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It is sométimes rémarked that there would te no problem in
the size and weight of motor vehicles if in highway transportatien,
as in railway transportation, the roadwsys were built and the rolling
stock operated under the same management., As 1t is broadly under-.
stoad this remark affirms one truth, while in its literal sense it
denies another. 'The problém of the Size and weiéht of vehicles does
occir in practically identicel form in both rail and highway trans-
porbtation, The -difference is that in rallway transportation the single
management responsible for both roadway and relling stock has fourd a
workable sclution; in highway transportation a hyﬂraJhea&ed division
of responsibility has thus far-debarred reasonable solution.

I havo deliberately used a term that suggests a multifarious
complicity in the muddle thal surrounds our subject, because it more
correctly describes the caﬁse of the difficulty invelved than does
the usual ascription to céntroi divided Iwo ways between road builders
and vehicle operators. For, while it is true that, to this as.to mos£
other questions, there are two principal sides~~the sides of the
public provider and the private usor of the highways-~there are
differences almost as wide on each si&e ag the différences batveen

the two sgides,
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| Forty-cight States and a Federal District contain the highways,

but in each there is a legislature, a highway department, a motor
vehicle administration, a police department, and numerous counties
and municipalitiesn-all with a hand and z voice detormining in some
degree how the highways are built and what rules are.pﬁe8cribed or
applied for theirruse.

fmong the users thers are truﬁkers, themselves a class divided,
fhere are Eus operators, farmers, indﬂstrialists, busginess men, and
a lafgs group of passenger sutomobile owners, each with a pértiqular'
and variant view of the kind of roads that should be provided and how
they should. be uged, |

Dut Qf the promiscuous infercourse of these varied agencies and
groups, their purposes and desires changing both with time and placc,
we have a highway system that answers to no clear rule of intended
usages This highway systew is used by a traffic that should, hut does
not, conform fo a veriety of unenforced controls, many of which have
been deviged with ne sufficignt regerd for the character and condition,
the capacities and weakﬁasses of the highway system. |

In the widespread maladjustment of the highways and their
- traffic there are fow conditions of faulty relationship in which the
size ard weight of vehicles afc not in some degreec involved. A1l
traffiec is compOSe& of vehicles of various sizes and weilghts. The'
mroprietly of the road-traffic relationship is determined generally by
the’rélation existing in respect to the largest and.heaviest vochieles,

A road that is wide enough for the widest vehicles is amply wide for |
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narrower vehicles, A tridge that ﬁill ciear the highest vehicle will
obstruct no vehicle of lesser height. 4 curve that can be rounded with
convenience By the longest vehicle will present no difficulty to the
operaticn of shorter vehiéles. 4 pavement that will support the
heaviest wheel or axle load will mere ecertainly suppert lighter wheel
and éxle loads; and the khridge that will support the most demanding-
of vehicle loads will not fail‘uhder vehicles less demanding.

8o far as the road relationship ig concerned, therefore, Yhe
problem of motor vehicle size and weight is one of determining the
- appropriate dimensions and welghts of the largest and hééviest vehicles
to be operated, The ?roﬁlem has two aspects: Ohe as it is viewed from
the standpoint of the capacities and strengths of the existing highway
plant; and another as it is viewgd from the standpoint of the
capacifies and strengths that should be provided in highways neﬁly
constructed., Much of the discord that enters into consideration of
the problem emanates from failuré to recoguize ihat it has these dual
aspects, |

ﬁﬂy'diSCussion of the problem of motor vehicle size and weight

should recognize this duality of the problem at the 6utset.. In one
of its aspects the probiam.is one bf determining whgt largast aﬁd
heavieét vehicles can reasonably be accomﬁodated with efficiency and
pafety on the highway system as it is, 1In 1lbs other aspect it iz a
Froblom of determining what, perhaps, 1arger.and heavier vehicles
should be contemplated in the design of new highways and bridges in

