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This study serves two ob jec t ives :  (1 ) a wide range o f  data a re  provided an t r u c k  
use o f  t he  highways and (2) the  annual t r u c k  weighing operat ion i s  evaluated from 
the  v iewpoint  o f  t he  q u a l i t y  and ex tent  o f  t h e  t r u c k  count and weight in format ion.  
For the  Other FA pr imary r u r a l  highway system, 2-axle, panel and p ickup t rucks  
account f o r  51 percent  o f  t h e  t r u c k  t r a f f i c ,  2-axle, 6 - t i r e  t rucks  14 percent  and 
5-axle t r a c t o r  s e m i t r a i l e r  combinations 20 percent. On the  I n t e r s t a t e  r u r a l  
highway system, the  heavier  t rucks  have a h igher percentage than 2-axle t rucks.  A 
t rend analysis, 1966 t o  1972, i nd i ca tes  t h a t  w i t h  1 i t t l e  except ion there  was no 
marked change i n  t r u c k  percentage o f  t o t a l  t r a f f i c  nor i n  the  average gross o r  a x l e  
weights. The 5-axle t r a c t o r  s e m i t r a i l e r  combination increased I n  use and i n  loading.  
There i s  a marked t rend t o  d iese l  f u e l  f o r  combinations and 3-axle s i n g l e  u n i t  t rucks  
Between 64 and 98 percent of t he  combination veh ic les  use d iese l  fuel.  

Recommendations are  inc luded f o r  improving truck weighing procedures and a p p l i c a t i o n  
o f  t h e  t r u c k  volume and weight data. 
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PREFACE 

The contents of t h i s  r e p o r t  were the  r e s u l t s  o f  a  s t a f f  study, "Truck 
C l a s s i f i c a t i o n  and Weight Analys is  ,"undertaken by the O f f i c e  o f  Research 
t o  determine and evaluate t r u c k  c h a r a c t e r i s t i c s  -- usage and t rends f o r  
var ious t r u c k  types and highway systems. 

The bas ic  data were supp l ied  by FHWA's Off ice  o f  Plannin? as repor ted  i n  
t he  1971 annual t r a f f i c  c l a s s i f i c a t i o n  count and weighing o f  t rucks  a t  
roadside s ta t i ons .  The s t a t i s t i c a l  ana lys is  was performed by Mrs. Phebe 
D. Howell and M r .  Perry M. Kent. Through h i s  f a m i l i a r i t y  w i t h  the  study 
and h i s  expe r t i se  i n  t he  sub jec t  area, M r .  Robley Winfrey prov ided an 
o b j e c t i v e  eva lua t i on  o f  t h i s  ana lys is ,  described the  assembly of informa- 
t i o n  inc luded i n  the  repor t ,  d e t a i l e d  the  uses which t h e  i n fo rma t ion  w i l l  
serve, and recommendations f o r  improving t ruck  weighing procedures and 
a p p l i c a t i o n  o f  t he  t r u c k  volume and weight data. 
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INTRODUCTION 
' I 

Officials in charge of public highway systems are responsible 
to design, maintain, and operate their highway systems such that 
highway transportation is safe, economical (consistent with the 
degree of quality of transportation desired), direct, and convenient. 
In striving to reach these objectives, the authorities concerned 
mst be fully informed about the characteristics of the vehicles 
that use their highways. These characteristics include such items 
as performance on the highway (frequency of trips md speed m d  
rate of change in speed), maximum and minimum capabilities, dimensions 
(length, width, and height), weights (axle and gross), and the 
trends in these characteristics. Rates of fuel consunrption, empty 
weight, and total gross weight capacity are factors important to 
setting tax rates and license fees. These characteristics of 
vehicles are obtained by observing traffic , weighing vehicles at 
roadside stations, reviewing manufacturer's specifications, and 
conducting laboratory anit field tests . 

Highway authorities, as such, usually have no control over the 
characteristics of vehicles that use public highways. But such 
control is accomplished by legislation by the appropriate authorities. 
Highway authorities may or may not be assigned the responsibility to 
enforce the legal provisions affecting the use of highways and the 
characteristics of the vehicles that use public highways, This 
enforcement is most frequently assigned to police departments at the 
several levels of government or to a nlotor vehicle department. 

The legal restrictions, aff ecting the use of vehicles on public 
highways are generally in the areas of vehicle weight, vehicle 
dimensions, vehicle speed, and vehicle design and equipment related 
to traffic safety and performance on the highway, Noise generation 
and air pollution are also covered in legal provisions. 

Starting in 1935, the State highway departments began a yearly 
systematic procedure of weighing commercial vehicles at roadside 
stations, movable or permanent, as a part of the then inaugurated 
State-wide highway planning surveys. In addition to axle weights 
and gross weights, these operations include traffic and vehicle 
classification counting d, in certain years or circumstances, the 
measuring of specified dimensions of the vehicles, particularly the 
length and spacing between axles. The csmmodity carried and origin 
and destination of trip may be obtained at the time of certain weigh- 
Ings. Another item sometimes obtained is whether the vehicle was 
operating under pr~visiqns of law for common carrier, contract 
carrier, agricultural exempt carrier, or as a private carrier. 

1 



Thus, in a single year, the individual State, and collectively 
the nation, has available a collection of information on trucking 
practice and truck use of the highway systems. This infonation is 
used by State and federal authorities in different ways and to 
different extents, from but little use to near maximum application. 

A hoped-for result of this publication is a wider and more 
intense use of the truck data. Further, there should result improve- 
ments in the technique of weighing, in the quplity of information re- 
corded, and in presentation of the informatiop. 

I 

A highway department cannot control the qmber, type and 
performance of vehicles using a highway syst*, but the vehicle it- 
self and its use on the highway are controllep to sane extent by law 
with reference to dimensions, axle weight andgross weight, and 
safety items with respect to tires, brakes, mechanical condition, 
lighting, and hauling of dangerous chemicals +nd explosives. However, 
the highway department must design highway's that are suitable for use 
by those vehicles that are legal in design and performance character- 
istics and that are used legally. For this basic reason, highway 
departments need to have full knowledge about the vehicles using the 
highway systems. Full information includes the many specific facts 
gathered in the annual truck weighings at the roadside. 

Highways, including pavements and structhres , are long- lasting in i 

1 
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use, Therefore, long-range forecasting of th trends in vehicle 
characteristics and their use of the highways is an important device i 

used by highway managements. The annual weig ing of vehicles at the i 

roadside is one of the several activities 106 bighway departments to I 
amass information needed by managements that @s to do with traffic 
forecasting and their responsibilities to provide the public with I 

efficient , economical, and safe highway sys terns. 
I 

? 

OBJECTIVES OF THIS REPORT 
i 

From about 1935 when the roadside weighing of motor vehicles was 
started as a phase of the State-wide highway planning studies, there 
has not been published one single overall source of general data on 
motor vehicle weights (gross and axle), and the frequency that each 
class of vehicle is found in the traffic streams on different highway 
systems. Among others, one of the objectives of this publication is 
to make a wide range of data on vehicle weight! and traffic classifi- 
cation available for general reference. 

Other objectives of this report include the following: 

1. To evaluate the results obtained by the several States as to 
their adequacy, coverage, and suitability for different uses; 
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2. To suggest changes in the overall weighing and counting 
process that should intprove the quality of the results. 
However, the actual operation procedure used at the 
roadside and the choice of instruments and equipment are 
not discussed; 

3. To indicate several applications of the truck weight data 
and the accompanying traffic classification counts ; and 

4. To provide a limited analysis of the results and of the 
time trends, mainly to illustrate how the field results 
may be used to support adequacy of the roadside weighings, 
engineering, legislative, administrative , motor vehicle 
taxation, and other management functions. 

OBJECTIVES OF THE COUNTING AND 
WEIGHING OPERATION 

1 

The roadside classification and weighing of the traffic should 
achieve the following objectives in accordance with the criteria for 
control of quality af results: 

1. Vehicle weights by highway system; 

2. Vehicle weights by type of vehicle; 

3. Percentage of vehicles over maximum legal weight and 
aao~nt af overweight in pounds; 

4. Percentage of vehicles in each class that are "empty" 
of payload; 

5. Tons of commodity hauled; and 

6. Vehicle traffic counts by type of vehicle at all weighing 
stations. 

In this tabulation of objectives at the roadside stations, the 
word "weight1' refers to both gross vehicle weight, empty and with 
payload, and to individual axle weight. Average weights and the 
percentage distribution of the individual vehicle weights are 
included in the objectives, 

An important requirement of the truck weighing and traffic 
classification is that the results should be of such extent and 
statistical quality that fully acceptable comparisons of the 
following types can be made [A) of vehicle weights by vehicle type 
and (3) classification of vehicle types in the traffic flow: 

3 
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I. Comparisons within each State by highway systems; 

2 .  Comparisons between States by vehicle type and highway 
systems; and 

3. Trends of a l l  main factors over the years. 
3 

! 
i If each State produces the quality of results that provide for  
i 
1 

adequate comparisons within a State, the data w i l l  be acceptable for  

i comparing census divisions or other regional areas and for  compiling 

I national s t a t i s t i c s  on vehicle weights and t r a f f i c  composition by 
highway systems. 

The weights of vehicles on the highway--gross weight and axle, 
or wheel weight--have been of concern t o  highway engineers and 
structural engineers,, perhaps since the beginning of the wheeled 
vehicle. Certainly, since the coming of the motor vehicle, say about 
1900, dimensions and weights of vehicles on the roads, s treets ,  and 
highways have been an ever present subject connected with highway and 
bridge design. The American highway officials  were concerned with the 
maximum legal limits of vehicle dimensions and weights as early as 
1920 (37). 

The systematic study and data collection of motor vehicle 
dimensions and weights began in 1935 with the State-Wide Highway 
Planning Surveys conducted by the States i n  cooperation with the 
Federal Highway Administration (formerly the U.S. Bureau of Public 
Roads). The weighing of vehicles a t  the roadside, particularly 
t m k s  and truck combinations, and the measuring of certain dimensions 
of the vehicles, started in  1935, have continued as an annual summer 
season activi ty each year since. 

f The general overall weighing are carried out by each State under 
1 provisions for  using Federal-aid highway funds for planning and 
I research act ivi t ies.  For the annual roadside weighing of vehicles, 

the Federal Highway Administration issues a manual (59) for  the 
routine weighing and for  any special information that is  to be 
collected a t  the same time. 

In order that the weight and other information collected by each 
State during the scheduled truck weighing can be summarized on a 
national basis, as well as compared State t o  State and region to re- 
gion, the Federal Highway Administration has prepared Instructional 
Memorandums over the years to be followed by each State. Special 
studies are prescribed for  certain years. These special studies in- 
clude such items as origin and destination, distance of t r ip ,  horse- 
power rating of the engine, etc,  

4 



Prior to  1970, each State surmnari-zed its f ie ld  data in accordance 
with instructions i n  the Federal Manual (59), and prepared a standard 
se t  of tables, available to  a l l  desiring copies. But i n  1970, the 
procedure was changed to  require that  the States submit t o  the 
Federal Highway Administration a t  Washington, D. C. , computer cards or 
tapes, The FHWA then prepares the State summaries and national 
summaries. 

There is no attempt in  th i s  report to explain the detai ls  of 
weighing vehicles a t  the roadside or how the general plan i s  la id  
out. 

In brief, the State highway departments follow a specific 
schedule each s m e r  of weighing and enumerating vehicles i n  the 
t ra f f ic  stream. Weighing is usually conducted on the rural and urban 
portion of the Interstate, other FA primary and FA secondary systems, 
though not to  the same extent on a l l  systems. Essentially, every 
State weighs each year, but not every State has stations on every 
system. Weighing is done i n  two general ways. Permanently installed 
ful l-size weighing equipment constructed on turnouts from the main 
roadway are  often used on main highways. These installations have 
scales that w i l l  weigh one axle a t  a time or weigh the f u l l  vehicle 
with a l l  wheels on the scale platform. In addition to  the permanent 
weighing stations and scales, the States use portable scales .* These 
scales are used t o  weigh one wheel a t  a time. By using two scales 
simultaneously, both wheels (ends) of an axle can be weighed a t  the 
same time. When an axle carries dual t i r e s  a t  each end, both wheels 
on an end are weighed together as one wheel. With attention t o  the 
usual requirements of safety, access, and levelness, these portable 
scales may be used a t  most any location. In actual installations, 
they are se t  down into the wheel tracks so that  the scale platform is 
level with the roadway surface, or ramps are used t o  elevate the 
wheels t o  the height of the scale platform. 

The permanent scale-weighing installations are also used fo r  
weight-enforcement weighing a t  times not used for the planning-survey 
weighing. During the planning survey weighings the legal limits are 
not enforced in  most States, because of the objectives of getting 
representative weights of the f u l l  t r a f f ic  stream under normal flow. 
Enforcement weighing i.s seldom performed a t  a station on a 24-hour 
basis because, when continued more than 2 t o  3 hours a t  a station, the 
trucks exceeding legal limits tend to  reroute to  avoid being weighed. 

* The name LOAD0MEI"I'R is often used to  refer t o  portable scales for 
use on wayside weighings of vehicles, but such name i s  a trade 
riame, not a conmorn name. 



A third scheme for weighing motor vehicles on the roadway is 
"weighing in motion." This scheme uses electronic devices and special 
weight detecting instruments that weigh the truck axles as they pass 
over the detector. Weighing vehicles in motion (29, 30) has mimy 
advantages over stopping the vehicles for weighing, but the desired 
level of accuracy has not been fully reached. However, the process 
is still in the testing and development stage. The equipment can be 
installed in the pavement surface on m y  highway in the normal traffic 
lanes, and for short the periods a surface detector may be used. 
Obviously, weighing in motion does not give opportunity to collect 
dimension, origin, destination, type of cargo, and so forth. 

The distribution and average weight of vehicles and axles in the 
Appendix tables and as discussed in this report on tmck weights are 
based upon the number of vehicles weighed, regardless of the nunber 

I 
i 

of hours or days that the weighing took place. Further, some weighings 
i xnay include only part of the number of vehicles passing the weighing 
i 
1 

station in a given hour for reason that there were so many vehicles in 
the traffic that 100 percent weighing was not practical. The nmber 

I 

1 of vehicles weighed by type and by hour varies from a low percentage 
I 
I to 100 percent of the total. But because the visual counting and 
I 

classification of the whole traffic stream is conducted on an hourly 
I basis for a 24-hour day, the number of vehicles weighed and their 
, weights can be expanded to a full day. The actual number of vehicles 
, counted and classified are illustrated in the Appendix tables for 
I different classes of vehicles and highway systems. 
I 

1 Throughout this report, a;nd in other publications of the truck 
I 
i 

weight data, standard notation schemes are used. Of particular 
I application in this report is the use of names to refer to specific 
i highway systems and vehicle code numbers to refer to types of 
I 
I vehicles. The listing and description of the highway system as taken 
I 
I 

from tkie M u a l  (59) follow: 

Code No. System Name 
I 

01 Interstate, rural, f j-nal location 
1 

i 0 2 Interstate, urban final location 
I 03 Other FA primary, rural 

04 Other FA primary, urban 
I - 

05 FA secondary rural, State jurisdiction 
06 FA secondary urban, State jurisdiction 
0 7 FA secondary rural, local jurisdiction 

i 08 FA secondary urban, local jurisdiction 



Code No. System Name 

09 Other State highways, mral (Nan-FA) 
10 Other State highways, urban @Jon-FA) 
11 Local rural roads 
12 Local city streets 

21 Toll road on Interstate, m a 1  
22 Toll road on Interstate, urban 
29 Other State highways, rural, toll [Non-FA) 

31 Interstate, rural, present location 
3 2 Interstate, urban, present: location 
4 1 Interstate, rural, former traveled--my 
42 Interstate, urban, former traveled-way 

6 9 State highways, rural won- FA) , parkway prohibit k g  
trucks 

7 0 State highways, urban @on.- FA] , parka~ay prohibiting 
trucks 

With the expection of people-carrying vehicles designated as 
passenger cars and buses, the goods-carrying vehicles are designated 
in accordance with their axle configuration and number of vehicle 
units mking up a combination vehicle. These designations are listed 
in Table 1 and explained in Tables 2 and 3. The codes for States and 
census divisions are given in Table 4. 
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Table 1: Code numbers and identification of vehicles weighed i 

in 1971 i 

Code No. Symbol Number of Ax les and Vehicle U n i t s  
I 

061 000 Small automobiles, in-State 
062000 Small autamobiles, out-of-State 1 
071000 Standard and compact automabiles, in-State 

I 
072000 Standard and compact automobiles, out-of-State I 

I 

- .- Motorcycles and motorscooters 
- - Cmercial buses 
- - Non-revenue buses 

2P Two-axle, four-tire, panel and pickup tmcks 
2S Other two-axle, four-tire trucks 
2D Two-axle, six- tire tryck 
3A Three-axle truck (usually 10-tire) 
4A Four-axle t m k  

323000 2S3 
324000 2S4 
327000 2S2 (S) 

336000 3S6 
337000 3S2 (S) 

338000 3S3 (S) 

339000 3S4 (S) 

Five-axle truck i 
Two-axle tractor, no trailer 1 

Two-axle tractor, one-qle semitrailer 1 
Two-axle tractor, two-Wle semitrailer 

Two-axle tractor, three-axle semitrailer 
I 
i 

Two-axle tractor, four+a.xlc semitrailer i 

Two-axle tractor, two e semitrailer with F 1 
one spread tandem f 

Two-axle tractor, thr le semitrailer with i 

one spread tandem I 

Three-axle tractor, d 
i 
i 

Three-axle tractor, one-axle semitrailer I 
Three-axle tractor, twb-axle semitrailer f 
Three-axle tractor, thTee-ale semitrailer 
Three-axle tractor, foqr-axle semitrailer 
Three-axle tractor, fiqe-axle semitrailer 

Three-axle tractor, siy-axle semitrailer 
Three-axle tractor, two-axle semitrailer with 
one spread tandem 

Three-axle tractor, three-axle semitrailer with 
one spread tandem 

Three-axle tractor, axle semitrailer with 
one spread tandem 

Four-axle tractor, le semitrailer 



Table 1: Code numbers and identification of vehicles weighed 
in 1971 (continued) 

Code No. Symbol Number o f  Axles and Vehicle Units 

343000 453 Four- axle tractor, three -axle semitrailer 
i 344000 4s 4 Four-axle tractor, four-axle semitrailer 
I 353000 5S3 Five-axle tractor, three-axle semitrailer 

354000 5S4 Five-axle tractor, four-axle semitrailer 
421000 2- 1 Two-axle truck, one- axle trailer 
422000 2- 2 Two- axle truck, two-axle trailer 
423000 2- 3 Two-axle truck, three-axle trailer 
424000 2- 4 Two-axle truck, four-axle trailer 
427000 2- 2 (S) Two-axle truck, two-axle trailer with one 

spread tandem 

431000 3- 1 Three- axle truck, one-axle trailer 
432000 3- 2 Three-axle truck, two-axle trailer 
433000 3- 3 Three-axle truck, three-axle trailer 
434000 3- 4 Three-axle truck, f our-axle trailer 
437000 3- 2 (S) Three-axle truck, two-axle trailer with 

one spread tandem 

442000 4- 2 Four-axle truck, two-axle trailer 
443000 4- 3 Four-axle truck, thee-axle trailer 
444000 4- 4 Four-axle truck, four-axle trailer 
445000 4- 5 Four-axle truck, five-axle trailer 
447000 4-2(S) Four-axle truck, two-axle trailer with 

one spread tandem 

452000 5- 2 Five-axle truck, two-axle trailer 
521100 2Sl- 1 Two-axle tractor, one-axle semitrailer, 

one-axle trailer 
521200 2S1.- 2 Two-axle tractor, one-axle semitrailer, 

two-axle trailer 
521300 2S1- 3 Two-axle tractor, one-axle semitrailer, 

three-axle trailer 
522100 2S2- 1 Two-axle tractor, two-axle semitrailer, 

one-axle trailer 

522200 282- 2 Two-axle tractor, two-axle semitrailer, 
two-axle trailer 

522300 2S2- 3 Two-axle tractor, two-axle semitrailer, 
three-axle trailer 

522400 2S2-4 Two-axle tractor, two-axle semitrailer, 
four-axle trailer 

523200 2S3- 2 Two-axle tractor, three-axle sanitrailer, 
two-axle ti.ailesr 
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Table 1: Code numbers and identification of vehicles weighed 
in 1971 (continued) 

Code No. Symbol Number o f  Axles and Vehic le Units 

523400 2S3-4 Two-axle tractor, three-axle semitrailer, 
four-axle trailer 

531100 3Sl-1 Three-axle tractor, one-axle semitrailer, 
one-axle trailer 

531200 3S1-2 Three-axle tractor, one-axle semitrailer, 
two-axle trailer 

532100 3S2-1 Three-axle tractor, twc-axle semitrailer, 
one-axle trailer 

532200 3S2-2 Three-axle tractor, two-axle semitrailer, 
two- axle trailer 

532300 3S2-5 Three-axle tractor, two-axle semitrailer, 
three-axle trailer 

532400 382-4 Three-axle tractor, two-axle semitrailer, 
f our-axle trailer 

532800 3S2-3(S) Three-axle tractor, Two-axle semitrailer, 
three-axle trailer with one spread tandem 

Three-axle tractor, three-axle semitrailer, 
two-axle trailer 

Three-axle tractor, three-axle semitrailer, 
three-axle trailer 

Three-axle tractor, three-axle semitrailer, 
four-ale trailer 

Three-axle tractor, three-axle semitrailer, 
five-ale trailer 

Three-axle tractor, four-axle semitrailer, 
two-axle trailer 

'Ihree-axle tractor, four-axle semitrailer, 
three-axle trailer 

Three-axle tractor, four-axle semitrailer, 
four-axle trailer 

Two-axle truck, two-axle trailer, two-axle 
trailer 

Two-axle tmck, two-axle trailer, three-axle 
trailer 

Three-axle truck, one-axle trailer, two-axle 
trailer 







Table 3: Subcodes to table 2 

Table A Table 0 Table C Table D 
0 State registration not recorded 0 N o  trailer 1 Motorcycle 1 h s ,  intercity, commercial 
1 In-State, ai l  1 Camp trailer 2 Motorscooter 2 Bus, transit, commercial 

2 Out-of-State, a l l  2 Mobile home 3 Motorcycle or 3 Bus, sightseeing, commercial 
3 in-State, nongovernment owned 3 Cargo trailer motorscoo ter 4 Bus, commercial, other 

4 In-State, government owned 4 Boat trailer 4 Standard auto 5 Bus, commercial, any type 
5 Ou t-of-State, nongovernment owned 5 Towed equipment 5 Compact auto 6 Bus, school and nonrevenue 
6 Out-of-State, government owned 6 Towed auto 6 Small auto 7 Bus, camper 

7 Federal government owned 7 Towed truck 7 Standard and 8 Bus, al l  nonrevenue types 
8 "Slantback" compact auto 

- 9 Any or a l l  types 8 Compact and 
trailed vehicles small auto 

- . .  - 
Table G Table E Table t 

-arrangement not recorded and pickup --axle trailer 
1 Two-axl e . four-tire 1 Heavy two-axle, four-tire 2 Two-axle trailer 

2 Two-axle, six-tire 2 ~ w o ~ x l e ,  six-tire 3 Three-axle trailer 

3 Three-axle 3 Three-axle 4 Four-axle trailer 

4 Four-axles or more 4 Four-axle 5 Five-axle trailer 

5 F ive-axle 6 Six-axle trailer 

6 Six-axle 7 T wo-axle trailer with one spread tandem 

7 Seven-axle 8 Three-axle trailer with one spread tandem 

8 Eight-axles or more 9 Four-axle trailer with one spread tandem 

Table H 
0 N o  special modification 5 One trailer piggyback and one spread tandem on pavement 

1 One spread tandem on-pavement in addition to cmy in addition to any indicated by 7, 8, 9 in C3, C4, 65. 
indicated by 7, 8, 9 in C3, C4, 65. 6 One trailer piggyback and two sets of spread tandems on pave- 

2 Two spread tandemson pavement in addition to any ment in  addition to any indicated by 7, 8, 9 in C3, C4, C5. 

indicated by 7, 8, 9 in C3, C4, C5. 7 Two trailers piggyback and no spread tandems except those 

3 Three spread tandems on pavement in addition to any indicated by 7, 8, 9 in C3, C4, C5. 

indicated by 7, 8, 9 in C3, C4, C5. 8 Two trailers piggyback and one spread tandem on pavement 

4 One trailer piggyback and no spread tandems except in addition to any indicated by 7, 8, 9 in C3, C4, C5. 

those indicated by 7, 8, 9 in C3, C4, C5. 9 Two trailers piggyback and two sets of spread tandems on pave- 
ment i n  addition to any indicated by 7, 8, 9 in C3, C4, C5. 





STATE LEGAL LIMITS OF VEHICLE WEIm 

Each of the 50 States through legislation and regulation controls 
the maximum weights, dimensions, and combinations of vehicles that my 
be legally used on i ts  public highways. Perhaps no two State have 
identical laws and regulations. Differences between States in the 
axle and gross weights as found in the annual truck-weighing operation 
may result from the basic differences in legal lnaximnn weight limits. 

j But often, because of differences in  sample quality, it is difficult 
to  identify whether the weight diffdrences as found in the truck- 
weighing operations result from different legal limits or differences 
in trucking practices, State to  State. 

Table 5 sets forth the basic axle legal maximnn weights, and the 
basic gross weight legal maxinnrm. A study of this table discloses 
the variations in legal limits State to  State. As indicated in the 
headnote to the table, there are many o t h e ~  differences too detailed 
to include herein. Attention is directed t o  the fact that some of the 
legal maxinuns in Table 5 are not legal on the Interstate system. For 
instance, in Nebraska the limit of 20,000-pound single axle and the 
l i m i t  of 34,000-pound tandem axle are not applicable to  the Interstate 
system. 

In any comparison State to State or on highway systems of the 
axle and gross weights found in the truck weight studies as given in 
this report, such comparison should be referenced to the applicable 
limits, For this purpose, the original tabulation by the American 
bsociation of State Highway Off iciaJs should be used, rather than 
this abbreviated Table 5. 

THE TOTAL PROCESS OF COUNTING AND WIC;HING TRAFFIC VEliICLES 

The m u a l  truck weighings conducted by the States may be viewed 
as a field operation. But, f i r s t ,  the overall operation and guide- 
lines are prepared by the Federal Highway Administration in Washing- 
ton, D.C. The resulting manual (59) represents many years of experi- 
ence and m y  suggestions from the States. 

For the field operations in  each State, the roads4de locatians 
for the t raff ic  counting and weighing of vehicles must be selected, 
Normally, however, the roadside stations remain the same year to  year, 
with such changes as are desirable because of improvements in the 
highway systems and their character of traffic. 

A t  each roadside station the traffic i s  counted for fu l l  24-hour 
days, and, a t  the same time, the vehicles are manually identified by 
classes and types, including automobiles, motorcycles, buses and 
trucks* 
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The field operations are scheduled by the States as to months, 
days, and hours. The quality of final data is dependent upon the 
number of and location of the roadside stations utilized, the extent 
of the counting and classifying of the traffic, and the size and 
quality of the weighing sample, all as affected by the station loca- 
tion, the days of operation, and the hours of the day of weighing. 

GEOGRAPHICAL LOCATIONS OF WEIGHING STATIONS 

Because of the work time and total cost of weighing trucks at the 
roadside by the highway department and the cost to the trucking in- 
dustry in stopping vehicles to be weighed, it is desirable to hold the 
number of weighings to the minimum that will give an acceptable sanrple. 
The work "sample" can be interpreted in several ways. What is wanted 
in the end is a sample of the traffic composition and vehicle weights 
(4 other information that may be collected) , considering the par- 
ticular weighing station. But there is also the necessity of selec- 
ting a sufficient number of stations that will produce, when combined, 
an acceptable sample of the trucking characteristics on the whole of 
the system of highways under study, such as Interstate urban, Other FA 
prhnary rural, or FA secondary rural. 8s perhaps the objective may 
be to get data on trucking on all highway systems within a given geo- 
grgphical area. 

Consider first the selection of geographical locations for 
weighing stations (both temporary and permanent) on a given highway 
system. The criteria to consider include the following*: 

1. Average daily traffic volume; 

2. Percentage of trucks;  

3. Percentage of trucks of each type (by axle and wheel 
arrangement j ; 

4. Variations in the percentage of trucks carrying different 
types of commodities; 

*For requirements of a station as related to the weighing operations 
see: U.S. Department of Transportation, Federal Highway Administra- 
tion "Guide for Truck Weight Studies." Highway Planning Program 
Manual, Transmittal 107, Appendix 51, April 1971. Page 6 of 
reference 59. 



5 .  Whether there is a seasonable variation in the number of 
trucks in the ADT and whether within the season there is a 
variation in the type of commodities carried; 

6 .  Relative amount of interstate trips and intrastate trips; 

7 .  Lane use characteristics, adjacent to the station site and 
at origin and destination of the truck traffic; 

! 
8. Ease-difficulty of trucks bypassing the station to avoid 

being weighed; and , 
/ 

9. Nearby alternative routes, including toll facilities. 1 i 
In selecting roadside stations, their location and number should 

be related to their accessibility from headquarters and from each 
other and by the budget. But consideration must be weighted heavily 
or1 getting acceptable samples. Inadequate samples resulting from 
inadequate financial support of the operation is not good economy. 
The Manual (59, page 3) reads: 

"The success and value of all uses of the truck weight 
data depend on the reliability and accuracy of the data 
collected in the field. The field procedures must be 

i 
1 

directed toward reliability of data, while at the same 1 
time giving fill1 consideration to efficiency of operation 
and the safety of the traveling public and the field staff. 1 
There mst be a continuing effort to develop citizen under- 1 

r 
standing and appreciation for the State and Federal 
governments' efforts to provide more efficient and convenient 
transportation. Each of these considerations must be weighed 

I 
in selecting each station location, scheduling the work and 1 
assigning personnel. to each task, sampling from the traffic 

1 

stream, interviewing, and obtaining weights and dimensions." 1 
The following nine paragraphs present some of the considerations 

associated with the prior listed nine items affecting choice of i 

location of weighing stations: 1 
I 

1. The total traffic volume at a weighing station is important 
because, in addition to weighing trucks, the total traffic 
is counted d classified by vehicle type, It is important 
that the stations on each given highway system when combined 
give an acceptable average of the traffic counts on the 
system as a whole Tor total. vehicles and each type of truck, 
as well as for truck weights and dimensions. Low ADT and 
high AllT stations can be selected, however, as long as the 
total data are representative of the highway system for all 
stations. See page 8 of the Tvlanual (59) for suggestions 
on the number of weighing stations to operate. 



2. I t  is presumed that t m f f i c  counts and vehicle-type classi-  
fications are made on each of the highway systems a t  times 
and places other than for  the truck weight operation. Such 
data h i s h  guides as t o  the range of the percentage of 
t ra f f ic  that i s  trucks, useful in  selecting locations for  
roadside weighing of trucks. 

3. The percentage of t r u c k  that f a l l s  into each truck type 
is a factor that i s  to be observed in  selecting locations 
for  weighing vehicles. Highway routes carrying long-haul 
truck t r a f f i c  are apt to  have different distributions by 
truck types as compared to  routes carrying mostly local 
t raf f ic ,  or short-haul t r ips.  The weights and the percen- 
tage of empty trucks may also vary with truck percentage. 

4. The types of commodities carried by trucks are a function of 
the local land use, the land use a t  c i t i e s  that may be the 
origin and destination of the trucks to be weighed, and the 
land use between the weighing station md the origins and 
destinations of the trucks. These factors are most likely 
to  affect the type of truck and type of body, and, therefore, 
vehicle weight on the road. 

5. Truck t raff ic ,  as well. as passenger vehicle t ra f f ic ,  is often 
affected by the four seasons to  the extent that the number of 
trucks w i l l  vary, the type of trucks w i l l  vary, and the 
weights of the trucks w i l l  vary with the season. Much of 
the argricultural produce, generally seasonal commodities, is 
hauled by truck. Also, construction and manufacturing plant 
operations are often seasonal i n  character. 

6.  Interstate t r ips  as compared to  intrastate t r ips  by trucks in  
many locali t ies  can vary greatly i n  t ra f f ic  volume, type of 
vehicle, and commodity. A weighing station on the Other FA 
primary rural highway in  Iowa near the I l l inois  border could 
carry trucking differing widely from trucks on the Other FA 
primary rural highway attracting t r a f f i c  that is mostly 
intrastate witkin Iowa. 

