l li:mi.t " of' la/?iial 1:1.._'l!l...;i,;..tr, --,---t'-__.r----jr-.-"-"'-r---

, IO-iilii:~o~m-i.OQ.11QQtlT~~_al 0-2') 1.25-50J 50-12.172:J.~;;..., bl::.;;:.OO.:..+:-=T,;;;.o't=al~.;;;;;,,::,._"=.....tt:,.;;;.,w:;~~I..U;,~..;;.J.;;=.;..:..J,,;;,;~=

Class 2D, mog1eaxle Class 3A, Bingle axle Class 3A, tandem axle

New England 46.3 1~1.5 8.5 3.0 0·7 100.0 20.9 58.3 19.1 1.7 0 100.0 3.9 40.0 21.2 15.0 19.9 100.0

Middle Atlantic 47.8 40.0 8.6 3.1 0·5 100.0 21.3 49.4 29.3 0 0 100.0 8.5 31.8 10·9 28.9 19.9 100.0

South Atlantic
32.5 49.0 9.7 6.3 2·5 100.0 27.6 52.1 16.6 3.2 0.5 100.0 16.0 33.6 11.4 24.9 1.4.1 100.0

(North)

South Atlantic 42.3 42.7 10.4 4.3 0.3 100.0 30.8 53.1 15·7 0.4 0 100.0 28.8 27:4 20.7 21.2 1,.9 100.0(South)

East North 32.9 48.5 12.2 5.8 0.6 100.0 21.2 51.4 24.7 2.5 0.2 100.0 13.3 35.1 17.9 29·9 3.8 100.0Centml

West NoJ."'th 32.8 47.7 11.8 6.9 0.8 100.0 22.8 56.8 18.0 2.4 0 100.0 13.4 34.1 17.0 29.4 6.1 100.0
Centl"al

East South 33.6 48.2 10.5 5.6 2.1 100.0 27.4 56.6 14.8 1.2 0 100.0 19.5 39.7 14.3 18.5 8.0 100.0
Central

West South 31.4 47.7 12.3 6.9 1.7 100.0 24.5 54.6 17.8 2.4 0.7 100.0 13.0 28.6 18.4 29.8 10'.2 100.0Central

Mountain 33.3 46.5 12.5 6.7 1.0 100.0 16.7 51.9 26.9 4.4 0.1 100.0 10.2 36.0 18.5 24.6 10.7 100.0

Pac1f'lc 33·7 47.2 12.2 6.3 0.6 100.0 21.6 58.4 19.8 0.2 0 100.0 17.4 39.0 14.7 27.1 1.,8 100.0



Ta'ble 7-23,.\, -- Total m..'lllbE'.I' ofaxJ.es wei.gIlec1. in t..be 1962 truck weig.ht stl',,};,' distributed according to the relation
between their ope:t'ating weights a.nd the ns.x,:lmum legal ax.le lim:H;s., hy veebide class and CD: .Sysifem 3

, . '_ 2 ot 3- I percen;ge of a..xles .tn 'Mca-r Percentage of 83..lel~ 'In ~-~h-l per~au·tf!ge-of axles in each
I 1gercentag.., group of. full legal I pe:r:'cen.t;,'3,ge group of :F.·ull l.eg'!,"!. I perc~}rr'I'l",ge group of full legal

. .. _axle weight lim:!:" I ~e we1glrt l!:,:~t , ~le weight limit
msus JYJ"v1s:ton ~ ~'#l . '-+' 'b • I \, 1 - " of: • -t tI.." i h+ + ii ."-A. e 'W'~1:t.g,v.., pereen'i{!.1ge grr)up'_Dg : ..11:. e ...'e:J.g ·... perc,<>;r:.,~.g~ gJtOU.r;')..rJ.g I j,~..I.e 'tore g ..... perCellliSge group ng

b~ll~i.l; I _~__£L~l_~..:~~~~~ _I ~ t;lf'1~
_~. ...L2:S~J.?:2:.2S'JJE.::IW-~li~+ h:.t·~5 ~3.5··50 t~0-'{5IT~::~~~O fICO';' l':'o-tl".l [c).-~,~f~:20I~~~
"'............""""'"' .........~_....~"""""~; ,"_._~._.__-.....~ e<""- "="""""'_,_._~

t~::~~ss 2-~~ ~~l:s ~~~;.1~__i- c~er2-82 j si~le semi-It :~~~t-2laSS 2-S~) :andem a emi-4 axle.

NO" g~glM" 119.3F.3 f20.9 I 8.7 13.8 1100.°\11'''152.5 r16.6 11~ hoo.ob.6 b5.2 115.3 1·23.9 I 8.01100.0

:".:,a,dleAtlI'l,ntic i28.0,45.9 118 .0 I 1.1 11.0 .100'0116.6j5.2:7 1.15.7. I 12.9 2.1 100.0118.2130.6 122.3 I 23.1 I 5.81100.0

.:th. A'-'- t1.... ' . i i! I'ou ~",,:~n) ~> 15.5'39.7 24.0 i J.5.8 15.0 il00.01 9.3!lJ.3.8 1'21.8 17.4 7.7 100.0 12.9127.8 11L91 28.3 116.11100.0
Vl,g),. d.1 ! l ! ! I I ~"'"'" ".. ', ~. I Ii! I " ' Ir(rt...tiI.:'U &-l~~~!..anGl.C t ; , ~ a c;: ':) , • -:l

IS'" l·h'.. 17.744.2 25.4 '. 1l.0 1.1.71100.0 1;;1.",.'.1.?4.6 22.0 14.0 4.2 100.016.713..).2 23.6 24.1!. 2.41100.0\' ')l,t".) . i I I

Eo~;".=h 116.3 43.8 24.7114.211.0 ,100.0 10.51"".1 .25.8 1.8.7 ".91'00.0111.3132.3 20.7 I 30.61 5.11100.0

"·~a:''i'' \1".4139.8 24.91 18 .5 12."1,00.01".91",,.4 123 .2 18.8 5.7 1'00 .0 12.0131.0 18.3 1 33.3 I 5.41100.0

East SOllth
Centn..1

\-Jest South
.Central

:Mountain

Pacific

17.2141.6 124.0 I 12·5 14.7 1100.0110.8139.6 125.4 I 16.7 17.5 1100.0117.3126.2 120.1 i 25.8 110.61100.0

17.2141.2 122.2 I ~4.8 14.6 1100.0113.5140.5 120.1 ! 17.3 18.6 1100.0113.9129.4 117.3 I 30.0 I 9.411OC}.O

15.3137.8 124.9 I 19.6 12.4 1100.0111.0138.8 28.6 19.0 2.6 100.0 14.6 35.7 29.7 16.9 I 3.11100.0

16.3140.2 123.1 1 18.2 12.2 1100.0113.5142.1 24.0 17.6 2.8 100.0 12.7 35.3 28.1 20.5 I 3.41100.0

-.1

.bw



~ Div-la:lon

Table 7 -23,l. -- Tot:al number of' axles weighed in tbe 1962 ·~ruc.k we:'l.ght st,udy distributed according to the relation
between the!,!:, ope:r8ting Heig.hts and the tI1<3.ximum legal axle 1:1,;rlj,~;·by vehicle c:1.a88 and CD: .System 3 ...

_ 3 ot 3 ~
"(

Pe.1"centage of" axles in each percentage I Percentage of axles in each percentage
group of f'1.:I.U legal axle ",-eight limit I . group of f\U1 legal ax1.e weight lim!t

__oK _

lL't.le weight pa:rcentage grouping of" legal l:lmit I .A..'de '[;,re:lght percentage grouping of" legal limit

__~, L-.ci~Lg~9UQ~E-:.-L~2::~~:=L~J..TI;-.s5._r??..:30.=t=5Q-75~:lOOJ 100+ ) Total

I I Si~~~-5 axl~

6.2 ! 31.5 r11.0 I 51.3

Tandem semi-5 axle
" t---- T" - 1 , i •

20.4 I 17.2

lIl..

New England

Mic41eAtlantic

South Atlantic
(North)

South Atlantic
(South)

East NoZ'th
Central

West Nor..h
Cen'tre.l

East Sout.h
central

West South
Central

Mountain

Pacific

12.5

5.8

13.0

7·3

6.5

6.8

5.7

1.6

2.7

74.6

57.1 I
53.8 I

46.8

45.7

49.2

42.6

44.9

41.1

12.9

37.1

30.8

38.6

46.1

42.3

46.7

52.2

55.8

o

o

2.4

6.2

1.7

1.7

4.9

1.3

0.4

o

o

o

o

1.1

o

o

0.1

o

o

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

13.6

12.7

10.G

14.9

7.9

7.8

12.0

12.0

6.9

8.9

37.2

37.3

30.9

36.3

25.0

23.2

27.4

27.3

22.1

23.7

31.3

22.7

35.0

20.9

18.5

2~.L9

22.8

23.5

10.0

15.1

26.8

12.6

34.0

41.2

27.5

30.3

37.5

43.4

1l.6

3.6

9.6

1.2

12.2

9.3

4.2

7.6

10.0

14.0

100.0

100.0·

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0
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Tab1e-7:24~-=-~:~~~~~:ft~f~~f~tJ-~~ig~t~~~i:~~~~~~~ji~~~
. h!gQeraxle-'We1gbt limits, by vehiCle -Class' and highway system

(!fl.-.~eiShis-·{~..pO~ds~r

Vehicle
e

System 1. Interstate Rural -
Panel and Picku,p 4,315 4,315 4,315 4,315 4,315

25 5,215 5,275 5,275 5,275 5,275
2D 9,145 9,815 10,600 11,325 12,020
3ft. 15,940 17,370 18,800 20,230 21,660

2..81 19,,645 20,675 21,700 22,725 23,750

2-82 23,310 25,060 . 26,750 28,440 30,130
3~S2 .28,040 29,810 31,700 33,530 35,360

2-2 end less" 14,000 14,700 15,400 . 16,100 16,800
3~ or 2-3 26,000 26,700 27,400 28,100 28,800

3"'3 and OOl'e 28,,800 29,500 30,300 31,000 31,700
".

/

, 2-51-2 and lesa 28,500 29,400 30,300 30,800 31,300
2..S2n2 31,,800 32»700 33,600 34,500 35,400

~~-2 a;:.d over 35~~ 3§,}OO n 200 38,100_ 32~• .1

- Sys~~ 20. Interstate Urban

Panel and Pie~ ~s290 4,290 4,290 4,290 4,290
25 5,220 5,220 5,220 5,220 5,220
2D 9,030 9,690 10,350 11,010 11,670
SA 17,015 18,310 19,600 20,890 22,180

2-51 19:;360 20,605 21,850 23,095 24,340

2"'1S2 23,690 24,545 25,400 26,255 27,110
3-S2 28,940 30,245 31,550 32,855 34,160

2-2 and less 14,000 14,700 15,400 16,100 16,eoo
3m2 or 2-3 26f1ooo 26, 700 21,400 28,100 ·28,800

3-3 and Jrore 28,8...'Xl 29,500 30,300 31,000 31,700

2-51-2 and lesa 28,,500 29,400 30J300 30,Boo 31,300
2-82",2 31,800 321700 33,600 34,500 35,400

,-52-2 :nld ~v~r 5 ;~~...~300 37,200 3~~ ....,~t~
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Tabl.e_~1~24._..-Average_~ty. weights of_.yehicles a.nd vehicle combicnt:l.ous
- dev.eloped from" the 1962 truck wei~t-dataat1d eXp.9.n(1,ec1. to ­
hlgheraxle~weight limits,_ by vehicle class and h~~way system

-(mlTe1ghts i~·pO~daJ

...