Order'ﬁhat, aventually, as the new construction replaces the old in
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sufficiont extent, it may become possible with safety and efficiency
to accommodate general oparafion of the larger and hesvier vehicles.,
From one viewpoint, the conditions controlling a reasénable |
- solution éf fhe problem are the strength and capaciﬁy of existing
roads and,bfidges. From the ﬁther viewpoint the controlling condi-
tion should be tho maximum Iimits of size and weight of vehicles
within vhich highway transportation nay be expected to achicve én
optimum eéonomy, costs of the road and vehicle both included., A
solution reached from thé latter viewpoint, envisaging the economy
of nighway transportation alone mighﬁ require some reﬁision if high-
way transportation is viewed as a part of-the entire transportatidn
‘éystem, embraéing rail, water and air os well as highway facilities.
Amid a confusion of claims and counter-~claims which ignore the

differences between these two aspects of the problem, twa efforts
have been; and are being made to reach acceptable conclusions from
the. two points of view clearly distinguished.,

| One of these wéé the effort of the Highway Transport Committee
.of the American Assoéiation of State Highway Officials which fesulted
in 1946 in adoption by the Associstion of a Policy‘Concerhing
 Maximun Dimensions; Weiéhts and Speeds of Motor Vehiclés to be
Operated over the Highﬁays of the Uhited.States. This effort approached
the problem from the viewpoint of the strength and capacity of existing

roads and bridges.
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The other is the investigation now being pursued by the
Committeé'on the Economics of Motor Vehicle Size and Weight of the
~ Highway Research Board. This effort is attacking the problem from
the viewpoint of possible eventual achievement of a highway transportau
tion system cf optimum economy. .
The objective of beth efforts has been, and is to define the
maximum sizes and weights of vehicles that_areooonsistent with the two
_cohtrolling gonditions., In respect to one-~the effort of the American
Association of State Highway Officials-~it, is possible to discuss
conclusions reached, as enunciated in the published Peliecy. In respect
to the other--the effort of the Highway Research Board--discussion
must be Iimited to a consideratioh;of purposes; concluoions must await
the completlon of an extended investlgatlon, still in its earlier phases.
The Policy of the Associatlon deflnltely recommends for uniform
adoption in the laws of all States the following limits of motor
vehicle size and weight:
Maximum width of vehicle + v v o v s s o o+ . 96 inches
 Meximum height of vehicle v v+ v v « « v « + » . 12 feet, 6 inches
Maximum length of vehlcle - ' :
Single trucks . v v v 4 o & ¢« ¢ o 4 + o« « « 35 faet
Single busses (with 2 axles) « + + o + » » . 35 fest
Single busses (with not less than 3 axles) 40 feet
Truck-tractor and. semitrailer combinations 50 feet
Other combinations (not more than 2 units) 60 feet
Moximum loads on wehiclag : _ '
Single ax1es8 « + 4 2 « o + « + « o o+ + » o 18,000 pounds
Groups of axles - - - tabulated loads varying
with the distance between extreme axles
of any group, measured to the nearest
foot, rahging from 32,000 pounds for
axles spaced 7 feet or less apart to

73,280 pounds for all axles w1th1n a
distance of 57 feet,
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These limits were not decided'withoﬁt due consideration. There.
is & good reason for every one of them separately, and together they
form a system of limits of caleulated and appropriate felationship.
Change of certain of the 1imitarwithout corresponding change in otﬁers
will adversely affect this relationship. -

Thfee consideraticns, in,the'prder named, were paramount in
the detormination of these limits:

1st. $he ﬁrevailing streﬁgth and capacity of existing roads
ard bridges to support_and accommedate traffic including vehicles of
the indicated maximum sizes and weights in substantial frequeney;

Eﬁd. The provision of a scope within which vehiclé dgsign and
opérating practice may be adjusted to the necessities ef efficient
haulagej ard,

3rd. The pmqvision of a sjstém ofllimits-having a reasonable
prospect of uniform-adoption in the laws of all of a majority of the
States. | | |

Anticipating the fossibility tﬁat future transport necessity

“and proved oconony may justify the émplqyment of vehicles.larger énd
heavier than those provided for Within the ﬁresent limits, certain

of these limits may in time be appropriately revised upward while
others remain permancntly fixed. The alteration would be accomplished
in such manner-ésto permit the most practiéaﬁle ad justment of the

zoad system to the needs of the enlarged vehicles.