7. A weighing station on, a highway near a text i le  manufacturing 
plant probably w i l l  have truck t r a f f i c  of a different 
character than w i l l  a similar weighing station near a 
television and radio cabinet manufacturing plant. Further, 
looking al l  four directions from a weighing station a t  l ikely 
origins and destinations of the t ra f f ic  may indicate features 
that are special to  that location and not typical s f  other 
parts of the highway system. 

2 1  



8. Truck drivers prefer to avoid weigh@&; stations regardless of 
whether they are being operated for enforcement o r  for  research 
only. Should an acceptable alternative route be available, 
drivers are likely to  divert away fr;om the weighing station 
soon a f te r  word of its operation is passed along. Preferred 
locations for weighing are those that cannot easily be by- 
passed by using other nearby routes. 

9. A weighing station should be selected only a f te r  determining 
that nearby highway routes w i l l  not be attracting the greater 
share of the truck t raf f ic .  Tllis cwntion i s  i n  addition to  
the one above on deliberate bypassing and pertains to  the 
preferred choice of route by the trucking industry. Gen- 
erally, an Interstate route w i l l  be chosen in preference t o  
a nonaccass-cont~-olled route, even at  some extra distance of 
travel. Toll higkmys may be chosen, also, i n  spi te  of the 
cost i f  they offer an advantage i n  time and convenience. 

The importance of selecting locations on a highway route o r  
highway system is i l lustrated by the fact  that it is a rare instance 
when truck weight data will. be applied by management or by the 
engineering staff  to the highway a t  the exact place of the weighing 
station. A l l  weighing stations should be chosen for the purpose of 
collecting data such that  i n  their  whole they reflect  the highway 
system universe fwnm which they were taken. 

There should be interdependence in selecting roadside stations 
for  the weighing of trucks and the schedule of weighing and number 
of vehicles weighed. A t  a given station, the weighing operation 
could produce a wholly acceptable s e t  of data for that station, 
but the station could be so special. that its results could unwantingly 
dis tor t  the to ta l  data for  the highway system when a l l  stations are 
combined. The f inal  t e s t  of the acceptability of the to ta l  counting 
and weighing on a given highway system is the grand to ta l  s e t  of data, 
rather than stat ion by station factors. 

The above discussion is not intended t o  be a l l  inclusive of the 
factors t o  consider i n  locating truck weighing stations on a given 
highway system, but is sufficient to  support the la ter  discussion about 
truck weight data and why the data collected needs to be examined for 
its representativeness. 

I 

TRAFFIC W L M  AND CMSIFIC4TIa COUNT I 

In order that the sample of the trucks weighed a t  the several 
roadside stations can be expanded to  a fu l l  day, week, or year, and, 
in order that the sample o f  individual-classes of trucks can be 

, 
I 
I 



expanded t o  f u l l  hours (for those instances when the hourly flow was 
too heavy t o  comt 100 percent of the vehicles) a t  a l l  weighing 
s t a t  ions, 24-hour t r a f f i c  volume and vehicle classification counts 
are  taken. These manual counts (59, pages lO,l4-15) are taken for 
the f u l l  24-hour day, and include the hours that the weighing operation 
is conducted, whether for  4-hours, 8-hours or the f u l l  24-hours. 
Additional counts may be taken on other days. 

Expansion of the weights of the vehicles weighed during periods 
less than a day is directly based upon the to ta l  24-hour count and 
classification on the assumption that the weight distribution , in- 
cluding the empty/loaded rat io,  is tlxe sane for  the hours weighed as  
it is for  the hours not weighed. On an overall wide range of appli- 
cation, th i s  assumption may introduce no significant .errors, but in 
many specific applications the error may be significant. To t e s t  the 
validity of the assumption, 24- hour weighing operations are made and 
compared t o  the results from weighings for less than a 24-hour day. 
No general conclusion can be drawn without extensive f ie ld  data. 
Whether 24-hour weight distributions w i l l  d i f fer  from the weight 
distributions for  less than a 24-hour period depends solely upon the 
characteristics of the t raf f ic .  As  seen from the previous discussion 
and the factors that cause t r a f f i c  classifications to  d i f fer  location 
to  location, and the factors that cause weights t o  d i f fer  day to  day 
and hour t o  hour, it must be concluded that for every specific 
counting and weighing operation the results may vary from the result  
for a f u l l  day or f u l l  week by a considerable percentage. 

SELECTION OF THE HOURS PER DAY FOR WEIGHING 

Selection of locations of weighing stations i s  for  the purpose 
of getting data represenS,ative of each highway system, but of equal 
importance is the selectisn of the days of the week and hours of the 
day during which weighing is to  be done. A further important factor 
is  the sampling of the tt-affic stream during the hours of weighing 
Sampling the t ra f f ic  flow is necessitated by reason that when flow is 
heavy, not a11 trucks can be weighed, so  the excess is  passed through 
without weighing. But since a l l  types of trucks do not flow in  the 
t ra f f ic  stream a t  equal percentages, or  equal numbers, the general 
practice is  t o  pass th~ough without weighing part of those types that  
flow in  high numbers, and weigh a l l  or a t  least  a higher percentage 
of the types that  flow in  the lower volumes. This sampling technique 
applies to a l l  days and a l l  hours of weighing, and i s  supported by 
taking a f u l l  classification count of the entire t r a f f i c  by vehicle 
type for f u l l  24-hour periods as discussed. 

I-t has long been known that the f l o w  of vehicular t ra f f ic  is a 
variable hour to  hour, day to  day, and season to season. But accept- 
able estimates of to ta l  volume can be obtained for  .planning, design, 



and administrative uses, by controlled sampling of hours of the day, 
days of the week, and seasons of the year. The best controls for 
design of the traffic counting schedule are obtained from permanent 
recorder stations that record the traffic for each hour of the year, 
supplemented by visual class if icatisns by vehicle type. 

For truck counting, weighing, md classification, however, 
additional variables are introduced--different types of trmcks and 
their weight vary with volume of traffic over the hours, days, and 1 I 
seasons. I 

I 
I 
I 

The Manual (59, page 10) says but little about selecting the I 

hours of weighing and days of weighing. The cwlete statement is: I 
1 

"...minimum needs require that weight stations be operated 
one &hour weekday period each year, between late spring and. 
early fall. Where this minimum coverage is used, the 8-hour 
period selected should incl-ude the morning peak at some 
stations and the afternoon peak at others. Hours of opera- 
tion (but not necessarily days of the week) should correspond 
with the liours of operation for the same station on previous 
surveys to the extent feasible. When a new station is to 
replace an existing station, it is desirable ta operate both 
the new and old station during the year of transition to 
maintain continuity of the trend." 

The emphasis here is on the continuity of the the trend rather 
than on getting a good count for the system as a whole, Considering 
the variability of the truck classification counts, number of classes 
of vehicles and their weights, it is doubtful that any time trend 
could be reliably indicated with such few and short time weighings. 
Some stations, however, are operated for longer than the 8-hour 
minimum. 

The factors of truck traffic that are important in setting the 
weighing schedule include the following: 

1. Traffic volume; 

2. Daily and hourly variations in volume flow; 

3. Daily and hourly variation in flow of each type of vehicle; 

4. Land use at the origins and destinations of the truck i 

traffic, considering both local aslf faraway areas; X 

5. Hours of the day that 
respect to those that 
ing stations; 

business and industry operate with I 

are served by trucks passing the weigh- , 
t 
i 
t 



6. Seasonal efsects on trucking--type of vehicle, types of 
commodities, and loading practices; and 

7. Ratio of empty vehicles to  loaded vehicles, 

The truck volume is an important factor in selecting the weighing 
schedule by days and hours of the day. With heavy truck flow per hour, 
not a l l  trucks can be weighed, but with l ight  hours of flow, perhaps 
a l l  trucks can be weighed. The heavier volumes of trucks as a whole 
w i l l  carry greater numbers of the local vehicles, particularly of the 
l ight  cornnercial delivery trucks of two axles. These classes of 
vehicles are also largely controlled by the business hours of local 
re ta i l ,  wholesale, and service companies. On the other hand, the 
tractor semitrailer combination vehicles may flow at about the same 
number per hour for the f u l l  24-hour day. Many f u l l  24-hour classi-  
fication counts disclose th i s  pattern. The construction trucks, those 
hauling construction materials and earth excavations, w i l l  normally L 

operate only during the construction day. In large urban areas, 
however, the hauling to the construction s i t e  may take place a t  night 
to avoid the daytime heavy t raff ic .  

A characteristic of intercity line-haul operations is that loaded 
vehicles may move out from the industrial areas in  the evening t o  
reach destinations before business hours the next morning. They may 
return during the day, but empty of load. Truck weight data are often 
weak on the number of empty vehicles and their  weight, because empty 
trucks can be determined t o  be empty only when they are stopped. 
Traffic volume counts can determine the number of vehicles of each 
class and type that flow each hour, but cannot determine the number of 
empty and loaded trucks, Therefore, unless the hours of weighing cover 
proportionally equal use of empty and loaded vehicles, the data w i l l  be 
incorrect in  th is  respect. A t  many weighing stations the ra t io  of 
empty trucks to  trucks with loads varies hour to  hour, even for  the same 
type of vehicle, so that the selection of the hour periods of operation 
of the weighing station is important from this  factor, as well as from 
others. 

\ 

REPRESWATIVENESS AND CRITERIA FOR STAT1 ST1 GAL QUAE I TY 

An examination of the overall plan of and the operation of the 
phases of the truck weighing process discloses that,  s t a t i s t i ca l ly ,  the 
results are not a random sample from the universe. Therefore, the 
resulting t ra f f ic  volume counts, nmber of empty and loaded vehicles, 
average axle and gross weights, ancl weight distributions do not f i t  
nicely into s ta t i s t i ca l  analyses procedures designed for random sampling 
and normal distributions. The next three sections discuss'the overall 
truck weighing process from the viewpoint of the quality of results  
desired and as obtained. 
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CRITERIA FOR QWITY OF FIELD- 
COLLECTED WEIGHT DATA 

I Even if there were adequate financing to support roadside weighing 
i of motor vehicles on a year-round basis for every route section of a 1 

highway system, such operation should not be carried out, for the reason , 
that it would be unreasonable and unnecessary interference with the 
traffic. Acceptable results can be obtained by applying statistical 
science to sampling. It is appropriate then to list some of the criteria s 

that could be used in setting scope and quality limits to the truck- 1 
weighing studies. i 

i 
1 

The variability over time of the traffic volume flow, its mix of I 
i the several classes and types of vehicles including truck body types, 
I 

the classes of commodity hauled arid their amaunts (cubic feet and I 

weight) together with the uses to which the weight data will be put, j 

all point to the fact that such data cannot be precise without 
totally unreasonable high expense in gatherink the data, Even if 
preciseness were achieved, it would have to bt$ for a specific place, 1 

a specific set of conditions, and for a specific time. These 
f 

i 

characteristics of the traffic, then, indicate that the roadside 
weighing results are acceptable if they meet that statistical quality 
wherein the mean gross vehicle weight and axle weight meet the 
standards of confidence levels and variance acceptable for the main 
use of the weight data. 

i I 
! 

The distribution of the gross vehicle weight and axle weights is 1 
also an important factor to control. For an vlysis of the frequency 
percentages in 1,000-pound weight intervals the two ends of the 

I 
frequency curves should be specifically located to within the 

I 
acceptable range. These frequency curves are usually nonsy~3lmetrical 1 
and gross weight curves of empty and loaded vehicles combined may be 
bimodal. 

i 
The truck weight data collected by each State should be of such 

quality that it could be used internally with the same confidence that 

I 
might be attached to it on a regional or national basis when data were 
combined for many States, In other words, the uses of the truck weight 
data cover four geographical applications: (A) highway route within 
a State; (B) a highway system within a State; (C) a regional area such 

I I 
as a national census division; and (D) the nation as a whole. 1 

k 
For those vehicle types of low count in the traffic stream, a 

decision needs to be made in each case whether to prolong the operation 
of a weighing station in order to weigh a suzficient number to meet 
the quality standard. When the type of vehicle is well established 
in the industry (for instance, the 230), then an adequate number should f 

E be weighed. The unusual or infrequent types (two front axles or four t 
close-coupled rear axles) should 'be weighed only as encounted in the . i 

i 



normal weighing schedule. But newer types that  are growing in  uses 
(double cargo units or t r ip le  cargo units) should be weighed suff i- 
ciently to  meet the general standards for sample quality, 

Because of the complex factors involved in  planning and conducting 
a truck-weighing operation, perhaps there is not a wholly' satisfactory 
process of getting the work acccnrrplished with a high s ta t i s t i ca l  quality. 
Compromise then is the rule. The following factors are the main ones 
that  enter into the compromise: 

1. Direct financial cost to  the State highway department; 

2. Delay, and resulting expense, to  the trucking industry; 

3. Organizing and training a f ie ld  crew; 

4, Traffic hazards and police supervision; 

5 .  Quality of results - -range of probable errors acceptable; 

6 .  Unevenness of flow during the day of each type of vehicle; 

7. Bypassing part of the flow of the vehicle types easily 
over-sampled in  number and weighing longer hours to  get an 
adequate sample of the vehicle types of low volume flow; and 

8. Limitations on selecting a random or  scientif ical ly designed 
sample of the weighing stations and of the vehicle types a t  
the station. 

Considering each State as its own population universe, there are 
four factors that must be studied in  the planning of a weighing 
operation designed to produce the minimum acceptable quality of 
results. These four factors are (A) selecting locations for  weighing 
operations on each highway system, (B) selecting the hours of the day, 
days of the week, and months of the year for  operations, (C) setting 
the schedule i n  number of times the weighing should take place a t  
each station, and (D) selecting the minimum nunber of vehicles to  be 
weighed of each type i n  the t raf f ic .  

Making the decisions indicated in  the above l i s t ing requires 
attention to  the following characteristics of truck t ra f f ic  flow that 
affects the quality of the weight data by type of vehicle. 

A. Variables in  the highway system and its roadsides: 

1. Mix of t ra f f ic  between interstate, intrastate, and local 
t r ips;  



2. Location of industrial and c m e r c i a l  plants that affect 
t ra f f ic  a t  weighing stations; 

I 

3. Hours and days of operation affect i  g industrial and 
commercial plants ; Ii i 

I 
4. Seasonal act ivi t ies,  and their  typed, that affect t ra f f ic  

a t  thei r  roadsides; 

Note: The industrial and seasonal factors i n  influence may not a l l  
be near t o  the stat ion , on the same route, or on the same system; 
some effects can come from 300 miles away. 

5. Local activity, such as construction and harvesting of crops ; f 

I 

6 .  The existing and relatively stable culture and its act iv i t ies  
i n  the area of the weighing station; and 

7. The degree that the results when merged with results  from other 
weighing systems w i l l  produce overall results within the c r i -  
t e r ia  adopted for  control of quality. 

B. Clock and day of week timing sf the weighing: 

1. Work shi f ts  of industry and trucking policy--out fu l ly  
loaded in the evening and back empty i n  the morning; 

2.  Local delivery hauling and service trips--out loaded in  
the morning and back l a t e  afternoon empty, or nearly so; 

3. Pickup and delivery services; 

4. Hauling of liquids, live stock, construction materials, 
agricultural produces; a d  

5. Local and long-distance hauling. 

The above two sets  of itemizations disclose the probability that  
both the geographical location of the weighing stations on a given 
highway system and the days and hours that  the weighing operation is 
conducted may affect  the quality sf the results. Unfortunately, not 
enough research and analysis of available data have been conducted to  
determine the specific variations i n  vehicle weights that could be ex- 
pected with a variation i n  the factors l is ted.  The ra t io  of empty 
vehicles to  those with payload as a variable over the 24-hour day as 
well as the variation i n  the weights of the vehicles, both gross and 
axle, have not been sufficiently determined by actual roadside 
weighings . 
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When the results of weighings and payload determinations obtained 
from any 8-hours of weighings are expanded to the ful.1 traffic count 
for 24 hours, the errors introduced in the expansion remain unknown 
because of the lack of prior weighing over the full 24-hour day to use 
as a base for the expansion. 

Another problem that arises in the operation of a given station is 
caused by wide range number of vehicles by type. For instance, for the 
five-axle tractor semitrailer (code 3321, a total of 200 vehicles could 
be weighed, but for the three-axle single unit truck (code 2301, only 
15 could be weighed, Both vehicles were weighed 100 percent of their 
flow. The 332 combination could flow the whole 24-hours a day at about 
the same rate, but the 230 would most likely have no flow between 7 p.m. 
and 7 a.m. In this situation one vehicle could be over-sampled and the 
other under - sampled, 

REPRESENTATIVENESS OF TRAFFIC VOLUME 
CLASSIFICATION AND OF VEHICLE WEIGHINGS 

In order to achieve the objectives of the classification and 
weighing of trucks as stated in the introduction, the field work 

I 

I should be controlled by three factors. First, sufficient volume of 
data (vehicles counted and vehicles weighed) should be obtained in 

i order that the results will have a level of statistical quality 

/ acceptable to their uses--the size of the sample must be adequate; 
second, the data f ~ r  a highway system or for a specific code type of 

I 

I vehicle should be a37, acceptable representation of its own miverse-- 
the classification count and the weight data for a specific highway 
system should be representative of that system; and third, for 
comparisons of highway systems and for comparisons of States, the 

i data being compared should be representative of the universes being 
compared- -for instance, in comparing census divisions, all States in 

i each division shouldl be included in proportion to the actual flow of 
i vehicles in each State. The following discussions relate to this 

overall obj ective of the classification and weighing processes with 
i respect to getting data truly representative of the populations from 

which they were taken. 

Twa factors (other than safety, efficiency, and physical 
requirements) of prime importance in conducting a truck weighing 
operation at the roadside are representativeness of the (1) traffic 
volume and composition and (2) of the weight and other technical 

I 

information recorded. 

The objective is to gather traffic flow, vehicle weight, dimension, 
I and other facts that are a good representation of the universe of which 
i , they are a part. Obviously, the ultimate would be to count and to weigh 

every vehicle passing hundreds of stations on the entire system mileage 

I 
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l 

and cover every minute of time for  a year. But such extensive ! 

operations are not necessary because under well chosen and controlled i 
counting and weighing of vehicles a representative sample s e t  of data I 

can be assembled. Representativeness applies to the highway system, , 
a highway route, a route section, and a weighing station. Further, 
representativaless applies to  the time identification such as a year, 
a season, a month, a week, a day, and an hour. Selecting weighing 
stations, therefore, is dependent upon determining what is wanted. 

Countixg of t r a f f i c  and classifying by vehicle type, as  well as 
the weighing of vehicles, i s  accomplished on a sampling basis. 
Sampling is applied to locations (stations) on highway systems and 
to t d e .  Thus, on a State primary rural system of 8,000 miles, 
perhaps a t  only five to  ten spot locations w i l l  t r a f f i c  be counted 
and weighed. In a given hour of weighing not a l l  of the 332 tractor  
semitrailers (and other high volume types) i n  the t r a f f i c  stream may 
be weighed. And further, the hours of the day may have been sampled 
by weighing only four morning hours and four afternoon hours in a 
given day. Then, both counting and weighing may have been done on 
only Monday and Thursday of one week. Should the t ra f f ic  be counted, 
classified, and weighed in  to ta l  for a f u l l  24-hour day, the results 
would be 100 percent accurate for that day. But such complete data 
for  the day may not produce data that are representative for that 
station over a longer time period, and may not be representative for  
the entire route or to ta l  highway system on which the station i s  
located. 

Sampling is a useful device, but must be used with discretion and 
known s t a t i s t i c a l  probabilities of i ts  probable errors. Jus t  visual 
observation of the recordings of counts of t ra f f ic  and weights of 
vehicles a t  a few roadside stations w i l l  disclose that the samples may 
not be an acceptable representation of the t ra f f ic  a t  stations or of 
the route. 

A discussion of some of the factors to consider i n  selecting 
locations for weighing a t  the roadside and the sampling of hours and 
days w i l l  afford a foundation for  understanding the variabil i ty of the 
data recorded. 

ANALYSIS AND TESTING OF FIELD DATA FOR 
REPRESENTATIVENESS AND ACCEPTABILITY 

From the 1971 weighings by State highway departments, a few 
selections of the data are analyzed t o  show the wide variation i n  
number of vehicles counted and weighed and the comparative represen- 
tativeness of these samples. 
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I t  is important t o  assemble adequate data on both counts aml 
weights of vehicles. The end result of their  application can be no 
better than the quality of the original f ie ld  data. 

An important factor t o  keep i n  mind, though often overlooked in 
practice, is that the distribution of the gross weight and of the axle 
weight is perhaps more important than the average of the weights. mis 
is true because the equivalency factors (75, 76) for  conversion of the 
axle weight data to  equivalept 18-kip axle loadings on pavements are  
exponentials, and must be applied t o  the weight data by a series of 
weight intervals, say the axle weight distribution by 1-kip weight 
intervals. For instance, under certain conditions of design, the 
equivalence factors for  a single axle are as  follows : 18-kip axle, 
1.00; 20-kip axle, 1.58; 22-kip axle, 2.40; and for .a 24-kip axle, 
3.51. Likewise, it is the heavy axle loadings that  may produce 
overstress i n  bridges, so the axle weight distribution is highly 
important i n  both pavement and bridge structure design. The m i n g  
cost for  trucks also i s  an exponential t o  truck gross weight increase. 
For a tractor semitrailer the operating costs i n  cents per mile are 
about as follows in terms of gross weight: 40-kips, 56.11; 60-kips, 
53.30; 80-kips, 71.20; and for  100-kips, 80.18. 

Although a s e t  of weighings may produce an. acceptable average 
gross weight, or  average axle weight, the distribution of the indivi- 
dual weights, by w igh t  intervals, could be unacceptable. 

Another important factor i s  the weight and ra t io  of empty vehicles 
(vehicles without any payload cargo*) t o  those vehicles with payload 
(fully or  part ial ly loaded) . To determine the pounds of payload 
carried by a given class of vehicle, it is necessary t o  subtract the 
average empty gross weight of that vehicle type from the avmage gross 
weight of the vehicles with load. 1Vo way has yet been developed t o  
weigh the empty weight of a loaded vehicle. Average payload per 
vehicle type is determined by weighing separately vehicles empty of 
load and vehicles with load and assuming that a l l  vehicles with load . 
w i l l  have the average weight empty equal t o  that  of the weighed empty 
vehicles of their  type. Then, i n  determining the to ta l  tons of pay- 
load tmspor ted ,  the average gross weight of the vehicles weighed 
empty is subtracted from the average gross weight of the vehicles 
weighed with load. Therefore, it is important to get both pn accurate 
count of the number of empty and of loaded vehicles, as well as a 
reliable gross weight of both empty vehicles and vehicles with payload. 

* Payload is defined as the removable content, g o d s ,  i n  the vehicle 
that is being hauled to a destination, Presumably someone is pay- 
ing for i ts  haulage. Payload does not include dunnage, packing, 
tools, or  other material customarily carried i n  the truck. 
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But the number of vehicles q t y  (their counf) is determined from all I t 
vehicles weighed, not the classification 24-hour counts. In the 
weighing operation, then, it is important to stop and weigh a sufficient I 
number of every type of truck to reliably determine the percentage of % 

total vehicles by type that are empty and their gross weight distribution. i 
Perhaps the most camnon deficiency in the vehicle weight data at a 

given station or for a given highway system is failure to weigh suffi- 
cient numbers of vehicles in each category (axle configuration, empty, 
and loaded) . About one- third of combination vehicles on the highway 
are empty of payload. Therefore, the vehicles with load are two-thirds 
of total vehicles. Weighing a total of 300 tractor semitrailers, code 
322, would produce weight data on 200 loaded vehicles, but only 100 
empty vehicles, which could be too few to produce acceptable results. 
Many of the examples in the Appendix tables disclose this deficiency. 
And such conclusion was reached by Buff ington, et a1 . , as indicated 
by the following quotation (9, page SO): 

"The analysis of individual station's average vehicle and 
axle weights according to vehicle types, Load characteristics I 
and highway system indicated that such averages vary signif- 1 
icantly between stations. mch of the station to station i 

variation between these averages is 'due to the nonrepresen- 4 
tativeness of the data on an indiviqual station basis. 
'There are other station to statiqn differences not caused f 

6 
directly by the weighing schedule. /For instance, there are k- 
those due to change, which becomes quite large in the area F 
of very small samples. This is indilcated by the fact that, 1 
in most cases, the number of vehiclds (by type) weighed at k 
different stations in 1967 is too dall compared to the i: 

number of vehicles required by the dtation1s own statistics 
in order to overcome chance samplinpj errors of a given 

i 
magnitude and stated probability leqel." 1 P 

t 
Z 

The smallness of the sample can be overdome by combining the data 6 
for more than one station, or by cmbining t or three conseative 

!' years of data. But such procedure may not o ercome the lack of re- ? i- 
presentativeness of the data at a given statiion or for the highway I i 

system. Statistically, it is one thing to ddsign a total roadside + r 
weighing and counting effort for a given yea4 on the basis that each t 
station sample is to produce results that arq representative far each [ station, and quite another operation to prod e a highway system sam- 

"1$ C 
ple consolidated from several weighing statio 1 samples that is repre- 
sentative for the total highway system on whikh the individual stations 
are located. 

b 
I 1 

a 
In the editing of the data and in the Alysis of the results, it 

is often difficult to determine whether deparpures from the expected 
values are the result of: I 

i 
B 

I I i 
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3, just an unusual behavior of trucking during the hour or 
day that the weighing was done; or 

4. a real  difference in the normal characteristics a t  that 
station or that highway system as related to  other stations 
and systems. 

For these reasons, variations from prior results obtained 
elsewhere and relationships between the classes of vehicles from 
year to  year should be carefully investigated before assumed t o  be 
correct or  incorrect. For instance, reported results of weighing the 
230 truck which show that 72 percent of the trucks were empty should 
immediately sound a warning. This truck, used heavily i n  construction 
to  haul bulk materials, concrete mix, land construction materials 
operates closely to  50 percent empty. Further, i t s  use i s  more pre- 
dominant i n  urban areas than on rural highways, I t  is not a line-haul 
vehicle. 

There are differences i n  the trucking on highways with respect 
to relative numbers of the types of vehicles, weights of trucks with 
and without load, percentage empty, average weight empty, and average 
payload per vehicle. These differences a r i se  from differences i n  legal 
limits of gross and axle weights, State to State, character of the 
act iv i t ies  within States or regions with respect to types of industry 
and manufacturer, and whether agricultural i n  character and whether 
industry is centralized or  dispersed. I t  is  such factors as these that 
result  in specific differences i n  the characteristics of trucking as 
detected from analyses of the truck weight data and associated infor- 
mation. Unfortunately, so often the sampling of the truck weighing, 
the choice of location of weighing stations, and the number of trucks 
weighed does not produce a representative sample adequate i n  a l l  
respects to positively isolate the real differences in  trucking prac- 

, t ices  and i n  t r a f f i c  usage, highway system to highway system, State to  
State, and census division to  census division. I 

I 
I Several States have special provisions for trucks hauling agri- 

cultural or manufactured products produced within the State that  

I accords such trucks higher limits of weights or dimensions than i s  
generally applicable. When it is considered that  the single axle 

I 

weight with enforcement tolerance varies State to  State from 18,000 
to  24,000 pounds, and that the tandem axle limits vary from 32,000 to  
44,000 pounds, and that  legal gross vehicle weights vary from 70,000 
t o  105,500 pounds, it is readily seen that State to State there w i l l  
be differences i n  the results of truck weighings. Another significant 



difference is that only about 30 States permit double cargo units-- 
truck and full trailer, or tractor, semitrailer, and full trailer, 
as combination vehicles. 

Plotting curves of the distribution of kqty and loaded gross 
weights and axle weights is a good device to test the adequacy of a 
sarriple of roadside weighings. The usual statistical procedures and 
checks should also be applied to evaluating truck weights and other 
data for representativeness and acceptability. Once samples of large 
nmbers known to be adequate in size have been thoroughly examined 
statistically, future samples could be compared statistically and 
graphically to the characteristics of these samples proven to be 
adequate in number and in distribution of weight by weight intervals. 

COLLECTION OF INFORMATION OTHER THAN TRUCK WEIGHT, 
TRAFFIC VOLUME, AND VEHICLE CLASSIFICATION 

From year to year the general provisions for conducting the 
annual truck weighing operations include provisions for collecting 

i I 
1 

data on aspects of trucking and highway use, other than the vehicle t 
and axle weights and traffic classification of vehicles. These i 
provisions include certain specific informat ion that is collected 

E 
yearly and special operations that vary year to year, as noted in the E 
following listing: i 

A. INFORMATION THAT IS COLLECTED YEARLY 

1. Identification of automobiles as in-State or 
out-of-State registration; 

i 
2. Size of automobile--classified either as standa 1 

small ; 
I 

3. Enmeration of motorcycles and scooters (regular 
d 

I 

item since 1965) ; g 
tr 

4. Commodities carried as payload; [ 
i 

5. Maximum weight for which vehicle is licensed; g 
C 

6. Cargo body type; 1 
4 

7. Class of operation: common carrier, contract carrier, 1 
agricultural exempt carrier, private carrier; I 

8. Distance between axles; and I 
I 

h 

Engine fuel type. 



B. IWORMATION THAT IS COLLECTED ONLY I N  YEARS SPECIFIED 

1. Ocqmcy by number of persons in automobiles; 

2. Whether front axle tires were recapped; 

3. Horsepower of engine; 

4. Distance of total trip; 

5. Origin and destination of truck by State, county, 
and city; 

6 .  Type of operation-- terminal to terminal or pick-up 
and delivery; 

7. Dimensions of vehicle, particularly width and length 
(see item A-8 for axle spacing) ; 

8. Specific information on vehicles that exceed the State 
legal limits of axle and gross weight, such as axle 
spacing, vehicle width, type of body, comnodity carried; 
and 

9 ,  Trip characteristics with reference to chain of 
production and distribution of commodities - -raw 
materials going to plant, .partially finished goods 
going for further processing, manufactured items going 
to factories and assemblies, manufacturer to warehouse 
or wholesaler, wholesaler to retailer, or retailer to 
consumer. 

The field information on the above items is available in the 
several States and Federal Highway Administration. No analysis of 
these subjects is included in this report, however. 

Anomg the subjects that could be considered for special studies 
in connection with the annual weighing of the vehicles are: 

1. Horsepower of engine. For use in determining the weight/ 
horsepower ratio used in calculating the performance of 
vehicles and other purposes. 

2 .  Licensed gross weight in those States that license vehicles 
on the basis of the declared maximum load weight. Licensed 
gross weight can be campared with actual load gross weight 
and practical maximum gross weight. 



3. Record at time of weighing whether oversize or overweight 
vehicle is moving on a special 

4. Bnpty weight posted on vehicle; alsoi, manufacturers' 
recommended gross weight if posted. 

5. State or States in which vehicle is licensed. 

6. Class of ownership of vehicle: drider , trucking company, 
manufacturer, distributor, small pri/\Fate business, farm 
operator. I 

7 .  City in which vehicle is based, or g/araged. 

8. Persons aboard not counting driver: 1 extra driver, trucker 
or company employee, relative, frierh, stranger. 

I 
I 
I 

ROADSIDE STATIONS AT WHICH TRAFFIC W .  CLASSIFIED IN 1971 
i 

The number of roadside stations at whicq the traffic was counted 
and classified and, with rare exception, wei hed, offers some ex- pi planation of why State to State there are unqlxplained differences in 
the average weight, distribution of weight, a/nd empty/loacled ratio. 
The characteristics of trucks and their use an. the highway vary over 
a considerable range on any given highway system, depending upon just 
what location on the highway system (or rout ) the observations are 
made. In Table 6, the number of stations pe 1 State on the Interstate 
rural system varies from 0 to 9, and on the Qther FA primary rural 
system the range is from 0 to 16, not countidg the 52 in Minnesota. 
The zero on the Other FA primary rural systq is for District of 
Columbia, which has no rural system. 

I 

The number of stations at which to clas{ify and weigh trucks in 
order to get results that are representative /of the traffic by vehicle 
type and representative of the average weighqs and their distribution 
can be determined only by more extensive stqies than have been made. 
The information in Table 6 does suggest thatthe variations in highway 
system to highway system and State to State are the result of either 
one of two factors that cannot be identified Iseparately. Because of 
the limited number of stations observed and inadequate sampling at 
some stations, the variances in systems and qtates cannot be attributed 
to actual differences in vehicles and trucking practices, as distin- 
guished from sampling deficiencies. 