V.hi:~~= ~ [ ~e ~~1~t_11m1ts-s1ngle tandem. k1 B

_=' '!Jp .__ ... := 1B C 20 35 22 8 24 41

Y
,E:t:.C!&JGi.2::&A _ ''"'''"~~ S,stem 3. Prl~ry Ru:<U_._
Panel·and Pic~ 4;350 4;350 4,350 4,350 4,350

213 5,360 5,360 5,360 5,360 5,360
2D 9,220 9,510 9,800 10,090 10,390
jil. 15,635 11,795 19,950 22,105 24,260

2aoSl 18,950 20;200 21,450 22,700 23,950

2~·S2 23,550 24,800 26,050 21,300 28,550
3·~S2 28, 190 30, 570 32,950 35,330 31,110

2""2 and lena 141 000 1l,.,700 15,400 16,100 16,800
3=~or 2..3 26,000 26,700 21,400 28,100 26,800

3,,3 ar);~- wore 28,800 29,500 30,300 31,000 31,700

2-51-2 and leas 28,,500 29,,400 30,300 30,800 31,300--" 2..52..2 31,800 32,700 33,600 34,500 35,400I
~~

3.~~~o;er OM••:;;:;"'_
r 35} 400 36J 300 37 l 2OO 3~1100 39,000

Panel and. Pickup 4,300 4,300 4,300 4,300 4,300
213 5"l$25 5,425 5,425 5,h25 5,425
2D 8 21 710 9;330 9,950 10,570 11,190
3ft 1"(,360 19,155 20,950 22,745 2h,540

20,::;1 19,050 19b 915 20,900 21,825 22,750

2s>S;~ 24,280 25,,340 26,400 21,460 28,520
3~S~ 28,970 30,,360 31,750 33,140 34,530

2..2 a.nd. leG~ llJ..OOO 14,700 15,400 16,100 16,800
3...:? or 2..3 26:000 26,700 27,400 .28,100 28,80c>