Thg limits that arc intended to remain pe}manently fixed are

- the height limit of 12 feet,ﬁé inches, and the axle load 1limit of

18,000 pounds. From the viewpoint of the capacity of the existent
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foad system any upward change of these limits would have vasﬁly
disturbing sffeets. Large milcages of rosd surfaces and foundations
would require stregthening if the axle-load linit were raised; meny
existing vertiqai clearances would require alterétion,,and the diffi=.
culty of providing clesrance at many iﬁtersactionfgfade separating:
structures yet to be built, partiecularly in ecitles, would'be greatiy
increased if the height limit were raised, From the viewpoint-of
transportation necd, these twoe 1imits can remsin fixed with least
featriction upen & ratiomal enlargement of highway vehicles, Greater
lcad may be carried in the presence of the fixed axle-load limit by
miltiplying axles. Payloads requiring vehicle height in excess‘of
124 feet are, and will probably remain of such rarity as Lo te more
approbriately*aGGOMMOdated as exceptional movements, routed in
avoidance of limiting bridge clearances,

In contrast with these limits, which ghould be regarded as
permanently fixed, the limits of width, length and group*éxle loading
-should be viewed as éubject to possible increase in response to
 denonatrated nced.

e 96-inch limit of width is generally essential now in view
of the large mileage of tho highway aystem still surfaced with pavee
ments less than 20 feet wide. As rapidly as possivle the lane width
of road surfaces shonld be increased; and, when this lmprovement has
sufficiently adﬁanced, the width limit should bs increased to 202
inches. An advisory note attached to the Associétion's recommendation

suggests this future.change, And well substantiated noeds of vehicle
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design, particularly relating to the brake efficiency of trucks and
the bedy convenlence of busses, alrgady peint to the eventual necessity.

In the length and group-axle 1imits,'and the'essontial raelation
exlsting between them aﬁd joinﬁly with the fixed axle-load limit, '
there 1s the greatost potenti#l of chénge congistent with future'trans—
port necessities, |

The.langth limits, as recommended for the several classes of
vehicloé, have in one respect a reasonable consigteney. :Accepting,
as a base, the 35-foot length of single trucks, this length deter-
‘ﬁihes cerfain moasures of off-tracking of the rear from the front
WHéels on CU'vVes. IThese measures ars approximated oy the similar
of f-tracking of tractorusemitrailer_cémbinations and full trailer
combinations at the recommended lengths of 50 and 60 feet, respectively,
Thié rule of-consistency, influencing the decision in respeet to the
éombin&tioa lengths in sﬁch way as to make eguszl demand with single
trucks for pavement width on curves, will have less weight in the
pfesancé of tha cortainly widér paveménts of the futvre, The road-
width restriction removed, the‘gréater of f-tracking of longer trailer
comblnations will losc much of its force as a determinant of Teason~
able vehicle length, Theilimitations impoged by turning spaece avail-
’able at ciby strect intsréections will be the last to yiéld to any
demonstrated neod of greater length, | |

dxtonsion of the length limit must also take account of any-
groater difficuliy that may be entailed thereby in the accomplishment

of the passing maneuver. Increasing the longth of vehicles tends to -
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- increase the time required for other vehicles to pass them, and
correspondingly to increase the length of the opposing traffic laneg,
on two-lane roads, occupied by the passing vehicle. It does not
appear,-however, that these consequences will be of rmch moment within
the rangs of any probable exiensibn of combination-vehicle }ength.