An analysis of the nmber of roadside stations per 1,000 miles of 
highway would be worthwhile. Such an index Vght explain some of the 
large and small numbers in Table 6. , 
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Table 6. Mmber of roadside stations a t  which t r a f f i c  was classif ied 
i n  1971 

Other FA Other FA FA FA 
Census Division Interstate Interstate  Prjmary Primary Secondary Secondary 

and State Rural Urban m r a l  Urban Rural Urban 

New England 10 4 34 14 3 0 
01 Connecticut 2 1 3 3 0 0 
02 Maine 3 0 12 3 1 0 
03 Massachusetts 2 1 6 4 1 0 
04 New Hampshire 1 1 5 2 1 0 

I 

05 Rhode Island 0 1 1 2 0 0 
06 Vermont 2 0 7 0 0 0 

Middle Atlantic 10 4 32 1 2  1 1 
07 New Jersey 3 2 6 7 1 1 
08 New York 6 1 10 3 0 0 
09 Pennsylvania 1 1 f 6 2 0 0 

South At lmt ic  North 13 3 3 4 11 0 3 
11 Delaware 0 0 4 4 0 0 
1 2  District of 

Columbia 0 0 0 2 0 0 
13 Maryland 3 0 5 2 0 2 
14 Virginia 7 2 1 2  2 0 1 
15 West Virginia 3 1 13 1 0 0 

South Atlantic South 1 2  0 4 3 13 3 2 
16 Florida 4 0 12 3 2 0 
1 7  Georgia 1 0 11 4 1 0 
18 North Carolina 5 0 16 1 0 2 
19 South Carolina 2 0 5 S 0 0 

East North Central 32 2 44 11 9 6 
2 1  I l l ino i s  6 0 10 3 0 1 
22 Indiana 3 0 0 0 1 
23 Michigan 6 1 2 2 0 
24 Ohio 9 1 P 0 2 
25 Wisconsin 8 0 5 7 2 

East South Central 18 0 9 1 1 
26 Alabama 0 0 2 1: 0 
29 Kentucky 6 0 P 0 1 
28 Mississippi 6 0 4 0 0 
29 Tennessee 6 0 2 0 0 
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Table 6. Number of roadside stations a t  whiich t raf f ic  was classified 
i n  1971 (continued) 

i 

OtherlFAOtherFA FA FA 
Census Division Interstate Interstate Primaiy Primary Secondary Secondary 

Rural Urban Rural Urban Rural Urban 

West North Central 39 4 107 10 34 5 
31 Iowa 6 0 7 P 0 0 
32 Kansas 5 0 7 0 0 3 
33 Minnesota 6 4 52 3 34 1 
34 Missouri 8 0 10 2 0 0 
35 Nebraska 2 0 14 2 0 0 
36 North Dakota 4 0 7 0 0 1 
37 South Dakota 8 0 10 2 0 0 

West South Central 13 0 38 7 2 3 
41 Arkansas 5 0 7 4 0 0 
42 Louisiana 2 0 7 2 2 0 
43 Oklahoma 2 0 10 1 0 1 
44 'Texas 4 0 14 0 0 2 

Mountain 32 0 49 7 13 3 
51 Arizona 6 0 6 1 3 0 
52 Colorado 5 0 6 0 1 0 
53 Idaho 2 0 10 2 0 0 
54 Montana 7 0 4 1 8 0 
55 Nevada 3 0 7 0 0 0 
56 New Mexico 4 0 7 0 1 1 
57 Utah 1 0 4 I 0 2 
58 Wyoming 4 0 5 2 0 0 

Pacific 11 1 13 4 1 1 
61 California 5 1 4 1 1 1 
62 Oregon 2 0 6 0 0 0 
63 Washington 4 0 3 S 0 0 

Noncontinguous 
64 Alaska .. - - - 6 0 0 0 
65 Hawaii 0 1 6 

- - - - 
3 0 0 

66 Puerto Rieo 5 0 0 0 

U.S. Total 190 19 435 1 0 1  6 7 25 
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A cursory examination of the vehicle classification and weight 
data by roadside stations within one State and on the same highway 
system, indicates that there are s i p i f  icant differences in the rbsults 
of vehicle count, classification, and weight data, The number of 
stations required for the collection of representative data cotild be 
indicated by analysis of several States where more than two stations 
were operated on each highway system. 

Table 7 gives the nwnber of States ir7. order of increasing nmber 
of stations. Both Tables 6 and 7 indicate that State to  State there 
is no consistent procedure followed in selecting the nwnber of road- 
side stations. 

On the Other FA primary rural systems there were 435 stations with 
5 to 9 States counting a t  4 to 10 stations each. The nmber of States 
counting on the Interstate urban and on both FA secondary systems is so 
small, 17 or fewer, and the number of stations counted so few as to 
invalidate the results, so far as being representative of these three 
highway systems. Even the Other FA primary urban data are weak for the 
reason that of the 41 States counting on the Other FA primary urban 
system, only eight States counted a t  more than three stations. 

TRAFFIC COUNT AND VEHICLE CLASSIFICATION FOR 1971 

The basic tables on f i l e  in the M A  Office of Planning give for 
each State and for the six Federal-aid highway systems (Interstate, 
Other FA primary and FA secondary) the number of stations that counted, 
number of vehicles counted by vehicle type code, percentage of each 
vehicle type based upon the total  count, and the percentage of each 
vehicle type for each hour of the 24-hour day. (See illustrative 
tables in  the appendix). 

RESULTS OF TI-IE IOWA VEHICLE CLASSIFICATION FOR 1971 

For illustrative purposes, Table 8 gives for Iowa the t raff ic  
count for a l l  types of vehicles for 1971 on the Interstate rural, 
Other FA primary rural. and Other FA primary urban systems, The 
distribution for the Other FA primary urban system is somewhat rough, 
because only one roadside station was counted. 

For a l l  three systems, the people-carrying vehicles account for 
close to 77 percent of a l l  vehicles. The 2-axle trucks increase in  
number and i n  percentage of total vehicles from the Interstate rural 
(9.28 percent), through the primary rural aystm (14.45 percent) to  
the primary urban system (17.80 percent). 





The percentages for  the tractor semitrailer combinations decrease 
over the sequence of these three systems. The increase i n  the percen- 
tage of 2-axle trucks would be expected because a l l  vehicle t r ips  
become more local as the highway system becomes more of a local service 
function. The tractor semitrailer combinations, as line-haul vehicles, 
have their  largest percentage on the Interstate rural system. 

The count of 8,595 vehicle type code 332 trucks, or 1,432 per 
station per day, on the Interstate rural system is the highest volume 

I of any truck type. I)n the Other FA primary urban system, however, the 
I vehicle type code 200 panal and pickup vehicles have the largest count, 
I 1,473 per station per day. 
I 

The t m k s  are l i f t ed  out of Table 8 and placed separately i n  
Table 9 to  show the relative percentage each type of truck is of the 
to ta l  truck count. The 2-axle truck.; range from 40 percent of a11 
trucks of the Interstate rural  system to  76 percent on the primary 
urban system. Of significance is that the 332 tractor semitrailer on 
the Interstate rural is 46.1 percent of the to ta l  truck count. On the 
primary urban system, the code 200 panel and pickup is 47.8 percent of 
a l l  trucks, but only 24.9 on the Interstate rural system. 

I 
I 

HOURLY DISTRIBUTION OF TRUCK 'TRAFFIC BY VEHICLE TIPE CODE 

Tables 10 and 12  give the percentage of t ra f f ic  count for each 
hour of the day for codes 200, 220, 230, 321, 322 on the thres systems-- 
Interstate rural,  Other FA primary rural,  and Other FA primary urban for 
Iowa. 

These distributions i l lus t ra te  characteristics of the use of 
different types of vehicles as well as their adaptation to  the three 

I highway systems. Figures 1, 2 and 3 i l lus t ra te  these characteristics 
in  graphic form. The code 200 truck on the Other FA primary urban system 
has the customary two peaks,a day, the same as found. for passenger cars. 

! These peaks are less pronounced on the Other FA primary rural system, 
and on the Interstate rural only the afternoon peak prevails. The code 
230, the construction bulk hauler, has only one peak and that a t  midday. 
Note, however, that th is  count is for  only one station and may not be 
representative of the Other FA primary urban system as a whole. 

~ Of special significance are the distributions for  the three tractor 
semitrailers, 321, 322 and 332. The 321 has minor peaks morning and 

I afternoon on the Interstate rural, with a £air percentage of t r ips  in  
the night hours. The 321, however, has more pronounced peaks on the I 

I Other FA primary m ~ a l  system, and the 321 code on the Other FA primary 
urban has an hourly distribution confined almost entirely to  the working 
day from 7:00 a.m. to  7:00 p.m. 

I 



I 

i 
Table 8. Number of. V ~ M C L C S  counted icle code and percentage I 

of  t o t a l  for t h e  I n t e r s t a t e  r u r a l  r FA rural, and i 
Other FA primary urban systems i 

061- 2 Small cars 2,941 3-66 631 2.15 370 2.81 
U71- 2 Std. 6 compact 58, 32U 72.56 ,817 74.38 9,613 73.04 

U3U Motorcycles 2 56 0.32 159 0.54 82 0.62 
15U Coml, bus 189 U.24 51 0.17 12 0.09 
18U Non-coml, bus 2 7 0.03 36 0.12 1 U . U 1  

- 

Sub to ta l  61,733 76.81 22,694 77.36 1U,U78 76.57 t i 

Other FA Other FA I I 

200 
i 

4,638 5.77 2,6U4 8.88 1,473 11.19 
210 

i 
516 U .  64 366 1.25 195 1.48 t 

2 2U 1,685 2 .09 900 3.U7 1 
2 30 

494 3.76 
623 

I 
0.78 366 1.25 180 1.37 I 

E 
Sub to ta l  . 7,462 9.28 4,236 14.45 2,342 17.80 I I 

i 

I n t e r s t a t e  Rural 1 Primary Rural Primary Urban 1 
Vehicle Type Count Percent , Count Percent Count 'Percent i 

I I 

321 372 0 .  46 100 U.34 42 0.32 
I 

322 1,239 1.54 273 0.93 69 tJ.52 I 
332 8,595 10.70 1,766 6.U2 580 4.41 1 
333 2 2 U,U3 19 0.07 5 0.04 1 

I 

Sub to ta l  10,228 12.73 2,158 7.36 696 5.29 
I 
I 
1 

421 257 0.32 101 0.34 20 U.15 
I 

422 339 0.42 
432 

95 0.32 20 0.15 
76 0.10 31 U . 1 1  3 0.02 I 

I 
t 

Sub to ta l  672 0.84 227 0.77 43 0.32 
I 
E 

5212 252 0.33. 15  0.U5 t 
5312 

2 0.02 
25 

1 
0.03 u - - 0 - - 

Sub to ta l  277 U.34 15 0.05 2 0.02 

Others  4 1_) 3 0.01 U - - 

Grand total 80,376 1UU.00 

1 No. of S t a t i o n s  6 - - 
Average Daily Count p e r  

Station 13,396 - - 



Table 9. Number of trucks counted at a11 stations and percentage 
of total trucks counted for the Interstate -rural, Other FA 
primary rural, and Other FA primary urban sys-tern in Iowa 
for 1971 

Interstate Rural P r k v  Rural Primary Urban 
Vehicle Type Code Count Percent C m t  Percent Count Percent 

200 4,638 24.9 2,804 59.3 1,473 47.8 
210 516 2.8 364 5.5 19% 6 ,s  
220 1,685 9.0 1900 13.6 494 16.0 
230 623 3.3 366 5.5 180 5.9 

Subtotal 7,462 40.0 4,236 63.9 2,342 ?6,0 

321 372 2.0 100 1,s 42 1.4 
322 1,239 6.7 273 4 , 1  69 2.2 
332 . 8,595 46.1 1,766 26,6 580 1.8-8 
333 2 2 0.1 19 0,J S 0.2 

I Subtotal 10,228 54,9 2,158 32.5 696 22.6 

I 421 257 1.4 101 1.5 20 0.6 
422 339 1-8 9 5 1 , 4  2 0 0.6 
432 7 6 0.4 3 % 0.5 3 0 . 1  

Subtotal 672 3.6  227 3.4 4 3 1.3 1 
1 

1 5212 252 1.4 15 8,2 2 8.1 
1 

I 

1 

1 
i 

5312 2 5 0-1 0 0.0 0 0.0 

Subtotal 277 1 . 5  15 0,2 2 0.1 I 

Total 18,639 100.0 6,636 100.0 3,083 100.0 

---- 

Average Daily Count 
per station 3,106 - - 94 8 - - 3,083 - -  

- 
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VEHICLE CODE 200 

A A INTERSTFITE, RURRL 

Figure 1. Percentage of hourly frequency of the 1971 Iowa traffic count for vehicle type 
code 200 for selected highway systems. 







The popular 33 2 t ~ a c t o r  semitrailer on the Intsrstate rural 
system runs the 24-hour day right through with the mall v a r i a t i ~ n  
of 2.91 percent to  5.45 percent per hour. This same characteristic, 
though with slighly a wider range of percentage, i s  found f o r  the 
322 on the Other FA primary rural system, On the Other FA prhary 
urban system the 332 has s t i l l  a higher range with the midday reading 
8.45 percent and the night having a low or 0.86 percant. 

These hourly distributions of t ra f f ic  flaw by vqhicla type 
i l lus t ra te  the importance of giving attention to the d i s tx ibu t i~n  $n 

! selecting hours of the day for  the weighing of tmcks, Fi~r"th@s, thrs 
is need to made m l y s e s  of the q ty / l oaded  w t i o  md a f  the mla 
and gross weights wer the 24-hour period, p a r t i ~ u l a r l y  so ~ Q X  t h ~  
line- haul vehicles, 

I 

i 

I 

AVERAGE wnwrs, PAYLOADS, AND W E I ~  D I S ~ Z B U T ~ Q N  FOR 1971 

The f ie ld  procedure for weighing trucks identifias the weight on 
each axle and whether the vehicle is e q t y  af paylaad or  with p&yIoad. 
These two basic sets  of data are usually s m a r i z e d  by v@hicb  cad@ 
number and highway system to produce the following i n f o w t i ~ n :  

Number of vehicles weighed empty, loaded, and combined; 
Average weight; on each axle, empty, loaded, and combined; 
Average gross weight, empty, loaded, and combined; 
Average payload per vehicle; 
Percentage of vehicles weighed empty (or weighed loaded) ; and 
Percentage distribution of axle weights and gross weights by 

weight h t e rva l  s . 
These six se ts  of data provide fo r  a wide r w e  of application of 

the weight information, including comparisans by vehicle type, by 
highway system, - by State, by census divisions , and years fa r  trand 

I analyses. The general procedure does not tabulate the data by indi- 
vidual roadside stations, but such information is available from each 
State highway department and the FHWA Office of Planning a t  
Washington, D . C . 

The basic weight data a s  collected by the States ia 1972 (an f i l e  
i n  the Office of Planning) are summarized in four series o f  t~bCLsa 3s 
i l lustrated i n  the Appendix, These t ~ b l e s  cover avaxlwa mla w ~ i g h t s  
and ayerage gross weights for empty, loaded, and combh~d mpty and 
loaded vehicles, and the distribution of 'these weights by w@&ht 
intervals. The average payload per loaded vehic;le i s  a230 givm in 
connection with gross q t y  and gross loaded weights. Iri the nwt 
seven sections of this text these subjects are discussod mcl typical 
results are i l lustrated in  tables and figures, 
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An exasinirnticlm of the  Appendis; A tables that summarize for  each 
State and highway system the to ta l  number of vehicles weighed by 
vehicle code, indicates the wide -range i n  number of trucks weighed by 
any chosen factor. Far instmce, table 30 for  the Interstate m a 1  
system for vehicle type code 200, Colorado weighed 280 and Idaho 3; 
for vehicle type code 2263, Montma weighed 381 and Idaho 92 ; and for 
vehicle type code 322, New Jersey weighed 514 and Pennsylvania 62. 
Also on the Interstate rural system, in the West North Central census 
division, 1ov1a weigtlod 7,437 of the vehicle type code 332 and 
Minnesota weiphed o n v  3-97, If there i s  any real difference i n  the 
weights of veklcles and other chara.cteristics of trucking between Iowa 
and Mislmesota, a census division composite would be highly weighted 
toward Iowa as eompa~ed t o  Mimes~ta.  This range in  size of samples 
weighed, along with those differences in  the other five' States of the 
West North Central cexnsus division gives r i se  to questions as to the 
acceptance of the census division composite. 

These tables aecoerrat fo r  every vehicle weighed i n  1971 on a l l  
highway systems by each State. I t  is to  be noted that many of the 
vehicles weighed in  several. of the vehicle codes were less  than 10 
and even as law as one., I t  is  probable that some of the instances 
o f  weighing only one weI.qlicle cmld be an error i n  recording, though 
the infrequent vehicle type may be fo-md on any highway system in  any 
State, Some sf the ra.re cases my be for a vehicle moving under a 
special permit. A study of these tables w i l l  reveal that many of the 
vehicle types conmon in certain States are not to  be found a t  a l l  i n  
other States, beslipwe of being prohibited by State law. For instance, 
i n  the eastern States thc tmck with t r a i l e r  i s  not generally found, 
but it i s  comox~. in the western States. 

E 1 
EMPTY LOmED, AXLE AND l ~ . I I C L E  GROSS WEIGHTS I 

C 
Table 37 i n  Apper1.di.x B is  a sample table showing f o r  nine of the I 

more popular vehicle types, the number of vehicles weighed, average 
axle weight of each axle and. the average gross weight (sum of the 

I 
axle weights] by arpty, I.oaded, and combined. These data are for  the 

I 
I 

Other FA primary rural highway system by censps division, On a State 1 

basis th i s  infom~atiors. i s  highly usable i n  many local applications of i 

the truck weight data, True, the distributions of weights are not t 

given, but often the average axle weights and average gross weights C 
serve the purpose. 4 

With few exceptions, the census division data show consistency. 
1 

3 
The exceptions are iasually- the result of inadequate sample size. The 
average gross weights fa r  both empty and loaded vehicles, State t o  1 

g 
State, and by census divisions, would show wide scatter,  more so for  . 

F; 



1 The average weight of the empty vehicles is of specific question 
! because of two factors. F i rs t ,  the heavy line-haul vehicles, t ractor  

I semitrailer and truck t r a i l e r  combinations, the number of empty trucks 

I is about one-half of the number of trucks with load. Therefore, t o  get 
an adequate number of empty vehicles weighed, it may be required to  stop 

i 
(and presumably weigh) twice the number of trucks with load. Second, 
there is a wide variation i n  the enpty weights of trucks i n  accordance 
with the i r  body types. These variations in  body type give r i s e  t o  a 
wide spread i n  r a t i o  of empty weight to  payload weight. I t  i s  true, 
of course, that the same spread of t a r e  weights is found with load, but 
the overall gross weight of loaded vehicles masks somewhat the differences 
i n  average gross weight empty. 

the heavier vehicles than for  the 2-axle classes. The variations, 
I among other causes, resul t  from the differences in the maximum legal 

axle and gross weights, State t o  State. Perhaps also, there are 
absolute differences within a State on i ts  different highway systems 

I and absolute differences State to State because of the character of 
the trucking industry and i ts types of cargo. To determine the rea l  
factors that  cause the differences i n  average axle weights and gross 
weights, as  indicated i n  the basic tables, requires much more detailed 
analysis than has been attempted herein. 

I 
The Appendix tables on average axle weight and average gross weight 

would be most help- i f  they were presented on a State basis. The 

I GROSS WEIGHT OF EMPTY TRUCKS 

i 

I 

The weight of trucks empty, that  is, without any payload or cargo, 
other than truck equipment, dunnage, and regular items that  are not 
being delivered t o  a specific destination, is a highly important 
product of roadside weighings. The gross weight empty of a truck needs 
t o  be established, because the gross weight empty enters into the pro- 
cedure fo r  determining the weight of l ive  Load, or payload, tha t  i s  

i 
being carried. The n o m l  procedulre is t o  weigh trucks on the roadside 
and classify them as empty or with payload, The phrase "with payload" 
mews carrying any rn.o~u1.t of cargo t o  be delivered somewhere. It 

i matters not whether the payload weighs 100 pounds or several tons. 
From t$e f i e l d  data collected on empty vehicles and. loaded vehicles, 
the i r  average gross weights are calculated on the basis of the vehicles 
weighed. 

number of pages required, however, a re  beyond the limits of t h i s  
publication. An examination of the State by State tables, a s  would be 
expected, shows a wider range of average axle and average gross vehicle 

I weights than is shown by the census divisions. 



I 

The assumption is made that the average, gross weight of the vehicles 
weighed empty w i l l  empty (tare weight) 
of the loaded 
of the empty 
hicles, the 
obtained. From the numbers of empty and loaded vehicles 
weighed, the vehicle by a l l  vehicles 
(empty and loaded be calculated. The 
to ta l  tonnage of cargo highway is then equal 
to  the average weight the t r a f f i c  count of 
that vehicle type. 

In the weighing of vehicles a t  the roadkide, there usually is no b 1 
way t o  determine whether a vehicle is  with lpad or without load unt i l  t 

the vehicle is stopped. The loading cond i t i~n  of open body types can 1 
be observed as the vehicle approaches the weighing stst ion,  but the 
closed body types cannot be so observed. I 

In effect, the empty vehicles and the loaded vehicles became two 
separate classes of vehicles from the viewpoint of their  weights. The 
weighing crew may weigh a sufficient number b f  vehicles of a given axle 
arrangement type t o  determine the distributi-bn of gross weight of empty 

I t 
t 

and loaded vehicles combined, but not have a ,  sufficient number of empty E 
F 

and loaded vehicles separately to  determine Their respective average k i. 
gross weights. I i. 

i 
i. 

As a general concept, there are three cgtegories of vehicles with : 
E 

reference to  the empty/loaded relationship. First ,  some vehicles, for g 
instance the three-axle single unit dump truck or t ransi t  concrete mixer, F 

normally haul cargo (substantially ful ly loaded) in only the outgoing g 
direction and return empty. A second category of truck use is that 
where the vehicle s t a r t s  out with either a f u l l  or par t ia l  load of cargo 
to deliver a t  various stops, arid does not normally pick up any return 
load. Vehicles i n  th is  category may be with load a t  the weighing s ta-  

I 
I 
S 

tion, but not often with ffull load. Delivery vehicles of a l l  types i n  k 

both rural  and urban areas are i n  th is  category; tanker trucks and re- 1 
t a i l  goods delivery vehicles a te  examples. The third category is com- i 
posed of those trucks that deliver and pick up i n  route a d  are b 
usually never without payload and may not offen be ful ly loaded. t 

I 
Common carrier  vehicles on certificated routes are common vehicles in  1 th i s  category. 1 

k e 
In the truck weighing data, ful ly loaded vehicles are detected by 

being up t o  f u l l  legal lhit on gross weight or on axle weight. In f 
the industry, however, a truck can be ful ly loaded from the standpoint 
of cargo volume (cubage) and not be 3oadt.d t o  maxinlun weight, either f 
gross or  axle weight. Furniture, household goods, seat springs, and A "r 

automobile carriers usually "load out" on a cubage basis rather than i 
on a weight basis. 



In addition to  weighing a t  the roadside a sufficient nmber of 
vehicles to establish the average empty gross weight, it is important 
to establish the ra t io  of the nmber of empty vehicles to  the to ta l  
number Of that class of vehicle in the t r a f f i c  stream. Having deter- 
mined the weight of cargo per vehicle carrying cargo, the next step 

I is to  determine the average weight of cargo per vehicle type including 
the empty vehicles, Should the ra t io  o f  empty vehicles to  to ta l  ve- 
hicles weighed be larger than the true rat io,  even though the average 
weights are correct, the computed to ta l  tons of cargo hauled w i l l  be 
underestimated. 

I Tables 1 2 ,  13 and 14 for  the Interstate rural,  and Other FA 
primary rural,  and urban systems give the percentages of the vehicles 
for nine codes that were empty of payload when weighed as assembled 
for  the ten census divisions and the national to ta l .  The percentages 
empty and average gross weights for  the national to ta l  are probably a 
good average. For the census divisions, the low and high percentages 
and weights in  some instances are  definitely due t o  it small-sized 
sample; other departures from the national average may be the result  
of actual difference in  trucking practices division to  division, the 
roadside station locations, or  t o  the sample of vehicles weighed. A 
State by State analysis would shed much l ight  on the range of percen- 
tages and empty weights that could be expected. 

The type code 200 vehicle on the Other FA primary rural  na'tionally 
averages 66 percent empty. ' This high percentage is to be expected for  
this vehicle because it is more of a people carrier  than a goods carrier .  
The tractor sanitrai ler  group of three codes [321, 322, and 332) 
averages close to  33 percent empty with a census division range from 20 
to 69 percent on the Other FA primary rural system. In general, the 
percentage empty reduces with an increase i n  average gross empty weight. 
Such increase is to  be expected because the heavier vehicles are mostly 
line-haul (intercity) vehicles. The exception, of course, is the code 
230, construction material carrier  (earth excavations, gravel, and 
mixed concrete) . This vehicle averages about SO percent empty, which 
is to  be expected for  the reason that it hauls bulk materials one way 
and returns enrpty. It  is a shorthaul, nonline-haul, construction type 
of vehicle, with a few exceptions. 

PERCENTAGE OF EMPTY TRUCKS AND 
PAYLOAD PER VEHICIE 

The nmber of vehicles weighed empty is wholly a matter of chance 
since there can be no selection as between empty and loaded vehicles 
unt i l  the vehicle is i n  the weighing position and the driver interviewed. 
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T a b l e  1 3 .  P e r c e n t a g e  o f  w e i g h e d  v e h i c l e s  t h a t  w e r e  e m p t y  a n d  t h e i r  a v e r a g e  g r o s s  w e i g h t  
o n  t h e  O t h e r  FA p r i m a r y  r u r a l  h i g h w a y  s y s t e m  

S o u t h  A t l a n t i c  S o u t h  3 , 5 5 7  77 
E a s t  N o r t h  C e n t r a l  1 , 6 8 6  6 3  1 6 3  4 1  
E a s t  S o u t h  C e n t r a l  1 , 3 1 4  6 3  1 2 1  5 2  

West N o r t h  C e n t r a l  
West  S o u t h  C e n t r a l  

3 , 0 7 7  6 0  
986  7 6  

M o u n t a i n  

938  5 5  
26 31 

1 , 0 6 4  6 0  141 44 
2 0  3 2  

1 8 8  5 2  

1 , 9 9 7  46 

1 , 4 1 7  3 6  
6 2 2  37 

A v e r a g e  G r o s s  W e i g h t  Empty ,  P o u n d s  

5 0 3  3 6  
258  3 8  
5 5 8  4 9  

7 , 9 6 4  37 

P a c i f i c  
N o n c o n t i g u o u s  

N a t i o n a l  

630  4 5 '  1 2 8  2 8  
2 2 5  461 1 4 0  3 3  

4 1  44  
8 2 3  67 

1 6 , 0 6 8  67 

- 
- 
- 
- 

3 2 , 6 1 4  
- 

3 1 , 0 3 1  
3 5 , 5 9 4  
3 1 , 0 3 5  
2 8 , 5 2 7  
3 5 , 0 3 8  

3 2 , 2 3 6  

3 4 5  34 
3 1 9  3 3  

2 0 9  471 5 0  2 6  
5 9  3 9  1 4  3 1  

2 7 , 3 9 8  
2 6 , 3 9 3  
2 7 , 2 8 0  

3 2 , 2 8 9  
3 1 , 1 2 8  
3 1 , 9 6 6  

68 2 3  
1 2  2 1  
8 5  4 3  

3 , 1 5 1  3 5  

1 3 8  4 6  

2 , 7 1 6  47 

2 2 , 0 5 3  
2 3 , 3 9 6  
2 4 , 0 8 9  

- 
- 
- 

2 , 4 6 7  37 
1 , 8 1 4  32 

11 3 8  

8 4 0  3 2  

2 1 , 9 9 4  
1 9 , 8 2 1  

7 5 4  28 
1 2 0  1 3  
1 1 3  4 1  

1 0 , 3 1 1  3 4  

2 5 , 2 5 9  S o u t h  A t l a n t i c  S o u t h  
E a s t  N o r t h  C e n t r a l  

N e w  E n g l a n d  
M i d d l e  A t l a n t i c  

59 3 2  
7  3 3  

5 , 8 0 4  
5 , 9 8 9  

5 , 8 1 7  
5 , 5 5 9  

4 , 2 8 6  
4 , 6 4 4  

4 , 2 4 6  
4 , 7 3 9  

1 6  9  
1 7  7  

1 8 3  4 3  
67 2 8  

8  1 4  

3 3 2  3 5  

- 
2 8 , 4 7 1  

, 2 6 , 6 1 4  

3 1 , 2 6 8  1 0 , 0 9 0  / 1 8 , 9 6 1  2 2 , 5 2 0  
1 0 , 5 3 3  1 8 , 0 8 3  2 1 , 7 7 0  

1 0 , 7 6 8  
1 0 , 4 3 0  

S o u t h  A t l a n t i c  N o r t h  

4 6  1 5  
3 0  27 
4 5  4 3  

1 6 1  1 6  

- 
2 5 , 2 3 8  1 2 8 , 9 7 4  

6 , 0 0 4  4 , 7 7 6  

E a s t  S o u t h  C e n t r a l  

West N o r t h  C e n t r a l  
West S o u t h  C e n t r a l  

2 8 , 5 8 8  

1 0 , 6 6 2  2 0 , 7 9 4  

4 , 4 7 7  4 , 8 0 0  

4 , 5 6 6  1 4 , 7 6 9  
4 , 6 7 7  6 , 3 5 4  

M o u n t a i n  
P a c i f i c  
N o n c o n t i g u o u s  

N a t i o n a l  

2 2 , 8 5 3  2 7 , 5 5 0  1 
2 4 , 5 9 0  2 8 , 6 5 3  
2 2 , 9 7 3  2 9 , 2 5 8  

9 , 2 2 6  

1 0 , 0 2 5  
1 0 , 1 9 6  
1 0 , 3 0 6  
1 0 , 1 7 5  
1 0 , 6 6 8  

1 0 , 2 4 7  

1 7 , 1 7 0  1 9 , 7 9 9  

1 6 , 5 6 8  2 0 , 9 1 8  

4 , 9 9 5  
4 , 5 2 2  
4 , 5 6 5  

4 , 5 5 8  

1 7 , 0 9 8  
7  , 17.7 
6 , 7 1 5  
5 , 9 4 8  

5 , 3 9 1  

2 8 , 1 5 6  ; 3 2 , 5 4 2  
2 4 , 3 1 7  2 8 , 4 4 1  
3 6 , 8 5 4  

ji,:;: 2 5 , 5 9 8  % 

2 0 , 8 9 1  
2 0 , 5 3 4  
1 8 , 7 2 0  
2 4 , 1 3 6  

1 8 , 9 4 6  

3 0 , 5 0 1  
2 7 , 6 1 3  
3 2 , 7 6 3  

2 9 , 4 8 4  

2 2 , 8 2 8  
1 9 , 8 9 3  
2 2 , 5 0 9  

2 1 , 8 0 5  
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To repeat, the two objectives of weighing vehicles empty of pay- 
load are to  determine their average gross empty weight and t o  determine 
the percentage of the to ta l  t r a f f i c  flow of each vehicle type that is 
empty of payload, I f  a sample of 200 empty vehicles is necessary to  
establish t-he percentage of vehicles that are empty and one-third of 
that type of vehicle is expected (from prior analyses) t o  be empty, 
then the to ta l  sample of the t r a f f i c  stream would need to  be 600 
vehicles. This analysis was not carried f a r  enough to establish 
whether the to ta l  sample of t ra f f ic  to  be weighed (loaded and empty) 
.to achieve an acceptable avera e ross empty weight, would also pro- + duct: an acceptable percentage o empty vehicles. There is  some indi- 
cation that percentage empty m y  require a larger sample than t o  
determine the average gross weight empty. 

In Appendix C, table 38 gives the payload per vehicle for  nine 
vehicle types by census division f ~ r  the Other FA primary rural  high- 
way system. An examination of th is  table shows a wide range i n  the 
payload per vehicle for  1971. How much of th i s  range is due t o  sam- 
pling inadequacy and what to  basic difference i n  trucking within the 
States cannot be determined. However, some of the extreme differences 
can be accounted for by observation of the small number of vehicles 
weighed in  t o t a l  of a given class on a given highway system. But I 

when it i s  remembered that  the calculation of the average payload per 
vehicle is dependent upon the average gross weight of the empty ve- 
hicles as well as the average gross weight of the vehicles weighed I 

I with payload, it is seen that an adequate number of representative 
vehicles weighed empty is a requisite to  reliably calculating the pay- 

, 

load per loaded vehicle. 