3""3 and more 28,800 29,500 30,300 31,000 31,700

2..81002 B"."1d. leGS 28;500 29,400 30,300 30,&>0 31:300
20~S2··2 31,Boo 32/700 33,600 34,500 35,40::>

~~~:;:~==-=>L",="w?.?.ll~=",_2~3~~~90=~2:-?0=J2{~2.
!I Second..ary Systems 5 (:.r:·u-r$~) and 6 (urban) a1lrr.e as for primary systems.

Weight date. not sufficient to establish st'pa.rete empty veig..'1ts •
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the past results of truck weight studies is called for to

compare with the 1962 data, although historical statistics are

neither complete nor wholly reliable.

A. Summary of Some Factors from Truck
Weight Studies, 1937 to 1963

The annual truck weight studies were started about 1931

a.s a phase of the Statewide highway planning studies, and. most

States have conducted them each year since then. The data

are somewhat limited ill scope for the years before 1959. For

all years, the State-by~·State data cannot be regarded as wholly

1"e11able, because the weigh1ngs and classifications must be

limited in geographical covemge and in survey time at the road

site.

The information 1n tables 1-25, 1-26, and 1-27 and in

figures 1-5, 1-6, and 1-1 is based on a summary of the yearly

reports from the fol1owip.g 20 States:

Cal:tf'ornia
Connecticut
Georgia
Illinois
Io,re

Kentucky
Lotliaiana
Maryland
Massachusetts
Michigan

Missouri
Nevada
New Jersey
Mew Mexico
North CB.rolina

Ohio
Oregon
Pennsylvania
Virginia
Wyoming

B. Significant Trends

Some of the significant fe.cts to be observed are as

follows:

1. Ta.ndem axles are increasing.

2. Veld.ole cO~'i(lbin:atlon6 with three or more units are
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.8u:mom:'y. of' data on t:ruc.ks-. a~combiMtioi:\~~_fOr__all.-min_:t:'\.\Tal.~1g'hWy;~-i9-37~~J.96iTabl.e_ 7-25.

,/ .,

"

'.,
.......
, I:
"N
.00

'.

1,993.1
482.1

2,475.2
2,961.2
4.,027.3

306.3
189.2',
495.5,'

<-,.
58.01
39.19
1..46
l.3~

41..99
45.44

25,137

308.4&
176.6
437.0

57.35
, 39·73

1.54
1.38

42.65
45.78

2.021.9
460.7

2,482.6­
2,938.~
3,967.1'

24,610

59.23
33.28
1.29
1.20

40.77
44.37

309.3
195.4
504.7

2,018.2,
450.5

2,468.7
2,908.3
3,945.~

24,434

58.55
38.64
1.52
1.29

41.45
44.93

303.5
162.3 .
466.:J.

2,0:;6.1,.
414.4

2,470.6
2,879.8­
3,891.2

23,226

58.51
38.76
1.56
l.:q

41.49
.44.68

318.2
160.6
478.8

2.070.2'
419.4

2,489.6'
2,870.2
3,815.2

23,422

NA
Nr<.
NA

60.26
38.25
1.49

NA
39.74
42.38

l!rA
iVA
WI.

2,857.1
3,737.7

22,488

m\
NA
EA.

60.68
37.87
1.45

!fA
39.321
41.75

21",341

~p~~~~¥~~ 1962 I 1963

I. ,I I·!

i !\fA!

~ I
1'B\ •

2,169.1
3,5J.3.1

65.97
31.90
2.13

NA
34.03
36.00

NA
NA
NA

1952

NA
NA
NA

2,572.2
3,532.1

18,703

72.6
26.25
1.15

NA
27.40

NA

NA
NA
NA

15,799

73.47
24.39
2.14

NA
26.53

NA.

NA
IiA
NA

15,422

75.72
22.15
2.13

NA.
24.28

NA

1'l!\.
!V<
Nt>.

14,278

NA
_K4.
J'lA

84.31
14.05
1.64

I{A

15.69
. I{A

11~,059

r
9~~19~ L,~

RA. 'NA

NA HI\. I NI\. I r.1ANt. M NA. lIlA
2,220.8 2,348.8 2,410.7' 2,447.1 .

NA Nfl. lIlA 3,495.0

Distrl'r:n'rtiol:l at veh1c:J.es (-perce:J.t)
Sio.&le··unit tJ:"Ucks ,----
Tractor-se~tl~11er

Truck-t.raUer
TIrO-Trailer

Total combiMtioM
AD. 3-axle (,':1:' more vel:licl.es

Ave.-roge gro95 "eight or vehicl.es (!E>J!.')

!iJmber or llXleloads (Actual) per
. ::i..,000 "ehidce (trucks and
combilllltions)

All vt>h:te-.les (ineludiog 2-axJ.e)
Sin.gle-axle
Tn!ld.l!'lll-m:l.e

'.rota). (tandem as 1 axle)
To~l (tal:ldem as 2 axles) y

Yeh:tcl~'" with 3 or. more axles
I '

'lltl.'!:lber ':It a.:del-oads (E-18) per 1,000,
venic1es (1;rucks €lI:ld cOl!lb1rlSt1oM) I'

Sing,1.e-!lX1.e
TBndem-axle

Ttltal (taOOe:D as J. ax.te)

,'!:.! Minor ~terences in totals due to irreconcUesb1e discrepancies in original reports.

NA Not lIV1l.ilable

----,

/

~
..-
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,Table~26-L--_-Ave:rage_-grOSILwe~'t ~bY_c1ass_.o:f'."tru~~ttoM-I-
, loadeq, and emp-ty, oneil main :rural high~ys, 1937.-1963, ,

. . .' ....

",'

."

"-'--.._---,_.~"-'~ .._--{...:~._- ".... ~ . "

I
i.. ~

-,.. ..:

.;

. ..... '

..
"

,/
,. 0 .;-.

,

. '

, .
1937 ' 1942 19k6 1949 ,19'52' 19'55 19'57 19')g 1~ 1961 1962 1963.

S1!Igle-WJ.1.t 1:rucks .. , .
2..axle '8,063 6,695 8.459 7,895 8,049 6,510 8,385 8,424 ,8,876 9,137 8,9~ 9,053

...
3-uJ,e . 18,728 20,050 23,614 21,514 26,567 27,296 28,357 29,310 27,062 29,258 ' 27,li63 ' 28,647

T?-tal 9,327 9,972 9,781 8,185 I 8,719 9,405 9,394 9,610 '. 9,804 10,251 10,079 10,223
-

':rr9.c-tor-seJllit.railer COl:lb1oe.t.1011 25,565 27,158 29,635
32'

932
1

35,480 37,944 39,873 40,603 39,984 41,730 4l,7n 42:,377

Trucl:-t.railer eO::lbinat1o:l 21,3ll 35,487 40,236 ' 48,571 50,934 47,515 SO,6ll 50,544 50,240 54,618 44,374 39,983.
TIro-trailer eo:::b1nat1011 - - - - - - - - 52,191 , 56,203 52,765 54',569

.A:!.l eombi02. t.:l.O:lS 25,607 27,326 I 30,021 33,815 35,978 35,296 40,234 ' 40,999 40,468 42,266 42,069 42,620

Ail 3-axle 0::: 1tore vehicles 23,06:1; 25,476 28,841 I .,33,225 35,424 37,599 39,473 40,211 39,644 41,420 41,078 41,706

12,059 14,278 18,703 21,341 22,488 23,422 23,226 24,43~ 24,610
..

All ve!:icles J,5,422 i 15,799 25,137

Included 1Il other comb1::at1011S

" , "

'.
"

"
c,

" '"

....
r-

--;., .....

",.. . ~ .......

','

:.'1

"
, "

~,

"

"

",I.; ,. \..
-:I

&
,..'

;
I

..... _~-.;···:"'··r·~, ..._

'.
I ( ...:

"···T"~··- .." .--"'~.~ -~."'-'''.' ..-"":o;.... ~,......~~ ........_ ...._.""•.•~_._._.''''..~T' ..... ",:.; • ':""."'~_~~ .~ ..,... 4ii • ... _ -------,-
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Tabl_e_1~Z7.•__-.~Percentage distribution 0:£ trucks and ,eombinat:ions,
by class on all main ruml highways; 1937 to J.963.

.t1 '

'-

. ,

/

I'

., . '.
, '

"

'..
,/ .

"

..... -
,f
'Wo

t
!
[

I
I
!

I
I

. I
I. r.

I .

I 1937 1942 19'+6 1949 1952 19'5'; lQ'>7 lCl~ 1960 1961 1962 1963
~~uni't t:l"ucltB I
llel eoo pieku;p 33.24 28.25 29.71) 29.12 29.30 ' 31.67 30.45 '3)..40
axle, 4-t1re . '

,
4.00 3·97 3.74 3.94 3.76 3.48 3.84 ~.18

Sub'to'tal NA 'NA NA NA 37.24 32.22 33.4;; 33.06 33.06 3~).l5 34.29 35.58
aY.:tc, 6-'tire , 26.76 26.03 24.17 22.26 22.01 20.48 19.93 18.~
e.xle or m::>re 1.97 2.43 2.64 3.19 3.48 , 3.60 3.13 " 3. 5

Total

I
B4.31 75.72 73.47 '72;60 65.97 60.65 60.26 ;;8.51 58.55 59.23 57.35 58.01,

~:r-~e:r.itraller eorll1na~n

&XlI'!' 17.59 16.88 12.02 10.:a 9.39 7.1.8 7.09 6.26
axle - AA ' nil. nil. RA 11.25 18.48 21.66 22.17 2.'1..97 I 23.06 23.16 22.23
e.xle OT :c::>re 3.06 2.51 4.57 6.38 7.28 8.04 9. 48 10.70

'l'o'tal . 14.05 ·22.15 24.39 26.25 .31.90 37.87 38.25 38.76 38.64 38.28 ' 39.73 39·19
..uailer co::ibillll'ti:itl'
sue or less ' 0.38 0.40 0:26 0.17 0.26 0.17 0.35 0.43
axle NIl. W> NA NA. 1.60 0.77 0.87 1.29 1.19 1.06 1.13 0.99
BUll. or more 0.15 0.28 0.36 0.10 0.07 0.06 0.06 0.04

Total 1.64 2.13 2.14 1.15 2.13 1.45 1.49 1.;;6 1.52 l.29 1.54, 1.46
:railer cOlOoillllt.ion
axle or less - - - - - - - - 0.80 1.11 1.02 1.19 1.18
axle . - - - - - - - 0.30 0.12 0.11 O.ll e;;u
aJU.e or more - - - - - - - 0.07 0.06 0.07 0.08 O.Q,,5

Tot..,U - - - - - - - 1.17 1.29 1.20 1.38 1..34
Combillll'tiOnll 15.69 24.28 26.53 'Zl.40 34.03 39.32 39.74 41.49 41.45 40.77 42.65 . 41.99

·aJU.e c:r =re veh1elell ~ 36.00 41.75 42.38 44.68 44.93 44.37 45.78 45.44,
'ITUcks and Combil1llt1oM 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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3. On the basis of percentage of trucks on the highway,

the single-unit truck is decreasing and the tractor-trailer

combination is increasing.

4. Single-utUt trucks &8 a percentage of the total

number of trucks have decreased since 1937 from 84.31 percent

to 58.01 percent in 1963.

5. The tra.ctor-semitrailer combinations have increased

in the truck PJYr from 14.05 percent in 1937 to 39.19 percent

in 1963.

6. From 1952 to 1963, the 2-81 combination has

decreased in average daily volume. The 2-82 increased until

1961 but is now decreasing, '\ol'h1.1e the 3-82 began a rapid

increase in 1937 which continued. throwroh 1963.

7. The average gross weight of trucks increased from

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



CHAPrER 8

HIGHWAY COSTS

The dimensions and weights of motor vehicles are

reflected both in the geometric and in the structural factors

entering into the cost of constructing highways. Among the

analyses necessary to arrive at the desirable limits of

diinensions and weights of vehicles is one dealing with the

effects on highway design, construction, maintenance, and

operating requirements of the vehicle dimensions and weights

considered. This chapter develops the highway construction and

maintenance coste on a unit basis that can be applied to finding

the highway costs that wouJ.d be caused by allY increase in the

legal limits of vehicle dimensions and. weights.

1. COST EI.EMENTS OF THE HIGHWAY AFFECTED BY
CHANGES IN VEHICLE DIMENSIONS AND WEIGHTS

A complete highway my be suMivided illtO a logical

grouping of highway cost elements as follows:

(1) Plallning and preliminary engilleer1ng
(2) Right-Of-way
(3) Cleario.g of right-of-way (clearing and grubbing)
(4) Earthwork and 811811 draimge 1'ac1lities
(5) Faving, including sUbbase, base, wearing

surface, and shoulders

8-1
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(6) Waterway and grade-separation structures
(7) other structures (ret.~1ning walls, riprap, etc.)
(8) Ls.ndscape and roo,dside rest ares,s
( 9) Traffic control devices and signing

(10) Construction engineering

Of these ten items, the following; are those that my

be affected in an identif'1able monel" and amount by dimension

Right-of-w"y
Clearing of right=of-way (clearing and
grubbing)
&.rt.~'t,T(lrk and sl!18.1l drainage facilities
Paying, including subbase, base, wearing
surface; ana. shou.lders
W'ater.re,:r" and grade-separetion structures

Preliminary engineering and construction engineering

are not considered to be affected by the dimensions and weights

of vehicles, because the engineering and planning processes and

the man-hours would be the same (at least, the difference could

not be reliably measllxed) for t~..'O complete highways, one

designed for slightly wider and longer vehicles and heavier

axles than the other. The cost of constructing any miscella-

neous structures woul.d seem to he unaffected by the dimensions

and weights of motor vehicles.

Costs of gmde-separa.t.:ton structures] including

retaining walls, would be affected by vehicle heights, espe­

cially if any major increase in height were considered.

However, since this investigation found that the desirability

of heights greater than 13.5 feet n.eed. not be considered (See

p. 4-1.), it follows that there is no need to investigate the

cost of grade~sepa~tion structures and their associated

construction as a.f'fected by vehicle height.. The costs of
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traffic control devices and signing are not sufficiently

affected by the dimensions and weights of vehicles to warrant

their consideration herein.

2. ANALYSIS OF THE RELATIONSBIP OF
HIGHWAY CONS'fRUC'fION COST TO
CIW1GES IN VEHICLE DDmNSIONS
AND WEIGHTS

The following discussion considers individually the

factors of h1gh'WS.y construction cost, setting forth the degree

dJjnensions ~,l1d weights adopted for analysis.

A. Right-or-Way and Clearing

The cost of rights-of'-way is composed largely of three

items: (1) legal and administrative costs, (2) costs ot the

land, and. (3) costa of damages. Only the cost of' the land

could be affected by the dimensions of motor Vehicles, and

then only if the add!t:toi18,l width 01' length of vehicle made

necess&'Y wider r1gb.t-of~,way tha.n wow-d otherwise be required.

In the Q~alys1s discussed here, no such additional width ot

Truc..1{s in mixed t:rafi'ic do utilize their share of the

vehicular cs<,pFl.~1:ty of a.ny road,\;ay and therefore contribute to

the need for Illore lanes l<rhen such a ne€:d comes about. On the

other hand, the !sflue involved here is wether vehicles ot

gree..ter (l~J.u~!lsion or we:1gb:t would require wider rights-of'-way.