Under conditions where variation of length alone might be
expected to éffect the difficulty of passing subject vehicles, obser-
vations by the Public Roads Administration show, on the average,
almost the same numbers of vehicles trailing, in the same time interw
vals, behind short as long vehicles, within the range of vehicle
.lengthgavailable for observation, Results of observations of this
sort on a section of levei,‘20~foot pavement of unreétricted sight
distance, near Bakérsfield,‘California are given in tablc 1., These
observations indicate that within the range covered by the most
liberal of present laws, vehicle length, per se, may have practically
- no offect upon the difficulty of passing. |
Table l.~ Vehicle queues formed behind véhicles of

“various wheel~base length on a level section

of 20-foot pavement of unrestricted sight
distance, near Bakersfield, Celifornia

: Average Average number of vehicles

Subjeot | No. of | pnoel | Speed trailing within Average

W;ggiciz Subﬂ20t base |subject| 5 10 15 | 20 | traffic
(AESL=BASC | Vel ighybhject [vehicle : 8eCe volume

group cles vehicle 18 {seconds |seconds |seconds [seconds VO-

- feet feet - |mi.p.h. _ veh.p.h.
Over 50.0 22 53.1 37.8 1,0 1.4 1.9 2.3 478 '
40.0 - 9,9 57 [ 45.9 | 37.5 .9 1.5 2.0 2.4 4
30‘0 - 39.9 51 344»4— . 39-0 1|O lo5 2.1 2.5 11199
20.0 =~ 29,9] 50 | 27.5 | 37.8 .8 1.2 1.7 | 2.1 485
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" Longer gueues that presumebly may be formed behind the longer
“vehicles on gradés in the presence of short sighf'distance are
‘probably attributable te the weight rather £han the length of the
vehicies,_an& with more reason to the associated'inadequacies of vehicle
power and rocad sight,distance rather than to vehicle weight. Apprb-
priate vehicle power as a concomitant of vehicle size and welght is a
condition that perfEGted law and practice of the future must assure;
and short sight distance is a seriocus fawlt of existing highways that
-must and Wlll be remedled whether vehicles be long or short, heavy
ar llght.

The possible objections to moderate increase of length being éf
little force and doubtful validity, against them there are strongk
‘Teasons arguing the necegsity of incfeage of length.as é éondition
precedant to substantial increase of gross vehicle weight. Here, it
seems o me, the interests of road and bridge protection'on the one
hand and efficient vehleular operation on the other run in common,
though thgre are probably both highway officisls and vehicle eperators
who do not agree that this is true. | |

By every test of highway administrative éxperience axle loadw-
1ng above 18,000 pounds is suspect as a csuse of observed damage of
the highway system ag it now exists, To strengthen the entlre'hlghu 
way system ig a tesk requiring decades. Vehicle gross weight and pay
load can be safely increased, howevar, without waiting for, or requir-
ing highways to be made stronger, by adding axlos loaded within the

18,000~pound limit. Adding axles reguires spacev-vehicle-lehgth—-
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in which to add them. The same addition of length that conservatively
distributés vehicle load to wheels in contact with the highway also
distribqtés the load in reasomable relation to desirable conditions of
vohiele design. And, finally, the same addition of length and axies
that is necessary to'distribute loads borne by the highway and the
vehicle, is imperative in a definite measure for the protection of
existing bridges; and in some measure is involved as an essential con-
_ dition for the design of new‘bridgesrof any strength,

The group axle loads and correspording axle spacings recom-
mended by the American Association of State Highway Officials are
predicated upon the safe working capacity of H-15 bridgeg. Bridges
of this, the predominant.existing design standard, will support with
equal safety, heavier vehicles of appropriately ingreased length and
axle spasing, Théy will support without failure, but with reduced
margin of éafety, heavier vehicles of the same lengths and axle
spacings. But only by the adopfioﬁ of a stronger standard of bridge
design can the factor of bridge safety contemplated in the Associa-
tion‘s'récommendatiOns be preserved in the presence-of heavier group
axle loads within the same axle spacings and limits of length, Bridge
design praétice is now trending in this direction, as iﬁdicated_by
the iIncreasing adoption of H-20 and H-ZO‘S—lé design ioading for.