57 

The tables on f i l e  i n  the W A  Office of Planning give the average 
1 payload per vehicle of loaded vehicles for s ix highway systems by ve- 

I 

hicle types. The payloads given in  these tables are calculated by 
subtracting the average gross e ~ g t y  weight from the average gross 
weight of those vehicles with payload. A l l  three averages are given 
in  the tables for each of the ten census divisions and the national 
to ta l .  These tables also give the number of empty, loaded, and com- 
bined empty and loaded vehicles weighed, The number of vehicles 
weighed may be useful in  judging the relative sample adequacy in  
comparisons between highway systems, vehicle codes, and census divi- 
s ions. 

Table 15 compares the empty weights and average payload per 
vehicle for the Other FA primary m a 1  highway system by census divi- 
sions for the year 1966, 1967, and 1971 for  vehicle type codes 220 and 
332. For each of these two vehicle types on a national basis 1966 to 
1971, there are  some increases i n  average anpty weight and some de- 
creases in  average payload per vehicle. By census division, there are 
both increases and decreases i n  the average empty weight and average 
payload per vehicle. 





An examination of Table 16 does not disclose any general pattern 
of empty gross weight and o f  loaded gross weight as between the three 
highway systems. Such differences as may be disclosed for a specific 
vehicle type code, probably could be explained by an analysis of body 
types and commodities carried. I t  is probable that  the code 230 on the 
Interstate rural system has a higher percentage of line-haul types of 
bodies on the three-axle chassis than it does have on either the Other 
FA primary rural or urban systems. In the urban area, the code 230 
t ra f f ic  may have a high percentage of concrete t ransi t  trucks and 
other construction industry types for  hauling bulk materials. 

Of interest is the fact  that code 432, truck and f u l l  t r a i l e r ,  
has a lighter empty weight and a heavier loaded weight than either the 

1 code 332 o r  5212 combinations. In the lowe'r section of Table 16, the 
I average payload per loaded vehicle is given for a l l  of the nine ve- 

hicle types on the three highway systems. The ra t io  of payload weight 
to  empty weight given for each type code and highway system is an in- 
dex of operating efficiency. Truck operators t ry  for  low gross empty 
weight and high payload per vehicle t r ip .  This index is not so 
meaningful for  the 200, 210, and 220 codes for the reason that they 
are not line-haul vehicles. The code 230 with some exceptions, is not 
a line-haul vehicle either,  but is definitely weight limited i n  i ts  
operations, being ful ly  weight loaded on a high percentage of t r ips .  

1 The high ra t io  for  the code 432 combination (1.52, 1.37, and 1.57 
for  the three systems) is fa r  superior to the other line-haul combina- 
tions. The explanation of th is  nigh efficiency is riot obvious, but an 
analysis of body types and comodities carried i n  comparison with the 
other vehicle type codes, would, no doubt, provide an explanation. The 
code 432 is primarily a western vehicle, not being legal i n  eastern 
States. 

The relatively low rat ios for the code 321 semitrailer (0.44, 
0.41, and 0.31) are part ial ly explained by i ts frequent use i n  hauling 
light density commodities (household goods) and thus is often volume 
lmi ted  as contrasted to  being weight limited, I? urban areas, the 321 
combination is often used as a pickup and delivery vehicle; therefore, 
it is often not loaded to i ts weight limit. 

it" ANALYSIS OF INDIVIDUAL ROADSIDE STATIONS 

The fact  that the several States count and weigh vehicles at a 
variable nurnber of r~ads ide  stations (Table 6) gives r i s e  to questions 
about whether the vehicle volume counts, the empty/loaded truck rat io,  
and the axle and gross weights recorded are representative of the high- 
way systems on which the data were taken. An attempt to analyze the 



i 

i 
i 

Table 16. U . S .  a v e r a g e  e m p t y ,  loaded a n d  p a y l o a d  w e i g h t s  f o r  t h r e e  I 
I 

h i g h w a y  s y s t e m s  and n i n e  v e h i c l e  t y p e  c o d e s  for 1 9 7 1  I 



data t o  answer these questions was applied t o  Wisconsin on the Inter- 
s ta te  rural and Other FA primary rural systems. The study was dropped 
because of the time required and because of scarcity of data. A 
brief presentation of some results,  however, is given. 

Tables 1 7  and 18 for  the vehicle codes 200, 210, 220, 230, and 332 
give the daily count, number of vehicles empty and loaded, the empty and 
loaded gross weights, and the to ta l  count for  eight Interstate rural  
stations and 15 Other FA primary rural  stations. Because of the short 
count at  each station (usually only one day) sample s ize  is so deficient 
that variations between roadside locations may be overshadowed by the 
variations i n  sample qualities.  These two tables do show, nevertheless, 
that there is a significant range i n  percentage distribution by vehicle 
code among the counting stations, that the percentage of empty vehicles 
varies, and that  the average gross weights are affected accordingly. 
For instance, on the Interstate rural system (Table 17) the eight 
stations give a range of the percentage of a l l  code 332 vehicles 
weighed empty from 10 to 30 percent, with an average of 20 percent. 
I t  should be noted that these weighing stations are each one-way 
t raff ic ,  but selected i n  pairs to include t ra f f ic  i n  both directions. 

The percentage of empty vehicles for the other type codes also 
shows wide ranges, but fo r  many of the stations the variation is 
obviously the result of low sample numbers. The same conclusion i s  
reached by examining the average gross weights, which have wide ranges 
from low to high. The sample number of vehicles per stat ion is too 
small to  disclose whether the difference in average gross weights is 
the result 6f sample size or a rea l  difference in the character of 
trucking practice a t  several stations. 

Similar data are presented in  Table 18 for 1 5  stations on the 
Wisconsin Other FA primary rural  system. For the code 200 vehicle, the 
percentage empty ranges from a low of 39 percent to a high of 82 per- 
cent. Obviously, the high 82 percent is from a sampling deficiency, 
because only two loaded vehicles were weighed. The average 32 percent 
empty vehicles for  the code 332 is compared to  the 20 percent obtained 
on the Interstate system. The difference between 32 percent and 20 
percent could represent a rea l  difference attributed to  trucking 
practices a t  the stations, or it could be a result  of sampling the 
traff ic .  But whether the 32 percent and the 20 percent are true 
differences i n  truck loading practices between the Interstate rural 
system and Other FA primary rural system is not answered. 

About the only conclusion that can be drawn from this  single and 
brief analysis of individual roadside t raf  f ic-counting and vehicle- 
weighing stations, i s  that the sample s i z e  a t  a given station is too 
small to  warrant a positive statement that trucking characteristics 
do vary significantly with location. But a valid conclusion i s  that  
the results are representative of the highway system as a whole. 



T a b l e  1 7 .  P e r c e n t a g e  of  v e h i c l e s  w e i g h e d  e m p t y  and g r o s s  w e i g h t s  f o r  i n d i v i d u a l  
s t a t i o n s  i n  W i s c o n s i n  on t h e  I n t e r s t a t e  r u r a l  h i g h w a y  s y s t e m  i n  1 9 7 2  

1 0 , 4 3 3  1 5 , 7 1 1  1 4 , 4 4 4  6 , 0 9 0  t 
1 0 , 8 6 0  1 7 , 1 6 2  1 5 , 5 0 4  5 , 7 6 8  
1 0 , 4 0 0  1 6 , 3 2 9  1 4 , 2 7 3  7 , 5 9 9  

9 , 2 5 9  1 4 , 6 0 3  1 2 , 9 8 0  7 , 2 7 2  f 
1 0 , 7 3 9  1 4 , 8 2 3  1 2 , 5 0 4  5 , 6 2 3  
1 2 , 1 3 3  1 8 , 0 0 0  1 7 , 2 3 5  6 , 5 9 9  
1 2 , 0 1 0  1 5 , 1 2 9  1 4 , 4 7 9  6 , 1 6 6  

i 
F 

1 1 , 4 6 4  1 3 , 6 4 7  1 2 , 6 6 1  5 , 9 5 6  k tr 
1 0 , 6 7 8  1 5 , 7 3 1  1 4 , 0 1 4  5 1 , 0 7 3  1. 

V e h i c l e  Type  C o d e :  2 3 0  

2 5 , 2 5 0  3 6 , 5 6 0  3 1 , 5 3 3  6 , 0 9 0  k 
1 9 , 0 2 9  2 9 , 8 5 6  2 5 , 1 1 9  5 , 7 6 8  
1 8 , 8 2 5  3 3 , 3 0 0  2 5 , 0 2 9  7 , 5 9 9  t 
1 8 , 7 2 5  3 2 , 2 6 7  2 6 $ 8 5 0  7 , 2 7 2  
1 8 , 2 2 9  3 4 , 1 5 0  2 4 , 0 1 8  5 , 6 2 3  i 
1 6 , 2 0 0  3 5 , 6 0 0  3 1 , 7 2 0  6 , 5 9 9  
1 6 , 7 3 3  4 0 , 4 7 5  2 6 , 2 3 0  6 , 1 6 6  b 
1 5 , 3 0 0  3 1 , 0 4 3  2 9 * 0 7 5  5 , 9 5 6  E 
1 8 , 9 2 6  3 3 , 4 0 2  2 6 , 7 7 5  5 1 , 0 7 3  F 

V e h i c l e  Type  Code :  3 3 2  1 
3 4 , 5 0 0  7 6 , 7 2 2  7 2 , 5 0 0  6 , 0 9 0  2 

f. 

2 9 , 0 8 1  5 7 , 9 3 6  5 2 , 1 6 5  5 , 7 6 8  ? 
2 9 , 0 9 0  6 1 , 1 1 2  5 2 , 8 3 5  7 , 5 9 9  
2 9 , 2 7 4  6 0 , 3 6 7  5 5 , 3 9 8  7 , 2 7 2  
2 8 , 9 7 4  5 9 , 6 5 5  5 0 , 5 5 5  5 , 6 2 3  I 

3 4 , 5 8 9  6 7 , 6 6 5  6 1 , 8 4 6  6 , 5 9 9  
3 2 , 3 5 9  6 0 , 9 7 4  5 7 , 0 8 8  6 , 1 6 6  z 
3 0 , 0 0 9  5 8 , 9 8 3  5 4 , 1 5 4  5 , 9 5 6  k F 

e 
$ 
$ 
t 
E 



Table 18. Percentage of v e h i c l e s  weighed empty and g ross  weights f o r  15 roads ide  
s t a t i o n s  i n  Wisconsin on t h e  Other FA primary r u r a l  highway system f o r  1971 

i 
Dai 1 y Number Weighed Average Gross Weight T a t a l  

Empty SI 
Percent 

s t a t i o n  Count ' Empty & Daily 
of Code Empty Loaded Loaded Empty Empty Loaded Loaded Count 

v e h i c l e  Type Code: 200 

068 175 2 3 2 2 4 5 51 4,861 6,255 5,542 5,747 
006 165 11 9 2 0 55 4,982 6,867 5,830 2,054 

I 007 325 9 2 11 8 2 5,156 6,100 5,327 4,204 
008 472 19 11 3 0 6 3 4,574 5,309 4,843 6,215 

1 009 3 91 10 12 2 2 4 5 6,980 5,983 6,436 4,258 1 019 144 21 10 31 6 8 4,333 4,700 4,452 1,529 
022 311 3 5 18 5 3 6 6 4,634 5,822 5,038 2,283 
024 368 3 2 19 51 6 3 4,675 5,616 5,025 6,504 
026 404 7 6 13 54 5,971 7,933 6,877 3,709 

i 028 24 9 8 7 15 5 3 5,175 5,943 5,533 2,389 
1 031 341 2 0 2 6 4 6 4 3 4,510 6,842 5,828 6,777 

03 5 207 17 2 7 4 4 3 9 4,665 5,693 5,295 4,408, 
036 219 18 21 3 9 4 6 4,867 5,243 5,069 4,217 

F 04 5 182 7 10 17 4 1 4,943 5,600 5,329 3,152 
055 246 5 3 4 7 100 5 3 4,538 5,987 5,219 2,897 

Tota l  4,199 290 247 537 5 4 4,786 5,946 5,319 60,343 
1 

Vehicle Type Code: 210 

004 4 2 4 8 12 3 3 9,550 13,038 11,875 5,747 
006 6 0 0 0 - - - - 2,054 

I 007 2 2 0 1 1 - - 10,800 - 4,204 
008 3 6 0 0 0 - - - - 6,215 

I( 009 11 0 0 0 - - - - 4,258 
01 9 14 0 0 0 - - - - 1,529 E 022 2 1 0 0 0 - - - - 2,283 
024 18 2 1 3 6 7 12,750 30,600 18,700 6,504 1 026 0 - - - - - - - 3,709 
028 6 1 2 3 3 3 7,200 17,000 13,733 2,389 1 031 18 1 3 4 2 5 7,300 7,367 7,350 6 , 777 
03 5 14 1 5 6 17 6,000 6,900 6,750 4,408 
036 21 2 6 8 25 6,350 7.117 6,925 4,217 
04 5 
055 

2 4 1 3 4 25 4,800 9,733 8,500 3,152 
14 1 2 3 3 3 6,000 8,500 7,667 2,897 

Total 267 13 3 1 4 4 3 0 8,285 10,49Q 9,839 60.343 

jl 
Vehicle Type Code: 220 

004 158 14 5 6 7 0 2 0 lor293 15,713 14,629 5,747 

I 006 144 17 2 1 3 8 4 5 11,553 14,781 13,337 2,054 
007 210 6 13 19 3 2 11,367 15,015 13,863 4,204 
008 207 8 2 5 33 2 4 11,500 16,580 15,348 . 6,215 1: 0 0 9 247 7 12 19 3 7 11,086 15,267 13,726 4,258 
019 85 5 18 23 2 2 10,560 15,733 14,609 1,529 

li 022 104 6 14 2 0 3 0 9,400 18,271 15,610 2,283 
024 153 15 29 4 4 3 4 11,127 17,293 15,191 6,504 

F 02 6 157 9 14 23 3 9 13,511 15,671 14,826 3,709 1 028 108 4 13 L 7 2 4 12,950 15,000 14,518 2,389 
03 1 19 8 18 5 4 7 2 2 5 11,883 17,165 15,844 6 1777 
03 5 142 17 4 9 6 6 2 6 10,535 15,482 14,208 4 408 
036 144 23 3 5 58 4 0 10,330 15,591 13,505 4,217 
045 150 3 15 18 17 11,800 13,920 13,567 3 8 152 
055 9 5 12 4 8 6 0 2 0 11,708 14,713 14,112 2,897 

Tota l  2,302 164 416 58 0 2 8 11,185 15,828 14,515 60,343 

, 6 3 

1 

i 

1 A 



Table 18. Percentage of vehicles weighed empty and gross weights for 15 roadside 
stations in Wisconsin on the Other FA primary rural highway system for 1971 
(continued) 

619 6 9 6 2 131 53 19,249 37,004 27,695 60,343 
Vehicle Type Code: 332 

259 2 5 6 0 8 5 2 9 28,856 59,382 50,404 5,747 
296 11 3 2 4 3 2 6 33,436 68,500 59,530 2 I 054 
4 4 2 10 24 3 4 2 9 32,360 59,375 51,429 4,204 
209 16 3 3 4 9 3 3 29,681 63,027 52,139 6,215 
430 10 2 0 3 0 3 3 29,640 68,280 55,400 4,258 
9 6 3 7 10 3 0 37,000 67,429 58,300 1,529 
4 9 3 5 8 38 33,800 67,560 54,900 2,283 
501 4 2 7 2 114 3 7 28,940 59,707 48,372 6 , 504 
104 2 17 19 11 j4,900 69,071 65,474 3 ,709 
78 2 9 11 P 8 42,500 71,911 66,564 2,389 
176 10 4 1 51 27,520 60,588 54,104 :,o 4 6,777 
353 2 5 61 8 6 8,316 59,451 50,400 4,408 
385 3 7 5 6 9 3 4 0 7,519 58,541 46,199 4,217 
24 7 9 2 0 2 9 31 21,644 60,280 51,393 3,152 
7 6 17 2 5 4 2 4 0 47,741 65,228 50,055 

I 
2,897 

3,701 222 4 8 2 7 04 3 2 49,390 61,386 51,570 60,343 
I 



GWSS WEIGHT DISTRIBUTION 

As is true of m y  technical and scientific observations, the 
average of a population group gives useful information, but does not 
tell the whole of what is often needed, or at least is of significant 
interest. Reference here is made to the distribution of axle weights 
on a vehicle to vehicle basis. In the weighing of t m c h  at the 
roadside, it is usual practice to weigh each axle separately, then 
compute the vehicle gross weight, or total vehicle weight, by summing 
the weights of the axles. Where pemnancnt platform scales are installed 
with sufficient length and scale capacity, the whole vehicle can be 
weighed at one time. Gross weights, as with axle weights, are determined 
separately for vehicles empty of payload and with paylaad. 

Because the number of vehicles weighed in any one axle configura- 
tion type, at any station, and on any road system is variable and an 
uncontrolled number quantitatively, it is common practice to express 
the weight distribution in terms of a percentage frequency for each 
weight interval of 1, 2, or 5 kips. The IOU percent base is the total 
number of vehicles weighed (or axles weighed) in the particular cate- 
gory being studied. These interval percentages may be summed from the 
lightest weight interval to the heaviest interval to produce an accu- 
mulative distribution in percentage of the total nmber of vehicles 
weighed that weighed a given number of pounds or less than that given 
poundage. Figure 4 gives plotted curves of the gross weight for 
vehicle type codes 220 and 332. 

The curves of Figure 4 show undesirable irregularities resulting 
from an inadequate nmber of vehicles weighed. In the use of such 
curves, it is good practice to smooth them to the more probable re- 
gression, so that the computed frequencies and the computed average 
gross weight can be freed somewhat of sample errors. Such procedure 
is important to the subsequent calculation of the average empty gross 
weight and the average loaded gross weight, on which two averages the 
average payload per loaded vehicle depends. 

To smooth the distribution curve for gross weight (or axle weight] 
the procedure may be about as follows (68): 

3.. Plot the accumulative percentage as shown in Figure 4. The 
accumulative percentage curve is used rather than the plot 
of the frequencies for the reason that the frequencies have 
a wider scatter, plus and minus, making it hard to locate 
the more probable trend. 

2 -  By judgment, based upon experience with similar gross weight 
distributions of vehicles computed from adequate numbers of 
weighings, sketch through the plotted points a curve as 
.shown by the dotted lines of-vehicle type code 332 on Figure 4. 





This hand drawn smooth curve is located to represent by 
judgment the probable trend of the distribution if the 
data were total for the universe of which they are only a 
sample. There is no attempt to balance the plus and minus 
areas. 

3. From the sketched in smooth curve, read back and record 
the percentages of the end of each 1-kip weight interval, 

4. To further smooth the curve and to produce well-graduated 
frequencies, it is well to make successive subtractions 
from the accumulated percentages read, and then plot and 
smooth the frequencies in order to eliminate the inaccuracies 
resulting from reading the plotted sunmation curve to tenths 
or hundredths of a percent. 

A statistically-minded person may object to the above eye and hand 
procedure, preferring instead to use some sophisticated mathematical 
process of curve fitting for wkich he has a cmputer program available. 
There is no objection to the use of mathematical curve fitting proce- 
dures when the basic raw data will define the regression. However, 
many raw observations are so rough that the mathematical procedure 

I cannot be relied upon to produce the most probable distribution. In 
1 such cases, the hand judgment graduation is recommended. The hand 
I smoothing may be then followed with mathematical graduation if desired. 

It should be noted that the traffic count data an& the truck weight 
data are not from random sampling and the distributions are not 
statistically normal, 

In Figure 4 the code 220 curves for combined empty and loaded 
gross weights show no marked difference between the States of Iowa, 
Nebraska, and Minnesota. The Iowa curve is the more stable because 
of the larger sample. For the North Dakota code 332 vehicle, the 
curve for the empty gross weight shows the usual steepness because the 
range of weight is small as compared to loaded vehicles. The middle 

I curve for combined empty and loaded vehicles shows the characteristic 
bimodal distribution introducecl when the short-range erapty vehicle 
curve is combined with the long-range loaded curve. 

The Iowa curves in Figure 5 for gross weights of the code 332 
vehicle on the Interstate rural system are typical of the character- 
istics for the code 332 vehicle. These curves were computed from an 
adequate sample of weighings and are thus quite smooth in trend. Of 
special interest is the steepness of the curve for empty weight plus 
its long stretched-out ending, 40 kips to 62 kips. The right-hand 
curve for vehicLes with load has a steep rise from about 68 kips to 
the end at 77 kips. This steepness is a characteristic of loadings 
that results from trucking practices to load to the legal limit, 
without much overloading. The middle curve for combined empty and 





loaded vehicles has a dist inct  break in slope a t  34 kips, the weight 
a t  which the empty vehicles cease their  influence on the combined 
curve and the influence of the loaded vehicles takes over. I t  i s  
noted that  none of these curves has a ~ ioma l ,  or symmetrical, dis- 
t r ibut ion. 

Figure 6 compares the gross weight distributions for s ix  vehicle 
codes on the basis of combined empty and loaded gross weight for the 
Other FA primary rural system in  Iowa for 1971, Each trjpe code has 
its own characteristic shape of curve, part ial ly,  of course, attributed 
to the effect of the range of gross weight as the gross weight increases. 

In Figure 7 there is a comparisorn of the gross weight: distribution 
for  code 332 loaded vehicles in  the West North Central census division 
for  the Interstate rural, Other FA primary rural,  and Other FA primary 
urban systems. 8n the Interstate system, code 332 vehicles have fewer 
vehicles a t  the l ight  loads and more vehicles a t  the heavy loads than 
is found on the Other FA primary urban system. The Other FA primary 
rural system fa l l s  i n  between these two loadings. A l l  three systems 
have the steepness of curves fram about 66 kips to  74 kips. The 
maximum legal gross vehicle weight in  the States in the West North 
Central census division is variable above 73,280 pounds. The per- 
centage of vehicles having gross weights above 74,008 pounds is: 
Interstate, 2.5 percent; Other FA primary rural ,  10.5 percent; and 
Other FA primary urban, 16.5 percent. 

AXLE WEIGHT DISTRIBUTION 

Axle weight distribution is a more c r i t i c a l  determination than is 
gross weight distribution because its uses i n  engineering and in  en- 
forcment of legal limits are more specific. Of-special concern is 
the use of the equivalent axles of 15,000 p o d s  load application to  

i the pavement, the equivalency factors increase exponentially as the 
I axle weight increases. Further, the equivalent number of 18-kip axles 
, m u s t  be determined from distribution curves of axle weight for both 
i single and tandem axles. Likewise, in  stmcturaP design, it i s  axle 

! 
weight and axle spacing that are c r i t i ca l ,  more so than the gross 

I vehicle weight. 
i 
I The basic tables give for the U.S. to ta l  the accumulated per- 

centages of axle weights for empty, loaded, and combined empty and 
loaded vehicles in weight increments of 1,000 and 2,000 pounds. 

1 From the accumulated percentages, the interval frequency may be 
determined. In pavement design, when using the equivalent 18-kip axle 
concept, i t  is required to  have the axle weight distribution such as 
is available in  these tables. The distribution by State is more 
applicable to  pavement design, than these distrihxtions by U.S. totals .  

69 

1 







Such State distribution by highway system by each vehicle type is 
available, of course, a t  the State highway departments and FHWA at 
Washington, D.C. 

Seldom w i l l  the f i e ld  data on axle weights produce the desired 8 

degree of smootlmess of the axle weight distribution, even for 300 to  i 
r 

500 axles. When the spread from the lightest axle to  the heaviest I 
axle for  loaded vehicles may range over 40 to 60 1-kip weight intervals, I 

the frequencies may be reduced to  9 to 15 vehicles per interval, Some i 
5 

smoothing is often necessary, depending upon how precise a distribution 
is needed for any particular application. 1 

i 

A plot of the cumulative percentages of axle weight frequencies 1 
is given i n  Figure 8 Tor the fowa Interstate rural system for vellicle : 

5 
codes 220 and 332, combined empty Euld loaded vehicles. t 

$ 

The two curves for code 220, curve A for the front, or steering c t 

axle, and curve B for  the rear axle, or main load-bearing axle, t 

i l lus t ra te  that  for  th i s  vehicle the steering axle has a narrow range I i 

of weight as compared to the range of the rear axle, This vehicle i n  E 7 

Iowa with an 18-kip single axle legal limit, shows only 2 percent of c t. 

axles exceeding the legal limit. In some States the rear axle over- + : 
load for  th is  vehicle may be 20 percent of the vehicles weighed. The 

6 
220, s ix- t i re  truck, is a popular vehicle for general hauling in  

i 
local communities, but is also a line-haul vehicle. 1 

i. 
The code 332 vehicle i n  Figure 8 has a narrow limit of range of 

weight of the steering axle, from about 5 to  1 2  kips. The steering 
i 

axle for  th i s  five-axle tractor semitrailer i s  not regarded as  a load- [ i 
bearing axle, but it does receive some l ive load transmitted through k 
the f i f t h  wheel (coupling device) above the rear tandem axles of the \ 
tractor. Of significance is the shape of the axle weight distribution + 

curves for  the two pairs of tandem axles, BC and DE. This bimodal L 

p 
distribution is the result  of combining the empty and loaded vehicles. i 

From about 4 to  1 2  kips the curves are  mostly for empty vehicles, but 1 

f m  1 2  t o  36 kips the curves are for vehicles with payload. The 
i 

i 

steep r i s e  in  the curves from 28 t o  32 kips is a result  of the efforts  i 

of the haulers t o  load as nearly to the legal maximum of 32 kips as I 
they can without overloading. As might be expected, the tandem axle i' 

pair on the t ra i l e r ,  DE, is more heavily loaded that the tandem pair f 
"t 

on the tractor, BC. 
X 

A second se t  of axle weight distribution curves is given in  i 
Figure 9 for  the New England and West North Central census divisions 
and Interstate and Other FA primary rural highway systems. The com- 

I r 
parisons are for the DE tandem axle pair on the code 332 vehicle. 
In the West North Central, census division, th i s  tractor semitrailer 

i 
is more heavily loaded on the Interstate rural  system than on the 

ir 
k 

Other FA primary rural system. This tandem is overloaded on 6 percent 







of the vehicles on the Interstate rural system and 12 pk?r'kent over- 
loaded on the Mher FA primary rural  system in the W'e& North Central 

I census division. 

In the New England census division the distribtltitsl"l of the weights 
of the DE tandem pair are  about the same as in  the West North Central 
census division up to  a weight of 30 kips. Upwards of 30 kips, the 
New England vehicles continue upward to a maximum of 60 kips. The 
States i n  the New England census division have a legal nfewSnum l imit 
for weight on a tandem pair of 36 kips, with CollnectitW Mtring an 
enforcement tolerance of 720 pounds. On the basis af 36 kips maximum 
limit, 1 2  percent of the DE axles on the code 332 vehi~?&$ were over- 
loaded in the New England census division on the Othb* PA primary 
rural system. 

c 

PRACTICAL MAXIMUM GROSS WEIGHT [PMm] 

The legal maximum gross-weight weight limits in the? several States 
usually apply to  overall l i m i t s  regardless of vehicle d@di@ or axle f 

r configuration and to the weight on both wheels (end$) of &I axle. 
Exceptions include limits s e t  on the basis of the $0-6alIed bridge 
formula, i n  which the axle spacing is involved, k l @ s  Clbser than 
about eight feet  center t o  center, called tandm a l e $ ,  usually have 
a legal maximum limit of less than twice the legal h i $  On a single 
axle, as, for  example, a limit on a tandem pair  of aXhi!& bf 36,000 
pounds when the single axle limit is 22,400 pounds, 

The single front or steering axle, in  practice is ~eldem loaded 
up to legal limit and usually carries less weight tW single 
axle elsewhere on a loaded vehicle. The legal limit On the steering 
axle is practically always the same as for any lo~d-be&'f'iul$ single 
axle, though for reasons of safety i n  driving, the strsbfki@ axle has 
been considered for a limitation, say of about 10,000 p~unds. 
Arkansas has a legal l i m i t  of 12,000 pounds on the st&$rhg axle. 

Since it is not practical to load the steering axle t o  the f u l l  
legal limit as done with other single axles, the practiml gross and 
legal l i m i t  of capacity of a vehicle i s  not obtained 151 ddang up the 
legal limits of a l l  axles. Therefore, the expression ''pfactical 
~naxinrm gross weight" (PMGW) has come into use as a litedhl of expressing 
the maximum gross vehicle weight of vehicles cansidez"izig both the legal 
axle weight limits and a practical l imit for  the steerkilo a l e .  This 
PMGW is always less than the sum of the individual axle legal limits. 
For instance, the PMGW of the 332 tractor semitrailer' ~ a b h a t i o n  
could be the sum of 10,000 pounds for  the steering =I#, 52,000 
pounds for each of the two pairs of tandem axles, azistrmhg the legal 
limit of 32,000 pounds for a tandem pair.  This s m  io 74,000 pounds. 



I 

\ 

I ! 
I 

I i 
For the 322 combination the PItlW might be [assuming 18,000 and 32,000 
p o d s  as the legal limits] 9,000, plus* 18,000, plus 32,000 or a to ta l  
of 59*000 pounds, 1 

This system o f  arriving a t  a practical jmaximum gross vehicle I 
weight calls for some system of determining /a  practical l i m i t  for I 

L 

the stem* axle. In the beginning of the,use of the Pi\lGllr, the 
front m3.e weight was often chosen on the bdsis of what was found to k 

be the average fmt axle weight for  each t$pe of truck, or what 
manufacturers of trucks and tractors recomanded as a normal maximum. 
Using the  average steering axle weight fomd in the truck weight 
stdies f a i l s  to  recrs@izet that the front axle w i l l  absorb some of 1 
the to ta l  weight as the vehicle payload incpeases from being empty i 

to  being loaded to legal l i m i t  on a l l  load-darrying axles. Under 1 
th is  condition of maxbm loading the from axle w i l l  be carrying a 'i 

greater weight than the average trf a l l  front axles on the highway. i 
It: ks logical then to set  the practical maximum weight on the front 5 

I 

axle a t  that weight namally carried by it when the vehicle i s  loaded t 

to  legal X h i e  on a l l  other axles, h 
t 
I 

From the It971 truck weight data for  the3 U. S. to ta l  , the curves i 

i n  Figures 10, 11, and 1 2  were plotted to show the weight of the front 
axle i n  relatian to  the overall gross weight of vehiclos with load. e 
In Figme 10 theye is essentially a linear increase in the weight on t 

the front a l e  with an increase i n  to ta l  gross weight. This l ineari ty ! 
comes from the fact  that the codes 200, 210, and 220 are vehicles each k 

L 
having tvm single axles, so a t  a l l  loadings the front axle carries 
about the same praprrrrion of weight. 

I 

T r i  Figwe 11, the code 230 truck with a single (front) axle and a 
pair of tandem axles, also produces l inear relationship o f  frmt axle i 

# 

Veight to to ta l  vkhtcle grass weight of l o d e d  vehicles, The 321, 
tYact~r s&niiLer vehicle produce curved relationship that tends F 

toward flatness betdem 34 and 72 kips. A t  a t o t a l  gross lade$ weight % 

of 60 kips, each ol these W vehicle types ubeuld have a front axle a 
weight of 9 kip$. % 

P 

In Figure 12, the two vehicle types that are compased of two ", 

cargo-cany units, co8es 432 and 5212, produce curves similar to 
,th6se far the tractor scanitrailer class of anly one cargo unit. The 

i 

5212 code has a f la t  section between a gross weight of 52 and 72 kips. 
Bath ttf these ctxmtes in  Figme 1 2  exhibit ina~easi.ng front axle 
weights born about 72 kips gross and upward. t 

F 
C 

Table 19 gives the BMGW fo r  seven vehicfo code numbers a t  two se ts  7 
of Legal mxht rm a l e  weights, 18/32 kips and 22/36 kips, single/tandem a 

axles, In canstmet5ng the table, the legal wle weightS.were written 6 L 
i 

into the respective a l e  cel ls  of Table 19, and then t r a i l  readings 
were ns3rde from Pigures 10, 11, and 1 2 ,  mtil  that front axle weight 

I 

I 
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Table 19. Practical maximum gross weight of  seven vehicle code types at legal 
axle weights of 18/32 and 22/36 kips, single/tandem axles 

432 11,000 T 32,000 18,000 18,000 79,000 

52 12 9,500 18,000 18,000 18,000 18,000 81,500 

Basis of 22/36 ips single/tandem axle legal limits 

220 10,500 22,000 32,500 

2 30 12,000 T 36,000 1 48,000 

32 1 1 1,500 22,000 22,000 55,500 

322 9,200 22,000 T 36,000 67,200 

332 10,500 T 36,000 T 36,000 82,500 

432 13,000 T 36,000 22,000 22,000 93,000 

!32 12 11,000 22,000 22,000 22,000 22,000 99,000 

aAxles are lettered A, B, C, D, and E (rom the front (steering) axle as A toward the 
rear to the last axle in the total truck or combination. 