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Perhaps, in theory, wider vehicles would require wider rights­

of-way, 'but as a practical matter, it is doubtful that any

change to greater l1Jnits of dimensions and weights of vehicles

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

B. Earthwork and small Drainage FacUities

Were wider lane and. shoulder widths required for wider

Vehicles, the cost of earthwork would be increased for both

vidtb. of cut and width of fill. Present cross-section design

g~omet~ic6 will accommodate vehicles of l02-inch width, the

maximum that seems to be either desir-able or feasible. There

is no need, therefore, to consider any increase in the cost of

earthwork or of drainage facilities as a result of any increase

in the width of vE'..hicles. The length of' Vehicle does not affect

the cost ot earthwork.

The mftY.i1I!UJ.!l height limit could affect the cost of

excavation at grade separat:tooo by requ.1.r1ng either greater

depth of excavation or height of fill. Since this analysis

does not propose any increase in the 13. 5-foot maximum height

of vehicle, only the 5 States with a lower neximum height could

be considered to be afftacted, 6md. the design clearance in these

States is probably at least 13.5 fe~t, since this is the direc­

tion in which legl\l J,:lmits are rapidly moving.

The coat of drainage facilities would not be affected

by any che..ng~s in the beigllt of vehicles.
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C. Pavement structure and Shoulders

The cost of pavement a.nd shoulder structure would be

a:tfected by the axle weight of' vehicles. As the axle weight

increases j S.1l increase is usually expected in the number of

applications of E l8-kip axles (axle-weight applications

equivalent to 18,OOO-pound single axles). At places along the

leng'Gh of ~ higl:.111/&Y where the grade elevation of the J;8vement

12 controlled by fa.ctors not related to the depth of pavement

st,ructure or the oolalJ.cing of cut and fill, the depth of

eicawtiCH:l. would have to be in.c.reased by an amount equal to

the additional depth of pavement structure.

In the analyses where an increase in the depth of

pe.vement st.ructure results from a.n increase in dimensions or

weights of veh:1,cl.es J some increase in the depth of subgrade

excavation iE, E&.BI31.U"'eU.

One-haJ.f of the distance of the construction is assumed

to be Cl..1.t and th.e other half fill. Therefore J the extra cost

of' e..~I'thw(1rk a.ttributable to an increase in axle weight is

cOXlrpul;er.l by a.pplyj.ng the un:tt cost of excavation per cubic yard

to the added depth for one-half the mileage of pavement

stZ'Ucture for the full width of pavement plus shoulders.

The small cL.""'a1nage facilities are not considered to be

a.ffected by v<:!hic:le weigh."!;;. Culverts conceivably would have to

be design,ad, for grez,t~~'t' atl"€.l1'lb""th for "'''heel loads transmitted
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~ugh the fUl to tb.~ top of the culvert S'tl"ll.cture. The

load distribution effected by the pav~.ment structure and the

depths of fill above culverts 1a such that few culverts would

require additional strength above current designs. This factor,

then, is considered to be small enough to be neglected.

D. Bridges, TuJ:1nels, and Grade­
S~pa~tion Structures

T'.I1~ construction cost of bridge structures and tUIUlels

would. D!!r: in,~l"oo,Bad if' an in.crease in maximum width of vehicles

requi~ed gr~ter horizontal clearances than are provided by

current designs. An increase tram 96 to 102 inches can be
,

accommodt:i.ted in current dl2signs. (See Chapter 4.) Thus ,

additional bridge cost 'beOO1.u.se of vehicle width is not in.volved

in this analysis. Perhaps, in the long run, a.s tr-olck and other

vehicle traffic and ita spesd irM~rease, the l02-inch width

:1s ne~esf?~ry for the 96-i.nclJ. width. Also , it is possible that

these stl"Uctm'es for l02-inch vehicle width may impose some

additiooal cost (interference) on the small. vehicles.

The vehicle height of 13.5 teet is now the maximum

tunnels w\tld be fe.T;f and infrequent. Although the vehicle
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height my be limited to 12.5 feet in a certain State, the

vertical clearance for design purposes is usually su:fficient

to pass a vehicle height of at least 13.5 feet.

Longer vehicles with normal axle spacing would be

favon-ble to bridge design: since the axle loads would be less

concentrated. But bridge structures would be affected by

increased axle-weight l1mits . The cost of the increased struc-

tural strength required is estimated using the detailed design

of bridge~ to arrive at the weight of steel required.

3. UNIT PRICES Of"" HIGHWAY
COST E:L:D1EM'S

Because the design of highways to accommodate increased

dimensions and weights of vehicles would result in the addition

of only small quantities of construction materials, the con-

struct10n costs of such highwys had to be estimated using

unit prices of material rather than gross costs per mile in

order to achieve the required accuracy.

A. Ut11t Cost of Unclassified Excavation

Table 8-1 lists the su.mmary of cubic yards, un!t price,

and total cost of uncJ.&IHdfied excavs,tion in 1963 on Federal-

aid projects on the Interstate and primary highway systems.

There 1s wide variation from State to state in the price per

cubic ;yard. Part of this variation is in the total aggregate

cubic Y'~l"dS involved. <!ther fs,ctors, no dOUbt, are wage rates
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!au.a-l ~ •..: U~cJ.mszB1t1etl ro~d~~ excavation

I <;Qst c1ata basedQn1963_bj.c!Prlc~fiL9.~
- ---_E:~~l'al-ald projects on
~ ~qte:rs_~t..e at!.~~_~s.Yl1~e.m_s __

" Sheet 1 of 2

I

Weighted

census Division Quantity Price Per Total Average
Cubic Yard Cost Price Per

Cubic Yard
Cubic Yards Dollars Dollars Dollars

1. Connecticut 1,,7041826 0.86 1,466,150
Maine 35,410 3005 108,000
Masse.cbu~~ta , 1,.619;029 " 0,,60 1,OO7,~11
NeY Hamp~bj,re 293,190 . 0 .. 51 149,526
Rhodi! IslNld 13,462 4.10 . : 55,194
V~mont 206,161 1..12 231,572

Totsl 3,9321678 3,,017,859 0.767

2. New Jersey 2,902,203 1,,48 4;295,260
Nev York 18,133,140 l.i14 21,355,119
Pennsylvania 481826,891 0.72 35,155,361

Total 101462,234 601806,400 0.862

3" Delaware 42,000 1..60 67,200
Maryland 9,875,544 0.68 6,115,369
Virginia . 29,,056;638 0.67 19,467,947
West Virginia 1,850,038 0.,66 5,181,025

TO'taJ. 46,824",220 31,,431,541 0.671

4.. Florida 2.,445,693 0.,51 1113~·"o45
Georgia 33,784;871 0,,36 12,162.. 553
Borth Cs~r~ 16, 6ol~; 8l!-3 0.37 6,143,791
South carolina lO,91~1281 0 ..31 3,403, 571

~otal 63,,81 ,688 23,103,966 0.362

5~ I111no1~ 4,,276,660 0 .. 92 3$93J~$527
Indiaoo 473,61l9 0 .. 74 350;500
Mic.bl.gem 2,251;317 0,;'30 675;395
Ohio' , 38,207,645 (i,,58 22;160.. 434
Wlscons1D 9,379,,111 0,,38 3,564,062

'Tot-al: ' 54,588,1'382 3Cl p 68i~Jl918 0.562'
',' . "
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_Table· ~~1.";-Uno:lassifj.~!'-Q8.dWay. ~c.avat1on

Cost ~ta ba~~---9q.1963.bid prices on­
Federo.l-a1~_~J;t)j~~ts_on

Int.~~_s~~a_a~p~ry systems.

Sheet 2 ot 2
We~;';''''+AA ......

Census D1vision Quantity Price Per Total Average
Cubic Yard Cost Price Per

Cubic Yard
Cubic Yards Dollars Dollars Dollars

6w Iova 7,,278,,310 0.53 3,857,,504
Kansa.s 3,401,656 0.32 1,088,529
M.trmesota 2,,326,219 0.62 1,442,,255
Ktssourl 841,7t2. 0.80 673,,409
Nebraska 11,751,947 0.. 25 2,937,986
North DaJl:'at~ ... ... ...
South Da..~ot& 2~h730,224 0.36 8" 51J2, 880

Total 49, 330,118 18;542,563 0.375
,

7" Alabama 20,234,,009 0.50 10,,117,,004
Kentucky 3,817,807 0.89 3,,397,848
Mississippi 26;579,083 0.30 7,,913,724
Tennessee 43;536,088 0.li2 18,285,156

Total 94,,166,987 39,773,,732 0.422

8.. Arkansas 9i 163,518 0.. 52 4" 765,029
Louisiana 223,6ll 1.10 245,,972
Oklahome.

, 29,6u,140 0.39 11,548,344
Texas 27,772,653 0.51 14$164,053

Total 66,770,922 301 123,398 0.460

9" .A:rlzona 6,632,390 0.97 6,433,418
ColcI's.do 20,268,320 0.57 111 552,942
Itlaho 6,267,220 ' 0.62 3,885,676
Montana 17,356,,756 0.46 1,984,107
Ne'\<"'S..da. 1;080,450 0044 1~75,,398
New Mexico 4"CI)l,834 0065 2;601}192
utah 14,985,510 o~68 10,190,1146
Wyardng 16,497,166 OQ~.4 7,258,753

Total 87,089»646 50,381,632 0.518

10. CaJ.ifornia 37,305,040 0057 21,263,812
Oregon 15,5&>,240 0.75 11,670;180
Washington 804.. 030 1.27 1 C'"l~ n°~5 )c.•LJ! \;.i

Total 53,669,310 33.9955.1'170 0.632

National. Weighted 590 , 649,185 -_.- 322,4.21,17'"
Price, 1963 0.545

1962 --- ~- --- 0.610

- ---~~"'I~"':'-~~-~ "'~:::Im; .

8"'9
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tor labor aad local prices. For the analyses of the added

h1gh_y aosts resulting trom increased axle weights, the

average weighted price per cubic yard tor each census division

was used, as shown in table 8..1.

B. Un!t Prices tor the Pavement Structure

The cost 01' pavement structure is analyzed on the basis

of the unit Fica per cubic yard 01' the subbase, base, and

wear1ng surte.ce in place. Since the unit cost of each layer in

plaae is affected. by the depth (thickness), 1t is necessary to

compile unit bid prices by depth.

For the purpose of this study, the construction bid

prices for paving mterials were assembled State by state and

reduced to a uniform basis. Such factors as the dollar magni­

tu~ of the project, quality of material, relative geographical

locat·ion of source of' mterial and construction site, wage rates

for labor, climte, and lm'.ny other factors caused the bid

prices per cubic yard in place to vary widely with depth of

paving.

Four paVing mterials were chosen as representative of

those in general use: (1) cl8.y=~vel, (2) stone-mcadam,

(3) bituminous concrete, and (.It.) portland cement concrete. The

procedure was to group, on a Naot1onal basis, the any project

bid price reports according to the depth of each material and

then to compute the veigh"t~ bid price for each of the several

depths. The tical ave...""Sge bid prices were plotted against
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depth ot aterial. 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 was a reduction in bid price per

cubic yud as the depth of the structural layer of pavement

increased. Such a reduction is to be expected, because such

operations as moving in, preparing the subgrade, cOmp3.cting,

setting forms (with some exceptions), and final finishing of

pavement surface are independent of depth of paving material.

lJ.'he final 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 in table 8-2

are National averages. In order to convert these National bid

prices to census-d1vision prices, the factors in table 8-3 were

applied. The census-d1vision prices were determined by

comparing unit prices of structural concrete, plain concrete,

80nd ~1.Ving materials from 1958 through 1963. These prices

were grouped by States into census divisions. The final per­

centages of the National average bid prices given in table

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

c• Unit Price of structural Steel

The 1962 and 1963 state by State bid prices per pound

of structural steel were averaged on a weighted basis to

produce by census d1vis1on~ the prices given 1n table 8-4.
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Price 1. based upon average of b1d prices for 1962 on
Federal-Aid construction on a nationwide basi.

Portland
Depth Clay- Stone- Bituminoua cement

(thickness) p;rave1 macadam concrete concrete

Inches Dollars Dollars Dollars Dollars,

1 '" 22·320- - -
2 - - 17.460 -
3. .:4.428 7·950 15·552 -
4 3.798 6.794 . 14.418 -
5 3.412 6.075 13.672 22.1.76

6 3·150 5.580 13.134 20.544
7 2.956 5.214 12.730 19.344
8 2.808 4.933 12.386 18.427
9 2.688 4.108 12.082 17.696

10 .\ 2.588 4.526 11.806 17.100
. -

4.373 11.548 16.60211 2·502
12 2.427 4.243 11.300 16.191
13 2.361 4.132 - 15.858
14 2.303 4.037 - 15.596
15 2.252 3.956 - 15.400

16 2.207 3.862 - -
17 2.168 3.794 - -
18: 2.134 3.735 - -
19 2.105 3.684 - -
20 2.080 3.640 - -
21 2.059 3.603 - -
22 2.042 3.514 - -
23 2.028 3.549 - -
24 2.017 3.530 - -
25 2.009 3.516 - -