bridges on the Federal-aid and State highway systems.
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Vehiele weighings, the country over, show from year to yeﬁr a
persistent, indeea'an'increasing tendency toward heavief gross vehicle
1 welght in the vehicles weighed, Whether this tendency accords with &
sound overall econoﬁy of highway transpbrtation remaing t§ be dete;mined,
and is the objective of the economic studiés in progress. However the
ansﬁer to this question may turn, it might be possible, without further
investigation, to conclude that the least expansivé of threé¢ possible
solutipns of the_problem presented by the tendency towarﬁ heavier gross
vehicle welght, all costs considered, would ko to distribute these heavier
total Weiéh$8 in accordsnee with the axle load and spacing limits recom-
meﬁded By the Association~§f Highway‘ﬂfficials tat within greater limits.
of length, Next, in point of expense would be to follow the longth as
well as the axle loaé ana-spacing rééommendaiions of the Associstion and
. provide fof a gcnerél strengtheniﬁg of bridges. The most expensive course
wqﬁld be t§ encourage or pernit the heavier grbss weights to be reflected
in heavier axle loads, daﬁaging to nearly all existing road surfaces and
requiring greater strength in all surfaces of future construction,

| Uﬁfortunately, it is precisely this most expansive cvolution

thgt is permitted--no, not permitted only, rather encouraged=~by many
of the features of cxisting Stéte regulatory laws and many of the changés
inaﬂvisadly made in ﬁhesé laws from time to tinca. -

Any law that provides either no limit or & high limit of axle
-lood in thelpresence of'gross weight limits unrelated to vehicle length
and axlé loading and spacing, has this effect., A law limiting gross
'.vehicle weight in megnitudes defined only by classes of vehicles, my

hava the same effect, even if it moderately limits axle leoads,
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'Much of the tinkering that is dome by legislatures from time to
tire, resultlng in changes of one or more llmits of the regulatory law
without correspondiag appropriate chonge of o+her limits nay have a
like effect.

To illustrate how the character of regulatory law may encourége'
a developmént of practice in vehicle loading that maj be easily accommodated
~ in highway provision in one instance and very burdensome in another, table 2
presents a comparison of the kind of operation that has develOPed in New
JerseyAand Galifornia, two Statés with quite different regulatory laws,

‘ag shown by the weighing of vehicloes regularly conducted in each Stato.

Table 2.~ Averages of axle loads and gross;vehicle.weights
of loaded heavy vehicles weighed in New‘Jérsey
and California during 1947
New Jersey  California

- Average gross weight of all loadéd;vehicles, 1bs, 45,513 54,075

, Average number of axles per loaded vehicle ' 2.94 477
Average axle load of all loaded vehiclesy lbs, 15,482 11,347

T is apparent that in California, wheré the law prescribes an
axle load limit of 18 000 pounds, a maximum gross vehicle weight of
'76,800_p0unds and a max1mum length of 0 feet, the average gross weight
©of vehicles in use is greater, as dasiréd by ﬁehicle operators, while
the average number of axles is greater and évarage axle load less,

as desired by road and bridge desigﬁérs, than in New Jersey where the
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law prescribes no limit of éxle ioad, a maximum gross veﬁicle weight

of 60,000 pounds, and & maximm length of 50 feet. The heaviest

vehicles weighed in the two States were of almost equal gross weight,

above 90,000 pounds, But, included among the axle loads in New Jersey

' WEbermany above 30,000 and one above 40,000 pounds, whereas in California, .
law violating axle loads werc mostly undgr 20-thousand and none.over

30 thousand pounds, In New Jersey, axle loads over 20 thousand pounds

were 8.6 percent ¢f those WElgh@d in Callfornla the correspondlng
percentage was Od3s

"~ The Galiforﬁia law cloéely abpréximates the racommendations bf
the American-Assqqiation of State Highway foiciais. The New Jersey
law, undoubtedly the couhtryts worst, is farﬁhesﬁ'in principle and in
its specific provisions from the Association's proﬁosals. A highly
satisfactory vehicle operéting practice is in acfual effect in
‘California. Iﬁ New Jeréey, vehicle operators insist that their
bu31ness Would be jeopardized by a change in the law that would require
them to conform with what is the established Gallfornla practice,