T i s  for first axle of  a tandem pair of which the total weight i s  in the next column, 



ms fownd that subtracted from the corresponding total gross weight 
gave a difference equal to the sufn of the legal axle weights for  z a 

axles B, C, D, andE.  

The PMGW of the 200 and the 210 l ight  trucks wwld bava to be 
determined on the basis of manufacturers specificatims and t i r e  stzq 
and quality, because these two classes af t m k s  ars ne?vf:x (never 
should be, a t  least)  loaded heavily enough to approach t h ~  lag81 sin@@ 
axle legal weight limit. The 220 truck, with its dual rear tirss, is  
capable of and does carry the single axle weight l i m i t  on i t s  T-r wSe, 
so its PMGW could be determined as i l lustrated,  

Table 20 relates the empty weight, average paylpad weight for the 
1971 Other FA primary mural system, and the mVrGI,II fa r  legal limits of 
18/32 kips, The mxhm payload, of course, is highex" for the 18/32 
kip lhi ts  than the payload found £ram the f ie ld  data for th ?x%son 
that vehicles on the highway do not a l l  carry maxinxurll lapal grass 
weights. The rat ios of the paylaad weight to the weight 1891ijCs 
t-he vehicle types in  the following order fmm high t a  low patwtial 
efficiency: 432, 220, 5312, 332, 230, 322, and 321. As s h m  ixr, 
Table 20, their  on-the-road operating efficierzcy is in  the folSowing 
order, high t o  low: 432, 332, 230, 5212, 220 and 321. As p a h t ~ d  
out i n  the prior section on payload, the three-axle, tractor smi- 
t r a i l e r  code 321, does not operate t a ta l ly  on a weight basis because 
of hauliqg l ight  density commodities. I t  is often on the highway 
ful ly loaded on cubage space, "Dut under loaded an axle weight, 

TREND OVER YEARS OF TRUCK WEIGHTS AND TRAFFIC C O W S  

One of the objectives of the truck weighing has been t o  ~ ;o l l s c t  
the m u a 3  vehicle weights and counts i n  such a manner that a good 
indication of yearly trends in t m ~ k  weights  and their  numbers by 
class would be obtained, To accorrrplish this ,  it has been the practice 
generally to count a t  the same stations, same hours, s m ~  wet?ks, and 
same months, year to  year. This plm has had merits, but with the3 
extensive construction of new highways On the Interstate system and. 
maj or jmprovment of the other systems, the t ra f f ic  flow sn many 
routes and sections of routes has undergone material cbwge in bath 
volumc and classification of vehicles. These changes include both 
increases and decreases mt attributsble to normal changes in econ~mic 
factors and technological changes i n  the transportation industry, Some 
changes in trucking year t o  year on these particular routes and a t  
specific truck-weighing stations are the result of rerouting of t h ~  
t ra f f ic  to take advantage o f  benefits of the newer highway designs 
and improved t ra f f ic  capacities. 
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T a b l e  20 .  BatPo of  a v e r a g e  p a y l o a d  w e i g h t  p e r  l o a d e d  v e h i c l e  
t o  avsragB qmpty  w e i g h t  by v e h i c l e  c o d e  number  

L i m i t s  



One intent of the t ra f f ic  weighing operations since about 1956, 
the beginning of the intense program to complete the Interstate system, 
has been to  account for  the shifting of t raf f ic ,  route to route, as 
distinguished from changes year to  year i n  t ra f f ic  volume and in  ve- 
hicle classification for  reasons other than the improvement of highway 
faci l i t ies .  But how successfully th i s  intent has been achieved is not 
disclosed by analysis of the data. BrSphasis i n  the selection of truck- 
weighing stations should be placed on getting a good representation of 
the truck count and weights on each functional highway system as a 
whole, and not be concerned as t o  showing the year to  year trends a t  
specific weighing stations. The trend could s t i l l  be determined, 
year to  year, with good to ta l  counts and weights on each system as 
a whole. 

TRENI) I N  DAILY TRAFFIC COUNTS 

Tables 21, 22, and 23 for the U.S. to ta l  give the average daily 
count and percentage of to ta l  count of vehicles by type codes for  the 
years 1966 to  1972 for the Interstate rural,  Other FA primary rural,  
and Other FA primary urban systems. 

The variations in  the average daily t ra f f ic  count year to  year 
may be due to poor sampling of stations with respect to to ta l  highway 
system and the day to day differences in  t ra f f ic  flow. Also, a few 
States (say three to  six) may not have counted for  a f u l l  24-hour day 
in  some years. Of the 50 States, the District of Columbia, Puerto 
Rico, and perhaps a State or  two did not count, or may have counted 
trucks, but not automobiles and buses. Many States did not count on 
the Interstate urban and Other FA primary urban systems. There i s  a 
variation year t o  year in  the number of State station locations on the 
Interstate system because of continuous highway construction. Further, 
during the years 1966 to  1972, t ra f f ic  as a whole was shifting its 
routing yeas to  year as new sections were opened on the Interstate 
system and improvements to  the Other FA primary rural and urban systems 
were completed. The counts also differ  State to State because not a l l  
code types found in  the tables are legal i n  every State. 

With the exception of the trends for the codes 220, 321, and 322, 
Table 24 does not show any significant trends between 1966, 1969, and 
1972 for the U.S. average for  the Other FA primary rural  system. 

TREND I N  VEHICLE WEIGHTS 

For each year 1.966 to 1972 Table 25 gives the U.S. to ta l  average 
weight and average gross weight for  empty, loaded, and combined 

nine vehicle type codes on the Other FA primary rural system. 
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An examination of Tabfe 25 indicates that there is some sl ight  increase 
i n  axle arnd gross Sodings 1966 to  1972, especially for the years 1971 
and 1972. The exception to th i s  general increase is found. i n  the code 
321 tractor smi. trai ler ,  which vehicle shows about a s i x  percent in- 
crease i n  empty weight (20,661. to  22,013 pounds), but a decrease i n  
weight of loaded tmcks of about five percent (32,309 to 30,776 
pounds). Because of the r i s e  i n  the popularity of the code 332 tractor 
semitrailer since 1966, the code 321 has been shifted to more local 
hauling and less line-haul usage. 

TREND I N  PERCENTAGE wTY AND PAYU3AD 

The percentage of enpty and the pounds of payload for the years 
1966 t o  1972 are given in  Table 26 for  the nine vehicle codes. There 
is no pronounced trend in tile percentage of empty vehicles. The up 
and down changes year to year in. the pomds of payload per loaded ve- 
hicle preclude any- conclusion of a positive trend in  payload, except 
for  the code 321, which has a dist inct  downward trend from 11,648 
pounds to  8 ,721  pounds. The code 322 shows the same trend, but less 
distinctly. 

A l l  of the tables presented f o r  the U.S. to ta l ,  1966 t o  1972, 
for the Other FA primary rural system are subject to  the uncertainty 
of how representative the sample weighings are and how the sample 
quality may vary year t o  year, which subject is  discussed a t  the 
beginning of th is  section on trends, with reference to the vehicle 
classification counts. 

FUEL TYPE TEN0 

Tbe type of: fuel used by trucks weighed 1966 ts 1972 is given in 
Table 27 for  the U.S. to ta l  on the Other FA primary rural system. 
Propane fuel seems to  show some increase in use i n  the panel and pick- 
up class 1966 to  1972. Propme sllows no significant use in any other 
vehicle type. The turbine engine is used so infrequently that no 
trend can be detected. 

The use of diesel. fuel is not significant i n  the two l ight  tmck 
classes, but does show a marked increase for the two-axle, s ix - t i re  
truck from 1966 with 1.99 percent of such trucks with diesel engines 
to 5.50 percent i n  1972. O f  the three-axle and more single un i t  truck, 
16.25 percent were diesel i n  1966, increasing to 45.16 percent i n  1972. 

The tractor semitrailer class i s  highly dieselized. The three- 
axle code 321 increased from 26-38 percent i n  1966 to  64.40 in 1972 
Because th i s  t h r e e - a l e  semitrailer is also used heavily i n  urban 
areas and on short m a 1  hauls, it is -not  so ful ly dieselized as the 



T a b l e  2 5 .  U . S .  t o t a l  a v e r a g e  a x l e  w e i g h t  a n d  a v e r a g e  g r o s s  w e i g h t ,  1 9 6 6  t o  1 9 7 2 ,  
f o r  t h e  O t h e r  F A  p r i m a r y  r u r a l  h i g h w a y  s y s t e m  

V e h i c l e  Type C o d e :  2 0 0  

Number G r o s s  
Year o f  T r u c k s  A v e r a g e  Axle W e i g h t ,  P o u n d s  Weight, 

W e i g h e d  A 13 C D , E P o u n d s  
Empty  

1 9 6 6  1 9 , 7 4 4  2 , 3 3 0  1 , 9 7 0  4 , 3 0 0  
1 9 6 7  1 8 , 3 2 8  2 , 3 4 9  1 , 9 9 9  4 , 3 4 8  
1 9 6 8  2 1 , 4 3 2  2-, 3 9 8  2 , 0 2 4  4 , 4 2 2  
1 9 6 9  2 4 , 4 9 2  2 , 4 3 5  2 , 0 8 9  4 , 5 2 4  
1 9 7 0  1 7 , 7 4 4  2 , 3 6 8  1 , 9 9 3  4 , 3 6 1  
1 9 7 1  1 6 , 0 6 8  2 , 4 5 0  2 , 1 0 8  4 , 5 5 8  
1 9 7 2  1 5 , 3 7 1  2 , 4 8 4  2 , 1 2 4  4 , 6 0 8  

L o a d e d  
1 9 6 6  1 3 , 5 6 6  2 , 5 0 8  2 , 7 9 3  5 , 3 0 1  

03 
1 9 6 7  1 2 , 8 7 4  2 , 5 2 7  2 , 8 1 9  5 , 3 4 6  

co 2968  1 5 , 2 5 3  2 , 5 7 7  2 , 8 5 3  5 , 4 3 0  
1 9 6 9  1 0 , 7 6 7  2 , 6 0 7  2 , 9 2 9  5 , 5 3 6  
1 9 7 0  9 , 4 6 5  2 , 4 9 7  2 , 7 2 7  5 , 2 2 4  
1 9 7  1 8 , 0 8 9  2 , 6 6 3  2 , 9 1 8  5 , 5 8 1  
1 9 7 2  9 , 2 7 0  2 , 7 1 9  2 , 9 6 2  5 , 6 8 1  

C o m b i n e d  E m p t y  a n d  L o a d e d  
1 9 6 6  3 3 , 3 1 0  2 , 4 0 2  2 , 3 0 5  4 , 7 0 7  
1 9 6 7  3 1 , 2 0 2  2 , 4 2 3  2 , 3 3 7  4 , 7 6 8  
1 9 6 8  3 6 , 6 8 5  2 , 4 7 2  2 , 3 6 9  4 , 8 4 1  
1 9 6 9  3 5 , 2 5 9  2 , 4 8 8  2 , 3 4 5  4 , 8 3 3  
1 9 7 0  2 7 , 2 0 9  2 , 4 1 2  2 , 2 4 8  4 , 6 6 0  
1 9 7 1  2 4 , 1 5 7  2 , 5 2 2  2 , 3 7 9  4 , 9 0 1  
1 9 7 2  2 4 , 6 4 1  2 , 5 7 2  2 , 4 3 9  5 , 0 1 1  



T a b l e  25 .  U.S. t o t a l  a v e r a g e  a x l e  w e i g h t  a n d  a v e r a g e  g r o s s  w e i g h t ,  1 9 6 6  t o  1 9 7 2 ,  
f o r  t h e  O t h e r  FA p r i m a r y  r u r a l  h i g h w a y  s y s t e m  ( c o n t i n u e d )  

V e h i c l e  T y p e  C o d e :  2 1 0  

Number  G r o s s  
Y e a r  o f  T r u c k s  A v e r a g e  A x l e  W e i g h t ,  P o u n d s  W e i g h t ,  

W e i g h e d  A B C D E P o u n d s  
Emp t y 

1 9 6 6  1 , 1 0 4  2 , 7 2 5  2 , 6 8 3  5 , 4 0 8  
1 9 6 7  1 , 4 2 1  2 , 6 7 9  2 , 6 3 3  5 , 3 1 2  
1 9 6 8  1 , 4 0 2  2 , 6 9 8  2 , 6 4 8  5 , 3 4 6  
1 9 6 9  1 , 5 6 2  2 , 8 1 0  2 , 8 4 7  5 , 6 5 7  
1 9 7 0  1 , 4 2 7  2 , 6 7 8  2 , 5 8 7  5 , 2 6 5  
1 9 7 1  1 , 9 9 7  2 , 8 1 4  2 , 5 7 6  5 , 3 9 0  
1 9 7 2  1 , 2 8 8  2 , 9 7 9  2 , 8 8 7  5 , 8 6 6  

L o a d e d  

w 1 9 6 6  2 , 2 6 5  2 , 9 7 4  3 , 8 0 3  6 , 7 7 7  
o I 9 6 7  2 , 1 4 8  2 , 9 8 1  3 , 8 3 7  6 , 8 1 8  

6 , 9 0 3  
6 , 8 0 8  
6 , 7 7 3 -  - 

6 , 9 5 1  
7 , 5 2 4  

C o m b i n e d  E m p t y  a n d  L o a d e d  
1 9 6 6  3 , 3 6 9  2 , 8 9 2  3 , 4 3 6  6 , 3 2 8  
1 9 6 7  3 , 5 6 9  2 , 8 6 1  3 , 3 5 7  6 , 2 1 8  
1 9 6 8  3 , 9 8 3  2 , 9 0 6  3 , 4 4 8  6 , 3 5 4  
1 9 6 9  3 , 6 7 7  2 , 9 0 0  3 , 4 1 9  6 , 3 1 9  
1 9 7 0  3 , 3 5 3  2 , 8 5 4  3 , 2 7 8  6 , 1 3 2  
1 9 7 1  4 , 3 0 5  2 , 9 4 5  3 , 2 8 3  6 , 2 2 8  
I 9 7 2  3 , 2 0 0  3 , 1 5 6  3 , 7 0 2  6 , 8 5 8  



T a b l e  25 .  U.S. t o t a l  a v e r a g e  a x l e  w e i g h t  a n d  a v e r a g e  g r o s s  w e i g h t ,  1 9 6 6  t o  1972,  
f o r  t h e  O t h e r  FA p r i m a r y  r u r a l  h i g h w a y  s y s t e m  ( c o n t i n u e d )  

V e h i c l e  T y p e  Code:  220  

Number G r o s s  
Y e a r  o f  T r u c k s  A v e r a g e  A x l e  W e i g h t ,  P o u n d s  W e i g h t ,  

Weighed A B C D E P o u n d s  
Empty 

1 9 6 6  1 0 , 9 9 9  4 , 2 0 6  5 , 3 6 3  9 , 5 6 9  
1967  1 0 , 0 5 7  4 , 3 1 0  5 , 5 0 0  9 , 8 1 0  
1 9 6 8  1 0 , 6 8 0  4 , 3 5 6  5 , 5 9 9  9 , 9 5 5  
1 9 6 9  1 0 , 0 7 4  4 , 3 6 7  5 , 6 6 9  1 0 , 0 3 6  
1 9 7 0  8 , 8 0 8  4 , 4 2 4  5 , 5 7 0  9 , 9 9 4  
1 9 7 1  7 , 9 6 4  4 , 5 1 5  5 , 7 3 2  1 0 , 2 4 7  
1 9 7 2  7 , 8 2 4  4 , 5 9 6  5 , 8 3 1  1 0 , 4 2 7  

Loaded  
\o 1 9 6 6  1 7 , 1 0 5  5 , 0 3 2  1 0 , 3 0 2  1 5 , 3 3 4  
'" 1 9 6 7  1 5 , 1 8 5  5 , 1 4 6  1 0 , 2 8 4  1 5 , 4 3 0  

1 9 6 8  1 8 , 5 5 1  5 , 1 8 8  1 0 , 2 2 3  1 5 , 4 1 1  
1969  1 5 , 6 5 2  5 , 2 2 0  1 0 , 2 9 1  1 5 , 5 1 1  
1 9 7 0  1 5 , 0 1 0  5 , 2 2 0  9 , 9 1 6  1 5 , 1 3 6  
1 9 7  1 1 3 , 2 8 2  5 , 4 0 9  1 0 , 3 4 5  1 5 , 7 5 5  
1 9 7 2  1 3 , 4 0 2  5 , 5 3 6  1 0 , 2 8 2  1 5 , 8 1 8  

Combined Empty a n d  L o a d e d  
1966  2 8 , 1 0 4  4 , 7 0 9  8 , 3 6 9  1 3 , 0 7 8  
1 9 6 7  2 5 , 2 4 2  4 , 8 1 3  8 , 3 7 8  1 3 , 1 9 1  
1 9 6 8  2 9 , 2 3 1  4 , 8 8 4  8 , 5 3 3  1 3 , 4 1 7  
1 9 6 9  2 5 , 7 2 6  4 , 8 8 6  8 , 4 8 1  1 3 , 3 6 7  
1 9 7  0  2 3 , 8 1 8  4 , 9 2 5  8 , 3 0 9  1 3 , 2 3 4  
1 9 7 1  2 1 , 2 4 6  5 , 0 7 4  8 , 6 1 7  1 3 , 6 9 1  
1972  2 1 , 2 2 6  5 , 1 9 0  8 , 6 4 2  1 3 , 8 3 2  



T a b l e  2 5 .  U.S. t o t a l  a v e r a g e  a x l e  w e i g h t  a n d  a v e r a g e  g r o s s  w e i g h t ,  1 9 6 6  t o  1 9 7 2 ,  
f o r  t h e  O t h e r  FA p r i m a r y  r u r a l  h i g h w a y  s y s t e m  ( c o n t i n u e d )  

V e h i c l e  T y p e  C o d e :  2 3 0  

. Number G r o s s  
P e a r  o f  T r u c k s  W e i g h t ,  

W e i g h e d  A B C D E P o u n d s  
E m p t y  

1 9 6 6  3 , 0 0 2  6 , 6 5 7  5 , 8 6 2  5 , 5 6 7  1 8 , 0 8 6  
1 9 6 7  2 , 9 6 9  6 , 9 2 8  6 , 0 8 4  5 , 7 0 1  1 8 , 7 1 3  
1 9 6 8  3 , 4 8 7  6 , 8 8 6  5 , 8 4 7  5 , 5 3 5  1 8 , 2 6 8  
1 9 6 9  3 , 0 2 4  6 , 9 7 5  5 , 7 9 9  5 , 3 4 8  1 8 , 1 2 2  
L 97 0  2 , 8 6 9  6 , 9 6 9  5 , 6 6 2  5 , 2 8 4  1 7 , 9 1 5  
1 9 7 1  2 , 7 1 6  7 , 4 3 1  5 , 9 1 4  5 , 6 0 2  1 8 , 9 4 7  
1 9 7 2  2 , 6 8 1  7 , 6 7 4  6 , 0 0 7  5 , 5 3 0  1 9 , 2 1 1  

-- 
L o a d e d  

us 1 9 6 6  2 , 9 8 6  8 , 9 7 5  1 3 , 8 4 4  1 3 , 3 2 9  3 6 , 1 4 8  
E3 1 9 6 7  2,1460 9 , 2 3 1  1 4 , 1 7 9  1 3 , 6 5 6  3 7 , 0 6 6  

1 9 6 8  - 3 , 9 7 3  9 , 2 9 1  1 3 , 7 0 3  1 3 , 3 3 0  3 6 , 3 2 4  
1 9 6 9  3 , 1 5 5  9 , 4 2 7  1 3 , 7 0 8  1 3 , 2 1 5  3 6 , 3 5 0  
1 9 3 0  3 , 1 2 2  9 , 4 6 3  1 3 , 5 2 4  1 2 , 9 1 9  -- - - -.. - -4 -.z::-~ - - - 

1 9 7 1  3 , 0 7 3  1 0 , 2 4 1  1 4 , 2 5 6  1 3 , 8 5 4  3 8 , 3 5 1  
1 9 7 2  2 , 9 3 2  1 0 , 7 2 5  1 4 , 3 0 7  1 3 , 8 5 6  3 8 , 8 8 8  

C o m b i n e d  E m p t y  a n d  L o a d e d  
1 9 6 6  5 , 9 8 8  7 , 8 1 3  9 , 8 4 2  9 , 4 3 7  2 7 , 0 9 2  
1 9 6 7  5 , 9 2 9  8 , 0 7 8  1 0 , 1 2 6  9 , 6 7 2  2 7 , 8 7 6  
1 9 6 8  7 , 6 6 0  8 , 1 3 3  9 , 9 2 2  9 , 5 7 8  2 7 , 6 3 3  
1 9 6 9  6 , 1 7 9  8 , 2 2 7  9 , 8 3 7  9 , 3 6 5  2 7 , 4 2 9  
1 9 7 0  5 , 9 9 0  8 , 2 6 8  9 , 7 5 8  9 , 2 6 2  2 7 , 2 8 8  
1 9 7 1  5 , 7 8 9  8 , 9 2 3  1 0 , 3 4 2  9 , 9 8 2  2 9 , 2 4 7  
1 9 7  2 5 , 6 1 3  9 , 2 6 8  1 0 , 3 4 3  9 , 8 7 9  2 9 , 4 9 0  



T a b l e  25 .  U . S .  t o t a l  a v e r a g e  a x l e  w e i g h t  a n d  a v e r a g e  g r o s s  w e i g h t ,  1 9 6 6  t o  1 9 7 2 ,  
f o r  t h e  O t h e r  FA p r i m a r y  r u r a l  h i g h w a y  s y s t e m  ( c o n t i n u e d )  

V e h i c l e  T y p e  C o d e :  3 2 1  

Number G r o s s  
Y e a r  o f  T r u c k s  A v e r a g e  A x l e  W e i g h t ,  P o u n d s  W e i g h t ,  

W e i g h e d  A B C D E Pounds  
Empty  

1 9 6 6  1 , 9 6 2  5 , 9 9 4  7 , 8 6 1  6 , 8 0 6  2 0 , 6 6 1  
1 9 6 7  1 , 6 2 5  6 , 1 4 1  7 , 8 8 2  6 , 7 3 3  2 0 , 7 5 6  
1 9 6 8  1 , 7 2 4  6 , 3 0 4  8 , 0 7 4  6 , 9 0 0  2 1 , 2 7 8  
1 9  6 9  1 , 3 6 9  6 , 3 1 8  7 , 9 7 5  6 , 8 1 4  2 1 , 1 0 7  
1 9 7 0  1 , 0 9 5  6 , 4 8 4  7 , 9 7 1  6 , 6 9 6  2 1 , 1 5 1  
1 9 7 1  8 4 0  6 , 6 2 5  8 , 2 6 6  6 , 9 1 5  2 1 , 8 0 6  
1 9 7 2  8 2 2  6 , 8 2 9  8 , 2 8 2  6 , 9 4 5  2 2 , 0 5 6  

L o a d e d  
1 9 6 6  3 , 7 5 7  6 , 6 9 1  1 3 , 2 4 5  1 2 , 3 7 3  3 2 , 3 0 9  

w w 1 9 6 7  3 , 2 4 1  6 , 7 9 4  1 2 , 9 0 6  1 2 , 0 4 9  3 1 , 7 4 9  
1 9  68  3 , 3 9 6  7 , 0 5 0  1 2 , 7 9 3  1 1 , 8 4 6  3 1 , 6 8 9  
1 9 6 9  2 , 7 9 5  6 , 9 7 5  1 2 , 5 7 2  1 1 , 4 7 5  3 1 , 0 2 2  
1 9 7 0  2 , 2 4 3  7 , 0 2 2  1 2 , 2 3 6  1 1 , 1 9 2  3 0 , 4 5 0  
1 9 7 1  1 , 7 8 7  7 , 1 6 1  1 2 , 4 5 6  1 1 , 1 4 6  3 0 , 7 6 3  
1 9 7  2  1 , 5 6 6  7 , 3 3 0  1 2 , 4 1 8  1 1 , 0 2 9  3 0 , 7 7 7  

C o m b i n e d  Empty  a n d  L o a d e d  
1 9 6 6  5 , 7 1 9  6 , 4 5 2  1 1 , 3 9 8  1 0 , 4 6 3  2 8 , 3 1 3  
1 9 6 7  4 , 8 6 6  6 , 5 7 6  1 1 , 2 2 8  1 0 , 2 7 4  2 8 , 0 7 8  
1 9 6 8  5 , 1 2 0  6 , 7 9 9  1 1 , 2 0 4  1 0 , 1 8 0  2 8 , 1 8 3  
1 9 6 9  4 , 1 6 4  6 , 7 5 9  1 1 , 0 6 0  9 , 9 4 3  2 7 , 7 6 2  
1 9 7 0  3 , 3 3 8  6 , 8 4 5  1 0 , 8 3 7  9 , 7 1 7  2 7 , 3 9 9  
1 9 7 1  2 , 6 2 7  6 , 9 8 9  1 1 , 1 1 7  9 , 7 9 3  2 7 , 8 9 9  
1 9 7 2  2 , 3 8 8  7 , 1 5 7  1 0 , 9 9 4  9 , 6 2 3  2 7 , 7 7 4  





-- --ppp -- 

Table 25. U . S .  total average axle weight and average gross weight, 1966 to 1972, 
for the Other FA primary rural highway system (continued) 

Vehicle Type Code: 332 

Number Gross 
Year of Trucks Average Axle Weight, Pounds Weight, 

Weighed A B C D E Pounds 
Emp t y 

1966 8,711 7,762 6,268 5,778 4,580 4,798 29,186 
1967 9,380 7,896 6,293 5, it85 4,543 4,815 29,332 - 
1968 11,515 7,896 6,268 5,743 4,445 4,686 29,038 
1969 10,928 7,929 6,265 5,770 4,453 4,705 29,122 
1970 10,482 7,837 6,185 5,695 4,436 4,632 28,785 
1971 10,311 8,142 6,470 5,919 4,616 4,835 29,982 
1972 9,948 8,239 6,496 5,992 4,649 4,856 30,232 

Loaded 

'Q 19 6 6 18,962 8,855 13,393 13,159 12,961 13,311 61,679 
vl 1967 19,644 8,982 13,434 13,102 12,717 13,142 61,377 

1968 23,807 8,892 13,354 12,986 12,562 12,933 60, 727 
1969 22,737 8,898 13,329 12,925 12,393 12,769 60,314 
1970 21,699 8,789 13,157 12,712 12,357 12,619 59,634 
1971 19,848 9,112 13,782 13,310 12,998 13,186 62,388 

- 1972 19,396 9,243 13,668 13,238 12,954 13,228 62,331 

Combined Empty and Loaded 
19 66 27,673 8,511 11,150 10,835 10,323 10,631 51,450 
1967 29,024 8,631 11,126 10,737 10,076 10,451 51,021 
1968 35,322 8,567 11,044 10,625 9,916 10,244 50,396 
1969 33,665 8,583 11,036 10,603 9,816 10,151 50,189 
1970 32,181 84,79 10,886 10,427 9,777 10,018 49,587 
1971 30,159 8,780 11,282 10,783 10,133 10,331 51,309 
1972 29,344 8,903 11,237 10,782 10,138 10,390 51,450 



T a b l e  2 5 .  U.S. t o t a l  a v e r a g e  a x l e  w e i g h t  a n d  a v e r a g e  g r o s s  w e i g h t ,  1 9 6 6  t o  1 9 7 2 ,  
f o r  t h e  O t h e r  FA p r i m a r y  r u r a l  h i g h w a y  system ( c o n t i n u e d )  

V e h i c l e  T y p e  C o d e :  4 3 2  

, Number G r o s s  
Y e a r  o f  Trucks A v e r a g e  A x l e  W e i g h t ,  P o u n d s  W e i g h r ,  

W e i g h e d  A B C D E P o u n d s  
Emp t y  

1 9 6 6  3 2 0  7 , 8 2 4  5 , 4 7 3  5 , 0 8 7  4 , 2 8 3  3 , 9 9 7  2 6 , 6 6 4  
1 9 6 7  3 9 8  7 , 9 8 3  5 , 4 0 4  5 , 1 5 0  4 , 3 3 7  4 , 0 1 4  2 6 , 8 8 8  
1 9  68 4 0 6  8 , 0 3 7  5 , 5 7 2  5 , 3 4 0  4 , 3 9 3  4 , 1 1 6  2 7 , 4 5 8  
1 9 6 9  3 5 6  8 , 0 8 0  5 , 7 4 1  5 , 2 9 6  4 , 5 9 7  4 , 2 5 8  2 7 , 9 7 2  
1 9 7 0  3 4 5  8 , 1 4 6  5 , 8 2 6  5 , 3 8 8  4 , 5 7 3  4 , 2 5 7  2 8 , 1 9 0  
1 9 7 1  3 3 2  8 , 3 1 0  6 , 1 2 6  5 , 6 2 7  4 , 8 8 6  4 , 5 3 6  2 9 , 4 8 5  
1 9 7 2  3 6 6  8 , 3 1 2  5 , 8 1 2  5 , 5 0 9  4 , 4 9 0  4 , 1 6 2  2 8 , 2 8 5  

L o a d e d  
U, 1 9 6 6  5 6 1  9 , 6 3 5  1 4 , 0 7 7  1 3 , 8 3 8  1 5 , 4 0 0  1 5 , 4 7 4  6 8 , 4 2 4  

1 9 6 7  - 6 5 2  9 , 9 0 3  1 4 , 4 4 6  1 4 , 2 4 1  1 5 , 7 2 6  1 5 , 7 5 8  7 0 , 0 7 4  
1 9 6 8  a 6 3 0  1 0 , 1 6 8  1 4 , 8 3 3  1 4 , 6 8 9  1 6 , 0 2 0  1 5 , 9 6 9  7 1 , 6 7 9  
1 9 6 9  6 0 6  1 0 , 0 9 5  1 4 , 6 5 5  1 4 , 3 3 3  1 5 , 6 8 4  1 5 , 7 2 8  7 0 , 4 9 5  
1 9 7 0  6 7 8  1 0 , 1 4 6  1 4 , 4 0 7  1 4 , 1 7 6  1 5 , 5 6 3  1 5 , 4 2 4  6 9 , 7 1 6  
1 9 7 1  6 2 9  1 0 , 3 1 5  1 4 , 5 8 6  1 4 , 3 1 9  1 5 , 4 0 3  1 5 , 1 5 7  6 9 , 7 8 0  
1 9 7  2  6 0 5  1 0 , 3 3 6  1 4 , 8 3 1  1 4 , 4 3 6  1 5 , 4 3 6  1 5 , 2 5 5  7 0 , 2 9 4  

C o m b i n e d  Empty  a n d  L o a d e d  
1 9 6 6  8 8 1  8 , 9 7 7  1 0 , 9 5 2  1 0 , 6 5 9  1 1 , 3 6 2  1 1 , 3 0 5  5 3 , 2 5 5  
1 9 6 7  1 , 0 5 0  9 , 1 7 5  1 1 , 0 1 9  1 0 , 7 9 5  1 1 , 4 0 9  1 1 , 3 0 6  5 3 , 7 0 4  
1 9 6 8  1 , 0 3 6  9 , 3 3 3  1 1 , 2 0 4  1 1 , 0 2 5  1 1 , 4 6 3  1 1 , 3 2 4  5 4 , 3 4 9  
1 9 6 9  9 6 2  9 , 3 4 9  1 1 , 3 5 6  1 0 , 9 8 8  1 1 , 5 8 1  1 1 , 4 8 3  5 4 , 7 5 7  
1 9 7 0  1 , 0 2 3  9 , 4 7 1  1 1 , 5 1 3  1 1 , 2 1 2  1 1 , 8 5 7  1 1 , 6 5 8  5 5 , 7 1 1  
1 9 7 1  9 6 1  9 , 6 2 2  1 1 , 6 6 3  1 1 , 3 1 6  1 1 , 7 6 9  1 1 , 4 8 8  5 5 , 8 5 8  
1 9 7 2  9 7 1  9 , 5 7 3  1 1 , 4 3 1  1 1 , 0 7 1  1 1 , 3 1 0  1 1 , 0 7 4  5 4 , 4 5 9  