...

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

Based upon average of 1962 and 1963
construction bid prices on

Federal-aid projects

Census Clay- Stone Bittmlinous Portland
cementdivision gravel macadam concrete concrete

Percent Percent Percent Percent

1. N.E. 66.21 124·92 101.27 113·22

2. M.A. 109·34 179.6i 139·34 127·04

3· S.A.N. 154·35 150.17 105·03 105·22

4. S .A.S. 47·53 116·30 95.62 93·51

5· E.N.C. 120.83 88.02 110.16 98.46

. .~

6. W.N.C. 98.97 115.96 95.43 102.20

7· E.S.C. 149.87 112·73 99·99 100.28

8. W.S.C. 120.13 87 ·33 94.73 91.03

9· M. 74·71 53.39 93.81 98.77

10 . P. 129.69 82.36 96.66 85.30

8-13
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Table 8-4."-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

PC?und average price

dollars percent

1- New England 0.1692 96·95

2. Middle Atlantic .1837 105·32

3· South Atlantic (North) .1686 96.69

4. S·outh Atlantic (South) .1396 80.06
. '

5· East North Central .1581 91.01

6. West North Central .2022 115·92

7· East South Central .1937 111.05

8. West South Central .1603 91.89

9· Mountain .2121 121.61

10. Pacific .2404 137·75

National average 0.1753 100.00
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Bid price data for bridge construction on the Interstate and

primary systems were used.

4. CONSTRUCTION COST OF STRUCTURES

The cost of highway bridge construction per mile of

higlrlJle.y is difficult to estimate. Unlike earthwork and

pavement, bridges and other structures are not continuous

in length with roadway mileage. Further, bridges vary widely

in length, de8ign~ material, and in the number and total

length per mile of roadway,

A. Inventory and Cost of
Bridges per Highway Mile

Deterrrdning the extent to which the cost of construe-

ting and maintaining bridges might be affected by increased

ilt3.X:lli'lllm axle-'t<J'eight 11m!ts dividea i teelf into two particular

problems: First, construction of new bridges on new highways

mth"!t be considered and second, wit;h respect to the existing

h1~Yay systems, the cost of bridges at the increased axle-

veight levels muet be estimated on the basis that they would

require either extra ms.intenance and strengthening or earlier

replacement than 'Would be tr-ae at current maximum axle-weight

lim.!ts. Thus considered, determining the cost of bridges is

complicated.

Bridge costs need to be reduced to the cost per roadway

mHe in order to be added to the cost of other roa.dway elements,
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such as paving and ea.rthU'ork, that a.re easily expressed as a

cost per mile of highway.

The first approach to the problem was to develop an

inventory of the bridges now found on the highwa.y systems.Y

Early efforts were somewhat fruitless, particula.rly in ob-

ta1ning the information in the form necessary for reducing it

to the Dlxmber and length of bridges per highway mile.

Acceptable brid.ge inventory data were finally

a.s6embl~d by Wile of (1) a lO-percent smnple of the defense

b:r10.ge inV6i:.ltC-fI'jrj (2) a lOO-percent sample from this inven-

tory of the number and the total length of bridges and the

length of higtlWay on which these bridges existed; (3) the

earlier bridge inventories in the 1930s1940 Statewide highway

planning surveys; and (~) the final estimates of the cost of

the Interstate system. Tables 8-5, 8-6, and 8-7 give the

s1gnifica~t facta descriptive of the bridge inventory,

including the basic information by which the number of bridges

the number of teet of bridge length were obtained and related

to miles of highway- They also give the construction cost of

bridges on the exisi tog system. The cost of the bridges,

ho-liever, is not the original construction cost. It is based

upon the approximate cost of bridge constnlction for the years

1960 to 1963 taken from Federal=aid projects and records.

Y The basic da,t~ for thifl, illJrvento:ry were assembled by
Charles W. Dale and Earle Ne'{'ffi',an.



Table 8-5. -- Number, length, aed cost of' bridg<e6 -- Interll"'".ate lye1#em

5

8

·1

42

5J.

43

-7

8

1m! _f 1. nE ! 2. MA 13. SAN14~ ~f5:'-~ ~-;roo 17·~-1 ~ ~-r~· Mi lO• P IlWAL
r RURAL
" 3

4

l84

l!w'bar of brid8es per highway mile 1.534 1.638 1.159 1.560 1.11.2 1.256 1.595 1..684 1.161 1·555 1.

A~rage length per brid8e, teet l29. 312 142 91 86 99 1.25 1;4 74 U4

Feet of briclgell per bigbllUy mile 198 511 250 142 141 1.24 199 259 86 177

"
Aver88f.' co6"t per bridge, dollars 167,373 195,883 1;6,428 82,214 1.28,117 87,326 89,468 100,473 71,124 112,631 106,

CoB1; of bndgelS per highway m:1J.e 256,750 320,8;6 275,157 128,254 219,336 109,681 142,701 169,197 83,272 175,14i 158,

Average cost per foot of' length of bridge, dollars 1,297 628 i,101 9031 1,492 885 717 653 968 989

tImAN

Number of brirlges per highway mile ;.203 5.284 5·751 4.990 5.422 4.897 5.188 4.471 4.402

,.~'
5.

Average length per bridge, f'eet 42 75 84 31 30 32 4J. 52 26 35

. Feet of' bridges per h1ghvay mile 219 396 483 155 163 157 228 232 U4

Average cost per bridge, dollars 360,639 418,745 343,359 98,910 271,768 202,308 224,089 143,531 94,894 269, 250,

Co!l't of bridges per highway mile 1,816,665 2,212,649 1,974,658 493,561 1,473,526 990,702 1,162,514 641,727 417,723 1,545,987 1,291,

Ave=se cost per foot of lel1bth of brid,se, dollars 8,569 5,587 4,088 3,184 9,040 6,310 5,099 2,766 3,664 7,730 5,

Source: Office of EtlGineer1ng, Table 59%, "Cost and Numbe.r of all structures on Ru...""S1 Roads; table 594b, "Cost aed NImlber of aU Structures
on Urban Roads," ";;"Clber and Cost of Stl".lctures Constructed OD the Interstate Systen July 1, 1956 to December 31, 1963" (II. series of
Il1ne tables); Table SS32-Tl, "Status of Development on t..'le Interstate Syste:o as of December 31, 1963 - Rural;" aed Table SS32-T2,
"Stat~ or Development on the Interstate System as of December 31, 1963 - Urban."

C»•
~



Tnble 8-6.~...N~er9 len.:~hll and cost of bri.dges-....Fe.r't~~-e...td pr1:!ta.ry syste.m

mmu.
.1. ~~'"' 'Of brMc!Je$ )lK'!:l.'~ mlle

I
0.378 j 0.253 0.317 0.293 o.r!3>l 0.281 f O'~I 0.411 0.259 0.251- 0.295

I
~. Al.~ lomgtn p!ll' bridge. t'M't 130 I 1~2 19lJ 238 J3l 161 l~ 163 102 198 l62

"3. !'eet t>,."/' briil.gti per~ mle !J91 36 61 "fO 30 liS 73 68 26 50 'S

'I;. A~~ J!Illr brt~, dol1a.t'II 141',.002

1
173/1'39 87,670 73.897 110,299, 55,958 83,503 50,143 50,857 163.~1 80.2S\

5. ~ G~ 'ilri~ ~.b18h~ l1tU.<e I 54'71$51 ~:M'55 27.791 21,651 ,25.3581 1;,724 31,230 20,909 13.17? A}l.~ 23,683

6. .~~I'! ro!Jt~ fOCJt CIt l~l;th of brldge, tl"U'.U"1l I 1,145 1,223 452' 310 6421 348 430 308 ~99 82T \96

tl1tBO
-

'7. ~ ot: ~n~ )!I!'l.l' ~~!'!l\V mIl) . 0.614 0·395 0.392 0.298 o.!lo6 . 0.183 o.!Joo o.m .0.2" 0.620 o.m
fl. .\~l~ p;!Z' bridge, tlMt. 243 21+6 m 1101 229 255 259 2'74 1~1 33iS 2'75
!iJ. ~ g:f br1~, ~.lrl.gbua;r r.Ji1e

t
·149 9tl 148 l.2O 93 48 103 95 3% 208 ~

~o. ,{\.~ cost ~'" '!n"11lge. llolJ..!!In 296,179 436.5" 311,434 353.428 337,288 194,750 107,335 148,81~ 150.010 ~19,251 278.500

I.\. ~ ot: brldgM per h1gh~ mllc 181,854 172,434 ~,082 108,301 136,938 35,639 42,934 53.87c 36,602 259,935 103,323

.2. A~e cost per J:00't at: l~gth o:r briel.ge, do.1ltn'e I 1,219 1.T75 826 906 1,473 755 414 54; 1,064 1,248 1,013

Sourcl.!.lI: ~!,\) Rr1d,~'3 l'C'.:ords for 1903-1964. ".ll1ghwy Defense Requ1relllents" - Ca::Ipiled in compliance with pp.~ ;;0-6.1•
.\11) Tl<:bu:1.tl.t1l:111 !'lo. 293 (JProgra:lI AMJ,yr:s18 Dividon, Office of Administration) entitled Bridges on Federal:"Aid R1gln/a3" Projects ccmrpleted f'!'lD JllDuary 1.

1960,~ 1leceQber 31, 1963· -,

llllt...

co
I.....
co



'FmblCl 8-1.~r, ~, UId eoet. ot br1clpa~l~1d~ .,.t.l

.1'l'm

L I!MIber o~ br14gea per b!~T mle

\'.. A\!'I11mge 1.en4&tb per br1(}~~, root

:3. Jl'ect r;t br1d3e~ per b1~ 1I11e

4. ,~m:»l"'~ _t.llJ4lr bl:'i~, dl:l1:l.f:1n)

5. C~t or brt.1t per h1~., 1l11e

6. j",r,J~ ~<IJlt ftell' toot of length of bnd

i
2. * 3. SAJI 4. lWJ 5. ~ 6. WIfe 7. DC 8.lf8C ,.. 10. P tIIIBL1. D

PmW..

··'~I
0.226 0.150 0.268 0.1.78 I 0.189 O.!80 o.m 0.170 O.l~ 0""

~ 68 91 m 1'5 J . 96 l32 U6 81 U1 101

13 1.5 14 n 13 19 50 39 " 11 2S

79,765 67,953 42,45t~ 17,630 ]2,¢1 23,2116 3O,1J1 19,196 38.C112 ~.8T3 -.-
19'~1

15,351 I 6,}58 4,7~1 5,/163 , 4,393 11,687 '.392 6,iIQ T.~ 5.6.)1

smi !l6j l29 ~39 231 233 165 .lJ69 435 aWl1,5'96
I-~···

mlWI
!

! ~

i o.~ 0·353 0.186 0.271 0.314! O.~ ().~ 0·290 0.1& O.~ 0.1ft6

! 93 117 176 229 1.31 158 rn 193 lU 200 1'1':.1.

378 413 327 621 4ll 196 719 :;60 11'9 - ,.,
168,03J2 171.,500 152,127 67,003 100,470 . &,072 39,261. ~,,"3 1113.~ 1~,574 BlO,415

L,221 60,)/10 28,296 23,~ 31,5i18 10,052 15,~1 9,~ I 18.199 47,529 24,11~

1.807 1 lt65 864 'i6o 767 5n 222 1GB 1 01.8 653 ~-

9. ~t of bridges; per h1~ l!l!.le

l' . !'hl!'1~r of br1C'~ell per highway ~1.le

8. Avemge l~.h per br1&ge, f~et

;);~~~l'I'£e~:!,~r toot of~~ dcll..'\1"s
Smu."Ce.... : (@op C@J.c:mJ.'l.t<W. hoz State Hi~ SW"veyWl? 1935·,19'..0 (St.mte SyBtem o~ H~) aD! Brid«e Rocol'de tor 1963-196'>, ...~ DeteMl!! ~lI11'1!J!l11Hl1:ll"

C<l!l'PUed in COl!'pl,1ance with PPM 50-1) .1.
(b) Tlzbul.'\tl1.m lfo. 293 (P'rogrM. ~lIlill D1nD:!.oo, ot't'1co or Mm1II1DtratlO11) eDtitlad BridgeD lID lI'ederal-Aid H1tPra7 ProJecW Ca.pUted 1'X'OllIl31l11\B1'7 1,

1960 t.h1'OU3b December 31-, 1963.
Rote: SOl!rCe :l.raf'cr.mt:1on vas tor the eocbined ruralAtrban li181iea. '!'be above spllt i. bued \WOII the rural.-'I:irbaD rat.io OIl the pn.u, D1lIt.e..

11. Coolt of br1'J.~,'J per bighlmy mile:

10. Ave~ CC'l'Ji; Pfll' bri~'!!l, doUS-!"!l

(b
3

~
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B. Percentage of Bridges by
Span Length

The original inventory of bridges in the lO-percent

sample of the defense highway routes gave the number of bridges

by span length by lO",foot :I.ntel-\Tals, beginning at 29 feet and

under and ending at 140 feet and over. These data by highway

system and census division give Bn!ch evidence of inconsisten-

cie~ attributable to the small sample.

In order to produce a more realistic distribution of

the leillgth of span, sUJi'llIW,tion curves by percentage were plotted

for es.en ce.~sue divisi011 em hlgway system. These plotted .

points were smoothed on the basis of judgment. Final readings

from these siOOoth cUJ.'Ves are g1veil in table 8..8.

5. COSTS PER HIGflWAY MILE~

TOTAL COr~STRUCTION AND
IID:::ONS'flUJCTION

Whereae the foregoing unit prices and unit costs of

hi~EaY8 were assembled pri~trily for ~e in estimating the

cost of paving, shoulderG, and bridge~ under desigr~ for

five levels of maximum axle~w~ight limits, overall highway

reconstruction and resurfacing COBts are necessarJ for

estim&tes of e~rtbwork costa and for the overall costs of

reconstructing existing highways} including such resurfacing

as ~y be required oyer ti1i11e unrler u~e s.t each of the five

levels of &.xle~~7ej.gll.t limi.t. By reference to bid prices on
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Tabl~ 8-8 .--Pel"centSge-distribution 01: -the span,leng1;hof
bridges by highway system and ~en6US division

Page l'of' 5

Span length, l~ NE 2. Mil 3. 8M ~. BAS 5. ENe 6. lINCl7. ESC 8" WSC 9·M 10. P
teet

1.. Interstate Rural

1.5-25 A·9 8.0 8,,0 n.8 4.4- 8.0 ~.Je. 2;·5 21.8 3·0
25-35 .5 10.1 10.1 8.1 11·9 11.8 401 )0.6 22.6 7.4
35-Jt.5 10.8 14.1 14-.1 2503 , 19.5 16.0 7·3 15·1 18.0 18.2
1l5-55 12.7 1708 17.8 31..0 20.2 14,,9 11.1 8·7 13·1 17.8
55-65 13·9 16.5 16.5 11.1 " 15.2 12.5 15.8 ;08 8.6 12.6

65-75 14.2 901 9.1 6.3 10.1 10.6 15.1 3·5 : 5.5 10.2
75-8; 10.8 6.2 6.2 301 5.8 1.4 l.2.6 2 .... 3·5 8.1
85-95 7.6 4.2 4.2 1·5 2.9 4.9 9.1 1.6 2.Jt. 6.5
95-105 5·0 3:1 3·1 1.0 1.9 2..5 6.8 1·3 1.5 5.0

105-U5 2·7 2.8 2.8 .6 1.4 1.8 ..... 1 1.1 1.0 3·5

115-125 1.7 1.8 1.8 .2 1.2 .6 2.8 .8 .9 2.1
12;-135 1·3 1.1 1.1 .0 ·9 .6 1·1 1.0 .. 5 1.l.
135-145 1.1 ·9 .9 .0 1.0 .9 ·9 ·3 . ·3 .1
Over 145 1.8 '4·3 ...·3 ' .0 3·6 1.5 2.4 1•.4' ·3 !I....

'7
Total 100..0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

2.' Interstate Urban

15-25 5.2 5.... 4.1 8.2 - 3·5 5.... 16.4 16.2 3·0
25-35 7·1 1t..3 5·0 1.0 ....0 8.1 8.4 14.6 11·3 n.1i.