' Pending the more_exact evaluation of the fundamental economics
of motor vehicle size and weight now in.progress,_the recommendations
of the American Association of State Highway Officials constitute the'
best guide to an improved adjustment of State regulatory laws to the
presentfréquirements of vehicie operation and the necessiﬁies of a

cotiservative highway policy. ILaws mads to conform to these recommendations
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have a basic design consigtent with principles'inherept in the economy
of highway transportation., As more precise economic study points the
way, they may be altered, probably liberalized, in some of their
speeiflc pr0V1SlOnS.

In“thls sense thé Asséciatibn‘s recommendations.have'beéﬁ gaid
40 estéblish a floor level of vehicle fegula#ion. Vehicle opsrators,
as ropresented through their industry organizations, proclaim their
acquiescence in the floor level, and immediately reach for a ceiling of
unpred ictable hoight.

The public response to operators! démands_will be, I‘hope, that
it is better first to establish.a reaéonably stable base at the floor
and to erect a more towering strﬁcture of vehicle size and weight limita~
tion only as sound ﬁlans are developed as a ﬁesult of further study. |

The further study in progress ﬁndér the auspices of thelHighway_
‘Research board-fortuﬁatelﬁ enjoyssthe Blessing of highway and automoﬁive

_ eﬁgineérs,.publié highwa& authorities, vehicle.manufaCturers and both

'

truok and bus operators,

In a first phase, completed last eutumn, the direct operatlng
costs of fuel and time were determined for vehic}es of a range of gross
weight from 20 to 140 thousand pounds. For seven vehicles of représentau
tive weights.between these limits the direct costs of operation over the
rPennsylvania Turnpike and an equal 1enéth of U.8. Rputés 11 and 30 were_.
méasuréd‘ The test sections of the two roads comprise a widé range of
road con&ition; the vehicles ih'fhe_varipus runs were opsrated with axle 
~ loads of 14,000, 18,000 and 22,000 pounds, The seven sizes of vehiclés
were powered o pfoduce a8 hearlyVas practicable the same gross weight-

: -horsepower ratio for each.
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The observations made have furnished important basic operating
cost data for later combination with obher dsta to bs obtained in
subsequent phases of the researcﬁ simed at:

1. The determination of other elements pf operating cost

related to gross weight. | -

2, The transportational neceésities-of irdustry =znd business
for shipment of poods in payléads of various'magniﬁu&es.

3.  The probable order of frequency of need for vehicles of
'diiibrent size classes and the order of mileage of road
affected by the operation of each class,

4.. An experimental and statistical determination of the
charscter and cost of road prdvisioﬁ for traffie
Anvoelving representative frequencics of the vafious
weight classes up to each clase as a maximum.

5. Ard, finally, the combinétion of vehicle operating and
road costs, determined in relation to sach size of
vehicle, in such manner as to determine the vehicle
weight or size-class'corresponding to the lowest
‘comblaed costé of vehicle and road per wit of gross
weight end payload moved. |

" The highway éxperimenta, coﬁstiﬁuting one of the phases, are likely
to attract widespread attenﬁion as ong of the maost elaberdte, largelj

'conCeived, and searchingly detailed of highway rescarches. .They will



- 17 ~

have tq'be ali of this to develop the many facts Sfrroadhvehicle
relationship that are needed for the desired answer. Some of thesel
facts are as yet not eveﬁ apﬁroximately determined, which accounts
for the uneertainty and doubt of practical decisions affecting the -
size and weight of motor wehicles, _

When these uncertainties and doubts have been removed by the
projected reéearch, and not bkefore, there will be a guide to sound
regalation of vehicle size and weight bstter than that which is now
available in the recommendations of the American Association of State
Highvay O0fficials, and providing better than the Association's
recommendations a guide to the determinetion of future road and bﬁidge

design standards.