- - - - - - - - - -  - - - 

T a b l e  2 5 .  U .S .  t o t a l  a v e r a g e  a x l e  w e i g h t  a n d  a v e r a g e  g r o s s  w e i g h t ,  1 9 6 6  t o  3972 ,  
f o r  t h e  O t h e r  PA p r i m a r y  r u r a l  h i g h w a y  s y s t e m  ( c o n t i n u e d )  

V e h i c l e  T y p e  C o d e :  5 2 1 2  

Number G r o s s  
Y e a r  o f  T r u c k s  A v e r a g e  A x l e  W e i g h t ,  P o u n d s  W e i g h t ,  

W e i g h e d  A B C D E P o u n d s  
Emp t y 

1 9 6 6  2 3 3  7 , 6 7 7  7 , 4 8 6  4 , 9 6 8  5 , 0 0 8  4 , 6 4 8  2 9 , 7 8 7  
a. 1 9 6 7  234  7 , 6 0 9  7 , 2 7 2  4 , 8 3 6  4 , 8 7 6  4 , 5 0 5  2 9 , 0 9 8  

1 9 6 8  2 0 0  7 , 6 2 4  7 , 3 2 5  4 , 8 6 0  4 , 8 2 2  4 , 5 3 5  2 9 , 1 6 6  
1 9 6 9  246  7 , 9 7 0  7 , 8 5 6  5 , 2 8 0  5 , 2 4 0  4 , 7 9 6  3 1 , 1 4 2  
1 9 7 0  2 3 1  8 , 0 1 2  7 , 3 5 0  5 , 1 3 5  5 , 1 3 6  4 , 8 0 3  3 0 , 4 3 6  
1 9 7 1  1 6 1  8 , 2 3 4  7 , 8 7 8  5 , 6 7 6  5 , 2 2 4  5 , 2 2 5  3 2 , 2 3 7  
1 9 7 2  1 2 5  8 , 1 8 5  7 , 7 1 2  5 , 5 3 4  5 , 2 9 7  4 , 9 5 4  3 1 , 6 8 2  

L o a d e d  
a 1 9 6 6  6 9 8  8 , 6 5 7  1 5 , 0 5 1  1 3 , 9 3 8  1 3 , 1 0 7  1 2 , 6 8 4  6 3 , 4 3 7  
4 1 9 4 7  $ 7 1  8 , 7 9 5  1 5 , 0 6 8  1 3 , 9 1 4  13 ,011 .  1 2 , 6 5 4  6 3 , 4 4 2  

1 9 6 8  1 , 0 1 3  8 , 9 6 3  1 5 , 0 9 4  1 3 , 9 9 3  1 2 , 5 6 1  1 2 , 2 4 0  6 2 , 8 5 1  
1 9 6 9  1 , 2 5 5  8 , 9 6 6  1 5 , 2 2 0  1 4 , 1 5 7  1 2 , 8 4 7  1 2 , 5 0 3  6 3 , 7 9 3  
1 9 7 0  1 , 0 3 3  8 , 8 8 3  1 5 , 0 0 3  1 3 , 9 1 0  1 2 , 5 1 7  1 2 , 3 5 7  6 2 , 6 7 0  
1 9 7 1  8 5 2  9 , 0 9 7  1 5 , 4 4 0  1 4 , 4 3 1  1 2 , 5 1 7  1 2 , 3 3 7  6 3 , 8 2 2  

-.* 1 9 7 2  5 8 4  9 , 2 3 5  1 5 , 3 8 6  1 4 , 2 5 6  1 2 , 6 2 5  1 2 , 3 8 9  6 3 , 8 9 1  

C o m b i n e d  E m p t y  a n d  L o a d e d  
1 9 6 6  9 3 1  8 , 4 1 2  1 3 , 1 5 8  1 1 , 6 9 3  11,081)  1 0 , 6 7 3  5 5 , 0 1 6  
1 9 6 7  1 , 1 0 5  8 , 5 4 4  1 3 , 4 1 7  1 1 , 9 9 2  1 1 , 2 8 9  1 0 , 9 2 8  5 6 , 1 7 0  
1 9 6 8  1 , 2 1 3  8 , 7 4 2  1 3 , 8 1 3  1 2 , 4 8 7  1 1 , 2 8 5  1 0 , 9 7 0  5 7 , 2 9 7  
1 9 6 9  1 , 5 0 1  8 , 8 0 3  1 4 , 0 1 3  1 2 , 7 0 2  1 1 , 6 0 0  1 1 , 3 2 3  5 8 , 4 4 1  
1 9 7 0  1 , 2 6 4  8 , 7 2 4  1 3 , 6 0 5  1 2 , 3 0 6  1 1 , 1 6 8  1 0 , 9 7 6  5 6 , 7 7 9  
1 9 7 1  1 , 0 1 3  8 , 9 6 0  1 4 , 2 3 8  1 3 , 0 3 9  1 1 , 3 5 8  1 1 , 2 0 7  5 8 , 8 0 2  
1 9 7 2  7 0 9  9 , 0 5 0  1 4 , 0 3 3  1 2 , 7 1 8  1 1 , 3 3 3  1 1 , 0 7 8  5 8 , 2 1 2  



I 

Table 26. Percentage of t o t a l  veh ic l e s  weighed eha t  were empty and pounds of 
payload pe r  loaded veh ic l e s ,  1966 t o  1972, U.S. average f o r  the  Other FA 
primary r u r a l  system 

Vehicle  Code Number 
21 0 220 230 321 322 332 432 5212 

I 
Year 200 I 

Vehicles Weighed Empty as Percentage of To ta l  Number Weighed i 

Average Pounds of Payload per  Loaded Vehicle t 
! 

1966 1,002 1,369 5,764 18,061 11,648 22,632 32,492 41,761 33,649 f 



T a b l e  27.  Type of f u e l  used  by trucks o n  the  Other FA primary r u r a l  system - U.S. t o t a l  fo r  1966 t o  1 9 7 2  

Truck 1966 19.57 1968 1969 1Y/o IWI 1 972 
TY PC Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent 

Single Unit Truck 
Panel & pickup . . 
Counted 284,916 - 342,686 - 319,385 - 501,751 - 542,940 - 519,263 - 532,650 - 
Weighed 32,579 - 30,481 - 36,782 - 38,592 - 29,880 - 26,517 - 27,371 - 
Known fuel 6,524 10.00 7,537 100.00 10,078 100.00 34,355 100.00 26.723 100.00 23,898 100.00 25,506 100.00 
Gasoline 6,478 99.29 7,478 99.21 9,986 59.08 34,216 99.59 26,613 99.58 23,789 99.54 25,338 99.34 
Diesel 10 0.15 10 0.13 15 0.14 58 0,16 57 0.21 49 0.20 57 0.22 
Propane 21 0.32 39 0.51 37 0.36 77 0.22 52 0.19 59 0.24 108 0.42 
Turbine 15 0.22 10 0.13 40 0.39 4 0.01 1 0.00 1 0.00 3 0,Ol 
Other &tire 
Counted 20,844 - 24,657 - 27,272 - 101,912 - 38,699 - 38,716 - 27,661 - 
Weighed 3,221 - 3,469 - 3,990 - 4,098 - 3,823 - 4,994 - 3,462 - 
Known fuel 936 100.00 833 100.00 1,173 100.00 3,016 100.00 3,482 100.00 4,813 100.W 3,298 100.00 
Gasoline 928 99.14 824 98.91 1,163 99.14 2,973 98.57 3,441 98.82 4,757 98.83 3,254 98.66 
Diesel 4 0.42 6 0.72 4 0.34 38 1.25 29 0.83 34 0.70 33 1.00 
Propane 0 0,00 2 0.24 2 0.17 5 0.16 12 0.34 21 0.43 11 0-33 
Turbine 4 0.42 1 0.12, 4 0.34 0 0.00 0 0.00 1 0.02 0 0.00 
?-axle, 6-tire 
Counted 116,888 - 121,370 - 116,101 - 177,084 - I68,030 - 154,531 - 149,542 - 
Weighed 27,168 - 24,742 - 29,246 - 26,727 - 24,405 - 22,194 - 22,117 - 
Known fuel 6,427 100.00 4.351 100.00 6,909 100.00 23,431 100.00 22,251 100.00 20,346 100.00 20,121 100.00 
Gasoline 6,227 96.88 6,132 %.55 6,516 94.31 22,202 94.75 20,5?26 94.04 18,938 93.07 18,844 93.65 
Diesel 128 1.99 142 2.23 295 426  1,090 4.65 1,175 5.28 1,269 6-23 1,108 5.50 
Propane 57 0.88 66 1.03 80 1.15 133 0.56 144 0.64 135 O,& 164 0.81 
Turbine 15 0.23 11 0.17 18 0.26 6 0.02 4 0.01 5 0.02 6 0.02 
3-axle, and more 
Counted 23,984 - 24,480 - 29,428 - 39,457 - 39,930 - 37,357 - 38,092 - 
Weighed 5,BM - 5,858 - 7,860 - 6,373 - 6,285 - 6,255 - 6,049 - 
Known fuel 1,495 10,W 1,676 100.00 2,212 100.00 5,516 100.00 5,781 100.00 5,713 100.00 5,484 100.00 
Gasoline 1.233 82.47 1,358 81.02 1,627 73.55 3,677 66,66 3,824 66.14 3,441 60,23 3,001 54.72 
Diesel 243 16.25 311 18.55 575 25-99 1,816 32.92 1,945 33.64 2,255 39.47 2,477 45.16 
Propane 13 0.86 6 0.35 6 0.27 22 0.39 12 0.20 15 0,26 6 0.10 
Turbine 6 0.40 1 0.05 4 0.18 1 0.01 0 0.00 2 0.W 0 0.00 

Tractor semitrailer 
3 nrlae - -. . . -- 
Counted 25,954 - 23,894 - 21,913 - 29,687 - 27,070 - 22,0e6 - 16,689 - 
Weighed 5,607 - 4,816 - 5,120 - 4,182 - 3,329 - 2,640 - 2,414 - 
Known fuel 1,588 100.00 1,394 100.00 1,366 100.00 3,801 100.00 3.101 10.00 2,500 100,00 2,256 100.00 
Gasollne 1,154 72.67 966 69.29 731 53.51 1,737 45.69 1,266 43-82 1,007 40.28 801 35.50 
Diegel 419 26.38 420 30.12 623 45.60 2,054 54,03 1,827 58.91 1,492 59.68 1,453 64.40 
Propane 11 0.69 6 0.43 10 0.73 10 0.26 7 0.22 1 0.04 2 0.08 
Turbine 4 0.25 2 0.14 2 0.14 - -  0 0.00 1 0,03 0 0.00 0 0.00 
2 axles 
Counted 83,618 - 73,402 - 78,033 - 110,040 - 99,469 - 79,807 - 58,482 - 
Weighed 18,839 - 16,198 - 17,122 - 14,091 - 11,812 - 9,416 - 8,796 - 
Known fuel 3,853 1W.00 3,569 300.00 4,304 100.00 12,601 100.00 10,731 100.00 8,602 100.00 8,017 100.00 
Gasoline 1,835 47.62 1,639 45.92 1,202 27.92 2,813 22.32 2,260 21.06 1,725 20.05 1,368 17.M 
biesel 1,982 51.44 1,909 53.48 3,080 71.55 9,745 77.34 8,448 78.72 6,Wl 79.76 6,640 82.82 
Propane 32 0.83 15 0.42 16 0.37 38 0-30 23 0.21 16 0.18 8 0.09 
Turbine 4 0.10 6 0.16 6 0.13 4 0.03 0 0.00 0 0.00 1 0.01 
b axles and more 
Counted 177,853 - 204,254 - 161,637 - 271,323 - 269,832 - 254,271 - 225,031 - 
Weighed 28,653 - 30,460 - 37,281 - 36,700 - 34,864 - 32,512 - 31,417 - 
Known fuel 8,460 100.00 9,739 100,OO 10,149 100.00 33,536 100.00 32,916 100.00 30,773 100.00 29,269 100.00 
Gasol ine 868 10.26 949 9-74 802 7.W 1,322 3.94 1,088 3.30 751 2.44 657 2.24 
Diesel 7,537 89.08 8,745 89.79 9,327 91.90 32,132 95.81 31,764 96.50 29,987 97.44 28,583 97.65 
Propane 4 0.49 35 0.35 17 0.16 75 0.22 61 0.18 30 0.09 28 0,09 
Turbine 13 0.15 10 0.10 , 3 0.02 7 0.02 3 0.00 5 0.01 1 1 ) '  

Iruck and full troiler 
4 axles and less 
Counted 2,399 - 2,646 - 2,934 - 2,397 - 2,112 - 2,125 - 2,819 - 
Weighed 363 - 374 - 459 - 407 - 327 - 331 - 352 - 
Known fuel 122 100.00 178 100.00 136 100.00 261 100.00 307 100.W 313 100.00 332 100.00 
Gasoline 112 88,27 171 96.06 118 86.76 224 85-82 271 88,27 282 90.09 301 90.66 
Diesel 8 11.40 7 3.93 17 12.50 36 13.79 35 11.40 29 9.26 30 9.03 
Propane 2 0.32 0 0.00 1 0.73 1 0.38 1 0.32 2 0.63 1 0.30 
Turbine 0 0.00 0 0,OO 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
3 axles 
Counted 17,449 - 18,708 - 3,359 - 5,404 - 5,244 - 3,860 - 4,844 - 
Weighed 813 - 1,058 - 1,065 - 1,012 - 1,074 - 1,001 - 1,034 - 
Known fuel 282 100.00 420 100.00 473100.00 982 100.00 1,057100.00 9%100.00 1,015100.00 
G w l i n e  21 7.44 40 9.52 25 5.28 76 7.73 83 7.85 74 7.42 65 6.40 
Diesel 261 92.55 379 9033 445 94.08 903 91.95 971 91.86 921 92.46 949 93.49 
Procune 0 0.00 1 0 2 3  3 0.63 3 0.30 3 0.28 1 0.10 0 0.00 
~urbine 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 1 0.09 
8 axles and more 
Counted 584 - 801 - 152 - 217 - 278 - 286 - 777 - 
Weighed 22 - 20 - 20 - 42 - 65 - 81 - 85 - 
Known fuel 1 100.00 10 100.00 3 100.00 42 100,OO 65 100.00 80 100.00 84 100.00 
Gasoline 0 0.00 0 0.00 0 0.00 2 4,76 I 1 , s  6 7.50 3 3.57 
Diesel 1 100.00 10 100.00 3 100.00 40 95.23 64 98.46 73 91.25 81 96.42 
Propane 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 1 1.25 0 0.00 
Turbine 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 

Total, al l  t ~ c k s  
Counted - , a  - 2 1  - 2 ,  - , I  , - - - 
Weighed - %,:6 - ;::,92 - l ~ ~ , ~ ~  - l:,:: - ";;:= - ::3,% - 
Known fuel 29,688 100.00 31,707 100.00 36,803 IOO.OO 117,540 100.00 106,414 100.00 98,034 l00.00 95,382 100.00 
Gasoline 18,856 63.51 19,557 61.68 22,170 60.23 69,242 58.90 59,773 56.17 54,770 55.86 53,632 56.22 
Diesel 10,593 35.68 11,939 37.65 14,384 39.08 47,912 40.76 46,315 43.52 42,970 43.83 41,411 43,41 
Propane 178 0.59 170 0.53 I72 0.46 364 0.30 315 0.29 281 0.28 328 0.34 
Turbine 61 0.20 41 0.12 77 0.20 22 0.01 11 0.01 13 0.01 11 0,OI 



four-axle and five-axle tractor semitrailers.' From 1966 to 1972 the , I 
four-axle semitrailer increased from a diesel percentage of 51.44 to 

I 

! 

82.82 percent, an$ the five-axle and more class (practically all are ! 

five- axles) increased from 89.08 percent to 97.65 percent. 

In the truck with full trailer class, the four-axle cambinations 
are about 10 percent diesel powered, but the number weighed is so 
small that there is no indication of a trend up or down. In contrast, 
the five-axle truck and full trailer combination from 1966 to 1972 
held to a percentage of diesels of about 92 percent. The six-axle 
and more truck and full trailer shows some increase in diesel usage 
1966 to 1972 in both number weighed and percentage with diesel 
engines. 

All trucks together, 1966 to 1972, increased in percentage of 
diesel from 35.68 to 43.41 percent. The two-axle light classes of 
trucks are mainly of gasoline fuel and the three-axle and more 
vehicles are of diesel fuel with the percentage increasing in all 
code numbers. 1 

With reference to the objectives of the classification count and 
weighing sf vehicles as stated in the introduction, the 1971 results j 
fall short of producing the full data desired, and further, because 
of limited number of roadside stations and small samples of vehicles ; 
counted and weighed, the results do not have the statistical quality I 

necessary for acceptance of the results. Perhaps the outstanding 1 
weakness of the overall operation is the variance in quantity and I 

i 

statistical quality of the results as compared State to State and 
highway system to highway system. Some States collect more infor- I 

mation than is necessary to achieve the desired statistical quality I 1 
and other States produce far less information than the minimum de- , 
sired to assure representativeness of the data. ! 

! 

100 I 

I 

I 

I 

I 
For 1972 in Table 28 the percentage of trucks with diesel fuel 

is given by three highway systems--Interstate rural, Other FA primary 
I 

rural, and Other FA primary urban. The trends are somewhat mixed, 1 
but with the exception of the three-axle single unit truck and the I 

six-tire, two-axle single unit, the diesel percentage is highest on 
t the Interstate rural system. Of all trucks, the percentage of diesel 

trucks is highest on the Interstate system (70.23 percent) and lowest 
on the Other FA primary urban system (34.19 percent) . 

I 

I 
DISCUSSION FOR FURTHER ANUYSES 1 

I 
The study and analysis of the 1971 vehicle classification count i i 

<and truck weight data required to produce this publication brought 
to attention several aspects worthy of special attention. Overall 
observations and deductions are here reported as are discussions for 

! 

improving future weighing operations. 



Table 28, Fue l  type  percentage by t r u c k  type  f o r  1972 on t h e  I n t e r s t a t e  Rura l  
and Other FA primary r u r a l  and urban highway systems 

Other PA Other FA 
Truck I n t e r s t a t e  Rural  Pr imary Rural  Primary Urban 
Type 

Number Percent  Nuinher Percent  Nymber Percent  - 
Sing le  Unit  Truck 

Panel & pickup 
Counted 344,066 - 532,650 - 308,970 - 
bieighed 8,118 - 27,371 - 10,585 - 
Known f u e l  7,749 100.00 25,506 100.00 10,200 100.00 
Gasoline 7,705 99.43 25,338 99,34 10,170 99.70 
Diesel 39 0.58 5 7 0.22 1 3  0.12 
Propane 5 0.06 108 0.42 17 0.16 
Turbine 0 - 3 0.01 0 - -- 
Other 4 - t i r e  
Counted 18,591 - 27,561 - 20,618 - 
Weighed 1,593 - 3,462 - 2,083 - 
Known f u e l  1,538 100.00 3,298 100.00 2,054 100.00 
Gasol ine 1,508 98.04 3,254 98.66 1,999 97.32 
Diese l  2 7 1.75 3 3 1 .00  50 2.43 
Propane 3 0.19 11 0.33 5 0.24 
Turbine 0 - 0 - 0 - 
2-axle, 6 t i r e  
Counted 111,709 - 149,542 - 88,931 - 
Weighed 14,370 - 22,117 - LO, 910 - 
Known f u e l  13,241 100.00 20,121 100.00 10,740 100.00 
Gasol ine 12,205 92.17 18,844 93.65 9,854 91.75 
Diesel 1 ,011  7.63 1,108 5.50 84 4 7.85 
Propane 24 0.18 164 0.81 41 0.38 
Turbine b 0 -00  - d L: 0,02 1 0.00 

--, 

3-axle 6 more 
Counted 20,782 - 38,092 - 17,041 - 
Weighed 3,389 - 6,049 - 2,254 - 
Known f u e l  3,190 100.00 5,484 100.00 2,235 100.00 
Gasol ine 1,782 55.86 3,001 54,72 949 42.46 
Diesel 1,404 44.01 2,477 45-16 1,283 57.40 
Propane 2 0.06 6 0.10 3 0.13 
Turbine 2 0.06 0 - 0 - -- -- - 

Trac to r  - s e m i t r a i l e r  
3 a x l e s  
Counted 26,664 - 16,689 - 10,937 - 
Wet ghed 3,182 - 2,414 - 1,308 - 
Known f u e l  2,974 100.00 2,256 100.00 1 ,301  100.00 
Ga so  1 i n e  799 26.86 801 35.50 491 37.74 
Diesel 2,172 73.03 1,453 64.40 809 62.18 
Propane 3. 0.03 2 0.08 1 0.07 

2 0 - 0 - Turbine 0.06 

IOP 
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Table 28. Fuel  type percentage by t ruck  type f o r  1972 on t h e  I n t e r s t a t e  Rural 
and Other FA primary r u r a l  and urban highw6y systems (continued) 

Other FA Other FA 
Truck I n t e r s t a t e  Rural Primary Rural  - Primary Urban 
Type 

Numner Percent Number Percent  Number Percenr, 
Tracror  s e m i t r a i l e r  (continued) 

4 a x l e s  
Counted 86,054 - 58,482 - 31,971 - 
Weighed 10,786 - 8,796 - 3,564 - 
Known f u e l  9,933 100.00 8,017 100.00 3,531 100.00 
Gasoline 1,053 10.60 1,368 17.06 522 14.78 
Diese l  8,876 89.35 6,640 82.82 3,008 85.18 
Propane 1 0.01 8 0.09 1 0.02 
Turbine 3 0.03 1 0.01 0 - 
5-axles & more 
Couzted 423,921 - 225,031 - 72,281 - 
Weighed 50,411 - 31,417 - 6,866 - 
Known f u e l  47,796 100.00 29,269 100.00 6,778 100,OO 
Gasoline 54 0 1.12 65 7 2.24 228 3.36 
Diese l  47,217 98.78 28,583 97.65 6,547 96.59 
Propane 29 0.06 28 0.09 3 0.04 
Turbine 1 0  0.02 1 0.00 0 - 

Truck & f u l l  t r a i l e r  
4 a x l e s  & l e s s  
Counted 2,405 - 2,819 - 5 68 - 
We-l_ghed 588 - 35 2 - 90 - 
Known f u e l  572 100.00 332 100.00 88 100.00 
Gasoline 467 81.64 301 90.66 7 1  80.68 
Diese l  104 18.18 30 9.03 16 18.18 
Propane 1 0.17 1 0.30 1 1.13 
Turbine 0 - 0 - 0 - 
5 a x l e s  
Counted 6,425 - 4,844 - 921 - 
Weighed 1,044 - 1,034 - 133 - 
Known f u e l  1,030 100.00 1,015 100.00 129 100.00 
Gasoline 5 6 5.43 6 5 6.40 31 24.03 
Diese l  966 93.78 949 93.49 98 75.96 
Propane 1 0.09 0 - 0 - 
Turbine 7 0.67 1 0.09 0 - 
6-axles & more 
Counted 352 - 777 - 38 - 
Weighed 23 - 85 - 4 - 
Known Euel 19 100.00 84 100.00 4 100.00 
Gasoline 3 15.78 3 3.57 0 - 
Diese l  16  84.21 81  96.42 4 100.00 
Propane 0 - 0 - 0 - 
Turbine 0 - 0 - 0 -- 

Tota l ,  a l l  t rucks  
,Counted 1,040,969 - 1,056,587 - 552,276 -.. 
Welghed 93,504 - 103,097 - 37,797 - 
Known f u e l  88,042 100.00 95,382 100.00 37,060 100.00 
Gasoline 26,118 29.66 53,632 56.22 24,315 65.60 
Diese l  61,832 70.23 41,411 43.41 12,672 34.19 
Propane 67 0.07 328 0.34 7 2 0.19 
Turbine 2 5 0.02 11 0.01 1 0.00 
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The overall analysis suggests the need to establish additional 
guides and criteria $or control of the total operation of data 
gathering, and to establish some means of getting all States to camply 
with these guides, standards, and criteria. Qne of the purposes of 
this discussion i s  to illustrate the variable nBture of the data 
gathered in 1971 and to indicate the'need to change the total operation 
to achieve representative data by States and by highway system, yet 
do so within available funds. 

It is timely that the State authorities and W A  reevaluate the 
entire truck-weighing program in order to make best use of the availah 
ble funds and to insvre that the weighing operation produces data 
sufficient for their uses, including system and State cc%parisons. 

Y W U Y  SCHEDULES OF WEIGkIING 

This presentation of the 1971 counting and weighing of vehicles 
brings to light the wide range of number of vehicles weighed, the 
wide range of the number of stations at which weighing was conduct&, 
and the wide variance of the data as between highway systems. The 
information collected on the rural and urban FA secondary systems i S  
so sparse that practically nothing usable was obtained in 1971. The 
Interstate urban system is similarly weak. Because the characteristics 
of traffic and trucking do not change much one year to the next, it is 
in order to ask whether it is necessary to weigh vehicles each year on 
each system. For each system would not weighing on alternate years, or 
even every three years be sufficient? This subject leads into conr 
sidering the worth of changing the overall policy on we$ghing to one 
that would continue weighing each year, but to concentrate on getting 
adequate coverage of a highway system to render sound statistical data. 
For instance, of the three basic highway systems, Interstate, Other FA 

I 

I primary, and FA secdnd.aqp & three-year rotation plan would give ade- 
quate data for trend sWl&s on all important factors. For control 

I purposes, approximately 20 percent of the stations on a national basis 
could be counted and ~eighd each year on each system. 

DIFFICULW IN COlr,PWNG RESULTS 
1 

A comparison of twk-weight results State to State and census 
division to census dhision for a speficic year produces questionable 
results by vehicle type and highway system when the number of vehicles 
weighed is not sufficient to produce stable averages and distributionsi 

When the sample is inadequate, differences found in any one com- 
parison may be the result of an inadequate sample, rather than due to 

I 
basic differences in trucking practice or to a known difference il;r the 
legal limits of grass and axle weights. The same weaknesses are 



illustrated in the weighings by highway systems. The results of 
weighing on the Interstate urban system, arid on both FA secondary 
system, are weak. There are instances where a State may weigh a 
goodly number of vehicles when other States in the  census division 
do not, which, renders a census division compa~ison questionable. 
Because of individual differences in the emking practice in the 
States within a given census division, a census division cmbi3led set 
of data is hardly acceptable when one or more States are excluded, 
or weigh insufficient numbers of vehicles. 

Combining three years of data is a way to improve weight averages 
and distributions and percentage empty when single year results are in- 
adequate. Combining three years of the data would increase materially 
the number of vehicles in every sample in which increased sample size 
is often needed. However, such process may not produce representative- 
ness for a highway system when the data from all three years comes from 
the same weighing stations, for the same hours and same days of the week, 
unless those stations combined are representative sf the trucking on 
that system. It is essential to determine that the weighing stations 
chosen on a given highway system collectively produce results that are 
representative of all the traffic on that highway system. 

UNIFOMTY BETWEEN STATES 

For comparisons between States and, therefore, between the different 
legal and regulatory factors, it is highly desirable that the States ad- 
here to a uniform procedure of counting mil weighing vehicles. This 
statement applies to such factors as weighing the same hours of the day, 
days of the week (in which there may be significant differences), and 
to counting and classifying traffic the full 24-hours of each day 
counted. 

One of the causes for variations in the results of traffic 
classifications and vehicle weights is attributable to the different 
hours of the day and days of the week that vehicles are counted and 
weighed. Supposedly, all States count traffic for the full 24-hours, 
but this standard is not always adhered to. There are also variations 
in the nlrmber of hours a day and what hours are used for the weighing 
of vehicles. 

DESIRABLE STANDARD OF STATISTICAL QllAEIlY 

Fortunately, for the most of the uses sf the results of traffic 
classification and vehicle weights, precise results arc not needed. 
The maximum probable errors that are acceptable will vary with the 
particular use and with the judgment of the user. Most applications of 

104 

I # 1 1 



the classification volurnes and of the vehicle weight data are for a 
given year and, i n  torecast studies, for  a series of future years. 
What needs to  be known, then, is the probable variance of the data 
f r m  the truck-weighing operations as related to  their  universe for a 
f u l l  year. Certain s ta t i s t i ca l  procedure may be used for th i s  purpose, 
but the results w i l l  have uncertainties because the samples from which 
the data are obtained are not always acceptable samples for the day 
and hours of observation, and are of unknown quality when related to  
a f u l l  year of t ra f f ic  covering 8,760 hours, The sampling is not 
random on any factor observed. When the lack of randomness is combined 
with the factor of hourly changes in  the universe of one year and one 
mile of highway, the resulti ,~g numerical averages and distributions w i l l  
be possessed with uncertainties. 

A clesired undertaking is to thoroughly study trucking practice in 
a l l  of i t s  aspects so that t ra f f ic  classifications and weight iactors 
can be better related to  a whole year of t raf f ic .  The design of the 
truck-weighing operation can then be determined so tha t  the results 
can be within acceptable s ta t i s t i ca l  limits of averages and distributions. 

I 

A t r a f f i c  stream is composed of a flow of several types of vehicles 
I whose range in  number is i l lustrated by Table 29 for the Other FA pri-  

mary rural system, In the narmal weighing procedure, the weighing crew 
I 

may weigh a l l  or only part of those vehicle types having high volume 
I 

flow, such as the 200 and 332, and weigh a l l  of the types having low 
I volume flow, such as 210 and 321. This practice often results in  over- 
I weighing the large-volume flows and underweighing (s ta t is t ica l ly  
I speaking) the low-volume flows as shown by Table 29. 

I ~ Not a l l  of the low-volume types are important i n  technical and 
I management uses of truck-weight data, but some are, such as code 230, I 

I the three-axle, single unit truck. 