35-45 10.1 6.5 2·9 21.2 9.... 2.4 1.... 2 14-.1 19·9 17·9
45-55 12.8 9.6 16.2 24.4 1....0 26.1 16.5 1.... 2 16.9 19.....
55-65 14.2 13.3 14.5 20·9 17.1 18.1 . 12.2 12.6 12.4 17.0

0>
A.,
.....



Table 8-8.--Percentage dist:ribut:Lon--of' "'(;ne r.:rpan length of' bridges ­
bridges by high..ray system and ~t".I\SUS divis:tOll

Page 2 of 5

9.. MilO. P
en
•N
N

1a..8
1.3
4.2
1.5

.8

03
.1
.2

2.1

~

2~ Interstate Urban Cont@

65-15 1~.3 ~ 16.1} i l,,7.~ I '7..9' 2.1.0 15·2 i 10.8 I 1~.9 I 7.2
15-85 ,.8 ~ 11.~ ~ 18.~ ,.1 14.9 1000 ~ 9·3 601 i 4.6
85-95. 1.2! 10.7 ~ 10.2 209 , 4.8 5.6 I, 1.; I 3@61 2 •8
95-105 I ~@7 5.5 ~ 4.3 1.9 ~.~ 3.~ ~ ;.3 ,2.4 1.7

105-ll5 i 3..1 l 2.8 ~ 2·1 03 Ii 3.2 1.8 i 3·4 1,,5 1,,1.

1.1.5-125. I~ 2.~ l.al'." 1.8 I .2 " 2 .. 2 ..6 I 2.1. 1...1 .8
12;-135 1.1 1.1 , .6 ~ .0 ij 1.4 @6 (1..4 .. 5 .6
135~145 ~ 1 ..6; .9 ~ 1 .. 2 ~ .0 I' 1.2 09 ~.8 @2'.5
~r 1~5 ~ 402 ~ ~.3 H .1 ~ ..0 _ 2.~ 1.; ~ 2.1 1.2 ~.O

~ ~ ",., ~ , '[1 ~ ~ ~ i
_ Tot:l_r_~ 100..0 ~_OO.O ii 100.. 0 ~ 100.0 100.0 I 100.0 100.0. 100.0 100.0 100.0

3.. ~ Ru:rm1.

. ~
.

24.6 ~15-25 1:1.. 8 i 16.1 , W08 , 13·0 '19.2 ~3.7 _ 49.5 46.5 . 19.4
~5-35

I
20·9 14.4 ! 11.. 7 , 19·0 , 20.1 :p.l 16.5 ' 24.6 2l..1 13.9

35-4; ~

12.8 I 15.8 : 9.4 ,. 18.5 11.4 12·9 10.5 li·3 13·115.0 ~
~~5-55 1).4 ' 10.5 12.6 i 1.1,. 15.0 10.9 8.3 4.5 6.9 11.6
;;-65 10.9 8.2 9·3 ~.,8 " 10·9 6.~ 5.Ja. 2.9 4.4 9.8.,

65-15 , 8.. 2 ~.6 6.~ 2.) 1.4- 3·1 3.5 2.1 2.9 7.Jt.
15-85 5.5 .2 4@ 1·5 4.6 2.9 2.] 1·3 2.4 5.2
85-95 i 3·5 3·3 3·4- ·9 2.2 2.1 1.8 1.0 07 3·5
95-105 I 2.8 2.8 2.1 .9 1.8 1.8 1.1 .9 .4 2·5

105-115 2.1 2.6 2·3 .7 1.5 ' 1.2 .9 .4 1.2 2.0
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Table 8-8.--Percentage distribution of thespanlength-ot'­
bridges by high"o7S.Y system and census division

Page 3 or 5

~. WNC E· ESC18• vsc ] 9. M·llG. P

-3. Primary Rural Cont.

Span length, 1. ~ 2 .. MA 3. ailli ~. SAS 5. ENe 6teet

U5-125 1..1 2.1 1·9 .7' 101 .. 7 .6 .. 3 .2 1.6
125-135 1.4 2.1- 1·1 .6 .9 .4 .5 .0 .2 1·3
135-145 1.0 1.9 1·5 ·5 .1 .. 4- .5 .. 1 .2 1.0
Over 145 1.8 ~09 3·5 2·5 2·9 2.2 2.0 1·9 1.6 7-7

"

Total. 100.0 . 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

4. Primary Urban

, 1.5-25 26.21· 2O.l.
1.6 26.7 2.6 25.0 43.7 23·l$. 28·3 15.8

25-35 15.1' 12.9 15·2 28.5 8.9 16.2 16.5 11.6 ~·5 8.2
35-45 1.2.4 12.7 14.6 1.1.1 12.1 13.6- 12.9 15·5 16.2 15·9
45-55 9.1 1l.6 13·3 8·3 18.8 10.4 8.3 12·5 U·9 12·3
55-65 1.1 10.1 11·5 5.5 20.1 1.0 5.4 9·3 1.6 8.4-

65-75 6.1 8.2 8.1 4.2 13·1 5·0 3·5 6.1 5.1 5.8
15-85 5·0 6.2 5..1 2.8 7.8 3.8 2.3 4.4 3·3 '.1
85-95 3·9 4.2 4.4. 2.5 4.1 3·0 1.8 3·4 2.1 3·1
95-105 3·3 3.4 3·1 1·5 3.2 2..8 1.1 2·5 1·3 2.6

105-115 2.6 2.5 3·1 .1 2.8 2.2 .9 1·5 .7 2.2. ..

U5-125 2.1 1.8 2.8 .8 2·3 2.2 .6 .8 .6 2.0
125-135 1.8 1.1 2·7 .~ 1.5 2.0 .5 .Ji. .1 6.7
135-145 1.5 .9 2.4 .0 .7 2.0 .5 .1 ·3 1.1
Over 145 2.6 4.3 4.9 1.0 1.4- 4.8 2.0 2·5 2.0 U.2

Tatal 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
0>

~w



Table 8-8.--Percentage distribution of the apan length of
bridges by highvay system a.'1d. cen~.n.u~ d1 'V1ston

-SI8nr;:~ I~· ~ [2. ~f· a\H L~·~ 15.ENC [~C '-1. Er~
5 and 7. Secondary Rural

Page 4 of '5

8. IISC 19• M 110. P 00
I

N
.J::o

llll...

...."...-

,
12~1 ! " 64.01.5-25 19·0 22.6 . 27~4 . 7·9 45~1 22.8 69.0 35.6

25-35 11.2 14·3 15·3 21.2 14.4 19·9 29.5 18.8 3.1 16.1
35-4.; 13.!&o 12·1 i 111-.5 ' 11·2 21.9 10·3 i 13.6 1.7 17·3 13·9
~5-5; 10.16- 10·7 12.7 10·5 . 18.3 8.1 8.0 2.6 2.9 11.9
55-65 8.3 8.2 15.2 5·2 12.1. 3·8 5.1 1.9 1.8 6.9

65-15 I 6.6 5·5 I 2 ..8 3.!l. 1.1 . 3·3 3.5 1 .. 3 .9 ~.6

15-85 5.3 4.1 5.6 2·3 q.·3 2·3 2·9 .. 8 .8 2.8
8;-95 I ~ .. 3 . 3·3 I b.~l . 1.8 3·0 :l.7 2.1 .7 ..1 1.7
95-105 3.4 3·0 3·3 1.6 2.0 I.!;. 1.9 .6 " 1.0 1.0

105-1.:15 2.1 2 ..1 1, 2·9 1·3 1.1;. 1.0 1.5 .4 .4 ..5

115-125 2.2 2·5 2.4- 1·3 1 ..1 1.0 1. Ii. .2 .4 .».
l25-135 1.·1 2·3 2.4 leO .9 .8 1·3 .1 ·5 .2
135-145 1 .. ) 2·3 2.1 1.0 1.1 .8 1·3 .4 ·3 .. 2Ovar 14; 1>.2 I 6.0 It..6 4.8 4.5 .5 5.1 .5 .9 l$..2

Total. 100.0 : 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

6 and 8. Secondary Urban

15-25 :n.9 3l.~ 12.3 15.4 1·9 15.8 27.5 25.8 34.9 3·1
25-35 18.1 18.2 16.4 31·3 12.7 22.8 33·0 16.6 22·9 22.1J.
35-45 1,3.8 14·3 15.5 22.1 20.4 23.6 14.9 15.2 15·9 19·5
~5-55 9.6 10.1 13·1 14.6 2).5 ll.O 8.4 12.2 9.7 15·0
55-65 6.8 6.6 ll·3 6.4 15·9 6.4 5.4 10.2 6.0 10.7
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Table· 8;.-8 .--Perc·ent'age afi-er!butloil-6f -tlie spanTerigth-ot
bridges by highway system and censuS d1vision

Page 5 of 5
~

~ length, 1.. liE 2 .. MA 3. SAN 4. SAS ;. ENe 16. WNC 7" ESC 8.. llSC 9. M 1O.P
teet

6 and 8. ~i:ondary Urban Cont.

6;-15 4.~ 1.. l&. 2·9
I 3.4 6.9 3.6 6.8,.2 10.2 1>.2 I

75-85 .4 30 1 5·~ 2.0 6.9 3·3 2.3 ....4 2.2 4.7
85-95 3.4 2-3 3·1 1.1-1- 3.1 I 2.4 1.; 3.1 1.3 2.9,
95-105 2.8 1.6 2·9 1.1 2.5 1.9 1.0 2.1 1.0 2.0

105-115 2.1 l.~ 2·3 ..6 2.5 1.6 .7 1.2 .,. 1..4

'1.7
..

.11. .6 .,.1.15-125 1..1 1.9 .7 1.2 1.5 1.0
12;-135 l..~ ~ .. l 1.8 .4 .9 1.3 .3 .2 .5 .6
1.35-145 1 ..0 1 .. 4- 1.7 .3 .5 1.7 .2 .0 .3 .5
Over 145 1.8 3.0 4.0 .8 .8 2 ..5 1.0 1.5 .9 9."

-

!'ota.1. 100..0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 :100.0 100.0

(X)

~
VI



8-26

8-9 vas prepared to show the average construction cost of

earthwork and small draina.ge structures by highway system

aDd census division.

For general estimates of the cost of reconstructing

existing highways as determined to be necessary in the future,

t.able 8-10 may be used. Table 8-11 is for use in estimating

the cost of resurfacing pavement and shoulders with bituminous

concrete 8B determined to be necessary for restoring the pave-

ment to an accepts_ble surfa.ce smoothness.

6 ~ COST OF MAINTAINING THE HIGHWAY

The annual economic cost of a highway is composed of

tvoprinary elementa: (1) the annual ca.p!tal cost as measured

from construction cost investment and (2) the annual expense

of maintaining the physica.l highway in a condition suitable

for satisfactory service to traffic. The m,a.intenance oper-

atiouc ere examined. to see which ones may be affected and to

what ~{tent they may be affected by changes in the maximum

A. Classification of
~aintenance Costa

The cost of labor, materials, and equipment in main ..

taining the complete highway in a state suitable for traffic

operations my be classified under the follO'l-J'iug six 1tems :
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Table 8-9.--Est1mated cost of gradiDg and small drainage structures per mile
for Federal-aid primary and Interstate. projects

: (Based on 1963 bid prices) .

Total Weighted Secondary 2-1ane Primary 2-1ane Primary 4-1ane Interstate
Census cubic Total average 4-1ane

division yards cost cost per Rural Urban Rural Urban Rural Urban Rural Urbanyard

1. NE 3,932,678 $ 3,017,859 0.767 $46,160 $66,144 $72,618 $123,845 $137,918 $287,096 $256,698 $664,264

~. 1M. 10,462,234 60,806,400 0.862 51,817 74,337 81,612 139,184 155,001 322,656 288,492 746,539'

3. SAN 46,824,220 31,431,541 0.671 40,382 51,865 63,528 108,344 120,656 251,162 224,568 581,122

4.8AS 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. ENe 54,588,382 30,684,918 0·562 33,822 48,465 53,209 90,744 101,056 210,362 188,089 486,722

6. WNC 49,330,118 18,542,563 0.375 22,568 32,339 35,504 60,550 67,431 140,366 125,504 324,770

7. E3C 91j.,166,987 39,773,732 0.422 25,397 36,392 39,954 68,139 75,882 157,959 . 141,234 365,'~75

8. wsc 66,770,922 30,723,398 0.460 27,684 39,669 43,551 74,274 82,715 172,183 153,951 398,385

9· M 87,089,646 50,381,632 0.578 34,785 49,845 54,723 93,327 103,933 216,351 193,443 500,579

10•. P 53,669,310 33,955,170 0.632 38,035 54,502 59,836 102,047 113,643 236,564 2l.l,516 547,346

NationalWo, 649,185 322,421,179 0.545 $32,800 $47,000 $51,600 "$88,000 $98,000 $204,000 $182,400 $472,000

r

/'"
\
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Table a-10. -- CO:3t of complete new highway" con.st:Jl:"u.ction or :reconstruction,
in o.oJ-lars per .mile, by high~ ~yatem a.nd census division
(Bared on Federal-aid. project.s f'01." 1963 am 1964)

Sheet! of J

~

..
;:

! Eat'th- r Pa,yement coats Total. costsR1.gh~ system and Engi- IRight.-
censilB d.1.v1sion neel'iDg l ol·~

work, StructUt'ea j.. __
, way mnal1

Rigid Flex:Lbledrainw:e . R1git'i Flexible- -
1- Interstate rural

1. m: 86,389 1.16,987 256,698 272,131.1. 205,61'3 116,893 937,881 909,101
2. ~1.4. I 113,'944 154,302 ' 288,,492 363,916 257,018 249,575 1,117,672 1,170,229
3· SAN I 147,8.27 200,186 I 224,568 290,639 233,639 254,570 1,096,859 1,ll7,790
4. SAS 52,315 70,8t~5 ' l?..J.,153 I 134,860 I 212,411 128,434 591,584 507,607
5· E~~U I 76, 67JJ 103,827 I 188,089 I 225,736 . 223,272 194,143 81.7,595 78.'3',1 4.66
6. irille I r.:~ b." ;(9 62l l 125,504 1.15,857 218,380 153,142 580,773 515,535I :>J., ...I-.. "" , .
7· .ESC 59,J1-07

80,
448

1
141,234 154,266 i 229,217 204,122 664,572 639,4'(7

B. ~jSC ~ 61~, 1..19 86,830 153,951 175,403 195,950 l79,025 676,253 659,328
9· ~.~ 49,29l~ 66,754 1.93,443 86,603 156,427 91,994- 552,521 i 488,088

:W. P. 68,079 92,192 211,516 186,928 198,987 159,756 757,702 718,471

2. !!'ite:t"e;Jtl3;te ut"ban

1. m: 320,070 997.,356 664,26!~ 1,895,066 208,690 180,129 4,085,446 4,056,885
2. ~U\ 590,662 1,840,532 746,539 2,247,594 260,455 254,678 5,685,782 5,680,005
3G S~T 1.~33,368 1,350,396 581,]22 2,007,453 230,217 251,906 4,602,556 4, 624,2ur5
4. 8M , 179,028 557,860 313,511 501,801 214,817 130,234 1,767,017 1,682,434-
5· ENC 340,043 1,059,592 486,722 1,481,890 221,510 194,220 3,589,757 3,562,46'7
(i. '\<me 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 1,174,574 246,214 225,411 2,686,284 2, 665, 1.1-81
8. Nsa 199,334 621,134 398,885 650,445 190,530 174,394 2,060,328 2,044,192
9· .H 163,159 508,412 500,579 423,322 169,990 99,956 1,765,462 1,695,428

10. p 355,21.0 1,106,853 547,346 1,559,994 201,896 160,893 3,771,299 3,730,296

, '""

(Xl
I

N
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Tab1.e 8-10. -- Cost o~ COIl.lplete new highway; construC'tion or reconstruction,
10. dollars per mile, by bighi>rl;l,Y l:1ystem and census' d1vision
(:Based on Federal-a1d projects tor 1963 and 19(4) Sheet~ 0~..J.

.'

Right Earth ~~vement costs J Total costs
Highway system and Engi- ' . . ,work, Structures li----~-----+------.;_:_----

census d1vision neering :; ~~~p:e I Rigid Flexible Rigid Flexible

3. 'Primary rural l I
1. NE 47,000, 61,472 137,918 57,948- 186,266 160,239 490,604 464,577
2. MA 52,643 68,854 155,001 46,234 " 226,783 216,478 549,515 539,210
3. SAN 43,852 57,356 120,656 30,777 205,109 215,898 457,150 468,539
4. SAS 35,005 45,784 65,093 23,332 196,185 118,531 365,399 287,751
,. ENe 39,556 51,137' 101,056 26,414 194,146 163,054 412,909 381,817
6. WNC 19,407 25,384 35,504 16,485 105,806 75,314 202,586 112,094
7. ESC 22,797 29,811 39,954 32,169 113,232 99,915 231,969 224,712
8. wse 19,386 25,356 43,551 21,432 92,640 84,615 202,365 194,340
9· 14 17,256 22,570 54,123 13,488 12,092 -45,801 180,l29. 153,838

10. P, 33,982 44,446 59,836 43,6,58 112,191 131.,530 354,119 31.3,452

4. P.r1mary urban

1. NE 86,006 193,324 281,096 190,250 190,530 162,i60 947,206 918,836
2. M.l\. 93,936 211,150 322,656 179,210 221 ,591 211,910 1,034,543 1,024,862
3. SAN 16,025 110,889' 251,162 130,440 208,161 223,839 831,283 852,355
4. SAS 57,018 128,301 135,500 1ll,801 195,941 118,064 628,621 550,144
5· ENC 10,624 1,58,150 210,362 141,501 196,563 165,164 117,806 141,007
6. WHC 26,182 60,201 60,550 36,549 1l0,518 19,113 294,660 263,255
1. ESC 29,902 61,215 68,139 44,259 119,811 lC8,341 329,326 311,856
8. wsc 28,189 64,112 74,214 55,410 93,878 86,462 317,063 309,641
9. M 27,409 61,611 93,321 31,214 82,306 50,388 301,867 269,949

10. p 72,442 162,836 102,047 211,490 189,010 1:48,722 197,825 757,531

",
"

(X)
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Table 8-10. -- Cost of complete new highway, const:t"uC':tion or reconstruction,
1n. dollars per mile, by bighlt't\y system and census division
(Based on Federal....a1d projects for 1963 and. 1964) Sheet.], ot.],

Right Eartb-
P·~·veJl1~nt costa Total costs

Highway system and Engi- of- work, Structures
ceXlSUS division neel-ing smallway

draina~e Rigid Flexible Rigid Flexible

- Secondary rural

1. m: 11,475 1l,979 46,160 20,338:. 83,651 73,756 179,603 169,708
2. M1-\. 19,122 13,108 51,887 15,845 96,568 92,593 196,530 192,555
3. SAN 15,556 10,664 40,382 6,745 86,534 88,250 159,881 161,597
4. SAS 13,099 8,980 21,786 5,326 85, l.al~2 52,747 134,633 101,938
;. ENe 14,690 10,070 33,822 6,ll5 86,283 71,316 150,980 136,013
6. "me 13,870 9,508 . 22,568 4,626 91,980 64,399 142,552 114,971
7. ESC 15,503 10,627 25,397 12,463 95,347 80,071 159,337 144,061
8. iI.'SC 12,978 8,896 27,634 6,606 71,220 . 67,102 133,384 123,266
9. M 12,347 8,464 34,785 6,568 64,733 41,931 126,897 104,101

10. p. 1·4,159 9,706 38,035 7,809 75,8ll 55,996 145,520 125,705

. Secondary urban

1. NE 4,201 9,820 66,144 78,129 85,982 76,241 244,276 234,535
2. Ml\. 4,510 10,542 74,337 71,782 101,087 98,107 262,258 259,278
3. SAN 3,486 8,148 57,865 36,961 96,244 101,529 202,704 207,989
4. SAS 2,870 6,708 31,218 33,817 92,264 56,066 166,877 130,679
5. Enc 3,240 7,574 48,465 40,589 88,544 73,213 188,412 173,081
6.. WNe 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 84,550 180,340 165,190
8. WSC 2,496 5,834 39,669 18,090 79,044 68,918 145,133 135,001
9. 14 2,603 6,084 49,845 20, :379 71,942 42,410 151,353 121,821

10. p 3,803 8,890 54,502 68,593 85,361 66,073 221,149 201,861

~

(X)
I

Wo
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Table 8-1.1. -- Cost or bituminous-concrete resuri'ac1ng per highway mile on
port1and-cement~concreteand bituminous-concrete old surface

Interstate or primsry Primary Secondary

Census- lanes 48 :rt. Lanes 24 ft. Lanes 24 1'1;.

Census division shoulde~s 28 ft. shoulders 20 ft. shoulders 16 ft.
d.tvision cost 16 ft. resurfaced-width 44 1't. resurf'aced-width 40 ft. resurfaced-widthiude-,O( ,

3-111. depth 11 in. depth 3 in. depth 1~ in. depth 3 in. 2 in. 1~ in.
depth depth depth

----
% j

l. NE 101.27 ~58,517 $37,420 $33,878 $21,663 $30,798 $23,051 $19,694
2. N;\ 139.34- 80,516 51,487 46,613 29,807 L~2,376 3l,716 27 ,097
3. SAN 105.03 60,690 38,809 35,135 22,468 31,941 23,9D7 20,425
4. SA.S 95.62 55,253 35,332 31,987 20,455 29,080 21,765 18,595
5. E!·IC 110.16 63,655 40,705 36,852 23,561:; 33,502 25,074- 21,423
6. WNC 95.!}3 55,1·4.3 35,262 31,924 20,4l.4 29,022 21,721 18,558
7. ESC 99·99 57,778 36,947 33,}...49 21,390 30,409 22,760 19,1.1-45
8. wsc 94.73 54,738 35,003 31,690 20,264 28,809 21,562 18,422
9. :-1 93,81 54,207 34,663 31,382 20,067 28,529 21,353 18,243

10. p 96.66 55,854 35,716 32,335 20,667 29,396 22,001 18,797

National
average 100.00 $57,784 $36,951 $33,453 $21,392 $30,412 $22,762 $19,447

Note: On old FCC pavement, bituminous concrete should be 3 inches in depth, except on low A..-T"T Secondary where
2 inches may be used. All resurfacing of old bituminous concrete could be 1~ inches in depth.

(X)

c1
r"
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(1) Roadside and drainage
(2) Roadway surface and base
(3) Shoulders
(4) Structures
(5) Traffic services
(6) Snow, ice, and saud. control.

Of these six basic operat::i.ons only three--surface and

base, shoulders, and s"tructures--would be significantly

affected by vehicle dimens:tons and weights. Roadside and

d.rainage; traffic services; snow, ice, and sand control would

not be affected by vehicular dimension and weight, because these

items are more or less unaffected by specific vehicles in the

traffic stream. Should an increase in dimensions and weights

of vehicles be permitted legally, the total number of vehicles

on the highway hauling a given number of total tons of payload

or cargo would be reduced. From this viewpoint, to the extent

that a.ny one of the six elements of maintenance would be

affected by the volume of traffic, some reduction in highway

JIlB,intenance cost. should result. On the other hand, considering

axle weight, some probable increase in maintenance cost would

occur, should the vehicles be pe:nn1tted to load to heavier

axle weights.

B. Roadway Maintenance Cost
Resulting from Increased
Vehicle Weight

In the pitching of pEl.vement, the roadway shoulders

and the main ~;vement and 1"'8 base would be subjected to some

increased llID,intenance cost w1.th increased. weight of a.xles.
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The general cost of maintaining the surface and base would

probably not increase so far as normal operations of cleaning,

crack filling, and. surface treatments are concerned. However,

patching cost because of a.ny failure of the pavement base or

subgrade would be increased to the extent that the };6vement

surface and its base are thiCker in order to carry increased

axle weights. For this reason, a sliiS'h.t increase in mainte­

manee cost has been charged to maintenance of the shoulders and

'the p1'1H:ment surface for each increment of increased vehicle

ax1 e~1'!Ed.ght l:l.mits. No a.llowance is nade for extra maintenance

cost due to Changes in dimensions of the vehicle.

It is probable that, under lege,l provisions for

increasing the weight of vehicles, the maintenance cost of

patching and general p3.vement repair of existing highway systems

'WOuld be increased somewhat until such pavenents could be recon­

structed to ~~e structural design indicated for use of the

heavier ror.le weights. For thi,s reason, when the financing of

eXisting highway systems over the 20-year analysis period is

considered) part of any increase in maintenance costs would be

chargeable to increase in the legs,l '....eight of vehicles. The

increase in maintetW.nce cost would result from increased IElve­

ment and shoulder wear and tear pending the time when the

highway department wo'l.l.ld resurface the entire section of highway

up to the structu.ral requirements indicated by the legally

allowable weights of vehicles.
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The general assumption is made that design and con-

struct10n of pavements for increased weights of axles would

be on the basis that the resulting maintenance requirements

would be relatively no greater for such pavement than they

would be for pavement designed for a lower axle-weight limt

and. used by traffic not exceeding that design 11mit.

c. Bridge Maintenance Cost Resulting
from Increase in Vehicle Weight

Ne~ bridges constructed under designs for accommodating

the increased dimensions and weights of vehicles would probably

cost somewhat more to maintain for two basic reasons: First,

vhen an increase is necessary in vertical clearance, such an

increase would require adding some additional height to abut-

menta and piers on overhead structures, thus presenting a

greater surface area to be inspected and maintained.. Secondly,

bridges deslgned for higher axle weights would have a greater

surface of steel or concrete to be maintained because of the

incressed to~l pounds of steel or cubic yal~s of concrete

required. for the structure as a whole. For these reasons,

some increased cost for maintaining bridges has been allowed

in the analysis for each increment of increased axle weight

considered.

The bridges on the existing high1~ay system would not

suffer any increased ms.:tntenance cost pending the time that

they were reconstl~cted to design loads peI~tting 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

i.tself would not cause the bridge to suffer any more rapid

deterioration from weathering and other elements than would

be true if the traffic were not operating at the higher

weight limits. 'lilis assumes, however, that if the bridge

becomes structurally weakened to the extent that it is

unsafe, it would be strengthened or replaced as the occasion

demnded.

D• Overall Average Cost of
Highway K~int.enance

No reliable authentic information is available in

the literature to disclose the cost of maintaining the high-

ways as it may be affected by the dimensions or the weights

of the vehicles operating en these highways. Neither is

there readily available the maintenance cost of the pavement

and ba~e with paTticluar reference to patching, the only

element of the roadway maintenance cost which could be related

to the weight of the vehicle.

Table 8-12 Sh~16 the maintenance cost per roadway mile

for the several systems and for the six maintenance cost

operations.!! T11€ae fi@lres are only general guides to the

maintenance costs because of the lack of satisfactory reports

giving the true costs.

Y Taken trom table 49, page 237, "Supplementary Report of
the I:11ghway Coat Allocation Study" (Section 210 Study).
Ju.ly 1964•



Table 8_12,--Incremental study of maintenance e~5ts: Estimated 1964 Costs
for the Federal-Aid Systems in the 48 Contiguous States and the

District of Columbia

co
I

W

'"

System - Maintenance o'p'g..!.~tions

Federal-aid highway systems mileage Roadside Surface Traffic Snow, Ice Total
1961 and and Shoulders Structures

services and
drainaoe base land control
dollars/mil~ dollars/mile' dollars/mile! dollars/mile dollars/mile dollars/mile dollars/mile

Inters tate:
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 I 233 613 619 3,772

Federal-aid primary: .
Rural 143,800 446 823 271 121 291 406 2,358
Urban 16,083 794 1,228 420 386 796 860 4,484

Total 159,883 481 864 286 147 342 452 2,572

Federal-aid secondary:
Rural 589.679 129 398 79 49 73 122 850
Urban 14,978 324 648 199 118 298 392 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.

~



LINE-HAUL TRUCKING COSTS IN RELATION TO VEHIGLE WEIGHTS

~.Jiny business concerns operating motor trucks on the

pUolic highways keep records of their cost of transportation snd)

to a certain extent; the cost of operating individual vehicles

or cJ.l~S8eS of vehicles. The motor oo.rriers operating under a

cert~fi~ite of the Interstate Commerce Commission or a State

reguJAtory commission report their cost of transportation opera­

tions. Such reports; however, generally do not specify the tyPe

of vehicle J the capacj.ty of the freight automotive equipment)

the cargo weights per loaded vehicle, or the empty vehicle

",eights.

Notw:i.thstandi.ng 8.11 the records that are available) it

is most difficult to find the motor vehicle operating costs

uecessal"Yfo:i:.' ~Ul a~n~J.ysis of the :relat:hre cost of transporting

goods in v~11cle8 of different dimensions and gross weights.

To determine the ovelull. economy of increasing the weight of

vellicles: that is J incI'E:asi.ng tbe weight on illdividual axles

as vTell as the gross 'feight. per vE'..hicle, it is necessary in the

current studJr!" to t,h~ the cost of operet,ing t..he vehicles to

specific measurable factors.
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1. SOURCES OF LIB-HAULO~ OOS'IS

In 1901 the High_,. Research Board of the National

A~y of Sciences published Bulletin.301, "Line-Haul Ifrucld.ag

Sost in Re18;t1oa to Vehicl@ Gross Weights." This publication

is the result ot an exten$ive Ratio~de analysis ot the COlt

r~corill! ot 6u operating COIDJi1&n1ss G.nd 23,384 specific line­

haul trm1.1.eT cOf.llb1uations.

T'ill® ooet u.ta't'1al 111 :Bulletin 301 1& priced &s of 1956.

During 1~9+.I' ~~ 2!, ~rt ot th:J,t, size and weight project, the

priC:t\ 1llto~t1on upon wicb the costs in Bulletin 301 were

B~pm,1r, Derncing, and lubricant cost
Tii"0 and tube cost
Fuel aOliEt
Driver ~g~s &ud aubs1~t@n@a cost
Indir~~t £ud overh~od, coat
De~ec1at1on antl int$lrelJlt cost

2. Tim OPE.RATING 00&1:6
01'i' LIIm",!iAUl, VEHICJ:.ES
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have been desirable to summarize and present the vehicle

operating costs for different t7Pea of vehicles, pa.rticularly

with ref'erelmce to the number of axles, such a presentation

vas not made because the cost info~tion vas not reliable on

such a detailed basis.

Figure 9-1 gives by element the line..haul operating

costs of all vehicles as the loaded gross vehicle weight

varies; e."q)reased in tel"mE ot cents per mile. In figure 9-2

these cn.:u--ve:s for the individual elements of cost are given

on a cW'ilUls:t:tve bf.~6is. The total costs per vehicle-mile are