I ~ Of these important truck types flowing in  low volume (230, 321, 
and 432 are examples) it is desirable t o  adopt sme operative procedure 

I to insure that a stable sample w i l l  be weighed. One procedure would be ~ to weigh for  longer hours, more days, or a t  more stations. I t  would be 
unnecessary t o  weigh during these extended hours or days the types of 
vehicles that were adequately sampled i n  the i n i t i a l  normal timelength 

I 
I weighings. Weighing a t  more stations is highly desirable when a t  

present only one, two, or three stations on a highway system are operated. I 

Large or small numbers of vehicles weighed on a given highway system 
and State can affect the s ta t i s t i ca l  quality Q£ the average weights, per- 
centage distributions by intervals of weight, and the ra t io  of empty ve- 
hicles t o  to ta l  vehicles weighed. But, when weight da.ta from States are 
to be combined to  get census division or other regional comparisons, the 
relative number of vehicles weighed becomes an important factor. For 
instance, i n  Table 29, Iowa weighed the code 200 tmck 5.34 times the average 



I 
Table 29. Vehic les  counted and v e h i c l e s  weighed on t h e  Other FA primary 

r u r a l  system f o r  S t a t e s  i n  t h e  West North Centa l  census  d i v i s i o n ,  1971 

P -- 
Vehicle Type Code 

S t a t e  200 210 220 230 321 322 332 
Dai ly  T r a f f i c  Count p e r  Roadside S t a t i o n  

Iowa 372 5 2 129 52 14 39 252 
IZansas 84 0 8 158 33 14  30 170 
Minnesota 420 1 3  98 33 'b 3 24 192 
Missour i  947 20 220 109 2 5 64 3 25 
Nebraska 1,115 83  410 113 51 1.11 622 
North Dakota 638 11 18 9 45 1 6  25 270 
South Dakota 311 31 8 4 20 4 9 7 0 

Average 588 2 6 161 53 19 3 9 257 
T o t a l  4,643 218 1,288 409 137 302 1 ,901 

--- -- -- 
Number of Vehic les  Weighed - ----- --- 

Iowa 1,987 34 2 748 321 7 0 200 1,360 
Kansas 516 12  3 64 68 22 60 336 
Minnesota 158 29 232 113 41 86 625 
Missour i  458 28 780 365 9 7 275 1,146 
Nebraska 734 1,445 853 244 101 187 1 ,021 
North Dakota 706 3 0 631 2 14 99 162 1 ,787 
South Dakota 1,057 125 510 113 23 58 435 

To ta l  5,616 2,011 4,118 1 ,438 455 1 ,028 6,710 

Ra t io  of Number ~ e i G e d  t o  ~ a i l f  Traf f ic  Count - 
Iowa 5.34 6.58 5.80 6.17 5.00 5.13 5.40 
Kansas . 61  1.50 2.30 2.06 1.57 2.00 1.98 
Minneso~a  .38 2.23 2.37 3.05 3.31 3.58 3.26 
Missour i  .48 1.40 3.55 3-35 3.88 4.30 3.53 
Nebraska .66 17 .41  2.08 1 6  1.98 1 .68  1.64 
North Dakota 1-11 2 + 7 3  3.34 4.76 6.19 6.48 6.62 
South Dakota 3.40 4.03 6.07 5.65 5.75 6.44 6.21 

Average 1 .21  9.22 3 -20  3.52 3.32 3.40 3.53 

-"- -- 
Rat io  of Av=ge Number Wefghed t o  Dai ly  T r a f f i c  Count 

Iowa 0.76 0.94 0.83 0.88 0.71 0.74 0.77 
Kansas 0.09 0.25 0.33 0.30 0.21 0.30 0.28 
Minnesota 0.02 0.15 0.15 0.19 0.23 0.21 0.20 
Missour i  0.03 0.10 0.22 0.21 0.24 0,27 0.22 
Nebraska 0.05 1 . 3 4  0.16 0.1.7 0.16 0.13 0.13 
North Dakota 0.16 0.36 0.48 0.69 0.88 0 9 2  0.94 
South Dakota 0.38 0.45 0.68 0.65 0,75 0.67 0.69 

Average 0.14 0.84 0.34 0.34 0.34 0.34 0.39 

Iowa Kan. Minn. Mo, Nebr . N.D. S.D. ~ o t a l  
_ _ _ _ I _ ^ I - - - - - - - - - -  

No. of s t a t i ~ , . ~  
weighing 7 7 1 6  1 6  1 3  7 9 7 5 

No. of s t a t i o n s  
counting 7 7 52 9 14 7 9 105 

1 tl i: 



daily volume flow and Minnesota weighed only 0.38 of the daily volume 
flow, The ideal, of course, is t o  weigh each State and system in  pro- 
portion to  the daily flow of each type of vchEc%e. A 1 1  of the census 
division totals  i n  th is  publication are put together using the  nwber 
of vehicles weighed, regardless of the propoutionaBity of the respec- 
t ive  vehicle t r a f f i c  i n  the States or highway systems, 

On the Interstate rural system for  the code 200, panel and pickup, 
Maryland weighed 100 vehicles to ta l  at three stations and Virginia 
weighed 751 vehicles a t  seven stations. The daily count of the type 
200 vehicle was 1,236 for  Maryland and 1,313 for Virginia, the 
basis of t ra f f ic  flow the proper number weighed for getting the average 
of the census division should be the ra t io  of 1313/1236 or 1.06, but 
the actual nwnber weighed gives a ra t io  or 751/IQO or  7-51.  Thus, the 
census division to ta ls  as between Maryland and Virginia are overweighed 
by Virginia factors in  the ra t io  of 7.51/1.86 or 7.08, This analysis 
assumes that the weighing and counting stations i n  Maryland and in  
Virginia are ful ly representative of the Interstate m r a l  highway 
system, which, of course, they may not be. 

For comparing two or more States, or for  calculating averages, 
such as  for a census division, it is important to  have traffic classi-  
fication counts and numbers of vehicles weighed that produce indivi- 
dual State data having high sample rel iabil i ty.  The number of 
vehicles counted i n  such comparisons should be the average count for 
a 24-hour day. For calculating average weights, the nember of vehicles 
weighed i n  each State should be i n  the sme proportion t o  the 24-hour 
t ra f f ic  flow. 

I From an analysis of the results of the annual truck weighing, it 
is evident that many of the States weigh the truck t r a f f i c  100 percent, 
or nearly so, during the hours the station operates. This weiglring i s  
done without regard t o  the nmber of vehicles required to be weighed to 
produce acceptable samples. The results often show large numbers 
weighed i n  the 200 and 532 classes and but few vehicles weighed in  
classes 230 and 321. Assuming that  a l l  of the 230 md 323. vehicles 
passing the station are weighed, it would require additional hours of 

I 
I weighing to  increase the sample size. On the other hand, there is  
I little accomplished in  weighing numbers of codes 200 and 332 vehicles 

greatly i n  excess of the number required to  produce an adequate sample. 
For instance, here are the number of vehicles weighed by specific 
States i n  1971 on the Interstate rural system: 

1 

1 

I 
107 I 

I I 
I 
I 

I 
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I Vehicle Type Code 
1 State 250 , 2 10 229 230 321 322 -.....- 352 
I 

! 

1 bhrylmd 100 13 287 4 9 69 a28 463 

Virginia 751 101 882 21 9 149 561 1,406 

Nebraska 1 2  20 144. 27 2 9 79 706 

Calif dmia 9 5 1 359 4 1 113 153 6.26 

Washingtan 86 0 293 4 1. 69 7 1  821 

Tbie above l i s t ing of s ix States includes two from each of three 
census divisions, From the range of number of vehicles weighed in  
each class, State t o  State comparisons would not be significant, the 
averages for  census division wou2.d be questionable, md even a national 
merage might not be acceptable. Thus, it seems in order to encleaver 
t o  get a l l  States up t o  nearly the saw level af s ta t i s t i ca l  sampling 
for s ta t i s t i ca l  comparisons between States and census divisions. 

1 
I WEAKNESS I N  WIGHT AND T W F I C  

J 
CILASSIFICATION DATA 

1 

i Although discussed elsewhere, it may be helpful to list some of 

j the nain deficiencies i n  the tmck weight and t r a f f ic  classification 
data of which the following may be noted: i 

1, Within a State 

a, Overweighing and underneighing in  sample size by 
vehicle type; 

b. Lack of adequate samples by type of vehicles and by 
highway systems to permit determining the differences 
i n  trucking by highway systems ; 

c. Lack of s ta t i s t i ca l  quality c r i t e r ia  for purpose of 
determining desirable sample size; 

d. Lack of laowledge of the characteristics of trucking and 
t r a f f i c  for  a 24-hour day, 7-day week, and 52-week year 
as needed t o  establish the desirable hours and days of 
weighing and of traffic classification; and 

e. Lack of knowledge of trucking and t ra f f ic  on a highway 
system as a whole as a basis of judging the representa- 
tiveness of a given sample to  the highway systen in to ta l .  
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2. Between States 

a. Number of vehicles weighed with respect to daily traffic 
count of each vehicle type often not comparable; 

b. Inadequate sample size; 

c. Wide range in number of stations per highway system, 
or per 1,000 miles per system; and 

d. Traffic classification and vehicle weighing not 
comparable as between days and hours of the day. 

3. In General 

a. Lack of sufficient stations for classifying traffic d 
weighing vehicles to establish true averages, distribu- 
tions, and empty/loaded ratio by highway systems and by 
States ; 

b. Roadside stations on a highway system, days of counting 
and weighing, and days and hours of weighing are not 
selected on the basis of random sampling so the normal 
statis tical analyses may not disclose the true variances, 
probabilities, and distributions; 

c. Lack of sufficient number of loaded and empty vehicles 
weighed to establish firm ratio of empty/loaded vehicles ; 

d. Lack of 24-hour weighings to disclose variations in 
vehicle weights and empty/loaded ratio. Error in 
short-time weighing not disclosed because of lack of 
24-hour results with which to compare. Truck weights, 
gross and axle, and empty/loaded ratio not known for 
24-hour period; and 

e. Sampling is made difficult because of local operating 
factors and also because the nature of the distributions 
of gross and axle weight, empty/loaded ratio, traffic by 
hours of the day, and trucking characteristics by hours 
of the day, do not follow symmetrical distributions. 
Statistical analyses, therefore, may end with considera- 
ble uncertainties. 



USES AND USERS OF TRUCK WIMTS AND YEHICLE CLASSIFICATION COUNTS 

The information obtained annually by the States in their roadside 
weighing and counting of vehicles and the supplemental information 
collected at the time, has many potential applications in connection 
with highway systems, transportation, engineering, transportation 
planning, legislation, the motor vehicle industry, and many applications 
by a variety of organizations and for a variety of purposes. The 
evident applications are listed in the following ten groups with sub- 
division by specific applications : 

GROUP 1. ENGINEERING--DESIGN, OPERATIONS, STANDARDS, SAFEm 

1. Formulation of overall design policies and standards; 

2. Highway geometric design- - grades, curves, roadway width, 
lanes ; 

3. Structural design- -pavements, bridges ; 

4. Bridge fatigue analysis; 

5. Safety analysis of existing bridges and posting of maximum 
permissible gross vehicle weights; 

6 .  Pavement type selection; bridge type selection; 

7. 'Calculation of number of equivalent 18-kip load applications; 

8. Pavement life studies related to equivalent 18-kip load 
applications and present serviceability index; 

9. Selection of representative or critical vehicle for use in: 

a. Structural design; 
t 

i b. Development of tables for motor vehicle m i n g  costs for 
I representative classes of vehicles; 

c. Road testing and research; 

d. Traffic speed limits; uphill truck performance; 

e. Safety studies; 

f. Truck equivalents in terms of automobiles; 

10. Writing specifications for construction; and 



11. Guide to Closing routes to trucks during spring thaw. 

GROW 2. ENGINEERING ECONOMY AHALYSES 

1. Proposed specific highway improvement projects--design and 
locat ion; 

2. Highway systean development such as for a freeway system or 
an urban arterial system; 

3. Multimodal analysis for economy of total transportation; 

4. Specific programs of improvements such as spot safety- 
@movements, TOPICS program, highway-railway crossing 
safety ; 

5. Economy of truck lanes on plus grades; and 

6, Transportation economy of legal limits of dimensions and 
weights of motor vehicles; desirable legal limits. 

GROUP 3. FINANCE AND TAXATION 

1. Highway cost allocation analyses ; 

2.  Effect of road-user tax rates and taxed items on highway use 
and tax revenue; estimates of fuel consumption; 

3. Relative user and vehicle tax rates by type of motor fuel; 

4. Third structure taxes--weight-distance tax, or any scheme 
other than full tax and license fees; 

5. Reciprocal license agreements between States; 

6. Estimating road-user revenue by vehicle class and highway 
system; and 

7 .  Financial budgeting, especially of incomes. 

GROUP 4. LEGISLATION AND PUBLIC POLICY 

1. Legislation on maximum legal limits of vehicle dimensions and 
weights; 
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2. Legislation on legal minimum and maximum speeds, h i l l  
climbing abil i ty,  and safety devices; 

3. Special exemptions or added restrictions of law related t o  
vehicle dimensions and weights, or t o  classes of goods carried; 

4. Special provisions for legal limits of vehicle dimension and 
weight for  the haulage of local products; 

5. Special limitation of vehicle dimensions and weights for  
intraurban haulage; 

6 .  Transportation policy relative t o  restrictions on vehicle 
design, highway use (dimension and weight of vehicle) , 
minimum speed, carriage of dangerous materials; 

7. Overall regulation of common carriers,  contract carriers,  
agricultural exempt carriers,  and private carriers;  

8. Tariff schedules for common carriers  for a l l  transportation 
modes ; 

9. Conrparison of highway use and vehicle design with law and 
regulation; 

10. Guide information for enforcement of motor carrier  safety 
regulations; 

11. Effectiveness of enforcement of highway use with respect t o  
oversize and overweight vehicles and planning of enforcement 
ac t iv i t ies ;  and 

12 .  Guides for policy on issuance of special permits for oversize 
and overweight vehicles. 

GROUP 5. PLANNING--TR4NSPORTATION 

1. Forecast of highway use by vehicle type and vehicle weights ; 

2.  Possible sh i f t  i n  highway use by vehicle type that would be 
expected as  a result  of a change in  legal l i m i t s ,  tax rates, 
or other changes in law, regulation, restriction, o r  libera- 
tion of current restrictions; 

3. Project planning and pr ior i t ies ;  

4. Overall location and design of highway systems including 
capacity and level of service; 
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5. Studies of highway routes for exclusive use of trucke; and 
buses; 

6 .  Transportation economy studies in connection w i t h  area 
proposals for transportation improvements a d  system 
development; 

7. Location and design of urban freight terminals; 

8. Intennodal camparisons and alternative transportation systems; 
and 

9. Estimate of a pavement replacement or resurfacing forecast 
with and without any specific h g e  in laws or regulations 
affecting the twckjng industry. 

GROW 6. RESEARCgl AND DlTELQPmENT 
I 

1, Design procedures and factors for pavements and stwtvres; 

2. Transportation economy and economic effects o f  the legal 
limits on dimensions and weights of motor vehiclss, including 
mult icargo body combinations ; 

3. Design and operation of test roads and laboratory test 
tracks ; 

4. Application of new proposals in ~eutmotiv@ tedqology and 
in trucking technology; 

5. Financing and tax policies a d  schemes; 

6.  PI-opasals for new t m e s  or changes in present tax policy; 

7. Intermodal freight exchange of commodities; 

8. Freight movement technology- -containerization, piggyback, 
centralized terminals; 

9. Tntemodal effects of trends in freight hauling by all modes, 
proposed legislation, and regulation; 

10. Correlation of highway t m k i r g  with the gross national 
product alnd other economic indicatars; and 

19. Resource infomation for graduate theses and dissertations. 
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GROW 7. SMEV AND TRAFFIC 

1. Traffic simulation studies that involve vehicle class and 
perfommce; 

2. Traffic safety analyses with respect to vehicle performance 
as related to highway geometric requirements; 

3. Estimation of stoppiq distance, speed on grades, 
accelerations, and top speed ability of trucks; 

4. Safety inspecticsn of vehicles; 

5. Posting of bridges for maximum gross vehicle weight; and 

6, Design of traffic cmtrol systems and metering of lane 
occupmcy . 

GROIP 8. TTiANSPQRTA'PION ECONOMICS 

1. Coqutation of the overall cost of transportation--highway 
cost -plus the cost of motor vehicle operation; , 

2. Economic development of areas and regions affected by motor 
trucking ; 

3. InpuGoutpW econamic analysis; 

4. Eratermocbl freight exchange, practice of and effects of; 

5. Intemcrdal system transportation analyses of costs and 
effectiveness ; and 

6. Vehicle operation comparison by vehicle type and economical 
load ing . 

GROW 9. STATIST1 CS AND TRENIXS 

1. llmma% statistics: 

A. Vehicle-miles of travel by vehicle types; 

43, Tom-miles of freight carried by highway; 

C. Ton-miles of haulage by commodity classifications; 

D, liverage daily traffic volume by highway system by 
v,ehicle type; 



E. Length of trip, or average distance different commodities 
are hauled; 

F. Average gross weights and average payload weight per 
vehicle by vehicle type by highway system; and 

G. Relative highway use and cargo tonnage of common, contract, 
agricultural exemgt , and private carriers ; 

2 .  Body types of commercial vehicles, relative numbers on 
highways; and 

3. Technological developments of vehicles--enp)ty weights, 
horsepower, types of fuel, hauling distance. 

GROUP 10. TRUCKING INDUSTRY, VEHICLE MANLJFACTURING, COMMERCE 

1. Studies of improvement of equipment (trucks) ; 

2. Analysis of trend in freight movement; 

3. Chassis design and power design as affected by truck 
loading and use; 

4. Structural requirements of automotive parts and systems; 

5. Regional and highway system differences in trucking 
volumes, classes of vehicles, and loading practices; 

6. Manufacturing planning and produce design; 

7. Trends in productivity (ef f icicncy) of highway trucking; and 

8. Operations management and locations of service areas, 
exchange locations, warehousing, and terminal facilities. 

Because highways are the full responsibility of public agencies, 
and transportation, in general, is partly a public responsibility 
through regulation, it is to be expected that the many agencies and 
departments of city, county, State and federal governments are the 
more frequent and regular users of tmck weight and traffic infom- 
tion as collected in the annual State weighing operations at the 
roadside. Industry, commerce, and private transportation companies, 
however, also find many applications of the sesul ts of these 
infomtion-gathering activities. 



The tabulation to follow lists several of the types of agencies 
and organizations that  can be expected to make use of the infomation 
gathered i n  the truck weight studies. I t  is probably t rue  that  should 
the information collected annually be given a wider notice of being 
available, its use would be more widespread and more frequent than it 
is a t  present. 

ORGANIZATIONS AND AGENCIES 
RESULTS OF THE ANNUAL T 

A. Agencies of ci ty,  countyr State, and f e d e ~ a l  governments 

1. Economic analysis agencies 

Agricultural 
Commerce 
Labor 
Transportation 

2 ,  Enforcement agencies 

Motor vehicle 
Police and patrol 

3. Highway departments 

4. Legislative bodies 

5. b t o r  vehicle registration: 

6. Planning agencies 

Lane use zoning 
Rural and urban 
Regional 
Transportation 

7. Regulatory agencies 

Transportation 
Commerce 
Ut i l i ty  commissions 

8. Safety departments 

Industrial 
Transportation 



9. Tramsportat ion departments 

B. Nongovernmental organizations 

1. Economic forecasters 

2. Lane developers 

3. Automotive manufacturing industry 

4. Tire manufacturing industry 

5, Trucking industry 

6. Other transportation modes 

7. Engineering m d  business consultants 

8. Educati.onal institutions 

9. Research institutes 

DESCRIPTION OF USES OF ANNUlAL COLLECTIONS OF TRUCK 
kEIW AND OTHER INFORMATION / 

1 GROW 1. ENGImERTNG--BESIQIJ, OPERATIONS, STNARDS 

Highway departments, beirg highly engineering oriented, and being 
responsible for conducting the annual truck weighing studies, have per- 
haps been the major users of the truck weight study data, and in their 
&pplications, engineering has been a major field of application. In 

I 

geometric &sign of highways, vertical gradients, horizontal curves, 
I roadway and lane widths, shoulder widths, sight distance, and ramps 

must be related to the number, length, width, m d  height of vehicles 
I expected to use the facility. bowing the frequency volume of each 
I 
I type of vehicle using a given highway, plus the axle spacing and 

weight of the trucks, designers are in a position to lay out the 
I geometries of the highway to accommodate that particular traffic and 

its expected future changes. An analysis and summary of the truck 
weight study data afford the basic information for many of the factors 
of the geometric design of highways. 

I Highway pavements, bridges, m d  other roadway structures and 
culverts must be structurally designed to accommodate the weight 

I loadings imposed by the traffic. Of particular importance to 
structural &sign is the frequency of axle load application and the 
distribution of these load applications, say by 1-kip intervals. The 
axle weights, combined empty and loaded vehicles, of the full range of 
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traffic vehicles from passenger cars to the multiunit combinations 
should be used to calculate the equivalent 18-kip axle applications 
to the pavements and the actual weights applied to bridge structural 
system. The frequency of the load applications to bridges is highly 
important to calculations of fatigue stress in bridges. Calculation 
of the structural safety of existing higllway bridges is another 
application to brtdges of the truck weight infomtion. 

Pavement type and bridge type selections are usually based upon 
~ o n w i c  cost of the strmctural systems and their adaptions to the 
traffic. The ADT by vehicle class and the dimensions and weights of 
the vehicles are factors that enter into the calculations and con- 
siderations of basic types of highway design alternatives & choice 
of construct ion materials. 

In engineering and management of engineering functions, often 
special attention must be paid to critical factors or critical items 
invalved, as well as to the whole. For instance, in bridge structural 
design, a critical vehicle with respect to numbers of axles, weight of 
axle loading, and spacing between axles is chosen. A good approach to 
this selection is a thorough examination of the vehicle classifications 
and their respective axle weights and axle spacings as given in the 
truck weight studies. Also, in developing the m i n g  cost of vehicles 
for use in economic analyses, it is the usual practice to select 
typical vehicles on which to base all laboratory, field, and theoreti- 
cal observations and calculations. Vehicle weights and frequency of 
each class of vehicle in the traffic stream are the sources of infor- 
mation on which the selection of a representative vehicle is made, 

The American Association of State Highway and Transportation 
Officials and the individual highway departments have design policies 
and standards that serve as their basic guides in all phases of highway 
and stmctural design, The information collected in the annual truck 
weight; studies is a most useful source of information considered in 
arriving at these policies and standards. 

GROUP 2 .  ENGINEERING ECONOMY ANALYSES 

When the analysis for engineering economy includes proposals that 
involve highway motor vehicles, the running costs of those vehicles 
usually have been detemined by reference to information from the truck 
weight studies. Essential to the analysis for economy of highway 
location and design is classification of the traffic by weight and axle 
configuration. Motor vehicle running cost tables that have been pre- 
pared usually have used truck weight and truck enumeratioq information 
in selecting typical vehicles for which the running costs were calcu- 
lated (70). 
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Practically every analysis of the economy of a praposed improve- 
ment proj ect , a system planning study, or a special program (TOPICS) 
uses i n  several ways the t raf f ic  enumeration and classification, truck 
characteristics, and motor trucking infonuation available from the 
annual truck weighing studies, 

GROUP 3. FINANCE AND TAXATION 

Road user taxes and fees often re la te  directly to class, type, 
and weight of vehicle. Within the classes of vehicles, two further 
factors are generally connected with road user tax policy and law. 
Whether to  tax on the basis of monetary value or cost, size, weight, 
horsepower, loading capacity, or number of axles are items considered, 
The second factor is the ra te  of tax on the factors chosen, I t  is 
readily seen that  the truck weight studies furnish key information 
for use i n  motor vehicle tax proposals, including those related to 
the so-called "third structure" taxes. 

Trucks  and buses are singled out for special consideration in 
tax studies because of their  large size and heavy weight as compared 
to automobiles. Further, because a specific vehicle may be used i n  
several States, trucks and buses are subject t o  consideration for 
reciprocal agreements on such items as license' fees, fuel tax, and 
third structure taxes, Mileage driven in  specific States by specific 
vehicles is a factor that may enter into agreements between States 
relative to  road user taxes and fees. 

On the a s s q t i o n  that vehicles may be taxed somewhat on the basis 
of benefits they receive from highway improvements and on the basis of 
the highway cast they incur, the truck weight studies are a primary 
source of data for  cost allocation studies in connection with legis- 
la t ive  proposals for changes i n  the road user tax structure. 

GROUP 4. LEGISLATION AND PUBLIC POLICY 

With respect t o  motor vehicles, legislation and public policy 
are  under almost continuous discussion. In the annual truck weighings 
there i s  information that is related to  legislation and public policies 
on the following general subjects: legal l i m i t s  of dimensions and 
weights of vehicles (52, 58, 60, 68, 71, 721,  minimum speed of trucks, 
truck safety, special exemptions for  haulage of local products, special 
l i m i t s  or exemptions for intraurban vehicle tr ips,  overall transporta- 
tion policies with respect t o  vehicles and their use, licensing of 
common and ather classes of carriers,  and enforcement and effectiveness 
of legal restrictions. Most States have provisions for  permitting 
vehicles with oversize or overweight loadings t o  move over public 
highways wider special permits, The t r ips  of vehicles under special 
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permits have not become such a voluminous movement that  further 
legislat ion is  desirable (22). Recent annual truck weight studies 
are pertinent t o  t h i s  problem, and future collection of information 
on special features, such as  width of vehicles, could supply much 
more desirable information. 

In connection with legislat ion ancf public policy, the factual 
information collected a t  the roadside on t r a f f i c  characteristics is 
accorded much weight i n  legislat ive hearings and analyses because of 
its authenticity. 

GROUP 5. PLANNING--TRANSPORTATION 

One of the magic words of today i s  "planning.qf Whether short 
range or  long range, today's planning of these things t o  do i n  the 
future usually s t a r t s  with f i r s t  looking a t  today and then lookiqg 
backwards i n  time. k c h  of the value to  planning of looking backward 
is t o  find c r i t e r i a ,  events, trends--up and down--that can be used i n  
forecasting the future. The annual truck weight studies i n  the i r  
collective to ta l  a re  a highly valuable source of infomation on which 
t o  base forecasts of highway trucking on such items as numbers of 
vehicles by axle and wheel configurations, gross and axle weights, 
tonnage and kinds of cargo hauled, length of t r ips ,  and other items. 
The same inputs may be used t o  forecast the changes i n  the several 
aspects of trucking should existing laws be considered for  changes i n  
any way. 

Project and system planning is sighted t o  supplying the trans- 
portation f a c i l i t i e s  f o r  the amount and character of t r a f f i c  that i s  
forecasted t o  use such fac i l i t i e s .  Therefore, the truck weight studies 
are prime sources of getting the de ta i l s  about highway use whether for  
planning of projects, routes, highway systems, or f u l l  transportation 
intemodal systems. 

For in terc i ty  and some intraurban freight movements, highways 
exclusively fo r  trucks are  being discussed. Nowhere is there a more 
valuable collection of information t o  be applied to  studies of special 
trucking highways than i n  the annual truck weight studies, particularly 
the classifi.cation counts, and each year of additional data adds t o  
t h i s  value. 

Intermodal exchange of freight is a popular subject t o  planners 
and transportation economists and is  becoming increasingly a practice 
in  the freight  movement. Associated with th i s  movement is consideration 
of intermodal freight  terminals t o  whish the annual rmck studies can 
contribute much helpful information. 
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GROUP 6. R E S M a  AWD r)WPPEEVT 

There is a broad area of research and development with respect to 
highway transportation in all of its aspects to which the annual truck 
weight studies can contribute useful information. In fact, any research 
and development activity that involves motor trucks and total traffic 
classification will lead to the use of the truck weight study data. In 
any classification of the uses of the m u a l  truck weight. data, research 
and development will overlap other classes of uses such as planning, 
engineering, finance and taxation, and transportation, 

GROUP 7. smm m TRAFFIC 
The number and types of trucks in the traffic stream and their 

ability to accelerate and decelerate are factors that are considered 
by traffic engineers in the design of control systems as elements of 
traffic safety and traffic movement. Although the truck weight 
studies are not designed to give full coverage of the information 
needed by traffic and safety* engineers, much of the basic information 
is there to be used. Even in the planning for roadside collection 
of additional informat ion, the existing information on classes of 
truck, and their size and weight, is a helpful beginning to the 
design of the survey operation. 

GRCKfP 8. TRANSPOR'T4&TION ECONOMICS 

In these days of discussing intermodal coordination of transpor- 
tation, establishing departments of transportation, and arguing abut 
what modes are better, less costly, and to be preferred for any reasons, 
information about the overall trucking industry becomes important. 
Without the information that is collected in the annual truck weight 
studies, it would be somewhat hopeless to estimate the total cost or 
unit cost of motor trucking to compare with freight-carrying modes. 

In the economic development of geographic areas, regardless of 
I how advanced they are, transportation is a critical economic factor, 
I Certainly, the mwement of goods as freight is a key factor to the 

1 economic health of any area or any industry. The annual truck weight 
I studies furnish much valuable support information to the economists' 
I role in forecasting economic development and identifying methods of 

bettering the economic conditions in particular areas. 

GROUP 9. STATISTICS AlVD TRENDS 

One of the objectives of the annual truck weight studies is to 
collect information on highway trucking that may be used to indicate 
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trends over the years of several of the factors observed. The numbers 
of vehicles recorded by vehicle class and the weight data are the 
principal factors that may be analyzed t o  establish trends. These 
trends are highly useful to  various forecasts of trucking and highway 
use. These are used i n  highay geometric design, pavement design and 
bridge design, as we11 as for  ADT and lane capacity. 

GROUP 10. TRUCKING INDUSTRY, VEHICLE MANUFACTURING, C W R C E  

Many of the factors within the annual truck weight studies are 
helpful to  the overall motor vehicle industry as well as to  the many 
agencies of governments that use them regularly. Industry, though, 
is more concerned with the vehicles and their  role i n  transportation 
than in the aspects of the highway, its design and use. 

The truck weight data are helpful to the trucking and manufac- 
turing industry in  indicating trends of the relative uses ~f different 
classes of vehicles, and of the loads (weights) that the vehicles are 
carrying, whether less than or more than the manufacturer's recom- 
mendat ions. 

Study of the truck weight information may be used by industry 
i n  depicting needs for  new vehicle designs, engine designs, and loading 
capacity. For instance, the sh i f t  from three- and four-axle tractor 
semitrailers to  the five-axle 332 is apparent i n  the tmck c lass i f i -  
cation data. And now, the increasing popularity of the multiunit 
combination is showing up. The truck weight data affords industry, 
as well as highway departments, useful inputs for long range planning. 

The relat ive use of trucking on the several highway systems by 
geometric locations is useful to  the commercial side of trucking in  
establishing transfer locations, service areas, warehousing, and 
trucking terminals. 

1. Conduct p i lo t  studies and observations as guides to  selecting 
roadside stations for  t ra f f ic  classification and weighing of trucks. 
The importance of the number of roadside stations and their  location 
for  t ra f f ic  classification and weighing is high with respect to  getting 
data representative of each highway system and i n  conparisons between 
States. Therefore, there is reason to  select the locations only a f te r  
each highway system has been examined with respect to the characteris- 
t i c s  of truck *ravel. A s  one phase of th i s  examination, p i lo t  studies 
could be conducted a t  a l l  candidate Locations to assemble such infor- 
mation as needed t o  assure that the stations selected a re  sufficient 
i n  number and i n  character:to produce ful ly representative data for the 



system as a whole. In these pi lo t  studies, t r a f f i c  would not need t o  
be weighed, but brief interviews with drivers and inspection of the 
trucks would supply appropriate information. 

2. Conduct supplementary. analyses and observations to determine 
the preferred days of week, and hours of the day to weigh trucks; also 
determine the seasonal effects on tmck weights and loading characteris- 
tics. Supplementary studies are desirable to  bring to  l ight  seasonal 
factors i n  the weight and t ra f f ic  count of trucks as well as  the 
variatian in days of the week and within the 24-hour period, Of recent 
years there has been conducted a few 24-hour weighings. A systematic 
study is in  order t o  bring to l ight  the variances i n  truck t r a f f i c  
weight and empty/loaded vehicle ra t ios  over the 24-hour day. Use of 
trmck weight data normally is applicable t o  the f u l l  24-hour day, 
seven-day week, and the 12-month yeas. Although these longer counts 
would be costly, they need not be made frequently. The important 
need now is to make a sufficient number of the long-time weighings i n  
order to  determine what months, what days, and what hours are best for  
the weighings and what adjusting factors t o  use to  expand short period 
data to  the f u l l  period--day, week, or year. 

3. Continue to conduct the t ra f f ic  classification and weighing 
operations in the swnmer season. Because of the favorable weather 
and availability of personnel, the summer season is preferred to  other" 
seasons for  the truck-weighing operation. Summer operations w i l l  cost 
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less, also, than i f  done i n  other seasons. In some States, other 
seasons may be preferable. 

4. Establish procedure and c r i t e r ia  for  selecting the roadside 
stations for classifying and weighing vehicles such that  the stations 
selected, when combined, w i l l  produce t ra f f ic  classifications and 
vehicle weights representative af thei r  respective highway systems. 

5. Establish the minimum m b e r  of roadside s t a t i ~ ~  for each 
highway system and the niinimum number of vehicles to be weighed of 
each type, including nmber of empty vehicles required to  produce 
the desired statistical.  quality. In making these determinations, 
available data and probable uses of the data obtained in  the truck- 
weighing studies should be ful ly  analyzed for  average weights, weight 
distributions, erqty/loaded rat io,  and t ra f f ic  vehicle type d i s t r i  - 
butions . 

6 .  Encourage the States to  meet the f u l l  standards of s ta t i s t i ca l  
quality adopted to get representative samples i n  each State so that 
comparisons between States w i l l  be meaningful, as well as 
comparisons between vehicle types and highway systems. 

7 ,  Instead of the policy of counting and weighing i n  same lo- 
cation, similar days, and same clock times i n  successive years i n  
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order to  better detect trends in t ra f f ic  volume md truck weights, 
adopt a policy that se ts  up the objective of getting representative 
samples of each highway system, and for  counting and weighing a t  such 
locations that  w i l l  assure representative results ,  Trends over time 
can still be established, and perhaps with better results than under 
present practices because of the variance in  year to year results 
caused by inadequate samples. 

8. Direct special attention t o  developing roadside procedures 
to  determine the ra t io  of empty vehicles to  t o t a l  vehicles weighed. 
Local research is desirable to determine how to weigh the required 
number of empty vehicles and the number with load that w i l l  yield 
emptylloaded ra t io  within the desired limits of the probable true 
ratio. This ra t io  is more sensitive to sampling than is the average 
gross weight or average distribution of gross weight, empty or  loaded. 
Further the data cannot be studied through regression analysis to 
correct deficiencies. There is just one numerical ra t io  arrived a t  
for  each vehicle type for  each highway system; a vehicle is either 
empty or  it is with load, there is no range of answer. 