aloo presente-d. in te.ble 9-2.

A. Meaning of Loaded Gross Weight

The reported 11ne~haul operating costs of trailer

combinations are related to the loaded gross weights of these

comb1tlatioi;k~. In Bulletin 301, page 133, loaded gross weight

Tb,e loaded grOil/,S "(;/~ig.b.tt> u,sed in developing
vebj.ele=rn11e co~ts and shown in the abscissas
of the co$1. curves are the SV.DlS of the tare
we16!htB of the tmiler cowb1ootiona plus
the predominately carried payloods.

From tb.1a definition it. m.m.y be understood that the

loaded gros~ wei~~t of esch class of trailer combination

may vary over some range, depending upon the pra.ctices of

each carrier sn.d the cOmmOOii:;ies batued. 'r'ne operating cost
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20 40 60 eo 100 120 140 160 180
LOADED GROSS WEIGHT, KIPS

FIGURE 9-~:"OPERATING COST PER VEHICLE-MILE FOR
GASOLINE- AND DIESEL.... ENGINE-POWERED TRAILER

COMBINATiONS BY SUBTOTALS OF THE SIX BASIC COST
ELEMENTS
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Table 9-2. - Operating coct~n cents per vehicle~rrQle for
line"':haul vehicles;by l.O!:ided gross weicht in l::i.pa.

87.36

70.64
71.07
71.51
71.96
72.40

72.85
73.30
73·75
74.21
74.66

75.12
75.58
76.05
76.52
76.• 98

77.45
77.93
78.40
78.88
79.36

79.84­
80.33
20.82
81.31
81.80

82.29
82.79
83.29
83.79
84.29

84-.80
85.30
85.82
86.33 .
86.81~

105 55·01 145
105 55·36 11~6

107 55·71 1~'7
108 56.06 148

I 109 56.41 149
I

I 110 56·76 150I'

I
III 57·12 151
112 57.48 152
113 57·84 153
114 58.20 154

li5 58.57 155
116 58. 91~ 156
117 59·31 157
u8 59·68 158
119 60.06 159

120 60.1}l} 160
121 60.82 161
122 61.20 162
123 61.58 163
12l.J· 61097 164

125 62.36 165
126 62.75 165
127 63.15 167
128 63.54 168
129 63·9~'

I 169

130 6l!'.3~· 170
131 6~\.·,14 171
132 65·15 172
133 65·56 173
131~ 65.97 174

JS5 66.38 175
136 66.80 176
137 67·21

,I
177

138 67.63 178
139 68.06 179

140
II

(:.'-' 48 )1 180"'-........16

1~·1

68.
911' 1~-2 69·34 I

143 60 r7~··
.'. I I I

14!~ ~20,1

Cents Cents
ICi.l's per Kips :!.1.::r

mile mile
-=

25 34·94 65 1~3·12
26 35.10 66 43.37
27 35.26 67 1~3. 62
28 35.43 68 43.88
20 35·59 69 1~·.14.-;;I

30 135.76
1 70 41+.1;..()

31 35·93 I 71 ~1{.• 66
32 36.10 I 72 41~.93

, 33 36.28 I 73 1:5.20
34 36.46 74 h5·47

35 ';)c 6' 75 45. 7L~..J~')~ q..

36 I ,,, 82 1 76 L~6.02

I
..)~ e ,

'::(7 37.00 . 77 ~.6.29.-,J ,

38 3..... ~ r~ I . '78 ~·6.57{•.lo> II

3° 37.38 II 79 46.86-'

l~ 37·57 80 47 .ll~

4l 37·77 81 47. l io3
42 37.96 82 1~7. 72
43 38.16 83 1:-8.01
44 38.36 8~~ 48.30

45 38·56 85 4-8.60
46 38.77 86 48·90
47

I
}3·98 87 ~-9.20

lIS 39·19 88 49·50
h9 "0 40 89 49·81I ::L,· I

,
39.61 I50 I 90 50.12

51 39.83 91 50.1}3
52 I l.!-o.05 92 50.74
53 ~t,Q.27 93 51.05
54 40.50 04 51.37;;I

55 ~-o. 72 95 51.69
56 40·95 06 52.01-"
57 41.18 97 52.34
58 41.42 98 52.66

I 59 41.65 99 52·99

60 41.89 100 53.32
61 I 1;-2.13 101 53.66
62

I

42.37 !, 102 53·99
I'~ 42 6';>:j 103 5" ':I~OJ ~<t - i' ~, • .;:J

61t I 42.87 , 1()1~ 5~~.67



data were analyzed on the basis of the predominate loaded

gross weights for each vehicle class as found in each carrier's

records.

The 11ne·ha~1 operating costs are related to loaded

gross ve1ght~ the ooe chamctenstic of operation that can

00 determined for a vehicle class and held constant for each

car~ier. Tb,erefore, consideratiou of the operating costs

of' troller combirw.tiQl1s tn.at are carrying !itt-le or no payload

po~e~ f7, p:c-oblem. Th~ magnitude of this problem can 'be apprec­

i~t~d frOll!! the information contained in the annual State truck

weigh:/; studieS indicating that a.pproximately 33 percent of all

trailer combinations on m8dn l"l.JXa.l roads are without payload

and 67 percent of th.em e,re carrying some degree of payload up

to all. &!liDunt in excess of the Jr~~iI1!.uro. legal gross weight or

axle wei@'):At.

The loaded gross weight as set forth in Bulletin 301 is

a good practical unit upon which tel base overall operating cost

0':[" vehJcleE and Yeh1cle CO'.l1Jll'Jin.ations. It is necessary in this

study, hooevexo, to k.n.~,r \'rbat the loened gross vehicle weight

would be for the s6yeral elaMel1 of vehicles under the five

~~ S\.xle""~eight lim..its fltoo.ied.. To ardve at loaded gross

weight,s thr!l.t wou.ld be :'ttl bal~ny witb. the v8ry the cost curves

of Bulletin 301 we~e constructed? the original dat~ on which

Bulletin 301 vas bt;".sed were 6.L;,;.:1l.yzed. As IS. re.eult of this
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defined as the St:ili:!l. of' the lege....l maxin.\l.m weights on each axle

except th0 steering ro:1e, \Jhich is a.dded in at a reasonable

practical weight for the particular vehicle class--or the

legal gross vehicle ~1'eight it it is less than the sum of the

axle weights.

6:tZ,E'; of th~ c~,rgo booy; the prime consideration is the long-

As the foregoine; C'Vll"Ves BhQ:~q~ the cost per vehicle-mile

increases vith th~ loadoo. groas vehicle weight. As these

increase~ take place, the cost in cent~ per to~-mile of payload

(l) Effect of incr0asLug the
g:rOa5S vehicle \Tei.g;ht 8,,::::6.
reducing the nUEber of trips
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vith fewer vehicle tr1p:z. M the gX'O~6 vehicle weight

. 1ncrease~ up to about 200 ~ 000 pound.s j the transport cost

per vehicle..mle will :increMe. But the total vehicular

given p&yload ton~·se decre~ges a5 the gross load increases.

re@~lts in a tot~l d~JJsr cost les~ than the coat of hauling

the ~a~ tnt~l ton~ of p~yl~~d in vehicles having lower gross

tripe.

A tabuM;;.,tion. w:U..l i,lllWtr8bt,.e 't-bis resuJ.t for a. 3-S2 trac-

Number of Co~t in cent~

~~",~~'L ;e!'£.:!~£.~":!('t~~

frwt~,l cost,
dollarz

115 ~\1.6b3 47.89

111 42.866 4'7.58

10"{ 4)~· .JJ~-9 47 .2~.
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cost between trucks of the same gross weight but different

axle weights and numbers of ules.

(2) Payload ton-mile cost curves

The general costs of vehicle operation based on

loaded gross vehicle weight ~ also be expressed in terms

of payload ton...mile cost. Figure 9-3 gives these costs.

3. APPLICATION OF THE LI.liE""HAUL TRUCKING COST
TO THE JJfAtYSIS OF ECONOR« OF VEHICLE WEIGHTS

An indicated in the foregoing discussion, the final

curves for line...haul trucking costs are based upon loaded

gross vehicle weight. This weight is not a specific number

of pounds because it represents the normal loading of the

various carriers according to their indiv1,dual pra.ctice.

When hauling light density cargo, such as furniture or

houaehold goods, the average gross weight of the vehicle

is far bela'\\!' the total JMl1riim.mJ. legal gro&s weight that could

full gross load, either on a. cubage basis or on a. gross

vehicle weight basis. It 1m possible, however, ba.sed upon

the maximum legal limitations on axle weights or gross

of a vehicle.

Table 9..3 gives the vehicle operating cost in cents

per mil€! for 12 cl&~c~s of vehicles and vehicle combinations
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Table 9-3- - Loaded gross vehicle weight and operating cost
of selected vehicle classes

-----r------------.~.-------

-'.

2.56 21~.80 27·04 29·28
6.16 39,04 41.92 44.80
8.40 41.84- 45.20 48.48
0.96 55·20 59.44 63.68
4.00 69·04 74.08 79·12

5.04 60.00 64·96 69.92
~( .04 72.80 78.56 811-.32

.16 711-.08 80.00 85.92

1.12 77.68 84.24 90.80
3·76 91.28 98.80 106.32
5.76 104.08 112.40 120·72
0.211- 130.08 139·92 149.76

2
3
3
5
6

5
6
68

7
8
9

12

20·32
33.28
34.88
1.!-6.72
58,96

50.08
61.28
62.24

64.56
76.24
87.411-

1l0.40

3-82.

2D
3A
2-81

2-81-2
2-82-2
2-82-3
3-S2~4

Vehicle Axle weight limit, kips, single/tandem

class.. ,~~/35 22/38 J-2-4-/4-1-"'1-2-6/-4-4­

A. 80 percent of mnximtm practical gross vehicle weight,
_________~ -~ki~~n_=~londcd groDs ~~ir,ht

B. Opero,ting cost, cents per vehicle-mile for 1965
-~._=~.-- -"..

I

34.5652D 32.230
3A 36.329 36.849
2-81 36.615 37.3)+9
2-S2 38.919 39·823
3-82 41.6~-3 42.866

2-2 39.632 40.733

Y 2-3 42.199 43·633
3-2 42.433 43.921

~ 2-81-2 43.006 11-4.695
2-82..2 46.083 48.232
2-82-3 49·332 51. 93512-82-4 . 56.905 60.526

34.911 35.270 35.640
37.388 37·946 38.523
37·930 38.605 39.289
40.769 1+1. 75'7 42.787
1}4.149 11-5.490 46.891

41.891 !~3 .106 44.379
45·144 46.732 48·398
45. 1f.90 47.11J.1 48.874

46.h85 48.374 50.141
50·513 52.926 55·470
54,.693 57.623 60.709
64.373 68.4br6 72·743

~ The 3~2 is to be used fOl~ the 5-axle combina.t~.on vehicle.

~ The 2-81-:2 is to 1)e used for tbe 2~tre.ile:r, 5~axle combination
vehicle."
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aDd for five levels ofaxle...veight limits. Notice that the

loaded gross weight is expressed as 80 percent of the

practical gross vehicle weight.

In the analysis for economy of axle-weight limits,

pro~~s1on was made for eD increase of 29 percent in payload

per vehicle trip from 1962 to 1990. Although the practical

~imum gross vehicle weight would not be changed by this

payload increase, the vehicle operating costs would increase

for certaill1 itel'cS. 'rhe three items that would increase are

M fol1ooa ~ (1) repa:trs, sen'icing, and lubricants; (2) tires,

and tUbes; and (3) fueL (See table 9-1.) Consequently,

table 9..3 was adjusted to give the results shawn in table 9-4.

The adjustment was made by increasing the costs for the five

levels of axle weight in table 9-3 by the cents-per-mile

increase from the base loaded gross weight in table 9-3 to

what t.he base 'Weight 'Would be when the exact number of pounds

of payload increase was added.

In other applications$ the combination vehicles with

only one cargo body are compared with ~lose having two cargo

~~ies. There wO'ald be a higher direct saving than is

indicated. by the driver and subsistence curves in Bulletin 301.

Theoretically, when two cargo units are COMbined and operated

by one drlvel"" the driver costs are on.1.y hal! of what they

'Would be vith tvo Z!e)l;larate vehi(:les and two dr1vers •

Bulletin 301 prc~v.1de£i :rOll' i:ilcr.eas:l.ng driver cost on a
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Table 9-4. - Loaded gross vehicle 'Weight and operating
cost ot selected vehicle classes

(For method 1, including 2g{o increase in ~loa.d, 1962 .to 1990)

Vehicle Percentage Axle weight limit'; kips, singl~/tandem

class of'
18/32 20/35 ,22/38 I 24/41 26/44fl.!GVW

A. Loaded gross vehicle weight tor 1990, kips 1/

2D 80.0 20·32 22·56 24.80 27·04 29·28
3A 85.0 35.36 3d.42 '41.48 44.54 47·60
2-81 83.5 36.41 40.08 43·67 47.18 50.60
2-82. 85.5 49·93 ,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 74.29
2=3 I 89.5 68.56 75.00 81.411- 87.89 94.33
3~2 i 8905 69.63 76.25 82.88 89.50 96.12

2-SJ~2
I 86.0 69.40 76.45 83·51 90.56 97·61

2-82-2 . 86.0 81.96 90.04 98·13 106.21 114.29
2-82-3 86.0 . " 94.00 102.94 111.89 120.83 129·77
3-82-4 86.0 118.68 129·26 139.84 150.41 160·99

B. Operating cost, cents per vehicle mile, for 1990 ~

2D I 34.230 34·565 34.911 35·270 35.640,

3A 36.414 36.958 37·524 38.112 38.723
2-51 36.683 37·356 38.045 38.746 39.458
2-82 39.166 40.132 41.147 • 42.212 43·325
3-52 11-2.304 43.670 45·110 46.625 48.210

2-2 39·900 41.072 42.311 43.614 44.984
2~3 43·070 44.711 46.450 48.292 50.228

gj 3~2
I 43.338 45.043 46.852 48.765 50.782

V2..S1-2 43·611 45.456 ~-7.420 49·497 51.696
2-S2-2 46.977 49.340 51.862 54.534 57·360
2-82-3 50·554 53.432 56·504 59·759 63·204
3-82-4 58.914 62.999 67·310 71.877 76.712

y _. Based upon _the l,oaded gross weight in 1990 being the percentage
of the practical maximum gross vehicle weight, given in column 2.

The 3-2 is to be used tor the combination 5-axle vehicle.

The 2..81-2 is to be used for the 2-trailer, 5-axle vehicle.

The cents-per-mile cost is increased over the 1962 costs
without the 29-percent increase in payload only on the items
of repair a,nd servicing, tires aud tubes, and fuel; cost for
;';~"P__'" __• __1--._..:1 __ .:I ..:1 ~_..J..~ _ -
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continuously increasing 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

gross weight.
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