9. Consider recording the empty weight of trucks from the postings 
on the vehicle as required i n  some States or as given on manufactu~er~s 
plate data. Empty weights from these sources could then be compared 
with the empty weights as weighed. Also, the empty weights posted on 
loaded vehicles could be compared to both the weighed a'apty weight and 
the posted empty weight. See Reference 34 by Liston, and Bielck, HRR 
No. 26. 

10. Weigh a t  the roadside a limited sample number of automobiles 
and buses. For policy reasons, passenger cars and buses have not been 
weighed in  the recent past. Because of the l ight  weights of passenger 
cars and the few numbers of buses i n  the t raf f ic ,  these two classes of 
vehicles do not affect pavement design and bridge design to an appre- 
ciable extent. On the other h d ,  the sizes asld weights of both pass- 
enger cars and buses are changing over time. Motor vehicle operating 
cost tables have to  be prepared f o r  both types of vehicles and for  
different weights. The operating cost of these people-carrying vehi- 
cles is important i n  economic studies of transportation between modes 
for economic analyses of specific projects, and for taxation studies. 
Unlike the truck class of vehicles, the range in  weights and types of 
passenger cars and buses is not great, and varies but l i t t l e  between 
highway systems. The needs for the weights of passenger cars and 
buses would seem to support weighing a reasonable sample every tm 
years. A t  the same time occupancy per vehicle could be obtained 
along with origin afld destination. 

11. Measure the distance 'between axles less frequently than once 
a year. Changes in the axle spacing of vehicles come about slowly, so 
measuring every two ctr three years w i l l  produce the data needed .for 
design and segulatory purposes. 



12. Include in the weighing operation one-time studies of special 
interest than has been the practice. As long as the trucks are stopped 
for weighing, this opportunity should be used to collect other infor- 
mation helpful, to the highway transportation agencies. A three-year 
rotation plan by highway system could be maintained. 

13. Make analyses in depth of available data and that to be 
collected. Such analyses will achieve two desirable goals: First, 
the information can be used in establishing policy and procedure for 
the roadside counting and weighing to improve the results, and second, 
the results of additional analyses will afford the users of the truck- 
weighing results not now readily available. These analyses should 
include the normal statistical evaluation of the data, to better 
determine their strengths and weaknesses. I 

14. If not every year, at least every three years, the Federal. 
Highway Administration should publish a summary and analysis of the 
results of the mual truck-weight study, including trend analyses. 
The truck-weight study information would have much more usefulness if 
made available for wide distribution . i - 

15. At the time of roadside weighing, record whether oversize and 
overweight vehicles are moving under a special permit. To identify 
such vehicles in the traffic stream would provide useful information 
for those authorities concerned. Further, often in examining data 
on weight, attention is given to extra heavy gross or axle weights 
in the belief that such weights may be in error, but such large 
weights could be of a vehicle moving under special permit, (Reference 
22). 

16. Give more attention to editing and correcting errors and 
discrepancies at the State level before the computer cards or tapes 
are sent to the FHWA at Washington for processing. Likewise, at the 
Washington office still further checking for errors is in order. 
Computer procedures have been recently developed by which a high 
percentage of serious errors are identified and corrected. 

17. Continue annual traffic classifications and weighing of 
vehicles, but vary the emphasis yearly between highway systems, so 
that adequate data will be obtained by vehicle type and highway system 
when counted and weighed intensely every second or third year. As now 
conducted, the information that is collected on the Interstate urban, 
FA secondary rural, and FA secondary urban systems has but little 
practical application for the reason that many States do not weigh at 
all. The data collected by the few States are so weak in sample size 
that they have no statistical usefulness, and the one to three stations 

I 
per State per highway system do not produce countings and weighing5 
representative of the highway system as a whole. A tl-nee-year rota- 
tion plan of traffic classification and weighing would permit getting 
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APPENDIX 

In this appendix is presented a selection of typical tables of 
vehiqle counts at the weighing stations and of vehicle axle and gross 
weights. The purpose of these tables is twofold: First, to make 
available to the reader a more extended set of results than is to be 
fpund in the main text, and second, to illustrate some of the types 
of inf~rmation that is available from the State truck weight data. 
As stated in the main text, additional tables of vehicle classification 
and of both axle ancl gross weight are available from the Federal High- 
way Administration's computer bank of basic data.* Arrangements of the 
data, other than illustrated in the text or in this appendix, are 
available when so requested and specifically described. 

Normally the data may be supplied by year of field collection, 
State, census division, national totals and averages, highway system, 
vehicle class or type, hourly counts, empty, with load, and combined, 
and by axle and gross weights. Data for individual roadside stations 
can be supplied on receipt of a specific request, but are not generally 
available. Specially collected information on axle spacing, commodity 
hauled, trip lemth, etc., can be supplied if the request is not too 
extensive and when ample time can be allowed for processing the request. 

* To obtain specific tables, please write to : U. S. Department of 
Transportation, Federal Highway Administration, Office of 
Planning, IMP-40, Washington, D.C. 20590. 
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APPENDIX A -- TABLE 10. NUMBER OF VEHICLES WEIGHED 8V VEHICLE C U E  BY CENSUS D I V I S I O N  BY STATES - 1 4 7 1  

HIGHWAY SYSTEfi: OL. INTERSTATE RURAL 

CENSUS D l V i S I O N  VEHICLE TYPE COOE 
AN0 STATE 200  2 1 0  220  2 3 0  2 4 0  3 2 1  3 2 2  >L3 3 3 1  332  3 3 3  337  4 2 1  422  4 3 2  5212  5 3 1 2 U r n E R S T J T A L  

NEW ENGLAND 371  96 1196  2 0 7  8 1 9 2  9 7 6  b 1 6 1 1 5 7  0 5 0 0 0 0 0 5 4 2 ~ 3  
0 1  CQNNECTICUT 76 35 219  2 8  2 4 7  232  > 1 2 8 8  0 4 0 0 0 0 0 0 a 6 f  
0 7  MAINE 1 3 7  23 549  1 1 6  6 9 7  4 6 8  0 1 3  5 7 6  0 0 0 0 0 0 0 r &Jab 
0 3  MISSACHIISETTS 7 4  1 3  1 4 1  3 0 1 5  9 2  0 1 93 0 0 0 0 0 0 0 O 4 9 2  
O~NEUHARPSHIRE 11 0 1 0 3  1 0  0 2 2  9 9  1 1 92 0 0 0 0 0 0 0 0 339 
0 5  RHOOE ISLAND O O O O G O O O O O O O O O O 0 O O  3 
0 6  VERMONT 1 2 3  25 1 8 4  5 0  0 11 8 5  0 0 1 0 8  0 1 0 0 0 0 0 u 591 

YfODLE ATLANTIC 3 1 1  1 0 8  7 6 7  1 3 1  4 205 9 2 7  So 4 2 1 2 4  4 38 3 1 0 0 0 12 4695  
0 7  NEW JERSEY 2 3 8  33 383  7 0  2 9 5  5 1 4  29 5 1 1 6 1  1 0 1 0 0 0 .  0 0 2 5 5 0  
0 8  NEW YORK 62 7 4  3 4 3  5 4  0 1 0 6  3 5 1  2 0  1 7 1 0  3 2 2  2 1 0 0 0 li i 7 b U  
0 9  PF~OISYLVANIA 11 1 4 1  7 2 4 6 2  7 0 2 3 3  0 1 6  0 0 0 0 0 1 3 8 5  

S.ATLANTICNORTH 1 1 4 1  1 2 8  1 5 1 0  3 2 6  3 273  8 1 7  3 lo 2 5 9 8  6 28 0 0 0 1 0 11 bb63 
11 DELAWARE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 
12  OIST. OF COL. 0 0 0 0 0 0 0 0 O 0 0 0 0 0 O 0 0 ~  0 
1 3  MARYLAND 1 0 0  13 2 8 7  4 9  1 69 1 2 8  0 5 463 2 1 2  0 0 0 1 0 4 ~ ~ 5 4  
1 4  VIRGINIA 7 5 1  1 0 1  882  2 1 9  0 1 4 9  5 0 1  0 i l l 4 0 6  0 0 0 0 0 0 0 0 4 ~ 2 0  
1 5 k E S T V I R G l N I A  290 1 4  3 4 1  5 8  2 5 5  1 8 8  2 7 2 9  4 1 6  0 0 0 0 0 7 171.15 

S. A T L b N i t t  SOUTH 809  6 8  1548  2 4 4  2 5  2 9 1  1 4 6 7  4 L 4  2 5 5 2  4 2 1 8 3 0 0 Y 7079 
16 FLORIOA 357 1 9  455  6 7  1 7  111 735 1 7 6 5 1  2 0 0 0 0 0 0 i 2423 
1 7  GFORGId 2 8  3 3 3  5 0 . 4 4 3  0 1 5 7  0 0 0 0 0 O ' O J 1 7 %  
tRNO.CGUOLINA 273  42 534  1 5 9  e 1 5 4  b 1 5  1 4  1 6 4 9  2 2 1 8 3 0 0 8 3615  
195O.CAKOLINA 1 5 1  4 1 2 6  1 3  0 2 2  9 4  0 2 1 9 5  0 0 0 0 0 0 0 O bOC 

FAFThORTHCENTRAL 1605  4 2 5  1 8 2 8  3 5 4  3 2  7 1 9  1'497 7 0  6 0  5 2 7 0  1 6 9  5 0 4  8 4 4  2 3  1 2 7  1 0  359  1 3 1 0 4  
2 1  I L L I N O I S  1 8 3  1 0 8  138  4 9  O 8 9  1 9 0  O $ 9 7 1  7 1 0  2 3 1 4 5  4 3 l B l ~  
2 2  INDIANA 3 4  6 1 2 7  2 7  6 5 0  1 4 0  7 i 6 1 2  4 3 2  0 0 0 1 4  2 4 1006 
2 3  RICHILAN 326  1 0  787  7 7  4 1 4 6  2 3 6  Y b 485  1 1 4  0 0 4 2 2 6  0 224  AY>b 
2 4  OHIO 732  2 7 5  832  1 1 7  1 4  3 0 1  628  4 d  1 7  1 9 4 4  3 4  4 6 2  0 1 2  8 4 2  4 ;14 >5JO 

FAST SOUTH CFNTR4L 
2 6  ALARPMA 
2 7  KENTUCKY 

t; 2 8  M I s s I s s I P P l  
m 2 9  TFNNFSFFE 

WEST NORTH CEVTKAL 
3 1  IUWA 
3 2  KhNSaS 
3 3  MINNESOTA 
3 4  MISSOURI 
35 NFRXASKA 
36 NORTH CbKOTA 
7 7  SCIUTH OAKnTA 

WEST SOUTH CFNT9LL 
4 1  ARKANSPS 
43  LOUT S I ANA 
4 3  OKLAHOMA 
4 4  TFXAS 

MOUNT A I N  hi34 1 7 7  1035  2 1 9  0 
5 1  ARIZONA 52  0 7 1  1 3  C 
5 2  COLIIRAOJ zao l o  1 0 2  3 9  c 
53 IDAHO 3 5 9 2  3 3  0 
5 4  ~ D N T P N A  5 0 381 7 2  C 
5 5  NEVADA 98  3 125 1 9  0 
56 MFW MFXlCn 89 54  1 6 3  30 C 

PACIFIC 119 66 869  1 9 3  O 2 3 2  2 7 8  1U 2 1 4 7  2 2 0  4 2  2 6  5 7 1  $48  3 0  LZ  7479 
6 1  CALIFllRNIA 9 5 1  359 4 1  C 113 1 5 3  u & 6 2 6  2 7 4 b 2 3 1  4 4 0  1 6  LOO> 
hi' f lRFGON 2 4  15 217  111 C 5 0  5 4  u L TO0 0 13 3 8  17 ;5f 2 3 1  1 4  Y 1040 
6 3  kASHINGTOIU 86 0 293  4: C 6 9  7 1  U 0 d l  b 0 O J la9 1 7 1  0 O 1 7 r U  

NONC ONT I GLlOUS f i c l C O C 0 L l U d ~ ~ ~ ~ ~ O 0 o . J  J 
6 4  PLASKA ~ 0 o o @ n 0 ~ 0 0 0 0 0 9 0 0 ~ ~  Ct 
6 5  HAvtAII O 0 ~ 0 0 0 0 u b O C O J 0 O ~ O d  J 
66 PUEKTD RICD O ~ O O C O O U U ~ 0 0 ~ 0 0 0 ~ d  0 
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APPENDIX A -- TABLE 33. NUMBER O F  V E H I C L E S  WEIGHED B Y  V E H i C L E  CODE BY CENSUS D I V I S I O N  BV S T A T E S  - 1 9 7 1  

HIGHWAY SYSTEM: 0 4 -  P R I M A R Y  URBAN 

CENSIIS O I V t S I O N  V E H I C L E  TYPE CODE 
A N 0  S T A T F  2 0 0  2 1 0  2 2 0  2 3 0  2 4 0  3 2 1  3 2 2  323 3 3 1  3 3 2  3 3 3  3 3 7  421 4 2 2  4 3 2  5 2 1 2  5 3 1 2 O f W E K S T U T A L  

NFW FNGLANO 6 6 5  2 1 3  I 2 7 6  1 6 7  1 9  90 4 2 7  2 1 2 5 6  2 0 0 0 1 0 0 0 3 1 1 9  
01 CONNECTICUT 2 6  90 1 7 0  25 19 2 4  76 0 0 5 3  1 0 0 0 1 0 0 0 485 
0 2  M A I N E  3 2 6  4 9  5 3 9  6 6  0 1 2  109 1 0 62 0 0 0 0 0 0 0 0 l l b Q  
0 3  MASSACHUSETTS 1 5 9  5 7  152 2 0  0 8 60 0 0 4 9  0 0 0 0 0 0 0 0 5 0 5  
0 4 N E U H A M P S H l R E  2 2  2 301 4 9  0 2 8  1 2 8  1 1 4 5  1 0 0 0 0 0 0 0 5 7 b  
0 5 R H O D E I S L A N O  1 3 2  1 5  1 1 4  7 0 1 8  5 4  0 0 4 7  0 0 0 0 0 0 0 0 J&t 
0 6  VERMONT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 

Y I D O L E  A T L A N T I C  
07 NEW .IFRSEY 
0 8  NEU YORK 
0 9  PENNSYLVANIA 

5-  A T L A N T I C  NORTH 
11 DELAUARF 
1 2  D I S T .  OF COL. 
13 MARYLAND 
14 V I R G I N I A  
1 5  WEST V i R G f N I A  

S. A T L A N T I C  SOUTH 
1 6  'FLORIDA 
17 GEORGIA 
1% NO. CAROLlNA 
19 SO. CAROLlNA 

EAST NORTH CENTRAL 
2 1  I L L I N O I S  
2 2  l N O I A N A  
2 3  M I C H I G A N  
2 4  OHIO 
2 5  WISCONSIN 

EAST SOLITH CENTRAL 
2 6  ALARAMA 
27 KENTUCKY 

r 2 8  M I S S I S S I P P I  
2 9  TENNESSEE 

WEST NORTH CENTRAL 
3 1  10118 
3 2  K A k S A 4  
33 MINNESOTA 
34 M I S S O U R I  
3 5  NEBRASKA 
3 6  NnRTH DAKnTb 
3 7  SOUTH DAKOTA 

WEST SOUTH CENTRAL 7 3 0  6 7  4 2 0  1 5 8  0 7 0  1 5 5  1 5 5 8 8  2 1 O 0 3 56 1 3  3 Z L I L  
4 1  ARKANSAS 2 1 7  8 2 7 0  1 3 1  O 2 7  6 2  1 4 2 5 5  0 0 0 0 0 4 0 3 382 
4 2  L O U I S I A N A  5 0 4  59 9 5  1 5  C 8 2 8  0 U 3 6  2 1 0 0 3 0 0 0 7 5 1  
4 3  OKLAHOMA 9 0 5 5  1 2  ii 3 5  6 5  U A 2 9 7  0 0 0 0 0 5 2  1 3  U 5 3 9  
4 4  TEXAS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 J  U 

52 COLORIDO 
5 3  IDAHO 
5 4  MONTANA 
5 5  NEVADA 
5 6  NEW MEXICO 
5 7  UTAH 
5 8  11YOMING 

PAC1 F I C  6 0  0 315  4 5  0 97 5 6  U 4 1 6 3  0 0 1 4 4 6  6 0  0 2 860 
6 1  C A L I F O R N I A  1 0 1 7 6  30 0 8 3  3 2  3 4 8 7  0 0 1 1 2 3  55 0 2 4 9 5  

f 62 OREGON O O O O O O O O O O O O O O O O O U  0 
i4" 63 WASHlhGTON 59 0 1 4 3  1 8  0 14 2 4  U U 7 6  0 0 0 3 2 3  5 0 J 305 

WINCONTI  GUOIIS 2 1 8  1 9 6  5 1 0  1 6 3  0 10 8 6  0 i 71 1 0 0 1 2 6  44 2 27 1 3 5 7  
6 4  ALASKA 0 0 0 0 0 0 0 U 0 0 0 0 0 0 0 0 0 0  0 
6 5  H A u 4 l l  2 1 8  1 9 6  5 1 0  1 6 3  0 10 8 6  0 2 7 1  1 0 0 1 2 6  4 4  2 2 7  1 3 5 7  
6 6  PUFRTO R I C O  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 



APPENDIX A -- T A R L F  34. NUMBER OF VEHTCLES WEIGHED 6V V E H t C L t  CODE BY CENSUS D I V I S I O N - B Y  STATES - 1 9 7 1  

HIGHWAY SYSTEM: 05. ZXEC~NOARY RURAL 

CENSUS O f V I S I C N  V E H I L L E  TYPE CODE 
AN0 S T P T €  2 0 0  2 1 0  2 2 0  2 3 0  2 4 0  3 2 1  3 2 2  9 2 3  3 3 1  3 3 2  3 3 3  3 3 7  4 2 1  W Z  432 5 2 1 2  5 3 1 2  OTHERS t U T I L  

NEW F N G t  AN0 48 7 8 0 3 2  0 1 2 2 7  0 0 2 3  0 0 0 0 0 0 O U 2 i 9  
01 CONNECTICIJT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 
0 7  M A I N E  19 1 2 1 1 0  C 2 1 1  0 0 1 3  0 0 0 0 0 0 0 0  7l 
0 3 M A S S A C H l l S E T T S  2 5  6 1 5  Z 0 2 1 3  0 0 1 0 0 0 6 0 O 0 U 63 
0 4  NEW HAMPSHIRE 4 0 4 4 2 1  0 8 3 u 0 9 0 0 0 0 0 0 0 0  89 
6 5  R H W E  i S L A N 0  0 0 0 0 C 0 0 0 0 U 0 0 0 0 0 0 0 0  IJ 
0 6  VFRNDNT O O O O c O O U O o O o o o o o ~ O  0 

M I D D L E  A T L A N T I C  1 2 1  8 2 7 4  4 8  0 118 3 6 8  1 U  b 8 3 4  0 0 0 0 0 0 a O 1 7 8 7  
0 7  N F h  JFRSEY 1 2 1  8 2 7 4  4 8  0 1 1 8  3 6 8  10 b 8 3 4  0 0 0 0 0 0 O 0 1 7 1 7  
0 8  NFW YORK O U O O O O O O O O O O O O O O O O  o 
0 9  P E N N S Y L V I N I A  0 0 0 0 0 0 3 u 0 0 0 0 0 0 0 0 0 0  0 

S. A T L A N T I C  YOUTH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
11 OELAWARF 

0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 

1 2  D I S T .  OF rUL.  O O 0 O G O O O O O O O O O O O O O  0 
1 3  M L R I L A N 0  ~ ~ 0 0 ~ 0 0 0 0 0 0 0 0 ~ 0 0 0 0  U 
14 V I R t i I N l A  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 
1 5  b F S T  V i R G I N l A  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 

5. A T L A N T I C  SOUTH 3 5 8  1 4  2 0 4  3 8  4 34  171 1 0 2 3 2  4 0 0 0 f 0 0 0 1 0 6 1  
1 6  F L O R I O A  2 3 7  5 1 0 4  2 1  2 2 6  1 1 9  L 0 1 4 9  3 0 0 0 1 0 0 0 6 6 8  
1 7  GFf lRGIA 1 2 1  9 100 1 7  2 8 5 2  0 0 8 3  1 0 0 0 0 0 0 0 3 5 3  
l a  N(1. CAU<lCINA O d ~ O O O O O O O O O O O O O O O  0 
19 Sn. CAROLIMP 0 0 o 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0  0 

F A S T N l l R T H C E Y T K A L  3 6 5  9 1 9 2  3 3  5 9 19 I 1 3 2  2 0 1 1 4 1 0 5 6 7 8  
2 1  I L L I N O I S  0 0 0 0 0 0 0 U 0 0 0 0 0 0 0 0 0 0  0 
2 2  11UDlAhh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  U 
2 3  C l C H I b A N  1 7 4  7 9 R 1 4  1 6 1 3  1 1 2 0  2 0 0 0 0 1 O 4 3 4 L  
2 4  OM10 0 0 0 0 0 0 0 U 0 0 0 0 0 - 0 0 0 0 0  0 
75 C I S t O N S l N  l Y l  2 9 4 1 9  2 3 6 0 0 1 2  0 0 1 1 4  0 0 1 3 3 6  

E P S T S D U T H C F N T R A L  33 2 4 5  1 0  0 ? 2 5  U 1 1 2 2  0 0 0 0 0 0 0 U 239 
2 4  ALABAMA 2 3  2 45 10 C 1 2 5  0 i 1 2 2  0 0 0 0 0 0 0 0 2 3 9  

r 2 7  KFNTUCKY O O C O Q O O u O O O O O O O O O O  0 
7 8  M I S S I S S I P P I  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  J 
2 4  TEhYESSFE O O Q O O O O O 0 O O O O 0 O O O O  0 
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3 4  f i t S S O U P i  O O O O O O O O U O O O O Q O O O t i  0 
3 5  NERRAFKP ~ O 0 0 0 0 0 t i 0 0 0 0 0 0 0 0 0 0  0 
36 NORTH CAKOT4 ~ ~ 0 0 0 0 0 U 0 0 0 0 0 ~ 0 0 0 U  0 
37  SOUTH OAKCTA O O 0 O 0 O 0 0 O O O O O O O 0 0 O  U 

WZST SOUT* CENTRAL 1 5 4  7 4 8  11 0 13 46 1 5 8 3  0 3 0 0 0 0 0 0 3 9 6  
4f ARKANSAS ~ ~ 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0  0 
4 7  L O L l l S l A N A  1 8 4  7 4 %  11 0 10 4 6  1 5 8 3  0 3 0 0 0 0 0 0 3 9 0  
4 3  OKLAHOMA D 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0  0 
4 4  TFXAS 0 0 0 0 0 0 ~ O 0 0 0 0 0 0 0 0 0 0  0 

MOLlluTAlN 4 3 3  3h 2 7 3  3 2  1 12 4 7  J 1 1 5 5  1 4 0 0 13 13 2 7 1 0 3 U  
5 1  ARIZONA 3 1  0 4 5  5 0 3 1 0 0  1 7  0 0 0  0 5 1 3 0 0 1 1 0  
5 2  C I ~ L O ~ A C O  1 0 1 2 3 0 3  0 0 4 0  U I O 0 0 O 0 0 O O O 1 5 0  
5 3  I l l A H O  0 0 0 0 C 0 0 0 0 0 0 0 0 0 0 0 0 0  Q 
5 4  MOhTnNA 2 0 7  1 9 8 1 2  1 3  5 0 0 7 5  0 4 0 0 8 0 1 4 Z Z  
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APPENDIX C -- TABLE 39. NVgSER OF V E H I C L E S  T 4 L L I t D  

PSIMARY RURAL SYSTEC 

V F h I C L F  TYPE: ?0C000~219J03 VEHICLE TYPE: 2 2 0 0 0 0  V E H I C L E  TYPE: 230000 VFHICCE TYPE: 432000 

. LCIP~IED EqPTY LOADED EMPTY ' LDADEO EMPTY 
VEHIELL-S 

LOADED EMPTY 
VEHICLES V E H I C L E S  V E H I C L E S  V E H I C L E S  VEHICLES VEHICLES V E H I C L E S  

NFW FUGLANO 
YI I IULE A T L A N T I C  
F D i l t H  A T L d N T l C  NORTH 
SOUTH ATLANTIC SqUTH 
EAST NJRTH tEhTRAC 
EAFT S 9 t l T H  T F k T P A L  
YEFT NaRTH C E W R A L  
WEST SOUTH CENTRAL 
YOLINTAIFI 
P A C I F l C  
MflYCOhlTI 6110tIS 

- NATIONAL AVERbGE 10.3S7 18.065 13.282 7.964  3,073 Z ,T l6  62 9 332 

NEiJ FWGLAVD 
Y l n D L E  ATLANTIC 
SOIJTH A T L A N T l C  NOPTH 
SOUTH ATLANTIC SOUTH 
FAST NnRTH CFNTRAL 
FAST SJUTH CFNTRAL 
WFCT Y I R T H  CFNTPAL 
YFST SOUTH CEhTRAL 
MDIJYTAIN 
P A C I F I C  
NflNCONTl611OtIS 

NATIGNPL AVFRAGE 

V E H I C L F  TYPS: 321006 

LOADED EMPTY 
VEHICLES V E H I C L E 5  

V E H I C L E  TYPE: 322000 

tOADED EMPTY 
VEWICLES 

726 
713 
465 

?,2R8 
543 

- 445 
61-a 
662 
233 

46 
114  

51 910 

V E H I C L E S  
355 
2 R 4  
252 
838 
234 
329 
345 
319 
68 
12 
05 

31:51  

V E H I C L E  TYPE: 332000 V E H I C L E  TYPE: 521200 

L'JADED 
VEHICLES 

79P 

EMPTY 
V E H I C L E S  

550 
628 
8 0 6  

LOADED EYPTY 
V E H I C L E S  VEHICLES 

a 0 
0 0 













APPENDIX E 
T A B L E 4 2 . H n L J R L Y  C L A S S I F I C A T I O N  C O U N T  S U N N A R Y  F O R  1 9 7 1  

NATIONAL VFHICLE TYPES 
0710C 0 U61000 572000 062000 S8-TOT 030000 150000 184000 SB-TOT SB-TOT 

TOTBL 0 I R SYSTEV ' 2516852 189014 562554 50821 3319241 14599 11179 7314 33092 3352333 
c n ~ t w  FCK 4411 S T ~ T I O Y S  
D I C T R l R U T I C t v  RY PCT. 56.52 4.24 12.63 1.14 74.54 .53 -25  -16  .74 75.29 

PCf. 6F T l T 4 1  R Y  HOllR 00 1-03 1.12 .91 1.14 1.02 1.20 1.83 .16 1-18  1.02 
0 l  .b6 -67 6 4  .73 - 6 6  -66  1.64 -36  -92  -66 
02 .5Y .73 .P7 1.42 66 .5S 1-58 r 4 8  90 -66 
03 a31 .35 - 4 1  .47 r 33 27 1.58 .14 .69 .33 
0 4  .37 -37 -46  .52 .34 .1R 1-57 - 1 4  - 6 4  * 3 9  
05 .UP - 9 4  .75 -96  -86  .F7 1.39 30 .79 86 
06 ' 3.64 4.77 2.11 2.68 3.43 2.45 3.77 3.16 3.06 3.43 
07 . 5.25 7.04 .2.94 3.58 4.93 3.46 4.18 11.18 5.42 4194 
OS 4.70 5.15 4.26 3.93 4.71 2.P4 13.69 14L83 9.15 4.75 
ti? 4.97 4-43 6.06 4.75 5.12 3$21 5.19 5.80 4.45 5.12 
LO 5.37 4.52 7.82 6 . l b  5.75 4.3O 6.17 3.83 4.87 5.74 
11 5.50 4. 82 7.79 6.30 5.87 5.50 4.73 5-24 5.18 5.86 
12 5.65 5.23 7.43 6.14 ' 5.93 6.31 4.56 4.3 1' 5.28 5.92 
13 5.62 5.32 7.48 7.67 6.10 6.38 4.69 4.33 5.35 6.09 
14 h * l  t 5.61 7.83 6-51  6.42 7.45 5.47 8-24 6.95 6.43 
15 6.99 6.65 7.97 6.86 7.12 8.03 5.39 15.35 8.76 7.13 
16 P.29 8.55 7.82 7.59 8.21 8.77 5.58 9.54 7.86 8.21 

.t. 17 q.23 9.02 6. $2 6.86 8.03 8.31 5.12 3.6* 6.21 8.02 
18 4-67 6.7.2 5-56 6.41 6.48 7.39 6.05 2 . e ~  5.94 6-48 
10 5.56 5.52 4.54 7.35 5.43 6.66 4.13 1.70 4.71 5.42 

P Cn Z r  4 - 0 0  4.27 3.53 4.15 4.39 6.56 3.60 1.50 4.44 4.39 
m 21 3.9s 3.66 2.66 3.31 3.75 4.27 3.52 1.22 3.35 3.74 

22 2.71 2.55 1 . ~ 9  2.45 2.50 2-80  2.29 -96  2.22 2.56 
23  1 . F S  1 - 8 1  1.37 1.e5 1.84 1.53 2.26 .72 1.69 1.84 

VEHICLE TYPES - 233COJ 213CCS 225000 i300JO 240000 53-TPT 321500 322000 323000 331000 

T ~ T X L  0 I % S Y S T E W  51rC32 3933' 1523O9 3477s 2276 742722 21646 77856 2001 6 50 
C r J " v T  F n q  44C STbTIPYS 
7 1 \ i r I ? J T I l " r  P Y  OTT. 1 1 . 5 6  s 8 6  3.42 .7P .G5  16.68 .49 1.75 .04 .01 

P,CT. 06 t 1 T I L  D Y  t42IlX >")I .34 ~ 5 3  .54 . '34 .71 1.42 1.97 1.05 1.69 
1 .a? .:q .56 - 5 5  .22 ~ 5 0  2.20 2.76 1.60 2.31 

'?? .5* -46 .75 7 6  .%I - 4 1  2.13 2-91  .75 1.23 
19 -23 . 2 4  .56 . 5 Q  a48 - 3 9  2.45 2.92 ZI 15 1.38 
' 4  .4f - 3 3  a75 -68 - 7 0  .54 2.56 3.23 2.30 -92 

0 5  :.71 - 8 7  1 -32  1.42 1.14 1.57 2-67 3.30 3-50 1 - 6 5  
36 5 .51  3.25 3.46 3.88 10.46 4.02 3.67 4.39 5.40 6.00 
3 7  6.77 3 , 0 7  5-45 5 . 9 3  6.24 b.Z€ 4.23 4.56 Y. 90 4.46 
v i  5.7'- 4.46 7.69 3.04 7.73 6.22 5.43 5.39 5.65 6.15 
1 3  5 . 8 7  4.77 7.77 9.34 q.83 6-31 6.01 5.55 8.05 4.77 
16 6.1 C 4.5R ?.$.a 8.19 3.55 6.44 6.44 5.74 9.85 7.54 
11 5. i6 4.47 7.61 7.75 8 - 3 9  6.24 5.91 5.66 8.10 6.00 
' 2  5.7t 4.4" i.02 7 . 6 8  8.13 6.L5 5.61) 5.2P 6.95 liJ.50 
I S  5 , s ~  4-56 7.54 4 . 3 9  9.01 6.3" 5.80 5-20 6.911 e.oo 
14 t . ? H  4.93 7-57  8.27 8.96 6.64 6.43 5.23 6.70 6.31 
1 5  -.72 4."/+ 7.53 7.32 6. '30 7.17 5.50 5- I5 5.10 6.77 
?6 F.PL 18.77 8.91 7.57 4-88 ?*33 7.13 5.05 5.15 3.54 
17 7 . P 5  4.23 5. ?7 4.73 3.30 6,"s 5.75 4.76 3.65 6.62 
is 5.5P 3.21 3.51 3 . 3 1  2 .33 5.09 4.47 4.34 3.15 3.33 
l o  3.57 2.09 2.70 Z.S1 1.05 5.51 3.53 3 .85  2.05 1.38 
213 3.C1 1.55 1.86 1-67 .a3 2.03 3.23 3.52 2.05 3.08 

m... 
21 7.41 1.05 1.4,l l.1° - 7 0  2-01 2.55 3.14 2.25 3.05 
i? 1 . b ~  Z1.59 .9n .2? 3 -42  2.46 2-56  3.03 2.45 2-00 
2 3  1-23 - 6 2  . 7% .73 - 4 0  1.07 2-29 3.08 1.35 1.54 






















